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ABSTRACT
e primary objective of Project 2.2 was t¢ measure initial-
and residual-gaxma exposure rates as a function of time at various
distances from high-yisld thermonuclear dstonations. Secondary
objectives were: 1) tc measure the residual-gamma exposure rete
at the 1lip of the crater frow a high-yleld land-surface shot, and

2) to field-test a prototype thermsl detector to be used in e radio-
logical-defense warning system. -

The residual-gamms radiation was detected by an unsaturated
ton chamber, wiose output determined the frequency of pulses that
were recorded on electrosensitive paper. Most of the icitial-
gocma-radiation stations consisted of scintillation detectors wvhose
output deteruined the freguency of pulses that were recorded on
magnetic taps. Some initial-gamma instruments were gimilar to those
used during Operation Castle. The exposure rate near the crater was
measured with a detector-telemeter unit dropped from a helicopter.

Residual -garame exposure rete versus time was obtained after
ghots Zuni, Flathead, Kave)o, and Tews. The observeld aversge decay
exponents for these events werc 1.1 for Zuni end Tews, 1.2 for

Fiastaezd, ané 1.3 for RevaJo. Iu sorr cases, the effect of reinfull

STL L Eon




in leaching the activity decreased the exposurs rate by a factor
of two.

Records from ghot 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-gamma exposure was delivered after the arrival of
the shock front.

The crater-lip measurements indicated that the method wvas a
feasible one; however, no usable data wWaE obtained.

The thermal-radiation detector responded satisfactorily to a
5~-Rt detonation at a distance of 20 miles.
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CHAPTER 1

1.1 CBRIECTIVES

The primary cbjectives of Project 2.2 weres 1) to measure the
initial~gomoa exposure rate as & function of time from the detonation
of higheyleld thexmonuclear dovicesy and 2) to measure the residuzl-
gacm: exposure rate as a function of time st land fallout stations,
Secondary objectives wexe: 1) to moasure rosidusl rediation st early
tizes on the creter lip of a high-yleld land-surface shoty and 2) to* ¥
field-tost a prototype thermale-radiation detoctor to be used in 8
redioloriast=defonse vmrnlng systec,
12 BaQHEORD

Los Alemos Sciemtific Laboratory (LAGL) measured inftislegoomc
oxposure rate versus tioe for high~yicld devices during Operation Ivy
(Reference 1). It was found that high=yicld dovices did not follow
the relatively simple scaling lawm of loweylield devices, Gox
rodiation st a particular distance scales linaarly wdth yield for
dovices wp to about 100 kt. For megaton-xangc devices, gamsme radia-
tion scaics higher with introesing yields This enhancement of initial-
gama yradiation was attributec largely tc the hydrodynosic cffoct
(section 1a34)e Ue Se Axuy Sioncl Rescirs anl Deviir wont Loborstons
{usssAL) obtained several qm-expoznmtwe:;umfs; ‘i‘:app%ixtts
frco highwyleld dovices during Operction Cestle (Reforomce 2)s The

| /



dets obtained by USASROL ware lower by a factor of 10 or rore than the
auper-Effects Randbook prodictions (Reference 3).

(ne of the pposes of Project 2,2 was ¢o sesclve the indtial-
gxza radietion scaling lews for high-yield devices. ©f particular
intarest was & high=yield eirburst, since it would allow correlation of
the hydrodynaic effect from an alrbarst with that from a surface burst,
UCASADL mads measurements of residual-game exposure rates from highe
yield devicos during Operation Cestle (feference 2), Only limitod

t2 wert obtained becausce of & high loss of instrumente eaﬂy in the
opexation. These datz indiceted that the decay exponenit for the residucl
activity varied with the type of nuclear dovices. Anotiior purpose of
© Project 2.2 wms to dotermine sccurcte decay exponents for residual "¢
activity,

The thermaleradiztion detector; part of o eorly=mlins gt
for nuclear detonations, vee teeted with laeyield devices durlns Ooer--
tion Teapot (Reference 4)s The tests ware successfulp the detoctor
showod a capability far in excoes of the roquiraents. It wee decidod
to determing the yosponse of this detoctor to ~“megaton~range devices
Guring Operstion Redwing &n oxder ¢tc complete the teoting.

