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ABSTRACT

The primary objective of Project 2.2 was to measure initial-

and residual-ganme exposure rates as a function of time at various

Gistances from high-yield thermonuclear detonations. Secondary

objectives were: 1) to measure the residual~gamma exposure rete

at the lip of the crater from a high-yield land-surface shot, and

2) to feld-test a prototype thermal detector to be used in a radio-

logical-defense warning system. na

The residual-gamne radiation was detected by an unsaturated

fon chamber, whose output determined the frequency of pulees that

were recormed on electrosensitive paper. Most of the initial-

germa-radiation stations consisted of scintillation detectors vhose

output determined the frequency of pulses that were recorded on

magnetic tape. Some initial-gaummea instruments were similar to those

used during Operation Castle. The exposure rate near the crater was

measured with a detector-telemeter unit dropped from a helicopter.

Residual-ganma exposure rete versus time was obtained after

Ghote Zuni, Flathead, Navajo, ané Tews. The observeé average decay

exponects for these events were 1.1 for Zuni and Tewa, 1.2 for

Fratnesd, anc 1.3 for Revajo. In sore cases, the effect of reinfall

“toeSi, bs

 



in leaching the activity decreased the exposure rate by a factor

of two.

Records from Shot Flathead at 7,730 feet and from Shot Navajo

at 13,870 feet indicate that at these locations about two-thirds of

the total initial-gamas exposure wes delivered after the arrival of

the shock front.

fhe crater-lip measurements indicated that the method vas a

feasible one; however, no usable data was obtained.

The thermal-radiation detector responded satisfactorily to a

S-Ni detonation at a distance of 20 miles.

ST. LOU 2 ew td
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GIAPTER 1

1.1 ODJECTIVES

The primary objectives of Project 2.2 were: 1) to measure the

initial-gommn exposure rate as s fiction of time from the detonation

of high-yield thermonuclear devices; and 2) to measure the residual-

gacm: exposure rate as a function of tine st land fallout stations.

Secondary objectives ware: 1) tc moasure residual radiation at early

times on the crater Hip of a high-yield land-surface shoty and 2) to”t

field-test a prototype thermal-radiation detector to be used in a

rodicloticc! defense warnins systec.

1.2 BACKGROUND

Los Alemos Schemtific Laboratory (1AcL) measured initial-gacme

exposure rate versus time for high-yicld devices during Operation Ivy

(Reference 1). Tt was found that high-yield devices did nct fellow

the relatively simple scaling law of lowyield devices, Germ

radiation at a particular distance acaies linearly with yield for

devices up to about 400 kt. For megaton~raxe devices, gauss radia-

tion scaics higher with incroesim. yield. This enhancement of initial-

gases yociation was attributec Largcly te the hydrodymazic cffoct

(section 133A). Us Se Arey Sign.) Rescirs’ an’ Deveivnent Laborcter

{US.SROL) obtained several germa-exposure~rate~vorsue-tine ‘datapoints

from higheyield devices during Crerction Castle (Reference 2). The

ye y



dats obtained by USASROL ware lower by a factor of 10 or more than the

Super-Effects Handbook prodictions (Reference 3).

One of the purposes of Project 2.2 was to reeolve the initial-

garme radiation ecaling laws for high~yield devices. Of particular

interest was e high-yield eirburst, since it would allow correlation of

the hydrodynamic effect from an airburst with that from a surface burst,

UCASRDL made measurements of reaidual-game exposure rates from high-

yield devices during Operation Castle (feference 2). Only limited

te wort obtained because of a high loss of instruments carly in th:

operation. These date indiceted that the decay mqonent for the residuch

activity varied with the type of nuclear device. Another purpose of

Project 2.2 was to detemmine accurate decay exponents for residual “tf

activity.

The thermileradtstion detector, part cf 2° ecorlys amc: syste:

for muclear detonations, vas teeted with loryield devices durine OQoer--

tion Teapot (Reference 4), The tests ware successfully the detector

ahowed a capability far in excces of the requiromnts. IH ws decided

to determine the rosponse of this detector to “egaton-range devices

@uring Operation Reding in order t< complete the testing.

1.3 THEORY ST. WL si3 ERE
The gam redistion emitted from e nuclear dotonetion may be

aividod inte te portions: initial radintinn and residuc) radiation.

The residual radietion mey includ>s radiation from both fallout and

heutron-imhwad activity.

’ JA



GameRadiztion. For a fission-type device the

initial rediations are divided approximately es shown in Table 1.1

(from Reference 5). The major contribution to initial gums rediation

is from the fission-product gammas and the garam rediation from neutron

capture by i (ny y) in the HE components and air. The proupt games

are nearly a)) absorbed in the device itself and are of little signifi-

cance outside of the device. The fisslon=-product gemmas predominate at

close distances (Reforence 5). The ni4 (n, ~) ganmmas become relatively more

imocrtant et greater distances, and evortually become the mejor contribu-

tor. This apcifies only te devices with ylelds of less than 100 kt, in which

ti.e hydrodynamic effect 4s emall. Figure 1.1 shows the contribution from

fission~product ganmas and x (n, y) for a 1-kt surface burst. witirt
respect tc tine, the n* (n, ¥) rediation 4s essentially emitted within

Ge setonds the fisston=rrcduct gavmms, however, continuc tc conmtributc

for the first 30 seconds.