13 THECRY ST. L. Ji5 FRC

The gaam redistion emitted from 2 muclear dotonation may be
dividod inte twe portions: 4initial yadiation and yesiduc) rodiation,
The residual radiation mey include radiation from both f£allout and
neutron-indiuced activity,
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13,0 Initla) Geaeg Radiciion. For o fission=type device the
fnitial rediations ave divided spproximately es shown in Table 1.1
(from Reference 5). The mejor contribution to indtial gesws redistion
ummnmarmmmmummmmm
capture by K (o, ¥) in the HE components and air. The prowpt gsmms
ave neaxly all absorbed in the device itself and are of little signifi-
cance outside of the device. The fisslon-product gammas predominate at
close distances (Reference 5). The R"' (n, ¥) ganmas become relatively more
imcrtant st greater distances, snd evomtually become the me jor contribue
tor, This apnlies only tc devices with ylelds of less thar 10C kt, in which
th.e hydrodynamic effect 4s amall,. Fiogure 1,1 shows the contribution from
fission=product gam: and K% (n, ¥) for & 1-kt surface burst, With€
respect tc time, the ¥ (n, ¥) radiction s essentially emitted wdthin
Co7 secondy the fission=prcduct gxrmas, however, continuc te contribute
for the first 30 seconds.

TALE 1,9 ELIRGY PARTITION IN FISSION

— (nefoxence %)
Fercent ¢f Totel Totsl Energy
Mechanism Fission Energy per Fission
pexcant ST LJU.&;?%C
Kinctic Enexgy of )
Fission Fragoents 82 16;2
Promct t‘eutrogs ,
Prompt Gomcas L
Fisslon Froduct Gorpios 247 5/
Fisaion: Product Betoe 247 54
Fission PMroduct Heulrinos 5.5 11
Deloyed Feutzons L L7
Totoin 100,40 eIy oS

‘lbatly ebsozbad §in the devicec.

S MA
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For thermonuclear devices, in addition to gamm radiation fros

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

of noutrons from the fusion process with N“. The radistion due to

the fusion process may vary ovar wide limits, depending on the design
of tle device. For & given yield, the mumber of neutyons available

na be ten time: as groat for fuslon as for flssion, and therefore a

. . R 74
large centributicn to gamp: padicliun expesaare oy be due to the K

{n, v) rcicticn in e thermonuclcar deviee (R ferance 3).

P

1.3, _ oiduyt Mome Nolintisiae The residesl gamme rodintlioo
coneists of figcien~product pudiciion frcw falloul and radiatio £
noutrcn-~induce] cetivity. The decay rate of the pesidual radiation
frorm followt will fellow epprexirctely the exgesgions: —{

Lind

- - -1 ':Z
-t e .1t
t

Lo g o7 )
.

roof o oa= s
wherc: I, = axposure ratc at time t.
1, = exposurs ratc st unit time,
t = timc,.
r = exposure between tines ¢, and t., wherc
t, 2 10 seconds, ST. Loyt .00
The decoy of thr reciducl rzdtetior Y epetted ¢ very with ver oo

‘872

: - g - ~ A M = - - S < - . -~ = Lo
ool e wox oo Lo, vl opzosiae. ol i wonld tond € voorcoe. T

absclute volue of the decay exponant fcr & period of tine.




132 Absoxption in Alx. The absorption of unscattered goonc
radiation in air is mponential with distance, From a point souxce

of moncenergetic rodiation, the varlation of intensgity with distance
is expressed as:

1 = xce:"""",./l.m:2 (1.2

o
vheres ID = intensity at distance D
1_ = scurce intensity
B = teial linear sbsoriion eoeificient (v..s
coefficiont generally decreasts widl. incroising
godma enargy)
D = distance i
he abscrption coefficiant g &n Equation 1,2 is applicable for
[oiainp VIS *SUEPC SLIC NI UMY PRI S <R o lukes o J000S S NESPH U SONNY S U SR SUPE -SRI G
ditions where tue dotectoz Lo aqoroxiontely & W sl Ll o,
Tris is donc by adiding @ buildup fector B tw cgation 1,7 o accouat
for the scatverce padiacion that wili oo Jdereiuds Bulidy,) suctor.
for differont enarjics e disiaces have been calcusated welure.se 61,
an Some values are shown in Table 142, FOr Gadiircectionsi Guiuciors,

the expression 1ss

5 ,
1. = I_be PO/ (1.3)
ST, Lo o ¢
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TABLE 1,2 CALCULATED BUTLDUZ FACTORC

Tue buildup factor (B) given here s the factor B_ (poD, r.o) as
cooputed by Muclear Development Assoclastes for AFSWT (Reference 6).