TABLE 1,1 ENCRGY PARTITION IN FISSION

  

 

~- (reference 5)
Percent cf Totel fetal Energy

Mechanism Fission Energy per Fission

percent Sr. LouisMM
Kinetic Energy of

Fission Pregquents st 1&
Promret Ne 4 &
Prompt Gcmnes 4 &
Fission Product Gemos Eel 5A
Fission Product Betcs 267 5A
Fission Product Neutrincss 56° 14
DeloveNewirons fe” Lg?

Toteie o,f Fuat
 

Syostly ebeorbed in the device.
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For thermonuclear devices, in addition to gamma radiation fros

fission~product gammas, it is necessary to consider the interaction

of noutrons from the fusion process with x, The radiation due to

the fusion process may vary over wide limits, depanding on the design

of the device. For & given yleld, the number cf neutrons available

may be ten time: as grost for fusion: as for fission, and therefore a

. : lt
large ecntributic: t: gomm: radiation expose may be due to the k

(ny ¢) recetion in e thermonuclear deviee (F: ference 2).

w

$63.0SfsceforeScigtica. Th. residual game rodirtic..

consists <i ficcloueproduct rudiction dreu Sellout and radiaiiws frre

novtron-induce! activity. The deca, rate of the pesidual radiation

from fallout will fellow apprexinstely the expressions: “€

~~
- _ -1,°

> = oat

t>
egte ,

Fe

ref 1 c= 51, (t,

where: I, = exposure ratc at tim te

1, = exposure ratc at unit time,

t = tince

r = exposure between tines t, and t., where

t, 2 1C seconds. ST. Loyts e020

The decry of the reciducl redteticon dc expected to very vith wer o>

13
2 * “> ars . oom om * oe . eg -. ~ oeGesigy. Fir tow Ll, th. procone. cf i. wevld tenl t. ceoarccs. t.

abSclute valuc cf the decay oxponant fer & period of tins.

 



AdsorptionAiz. The absorption of unscattered ganz

Fadiation in air is exponential with distance. From a point source

of moncenergetic radiation, the variation of intensity with distance

4s expressed ast

I= 10Pleas G2
dD

wheres I, = intensity at distance D

1 = ecurce intensity

He = total linear absor-tion coocficiest (us

coefficient generaliy decressts wil. incre 5.ng

gamma energy)

D= distance “€

ne absorption coefficient » in Equation 1.2 is ap, licable fcr

Blin gee irs € ee € GCourretticn Asal me bl fg. Te

ditions wher tie detectes is a-oroxiaeicit; @ & sons. clam

Tris is done by adding @ buildup factor i Ww cation 16° t% account

for the scactcerce radiavion that wili be dececoul. buladus sucker.

for different eneryios anc disiawes have peen calcucatei Velicescc 6!,

arm! some values are shown in Table 1.2. For amicircctionc: aciuciors,

the expression is:

1. = Taefae” (1.3)



==
TABLE 1.2 CALCULATED BUILDUP FACTOR:

Tue buildup factor (5) given here is the factor B_ (0, E,) as

computed by Muclear Development Associates for APSF (Reference 6).
 

 

 

5
Energy (E.) 1000 yds 1500 yds 3000 yds

ev

1 16,2 2903 85.0
3 385 §435 10,2
é 2097 4.00 7,00
10 1.70 2,01 2.90

ee eeee 

tetFydrcdyuadcEficcle AS Bhow in Sectic . 163.3, tie

yitenuation of gam rediation is highly dependent on the amount of

absorber between the source and the detector. For weapons of less

than 100-kt yield, essentially all of the initial gama: radiation is

eaitted before the shock front can produce an anprecisble chanze in

wo tite suin. auoom tleef te abr boli. Bloke Gan Geese Feu

hicieyielc devicer, the velocity cf the su.cch frou is sufiiciunly

hig. te produce a strong enhancenent cf a large percentage of the

initial garma redietion (Refcrence 7). The higher the yield, the

larger is this percentage. A simplified treatment of the hydrodynamic

effect follows.

Assume e 6phere that has e volume Vy and radius R, and is filled

with a gas cf density p and mass M. Then,

3 Lops= Vip = Any p/3 (ie?
oc ST. Logs ere

Let the ges be compressoc ints & shell with thicmes: a

dé J?



a
(R remaining constant). The nev. gos volume is exnressed as V, with a

density of P,. (v, = der” R) The mass has not changed; thus

MEVDS = darn”aro, (an << R)

harp/3 = dar’aro, (1.5)

Ap, = Ro/3 (1.6)

Lyuation 1.6 indicstes that a rey cricinetins in the center of the

Sore would travers¢ only 1/5 cf the mice in the eieli model thet 4t

would in the hemogenesus model. Tre result would be ar enhancanent cf

radiation. Once tic shell of mterial in the shock front passes the es

detector, an even grcater enhancement results.

fo previcucly steted, the ho” (no x) coegencu. .f initict wodictios

is etsenticlly esittes witidn Ce Seeomc. Cinec di takes at lecsi cone

second for tx succh from t. rece. c dcicctur at a disvarec of 7,0

4
fect (even fcr devices in the order of 6 Mt), the N” (n, y) component

is not significantly enhanced. The fission-produci gemmac continue tc

contribute during thc first 3° seconds; therefore, this radiction is

strongly enhanced by the shock wove.

 



GIAPTER 2

2.1 OPERATIONS

Table 2.1 gives the shot participation and instrusentstion. The

instruzent stations were placed in the previously prepared positions at

the latest precticable time pricr to sech shot, and were recovered post-

shot a6 econ es Rad~Safe conditions permitted. The residual stations

were activated upon placement. Their 5-day operating period allowed for

2 days of data-recording and three i-day shot delays. For the surface

bursts, the initial stations wore activated by a minus-i-minute timing

signe) for waraup, ond a minue-15~second signal to start the recorde,

Shot Zuni wes an exceptions only « minus-t-second signe! wes available

to start the recorder. Timing signals were necessary on the initial

stations due to the limited recording time available (Cook Research

Laboratory MR 33 recorders, 4 minutoss Sanborn recorders, 15 minutes).

For Shot Cherokee, the recorders were not started until after the boub

release.

2.2 INSTRUMENTATION

In designing the instrusentation for this project, there were tw

objectives: (1) to design the instruments s0 as to best fulfill the

requixeusts; and (2) to design flexible instruments readily edaptable

to a wide variety of field measurements. In view of this dual objective,

the instruments wore designed to be cocact, drift-frec,rellebie, wide

in dynemic-range coverage, and low in cost. The basic circuit evolved

meceures discrete increments of charge. Essentially, this circult msy

be used with any sensing element that has an output which is a mom

function of the radiation field. Thus, the cirouit is equally applicable

eeOe /9



TABLE 2.1 SHOT PARTICIPATION AND INSTRUMENTATION

 

 

 

    
 

Station

Shot Nuaber Location Range from Ground Zero Instrumentation
ft

Cherokee 22.0] Able 29,400 Ip, Ig,R
221,02 Charlie 20 694 Ip, 3g.
221.03 Dog 16,370 R
221.04 Easy 20,062 R
221.05 Fox 24,922 R

22.06 George 30,207 R

224.016 Uncle BS 432 R

220,080 Oboe 76,70 R
221.026 Yoke 63,720 R
Portable Nan R

Zual 22.03 Dog 68,600 R

2A .06 George 7,900 R
220 .01C Uncle 10, 300 R
220.08 Cboe 16,270 Ip,R
220 .09C Roger 7,000 Tp, 1g,R

220,140 Peter 11,27 R

24.016 Will ies 10, 320 R
221.026 Yoke 43,400 R
24.04 Alfa 56,570 R
Portahle How 78 ,000 R
Portable Love T2 O00 R
Portable Nan 69 ,000 R

Flathead 22.01 Able 45,800 R

221.03 Dog 4,422 Ip,Ig,R

22.04 Easy 7,730 Ip, Ig,R

22.05 Fox 10,745 Ip,R

224.06 George 14,920 R

220,08 Oboe 59 ,880 R

220.0% Roger 63,155 R

220.146 Peter 62,344 R

24.01¢ Wil) fas 40,907 R

221 .G26 Yoke 9,068 R

221 6040 Alfa 70,000 R

Portatle How 60 ,000 R

Portable Love 75,000 R

Porteble Nan 85,000 R

Navajo 24.01 Able 46,000 R

221.03 Dog 7,922 Ip,Ig,R

221.04 Easy 10,700 Ip,

22.05 Fox 13,170 Ig,8

221 .06 George 16,180 Ig R

220.08 Oboe 56,341 R

220.016 Uncle §8,2B2 R

24.ac Will len 36,006 R

221 .020 Yoke 15,582 R

Portable How 60,000 R

Portable Love 72,000 R

Portable Nen 84,000 R

Tewa 22.01 Able , 28,950 R

. 22.03 Dog 17,550 Ip, Ig,R
22.04 Easy 22,200 R

221 05 Fox 24, 711 R

220.080 Oboe Sas R
AR 5,960 Ig

24.016 #Diiaa 51,775 R
22) .02C Yoke 37,62 R

Fortable How Po Ce R

Ig ® initiel station, Gasteve
Ip = initial station, Protomultipl ier
Rs Residual atation

 
ST. oso



to ion chasbers, scintillation ¢stectors, or photoconductive crystals.