B )
Energy (E ) 1000 yds 1500 yds 3000 yds
v
1 16,2 29,3 85,0
3 3,55 535 10,2
& 297 4,00 7400
10 1,70 2,01 2.90

s a e —

T3¢ Fydrodynadc EficCie A Show i S6Ciic . 14343, tic
pittenuation of gammm radiation is highly dependent o the amount of
sbsorber botween the source and the detector. For weapcns of less
than 100-kt yield, essentially all of the initial gamas rodiation is -
exitied before the shock front can produce an ayprecizble chanae in
TooowIfooiive anooxn tlon ef b i Rolili BIdiol fie WLGSLiaee FlX
Bl =yicld dovicor; the viloclt) of tho siich fruiil ie suliiciciily
high to produce a strong enhancement of a large percentuge of the
initia) garma radistion (Reference 7). The higher the yield, thc
larger is thig¢ percentage. A simplified treatment of the hydrodynamic
effect follows,

Assune e gphaxe that has 8 volume V° and radius R, and is filled
with a gas cof density po and mass M. Then,

? . Y
sV e = dwT p(/B (el
oc ST. LYuy172 RO

Let the ges be compressed dntc ¢ ehell with thicmese &6

/¢t
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(r recaining eonctant). The nov gos velume ¢ exnressed as v, with a

density of Py (v, = l.trR'3 ®) The mass has not changed; thus

M=V = lwn"?mp, {an <& R)

4ap /3 = bk’ oo, (1.5)
&Rpy = R /3 (1,6)

Lequation 1,6 dndicctes that a rey cricinoting in the conter of the
§ 0re woulG traverse only 175 of the moet in the shell modcl thet 3t
would in the heoogenesus models The resclt would be an enhianccaent of

radiation. Once ti.c shell of msterial in the shock front passes the

s
detector, an even grcater enhancement rrsults,
Jooprevicusly stoted, the I (n. vy €lupencnl oF inltict rodicticn

is essenticlly enitted witiin Lo sceopc,  Since it takes &t lecsi one

» sccond for tiic soch front to xrouc o odoictiLr ol & dislanso of T,0n
fect (even fcr devices in the order of 6 ML), the H"' {n, v) component
is not significantly enhanced. The fission-produci gommac continue to
contribute during thc first 37 seconds) thercfure, this radiotion is
strengly enhanced by the shock wave,




GIAPTER 2

2,1 OPERATIONS

Table 2,1 gives the shot perticipation and instrumentstion. The
instrumnt stations were placed in the previcusly prepared positions at
the lastest precticable time prior to sach shot, and were recovered poste
shot as soon s Rad-Safe conditions peaxmitted. The yesidual stations
ware activated upon placemant. Thelr 5-day operating period allowed for
2 days of data-recording and three 1-day shot delays. For the surface
bursts, the initial stations were activated by s minus-1-minute timing
signel for wmrmp, tnd a minus~15-second signal to staxt the yecordems
mmmmmmyam1wummmxm;
to start the recorder. Timing signals were necossary on the fnitial
stations due to the limited recording tiome svailable (Cook Research
Laborstory MR 33 recordars, 4 minutes; Sanborn recorders, 15 minutes),
Foz Shot Chexckes, the recorders were not started until after the bomb
reloass.
2,2 INSTRAENTATION

In designing the instrumentation for this project, thare were two
objectives: (1) to design the instruments 30 as to best fulfill the
M] and (2) to design flexible instruments readily sdaptable
to 8 wide variety of field measurcments. Inviuofthisdmlobjecﬂve,
the instruments wore deaignod to be cospact, dz*iftlfice; rei:fabze, wide
in dymenic-range coverage, and low in cost, The basic circuit ewolved
ssssures discrete increments of charge. Essentially, this c¢ircuit msy
be used with any sensing element that has an output which is a known
function of the rediation field. Thus, the cirouit is equally spplicable




TARLE 2.1 SHDT PARTICIPATION AND INSTRUMENTAT ION

Station
Shot Nuaber Location Range from Ground Zero Instrumentation
ft

Cherokee | 221,01 Able 29,400 Ip,1g,R
22,02 Charlie 20,694 Ip,1g,R
24,03 Dog 16,370 R
22,04 Eany 20,062 R
22 .05 Fox 24,922 R
22.06 George 30,207 R
220.01G Uncle 85,432 R
220,08C Oboe 76,00 R
22 .02 Yoke 63,720 R
Portable Nan R

Zunl 22,03 Dog 68,600 R
24.06 George 70,900 R
220,01C Uncle 10, 300 R
220,08C Cboe 16,270 Ip,R
220.09C Roger 7,000 Ip,Ig,R
220,14C Peter u,2m™ R
22.01C Willian 10,30 R
22.02¢ Yoke 43,400 R
22.04 Al fa 56,570 R
Portahle How 78,000 R
Fortable Love 72,000 R
Portable Nan 69,000 R

Flathead | 221.0) Able 45,800 R
22 .03 Dog 4,422 1p,1g,R
22.04 Ensy 7,730 1p,1g,R
224 .05 Fox 10,745 Ip,R
22.06 George 14,920 R
220,08C Oboe 59,880 R
220.09C Roger 63,155 R
220,140 Peter 62,344 R
22.01C Willias 40,907 R
221.02¢ Yoke 9,068 R
22 .04 Alfa 70,000 R
Portatle How 60,000 R
Portatle Love 75,000 R
Portehle Nan 85,000 R

Hava jo 22a.01 Atle 46,000 R
221.03 Dog 7,922 Ip,1g,R
221 .04 Easy 10,700 Ip,
24.05 Fox 13,170 Ig,R
221,06 George 16,180 Ig R
220.08C Oboe 56,341 R
220,01C Uncle 58,282 R
22,00 Willlen 36,006 R
221.02C Yoke 15,582 R
Portable How 60,000 R
Portakble Love 72,000 R
Portatle Nan B¢,,000 R

Teve 22,01 Ahle 28,950 R

: 22.02 Dog 17,550 Ip,I1g,R
20 .04 Zasy 22,200 R
22 .05 Fox 24,11 R
220.08C Oboe 544 R
4R 5,960 Ig

23.(1C #11lian 51,775 R
22 .02C Yoke 37,641 R
Fortable How P, UG R

Ig = initial station, Susteve

Ip = initial station, Protomultiplier

R =

Residual atation

ST, .» 175



to ion chanbews, scintillation dstectars, or photoconductive crystals,
See Pigure 2,1, hop-cﬁm.thndmcnc,hommynu
beyond cutoff. The output aurrent of the eensing elemnt discharges C,
st & rate depsndent won the Tediation level. When the woltage at the
grid of T, zeaches the grid bass, T, tonducts, fesds s negetive signal
ﬂwmdoityadmuamawwwumuehnpimym
T,e Then G, chasges to0 & potential equal to B-plus less the cathode
voltage and the grid-to-cathods drop through the diode attion of the o
of‘t1. ¥hen C, is completely charged, the circuit returns to its noru
condition of T, conducting end T, cutoff. The circuit x41l swmiin in {
condition until C; is once more discharged by the output of the senein
element, mmefmuautmmammm-’fq
sote proportional to the output current of the sensing slement,
general, decay of the garmme-exposure rate frow fallout contamination it

glven bre 1= 11{’ (2.‘)

shere: 1 = the gems-exposure pate at tioe i

1, = the gume-wposuRe 2ete st Wit time

x = the decay constant (given as 1.2 for gross flssion product:

_Measurements of the decay constant require good (short) time

resolution st early times {(t small, I large) when the changes in gamme:
exposure rate are most rapid, At later times (t large, I smll), the
rcte of change of the gama-exposure rate of the gm radiation is
Mmuc,mmmmwmmmmun
resolution, The instrunent for the meemmrenment of miduu-g-n
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radietion is designed to cover a vange from1.r/hr with s time resolution
of 5 ninutes, to 10* 2/hr with a time resolution of 0,05 mimustes. The
basic circuit is shomn in Figure 2.1, wherc the sensing element fs an
unsaturated fon chamber. The ion chambyr was designed to have a current
output proportional to the square goot of the gamma-exposure rate. The

overall detector response s given by:
t= b1/2 (202)