See Figure 2.1, In operation, the charge on C, holds tube 7, well

beyond cutoff. The output current ef the sensing elenent discharges C,

at 2 rate dependent won the redistion level. when the voltage at the
grid of T, reaches the grid bees, T, conducts, feeds 8 negetive signal

the grid of T., and initiates a regenerative action which rapidly cuts

T,+ Then C, chazyes to # potential equal to B-plus less the cathode

voltage and the grid-to-cathode drop through the diode action of the g@

of Ty» When C, is completely charged, the circuit returns to its nome

condition of T, conducting end T, cutoff. The circuit will seman in %

condition until C, 4s once more discharged by the output of the senein:

elenent. The output of this clrowlt consists of pulses that have a’Se;

rete proportional to the cutpyt current of the sensing element.

general, decay of the gamme-exposure rate from fallout contamination i:

Given byt I= 1,0 (2.1)

where: I = the gamme-expoeure rete at tine +

1, = the gume-eposure zete at unit time

x = the decay constant (given as 1.2 for groes fission producti

Measurements of the decay constant require good (short) time

resolution at early times (< emell, I Large) when the changes in game:

exposure rate are most rapid. At later times (t large, I small), the

rate of change of the gamma-exposure rate of wreseme radiation is

much emaller, and the instrument systen need nothavesuch goodtime

resolution. The instrusent for the measurement of residuel-gasue
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Sem

radiction is designed to cover a range frocix/hr with e time resolution

of 5 minutes, to 10” s/nr with a time resolution of 0,05 minutes. The
basic circuit is show in Figure 2.1, where the sensing element is en

unsaturated fon chamber. The fon chambor was designed to have a current

output proportional to the square root of the ganma<-exposure rete. The

overall detector response ds given by:

f= we/2 (2,2)

vhere: £ = the output frequency

rr th< gawaorexncsure rate in rir

k = & parameter chosen to meet apecific design cojectives

In laboratory calibrations on a 250-kv Xray beam, these detectors.

have shown a procision of better than 2 percent, including drift effects,

over a threeeveel period, The comleted detector head, including fon

GoiOnl Ciccervniles, was Ancapsulubcl in Lys.i 65... casting resin.

i ty, tect eclibroticn curve for these detectors is give. in Figure -.".

2aca2_TheInstrumentRecorder. The two-channel
recorder used with this system consisted of an Esterline-Angus chart

drive tc supply the time base ardi tro electric styluses writing on

Teledcltos paper charts. The output from the detector head was fed

through an amlifier directly to Stylus Number 1, which produced a mark

for each detector output pulse. In addition, the detector output was

fed tc < stale-cf-11 counter, thence tc Stylus tamber 2. Thus, Stylus <

rroductl eno mort for eoe: Ti eutewt pulse: frown. tin detector. In this

manner, 2 Chart-speed glow enoug. for the required Sday operating

period could be used while maintaining resolutionof‘the fastest
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ne
anticipated pulse-repetition rate. In operation, the record from Stylus 1

was used until the pulse-renetition rate was so great that the recorded

marke overlapped end could not be resolved. At that tins, Stylus 2

would be used, each mark representing 11 pulses from the detector head.

The chart drive thst suprified the time base wos calibrated with a

Wetchmaster before each event. By moans cf the Wetchnaster, the chart

drive could be set to have e maximum error of 1 minute in 24 hours, or

40,06 percent. This is not the optimm recording system for use with

this detector, bi rotier c earmrotisc forced by 2 lech of fumds anc tim.

ZezedTheInitialInstrumentSyeten,"Gustave I’Detector. For

the high-range, fasteresolution dcctector, the basic circuit of Figure 2,41

was used with a scintillation detector as the sensing element. The t

latter consisted of an RCS 922 phototube and a National Radiac Scintillen

Teunopbectic roi on bo owasl dog elestrloec nilbloriwg. thicincss cf

bal.cléte tc prevido oc efmecuciv tent reccons: (he feronee €). The

electren-equilibriur leyer presents a source of electrons that my be

scattered into the erystc! tc replace these electrons produced by

radiation absorbed near the crystal surfaces and lost without being

detectec, These detectors were constructed to cover three ranges,

10” to 10° e/a, 10° to 10" whe, and 10° to 10° x/ie. The overall
detector response is giver anproximtely by:

feck (2.3)

Were: fF = the puts: we ocvitic rt

y= the garxexposurc rete in rf ST, LOUIS PAL

k = a parameter chosen ts moet specific design objectives

oS



‘ a7

The maximum pulse-repetition rate of these instmments is 1,0

puises/sec, the maximm rate that my be resolved by the recorder

(a Cook Research Laboratory MA-33 eight-channel magnetic-tape recorder).

Typical calibrations for these detectors are show in Figure 2.3.

Figure &.4 shows the energy dependence of the Scintillon-phosphor

Gustave I detector, relative to co ganms rediation at a rate of 100 r/br.

To reduce the errors due to flutter and wow, a 1,000-cycle tine base was

recorded on the tape similtancously with the gama-exposure-rate data.

Ac Amricen Time Products transistorized frequency standard witt ec

accuracy of 10.02 percent was used to provide the tine bese.

2.2.4 Photomiltiplier Feedbeck Circuit. Initial Instrumest Systex.

This system is essentially the same as that used during Operation Cashle

(Seference 2). ‘The detecting element, a Scintillon phosphor 2.75 inches

in diumeter by 0.5 inches in heigrtt mounted in e bekeiite biec. fer electro:

equilibriuxn, was placed ingide a blast~-resistant housing at tec toy of a

light pipe. The output of the crystal after passing through the light

pipe was detected by an RCA 6199 photomultiplier tube. ‘The photomltiplier

tae was used in ea 100-percent-feedback circult which helé the photo-

multiplier tube anode current nearly constant, regardless of the incident

light flux, by reducing the dynode voltage (Pigure 2.5). fhe gain of a

photomultiplier tube with constant anode current is approximately pro-

portional to the antilog of the dynode voltage. In this manner, ea useful

@ynomic range of about « factor of 10! was reslized.