vhiere: § = the output frequency
T © the gamaeexoosure rate in v/
k = & parameter chosen to moet specific design ocjectives
In laboratory celibrations on a 250-kv Xroy bean, these deft.octo_rlsf
have shovn a precision of better than 2 percent, including drift effects,
over a throo=eel period, The comrleted detector head, including fon
CirleloZi @hel CICTLLWnlion; Vol Ancapouiubos &n hysol 600 Casting recin.
oty tect eoiitzotion curve for thesc dotecicrs §c given in Figure 2.7,
24242 _The Residual Instrupmt Svston Recoxder. The two-channel
recorder used with this system consisted of en Esterline-Angus chart
drive tc supply the time base ard two electric styluses writing on
Teledcltos papexr charts, The output from the detector head was fod
through an amlifier directly to Stylus Number 1, which produced a mark
for each detoctor output pulse. In addition, the detector output was
fod tc ¢ scale-cf-11 counter, thence ¢t Stylus tumber 2, Thus, Stylus <
reoductl ens mert fox ecet 11 outoul misc: froo tii dotectors In thic
manner; ¢ chart-speed slow: encuydt. for the required 5-day opexating
period could be used while maintaining resclition of the fastest
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anticipated pulse-repetition rates 1In operation, the record from Stylus 1
was used until the pulse-repetition rate was so great that the recorded
marks overlapped end could not be resolved. At that time, Stylus 2
aould be used, each mark pepresenting 11 pulses fror the detector head,
The chart drive that supplied the time base wus Czlibrated with a
Vietchmaster beforc each events By moans cf the vatchmaster, the chart
drivc could be set to have s maximum errar of 1 minute in 24 hours, ov
20,060 percent, This is not the optimur recording system for use with
this detoctor, but rolies ¢ coomrowlise forced by 2 lach of funds and tiox.
Zezed . The Initia) Instrumont Syetes, "Qustave 1 Detector. For
the higherange, fasteresolution detector, the basic circuit of Fs.w.re?.‘l
was used with a2 scintillation detector as the sensing elemsnt. The —(
latter consisted of an RCA 822 phototube and 2 National! Rediac Seintillen
ToonToylastio vtooo o LonounAn D D e eluoiroes culllinriw. Bllcincor ¢f
balelétr &7 prwvide 2- aivesfvilent pecons: (Roferoner £)e The
electren-equilibriuc layer presents a scurce of electrons that moy be
scattered ints the eryctcl te replace those electronc produced by
radiation absorbed near the crystal surfaces and lost without being
detected, These detoctors were constructed to cover three ranges,
16” t0 10° e, 10° to 167 2/hr, and 16* 10 10" 2w, e overall
detector rosponse {s glven approximately by;

f = kr (23)
viere: €=z th mulss wo otitio il
T = the gamry ~exposure rate in iAo ST, LOUIS v ik

k = & paraneter chosan tc moet specific design objactives

<5
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The maximm pulse-repetition rate of these instruments is 1,00C
pulses/sec, the maximum rate that may be resolved by the recorder
(a Cook Research Laboratory Mi-33 eight~channel magnetic-tape recorder).
Typical calibrations for these detectors are show in FPigure 2.3.
Figure 2.5 shows the energy éependence of the Scintillon-phosphor
Gustave I detector, relative to 0060 gamms rediation at & rate of 100 r/br.
To reduce the errors due to flutter and wow, & 1,000-cycle time base was
recorded on the tape similtanecusly with the gazma-exposure-rate data.
An Amcricen Time Products transistorited fregquency stanfard with es
accurecy of 20.02 percent was used to provide the tiue bese.

2.2.k Photomitiplier Peedback Circuit. ¥nitial Instrupe-t Systex.

This system 1is essentially the same as that used during Operation Cétfle
(Reference 2). The detecting element, & Scintillon phosphor 2.75 inches

in diumeter by 0.5 inches in helgzht mousted in e bekeiite bieoc. for elestron
equilibriun, was placed ingide a blast-resistant housing at toc top vf e
light pipe. The ocutput of the crystal after passing through the light
pipe wvas detected by an RCA 6199 photomultiplier tudbe. The photomultiplier
tube wvas used in & 100-percent-feedback circuit which held the photo-
multiplier tube anode current nearly constant, regardless of the incident
light flux, by reducing the dynode voltage (Pigure 2.5). The gain of &
photomiltiplier tube with coustant anode current is approxirstely pro-
porticnal to the antilog of the dynode voltage. In this manner, e useflu
dynomic range of sbout & factor of 107 was realired.
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Figure 2.5 Schematic diagram showing the photormitiplier feedback circuit
of the initiasl-ganma detector system.




222,55 _Calibration. Three radiation sources, s 250-kv Xray generator,
nz.i-ln'ndomuﬂm,lﬁawoco‘ommud
in the calibretion of the Project 2,2 instruments, The “Conrad” detectors
mmummwam“mmmmwmym
tor. The initial gesma instruments, the "Gustaves® and the photomultiplier
feedback circuit detectors, were calibrated with the 250-kv Xray and the
2.5-Mev Van de Gresaff generstor,

The 250-kv Xray machine was opexsted at sn applied potential of
250 kv, and 10-ma current. The Xray beam was hardened with 1 me of cadndun
filtrotion t¢ give an effective enexgy of 190 kev, The instrument
uppomtom:hnmﬂwmumcow.mmmm
response is flat to below 125 kev. The maximm usable exposure rate =€
sttainable with this.Kray generstor (consistent wdth good geometry) wes
6,400 r/he.

The Van de QGraaff generator was opsrated at 1,0, 1.5, and 2,0 Mev,
resulting in a maximm rate of 10° z/hr,

The 200-curie field calibestor was specifically designed for operation
wder EPC weather conditions., The mein gomponents are the source con~
talner and the control trailer, The source container is msde of stainless
steel, and the plug snd rise tube sssembly of Monel metal. The source,
inclosed in a double=wmlled Monel capsule, is raised and lowered pneu~
matically and 4is supported by three spring-losded pins, one of which
actustes a microswitch to indicate when the source is wp. e

The €™ 38 n pellet form and £ills a space 0.39 tnetes 1n ’éjta;ft;:ﬁ(’
snd 1.98 inches in length. The total Monel metal shislding (capsules and

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




“_—

the exposure rate region used with s set of Victoreen r-asters calibrsted
st National Buresu of Standerds (MBS) in Merch 1956,

2:2:6 _HiceAamae Initial Comm Station Galitmation. There were mo
sources availsble for dizect gmmm~radistion calibration up to the maximm
zanges of the initial gemme instruments, Because of this leck, scintille~
tion detoctors were used, thazeby snabling calibration with a light source.
In prectice, the instruanents were directly calibdested by the use of the
M-miecowml.ntluﬁeldmdlhndn&aaffgenmmintm
laboratoﬁ to the limit of the available zradlation rates. The calibration
was then extended to the maximum range through the use of a light calibze~
tion, which was noxwslized to the radiation calibxation,

mummzmwmcnummmwuuwﬁ-
a bean having approximately the same spectral quality as the light output
of the scintillator, and a series of neutral density filters tiel vary
the light output in known discrete steps. Errors due tc the direct
response of the circuit elements to gamma radiation are introduced into
the calibration; however, these exToxs have been shown to be small in the
ranges where the light and padiation calibrations overlap, There are Mo
roasons why the relative error should increase beyond the renge of dual
calibration, ST, LU S FRC
2,3 READOUT ERROR AND ACCURACY OF THE GUSTAVE AND CONRAD SYSTEMS

In genersl, the ocutput of the. - GQustave and Conrad detectors may be

glven as:
r = kt" (2.4)




where; T = gumm @xposure pate
t = time between output pulses
Rk = design peremstens
If the erTor in reading time betwoen pulses (1.e. time base) 1s At,

thens
v+ o = kit « &)°

a = k[ (t + &) - tM) (2.5)

&=t )"
4 tﬁ

For §f << 1, this formula reduces to the definition of differentials.
t

r T

sheros {4 = the relative exror in gesme exposure pate due to
r eoxyors in the tine measurement

- nit (28)

% = the relative tine measurencnt error
For the Conrad I detector, n = =2, and;
®
& = :?i‘ (2.7)

x
In practice, at highepulse-repetition setes, s nuxber of pulses N

over 8 period T was used to read out the data, Hence, from equation 2.9
& pmea) - o)
¥ On)®
& (rs @) (n)°
r *

T ST, Lud:o RIS &

(22)

i1e

vhere: At now intludes all exrrors in reading the time interval T,

21
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mum-hmmmmmmm *O.O699¢rcents
therefore, the Tesdout error wes negligidle, snd the erroes of the
Conrsd I system (of the oxder of 10 pezoent) could be sttriluted ¢o
the dotector itself.