ST, Log LD eal
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Figure 2.5 Schematic diagram showing the photomultiplier feedback circuit

of the initial-ganma detector system.

 



Calibration. Three radiation sources, s 250-kv Xray generator,

a 2eS-Mev Ven de Graaff generetor, and a 200-curie Co” source were used

in the calibration of the Project 2.2 instruments, The “Conrad” detectors

were calibreted with the 200-curie Co™ source and the 250-kv Xray genere-

tor. The initial gaema instrunents, the "Gueteves" and the photomultiplier

feedback circuit detectors, were calibrated with the 250-kv Xray and the

2.5Mev Yan de Greaff generator.

The 250-ky ray machine was operated at am applied potential of

250: kv, and 10-ma current. The Xray beam was hardened with 1 m= of cadmiun

filtration te give an effective energy of 1% kev. The instrument

response to this bean wae the sane as for Co, eince the instrument

responee is flat to below 123 kev. The maximm usable exposure rateof

attainable with this,Kray generstor (consistent with good geometry) wes

6,400 x/hr.

The Van de Graaff generator was operated at 1.0, 1.5, and 2.C Mov,

resulting in a maximm rate of 10° x/he,
The 200-curle field calibrator was specifically designed for operation

under EPG weather conditions. The main components are the source con~

tainer and the control trailer. The source container is ade of stainless

steel, and the plug end rise tube essembly of Mone) metal. The source,

inclosed in a double-walled Monel capsule, is raised and lowered pneu-

matically and is supported by three spring-loaded pins, one of which

actuates a microswitch to indicate when the source is up. en

The Co™ 4s in pellet form and fills a space 0.39 tnetiteindiwates

and 1.98 inches in length. The total Monel metal shielding (capsules and

rise tube) is 0,33 inches, The source was calibrated in the field over

 



as

the exposure rate region used with e set of Victorsen rusters calibrated

et Rational Bureeu of Standards (8S) in Merch 1956,

GommeCalihration, There were no
sources svailable for direct gemme-radistion calibration uw to the maximm

ranges of the initial game instruments, Becsuse of this leck, scintillae-

tion detectors ware used, thereby enebling calibration with a light source.

In prectice, the instrussnts were directly calibrated by the use of the

200-curie Co™ source in the field and a Van de Graeff generator in the

Laboratory to the limit of the available radiation rates. The calibration

was then extended to the maximum range through the use of a light calibre-

tion, which was normalized to the radiation calibration,

The light calibeator consists of a Light source filtered to provite

a bean having approximately the sane spectral quality as the Light output

of the scintillator, and a series of neutral density filters tlei vary

the light output in known discrete steps. Errors due te the direct

response of the circuit elements to gamma radiation are introduced into

the calibrations however, these errors have been shown to be small in the

ranges where the light and radiation calibrations overlap. There are Bo

reaeons why the relative error should increase beyond the renge of duel

calibration. ST, LOoOviS FRC

2.3 READOUT ERROR AND ACCURACY OF THE GUSTAVE AND CONRAD SYSTEMS

In general, the output of the. Gustave and Conrad detectors may be

given as:

r= Kt” (2,4)

 



wheres = guru @xpoeure pate

& = time between output pulses

A,k = design perensters

If the exror in reading time betwoen pulses (i.e. time bese) is At,

then:
e+ Mee k(t + a)®

ae = bf (t + at)" @ ¢%} (2.5)
a= (ts a)" . e”

z ¢"

For £t1, this formula reduces to the definition of differentials.
t

: ¢

where: fr = the relative error in gemme exposure rate due to
2 errors in the time measurement

ge 2 nt (2.8)

4 = the relative tine measurement error

For the Conrad I detector, n = -2, ands

e

& - ih (2.7)8

In practice, at high-pulse-repetition sates, a number of pulses N

over a period T wae used to read out the data. Hence, from equation 2.$;

dc = mn +at)" = On)”
* (e)"
ics (t+ )® ~ (r)*
' *

ont. ST, bua eit

(2.8)

i
e

where: At now includes all errors in reading the time interval T.

31

 



ar

The tine-bese error for the Conred recorders wes 40.069. percents

therefore, the reedout exxor wee negligible, end the errors of the

Conrad I system (of the order of 10 percent) could be sttributed to

the detector itself.

For the Gustave I system, a = <1, ands

dc. = ot (2.9)

Hence the Gustave I system error wes essentially that of the detector

(the time=base error 20,02 percent), and was of the order of 10 percant.

“4 BEACHBALL RADIATION DETECTOR-TELEMETER UNIT

To attain the objective ef measuring the yesidual-expoeure rate on

the crater of 2 lend-surfece burst, s droppable sediation detector-

telemeter unit wes devised. A Guetave I detector systen was connected to

key a 1/2—wett VHF tronemitter that had been constructed in the field.