For the Gustave I system, B = ~1, ands

‘::* (2.9)

Hence the Qustave 1 system error was sssantially that of the detoctor
(the time-base exzor 20,02 psrcent), and was of the order of 10 percant.
Tk BEACHBALL RADIATION DETECTOR-TELEMETER UNIT

To attain the objective of msammring the vesidual-exposure rate on
ﬁumonw-um.-mmmm__
telenstor unit was devised, wamm‘nmt:gto
key a 1/2«smtt VHF tronamittor thet had besn constructed in the field.
Ti.e detector and tronsmittor were mounted in @ polyethylenc bottle
suspended at the conter of an sir-inflated, 5-foot, plastic beachball,
The beachball was stteched to & 27-pound lead beick by msans of s G~foot
3ine. This made it possible to deop the system from a helioopter more
accurstely with & minimm of fapact shock to the instrunentation. The
lead brick hit the ground first and sllowed the boachbell ¢ slow down
over the 6=foot distance befome hitting the ground, In eddition, the
beachball {tself acted as a good impect sbeorber, Once the beachball
was relezsed, the halicopter could go s short distance msmsy and oxbit in
a radiologically safec region, while receiving the dote transmitted froo
the beachball wnit, ST, Loy 77 C




2.5 THERMAL-RADIATION DETECTOR

The themmel-zadistion detector consists of s phototube, asplifies,
snd high and low bend~pass filtars. The phototube cutput is produced
by incident thermal rediation from a mclear devioce, lightning strokes,
or othar sources., This output is fed ¢o0 8 high band-pass filter that
passes only signals with a rise time gimilay to those due to nuclear
detonstions, and to s low band-pass filter that passes only those
signals with a duration typical of mslear detonations. Thus, an
incident thexml-radiation signal must have both a rise tine and &
duration typical of nuclear devices in oxder to activate the thermal-
radiation detector.

=

ST. LU
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CEAFIXR 3
JESILTB AND DISCUSSION

3.1 IEESIDUAL RADIATION IMEASUFEIENTS

The data obtained from the resifual rediation stations are showm
in Pigures 3.1 through 3.18 in the form of log-log plots for convenience
of presentaticn and for ease of deterximation of the decay expoaent.
The decay exponent is equal t0 the slope of a straight line drawn
through the data points that are considered to be related to each other
only by redicactive decay. All residual data was snalysed in detail
for this report; the instruments for those ststions represented by
Figures 3.3, 3.11, and 3.12 were operating at levels delow thelr high-
resolution region snd 4id not yleld the esseantially continuous curves ¢
shown in the remainder of the group of Figures 3.1 through 3.18.
On Figures 3.1 through 3.18 the slopes are shown as dashed lines which
wvers drawn through the linear portion of the curves. In draving these
dashed lines, sarly times were avoided when the concentration of gamma-
ray sources was still dullding up because of continuing dsposition of
fallout material, and other data points were ignored in cases where rain
or vind had redistributed the fallout material and caused perturbations
io the decay eurve. ST, Lou. 7acC

Measured residual gamm rediation doses for each of the four shots
me—pormmauuunms.wws.za. rees-field

exposures shown on these figures wers extrapolated to infinite time using
kquation 1.2, Section 1.3.2, of this report.




Tables 3.1 through 3.4 summarize the data oo residusl station locaticus,
time of arrival of fallout, maximm cbserved exposure rats, total exposure,
and éscay exponsnt. Ths averugs decay exponsnt was found %o be 1.l for
fhots Zuni and Tews, 1.3 for Mot Navajo, and 1.2 for Shot Flathead
(neglecting the results from Station 221.0MC, 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 taker after
Tain had consed vas used t0 help determine the best-fit straight line.
Pigures 3.1% and 3.15 are typical curves showving the gamma-exposure-rate
change caused by rainfall. In taese curves, the gammm-exposure rate
after rainfall was spproximately half of that expected 1f the normel
reficective decay were the only cause 0f change 0f exposure rate. -

In Pigures 3.3 and 3.18, the puildup of the exposure rate is ‘
apparently more complex taan the monotonic bulldup presented by most of
the other figures. It appears that fallout ceased t© arrive for s short
period at €U minutes in Figure 3.15 and then commenced to arrive agein.

Siope changes are evident in the curves in Figures 3.9 and 3.10
after sbout plus 500 minutes. This effect is probably not due to
instrumsatation errors, becauss these curves repressut the data from two
Mt instruments located at the same station. A possidble sxplanation
of theee slope changes is the presence of oue (or more than one) rediocactive
isotope whose half-life is such that the decay is slower than the combined
fissfon fragment decay of T°1°2, and the decay slope is dominated by this
isotope frow about pius 500 minutcs until the end of the record. However,
the instrumentation 414 not record for a sufficiently long tims to 4etermine
dsfinitively the half-life of this isotope. ST, Louis 20
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TANE 3.1 CFUNI INSTRRENTATION AND MESIDUAL-EXFOSURE INFORMATION