Ti.c Getoctor and transmitter werc mounted in a polyethylenc bottic

suspended at the center of an alr-inflated, 5-foot, plastic beachball.

The beachball was etteched to se 27-pound lead brick by means of ea 6-foot

Line. This made it poesible to drop the system from a helloopter more

accurstely with « minimm of impect shock to the instrunmtation. The

lead brick hit the ground first and ellowed the beachbell to slow dow

over the 6-foot distance before hitting the ground, In addition, the

beachball iteelf acted as a good imect sbeorber. Once the beachball

was relessed, the helicopter could go e« short distance amsy amd orbit in

a radiclogically safe region, while receiving the date transmitted froc

the beachball uit. ST. by Fe’

 



205 THERMAL“RADIATION DETECTOR

The thermal-radiation detector consists of a phototube, amplifier,

end high end low bend-paes filters. The phototube output is produced

by incident thermal rediation from a nuclear device, lightning strokes,

or other sources, Yhis output is fed to a high bend<pass filter that

passes only siqnale with a rise time similar to those due to nuclear

Getonstions, and to a low band-pass filter thet passes only those

signals with a duration typical of mclear detonstions. Thus, an

incident therml-radiation signal must have both a rise time and a

duration typical of nuclear devices in osder to activate the thermal-

radiation detector,

ft

ST. LU?

33
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CHAPTER 3

3ESULTS AW DIscussioL

3.1 BESIDUAL RADIATION MEASUHEIRETS

The data obtained from the residual radiation stations are shom

in Pigures $.1 through 3.15 in the form of log-log plots for convenience

of presentation and for ease of determination of the decay exponent.

The decay exponent is equal to the slope of a straight line draw

through the data points that are considered to be related to each other

only by radioactive decay. All residual data was analysed in detail

for this report; the instruments for those stetions represented by

Pigures 3.3, 3-11, and 3.12 were cperating at levels below their high-

resolution region ené €14@ not yield the essentially continuous curves -¢

show in the remainder of the group of Figures 3.1 through 3.16.

On Figures 3.1 through 3.18 the slopes are show as dashed lines which

were draw through the linear portion of the curves. In draving these

dashed lines, early times were avoided when the concentration of ganmma-

ray sources was still building up because of continuing deposition of

fallout material, and other data points vere ignored in cases were rain

or wing hed redistributed the fallout material and caused perturbations

in the decay curve. ST, b5u.) 2c

Measured residual game rediation doses for each of the four shots

are plotted on maps of Bikini Atoll in Figures 3.19 through 3.22. Pree-field

exposures show on these figures were extrapolated to infinite time using

Bquation 1.2, Section 1.3.2, of this report.

 



fables 3.1 through 3.4 summarize the data on residual station locations,

time of arrival of fallout, maximm observed exposure rate, total exposure,

and @ecay exponent. he averages decay exponent was found to be 1.1 for

Shots Zuni and Sew, 1.3 for Shot Navajo, and 1.2 for Shot Fistheed

(neglecting the results from Station 221.0hC, which received too little

exposure for accurate evaluation). In the many cases where there vas

early rain leaching, the slope indicated by the data points taken after

rein had ceased was used to help determine the best-fit straight line.

Pigures 3.14 and 3.15 are typical curves showing the gamua-exposure-rate

change caused by rainfall. In tuese curves, the gamas-exposure rate

after rainfall was approximately half of that expected if the normal

reticective decay were the only cause of change of exposure rate. €

In Figures 3.3 and 3.16, the buildup of the exposure rate is :

apparently more complex tna: the monotonic buildup presented by most of

the other figures. It appears that fallout ceased to arrive for e short

period at 60 minutes in Figure 3.15 and then commenced to arrive agein.

Giope changes are evident in the curves in Figures 3.9 and 3.10

after about plus 500 minutes. This effect is probably not due to

instrumentation errore, because these curves represent the data from two

independent instruments located at the same station. A possible explanation

of theee slope changes is the presence of one (or more tha one) redioactive

isotope whose half-life is such that the decay is slower than the coubined

fiss‘on fragment decay of T7)*?, and the decay elope is dominated by this

isotope frou about plus 500 minutcs until the end of the record. However,

the instrumentation 414 not record for a sufficiently long time to determine

Gefinitively the half-life of this isotope. ST, LOVIB KKe
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TABLE 3.1 UNI TMSTRURENTATION AMD RESIDUAL-EXPOSURE INFORMATION

Jelend Station

Dog 221.03

George 221.06

Asimuth Bistance Arrival Max Potal. Decay
GZ From Gz Rate®

degrees feet min xfar r

503 68,600 27.7 &.2 703(72.9 ar) 1.07

17.1 70,900 31 h2349(77.8 ar) 1.07

How Portable 60 78,000 28.8 17 126(7h.5 ar) 1.04

Uncle 221.01C

Yoke 221.020

San Porteble

Charlie 221.02

Love Portable

Oboe 220,08¢

Peter 220.14

Roger 220O38

Willian 221.01C

Aife 221..0KC

268.8 10, 300 2.6 29 199(85 mr) 1.1

292.2 43,400 25.3 8 125(90.4 hr) 1.28

No fallout

Drive inoperative

Stylus and drive inoperative

Drive inoperative

Btylus inoperative

Stylus anc drive inoperat! ve

Drive inoperative

Drive inoperative

sr, Lb oVis HG

SCorrected to free-field values

 



TABLE 3.2 YLATHEAD INSTRUMENTATION AND RESIDUAL-EXPOSURE INFORMATION

Azimuth Distance Arrival Max Potal
dalené  B8tation From

degrees

Avle 221.01 277-3

Alfa 271..04c 235.6

Basy 221.04 37-9

Fox 22.05 52.2

George® 221.06 74.5

George” 221.06 Th.5

How Portable

Love Portable

Oboe 220.08¢

Uncle 220.01¢

Dor 22.03

Easy 221.0%

Ban Portable

Willian 221.01¢

Yoke 221.020

Decay
Frou GZ Time _‘Ratet Exposure® Exponent

feet win s/hr r

h5,800 4h

70,000 hl

TTR 37°5

10,745 37 pELETH

14,920 ko

14, 920 he

Ko faliout

No fallout ~t

So fallout

Fo fallout

Etylus interuittent

Stylus inoperative (2nd detector)

Stylus inoperative

Drive inoperative

Drive inoperative |
ST, LOUio ce RO
 

Detector inside of steel pips, 0.-inch wall thickness
Spetector outside of steel pipe.
CQuestionacle due to amall amount of rediation
Gcorrected to free-field values

 



TABLE 3.3 MAVAJD TNSTRUMERTATION AMD RBSIDUAL-EXFOSUGE TNFORMATION

Agimth Distance Arrival Max Total Decay
Island Station Pron GZ fron 6Z Time __ats® Exposure® Exponent

Gegrees fect min far r

Able 221.01 281.5 86,300 32.1

Dog 221.03 G 7,922 8=6—oj..3

Easy 221.04 26 20,700 31.2 DELETED

Fox 221.05 ) 13,170 3h

George 221.06 Drive inoperative

Hov Portable Drive inoperative

Love Portahle Drive inoperative

Han Portable Drive inoperative “e

Choe 220.08¢ Drive inoperative -

Uncle 220.01C Drive inoperative

Willian 221.010 Drive lsoperative

Yabe 221.026 Drive inoperative

SCorrected to free-field values

 



TABLE 3.4 EWA INSTRUMENTATION AND RESIDUAL-EXPOSURE INFORMATION

 

Azimuth Distance Arrival Max ‘otal Decay
Island Station Fron QZ Frou GZ_ Time _—sRate”_ Exposure” Exponent

degrees feet win rfor r

Able 221.01 280.8 26,950 17.$ 1,078(%,277(74.8 hr) 1.03

Dog 221.03 76.7 17,550 bh.7 140}1,327(55 mr) 1.29

Easy 221.0h 75.2 22,220 15.3 105/1,139.6(73 hr) 1.11

Oboe 220.08¢ Ho fallout

Rov Portable Stylus inoperative

Fox 221.05 Drive inoperative

Williez 221.01¢ Drive inoperative

Yoke 221.02¢ Drive inoperative

“te

corrected to free-field values

 



The initial-gasmm-exposure-rate Gata presented are subject to umcertainty

in abeclute magnitude. Data reduction indicated a strong possibility that

the wiring ef the ungnetic-tape recorders might not have been the seme a8

previously presumed and that the association of e particular recorféer channel

with a perticular detector sensitivity renge might have been incorrect. The

wiring could not be checked in the laboratory because the equipment had been

@isassembled at the termination ef the field phase of the operation. Bub-

sequent enalysis ef the recorded pulse shapes has led to the association

assumed for the initial-~gamen date presented herein, and the derived totel-

exposure values agree reasonably well with those measured by Redwing Project

2.1 (Reference 9). However, there is stil) some uncertainty on this point,

and the curves presented may be eff in absolute magnitule, although the-ghaye

of the curves as a function of time is probably correct.

The initial-gaman values given represent those observed at the

detector and ahould be mitinlied by a factor of approximately 1.2 to correct

for station shielding. This factor cof 1.2 is a measured value of the

attemation ef the blast shield for Co™ radiation; the attenuation is a

function ef the energy of the incident radiation. Time is a factor only

in that after one minute there is little geume radiation in this energy range

(> 1 Mev). Figures 3.23 through 3.260 should be miltiplied by 1.2 to give

free-field values. sir. bovis’. 1c

The data in Figures 3.26 is in reasonable agreement with similar date in

Reference 9, especially after the dsta of Figure 3.26 has been extrapolated to

@ tine equivalent to that reported by Redwing Project 2.1.

 



iia
3.1.1 Reliability of the Residual Padiation Date. In general, the

resi@ual instrumentation functioned either very well or not at all.

Pables 3.1 through 3.4 show that the major malfunetions were dus to

inoperative shart drives. The possibility of malfunctioning of the

recoriers was anticipated prior to the operstion; however, lack of funds

ané time forced the use of these recorders. The recorders that worked

 were checked with a Timemaster and adjusted to within 10.069percentaccuracy. ~

The repeated calibrations of the instrusent systems indicated a maxima

total error of lese than 10 percent.

Figures 3.1, 3.3, 3-7, 368, 3.9, 3:13, 3-14, 3.15, 3.16, 3.17, and 3.16

present data taken with the detector heads inside a steel pipe, which served as

blast and thermal protection. he results from these stations should bq

increased by a factor of about 1.4 to compensate for the shielding of the

blast housings. This estimate of the shielding factor was derived fron

the field measurements at Station 221.06, Shot Flathead, where one detector

wes inside and the other was outside the blast housings. On the other hand,

Figures 3.2, 3.4, 3.5, 3.6, 3.10, 3.11, end 3.12 present date from detector

heads without blast shields. ‘These detectors were ealibrated for free-ficld

conditions (00) ené give free-fielé data.

3-2 INTEIAL RADIATION MEASUREMENTS ST, LQUts ee

The results from the initial-gaum stations are show in Pigures 3.23,

3.24, end 3.25. The initial-gammn station for Shot Zuni (Station £20.09C)

was destroyed by the shock wave, and the data from this station are available

only to shock arrival and are given in Figure 3.23. Figures 3.26, 3.27, and

3.26 present the total initial-gamma exposure as a function of tim.

 



Figures 3.27 and 3.26 show that approximately two-thirds of the

total initial exposure for Flathead 221.04 and Navajo 221.05 is delivered

after the arrival of the shock front. Most of this exposure is due to

the enhancement caused by the hydrodynamic effect, because the exposure

rate was decaying rapidly before the arrival of the shock front.

Reference 9 ecupares measured initial gamma exposure-versus-distance

eurves with curves computed from IN 23-200. For the purpose of comparison

with published data, integrated initial games rate data froz Pigures 3.26,

3.27, and 3.28 of this report have been plotted on the corresponding curves

from Reference 9. In afdition, extrapolation of Project 2.2 measured data

(integrated initial gama rate) to include initial gamm dose delivered after

the ené of project records hes been made using information and methois--¢

in Reference 10. Exposure received prior to start of project recoris

has been neglected, since the exposure is relatively insignificant. The above-

mentioned plots for Shot Zuni are shown in Figure 3.29 and for Shots Flathead

end Kavajo in Figure 3.H.

3.3 MEACH-BALL MEASUREMENTS St. Louis FRC

The objective of measuring the exposure rate at the lip of the

crater from Shot Zuni was asswmed by Project 2.2 at a late stage in the

preparations for Operation Redwing. he beach-bell instrument was dropped

cato the Zuni crater lip at H+ 6 hours. The fall apparently caused

ehange in the ealibration of the system, because the received data

indicated an exposure rate as high as 50,000 r/hr at this late time.

Furthermore, rotor interference made reception of the transmitted signel

@ifficult.

 



§.& THERMAL-RADIATION DETECTOR

The thermal-radiation detector was installed on Bite Nan for shot

Teva at a range of approximately 2 miles, and the detonation was setisfac-

torlly detected. bi, wOoWiG KRke
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Figure 3.14. Residual exposure rate witnin blast shield versus time for Navajo;

Station 221.04, range ZOS7LC feet. For unshielded rate, multiply by 1.4. Total

47-hour exposure,
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CRAPIER &

CONCLUBIONS

hl RESIDUAL-GAIMA EXPOSGUIE RATE

The results of the residual-game-exposure-rate measurenents

ehov that for some devices the decay exponent varies vith both

the type of device anf the station location. ‘The decay exponent

was fairly wiform for different station locations for Shot Zuni

(1.04 to 1.18) ané rather variable for various station locations

for Shot Bavajo (1.07 to 1.39). Although no special significance

is attached, the spread of values forthe decay exponentseems to

be greater when the averagevalue is high sad emller when the

average value is low.

Toe residual instrumentation systex performed at about 50

percent of its capability. This isexplained bythe failure of the

recorders, which were notdesigned as field instruments and vere used

because no others vere available. ‘There vere no knowfailures of the

Conrad detectors.

4.2 INITIAL-GAMMA EXPOSURE RATE

Figures 3.27 and 3.96 show that approximtely tvo-thinis of the

total initial-geom exposure was delivered after the arrival of the

shock front. Insufficient initial game rete or dose data is available

to allow independent comparison vith published scaling laws. Figures 3.23

anc 3.x indicate reasonable agreement of both Redwing Projecta 2.1 ead

sf. Louw 2.2.0
2.2 data pointe with Ti 23-200; however, measured dove-versus-distance curves

74

 



exhibit a steeper slope than show on Figure 4-3, page 4-12 of TH 23-200,

thus indicating substantial éeviations at short ané very long renges.

k.3 BRACH-BALL OPERATION

fois experiment demonstrated the operational feasibility of using

the beach-ball technique to drop a refiological telemeter onto a con-

teminated area.

kk =SHERNAL-RADIATION DETECTOR

The thermal-radiation detector operated satisfactorily for a

S-Mt detonation at distance of 2 miles.

sf, cu Jis «ail -
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