Island Station

Asimxth Bistamce Arrival Max  Total Deoay

Pog 221.03
George £21.06

degrees feest nin v/ar r
5.5 68, 600 27.7 &.2 703(72.9 ar) 1.07
17.1 70,900 1 M W(77.8 ar) 2.07

Bov Portable 60 78,000 28.8 17 126(7h.S5 mr) 1.0k

Uncle 221.01C
Yoke 221.0¢

Ran Porteble

Charlie 222.0C2

Love  Portable

Oboe 220,08¢
Peter  220.14C
Roger PN
Williaz 221.01C
Alfe £221.0hC

268.8 10,300 26 #8 1(85nr) 1.1
£92.2 43,400 25.3 8 125(20.% nr) 1.18
No fallout
Prive inoperstive
Stylus and drive inoperative
Drive inoperative
Btylus inoperative
Stylus ant &rive incpcrative

Drive iuoperative
Drive inoperative

ST, LodJdis {G

SCorrected to free-field values




TARE 3.2 YULATHEAD IRSTRUMENRTATION AND RESIDUAL~EXPOSURE INFORMATION

Aximith Distance Arrival JMax a Total a Decay
Island  Btation Prom G2 From 0 Time  Bate® Exosure® Exponent
degrees fest =in r/ar r
Able 27 .01 277.3 45,800 1A
Alfa 2200k 235.6 70,000 W
Easy e .0% 3.9 T,7¥ 37.5
Fox 221.05 $2.2 10,745 37 pELETED
Gaorge® 221.06 .5 14,920 k2
Georgst 221.06 7%.5 14,920 h2
How Fortable No fallout
Love Fortabhle No fallout >
Oboe £20.08¢ So fallout ‘
Uncle £220.01C Fo fallout
Do;: 22.C3 £t ius interumitient
Easy 22i.0k gtylue inoperstive (2né detector)
Ban Fortable Stylus inoperutivs
¥illian 220.01C Drive inoperative
Yoke 221.02C Drive inoperative

ST. LOU:E «=C

®petector inside of stesl pipe, O.30-inch wall thickness
bpetector outeide of steel pipe.
CQuestionavle due to small smcunt of rediation
€corrected to free-rield values




TARLE 3.3 HNAVAJD IMSTIIMERTATION AD RESIDUAL-EXFOSUZE INFOZMATION

Azizmuth Distance Arrival Max fotal Decay
Island Btation Prow G2 Froz 62 Time _Jawn® Exposure® Exponent

dagrees fest min r/ar r
Able 22,00  281.5 k5,300 32.1
M 221. 03 o 7)% 31' 3

Easy 221,04 26 20,70C .2 DELETED

yox  221.05 s 13,170 3

George 221,06 Drive inoperztive

How Portable Drive ivoperative

Love Poxrtahle Drive ipoperative

BEan Portable Drive inoperative —
Cboe 220.08¢ Drive inoperative -
Uacle 220.C1¢C Drive izoperetive

Williaz 22..C4C Drive inoperative

Yak¢ 221.02C Drive irnoperative

aCorrected to fres-field wvalues




TARLE 3.b YEW.: INSTRUMENTATION ARD RESIDUAL-EXPOSURE IKFORMATION

Azisuts  Distance Arrival lMax Total Decay
Island Station From 02 _ Frow 6Z Time  Rate® Bxposure® Expouent

degrees  feet min r/ar r
Able 221,01  280.8 28,950 17.% 1,078({k,277(74.8 ar) 1.03
Dog 221.03 76.7 17,550  MA.T 1%0(1,327(55 wr) 1.29
Tasy 221.0k 75.2 22,220  15.3  105(1,139.6(73 hr) 1.11
Oboe 220,08¢ Bo fallout
Bov Portable Stylus inoperstive
Fox 221.05 Drive inocperative
¥illtex £21.01C DPrive inoperstive
Yoke 221.02c Drive inoperative

B

SCorrected to free-rield values




The initial-gumm-exposure-rate data presented are subject % wcertalnty
{n sbeclute magnituds. Datas refustion indicated a strong possibvility that
the viring of the mgastic-taps recordsrs might not have besn the sens 88
Jrevicusly esunsd and that the aseosistion of & particular recorder channel
vith a particular dstector semsitivity renge xight have been incozrect. The
viring could not be schecked in the ladorstory bdecause the eguipment had deea
disassenhled at the termination eof the field phase of the operation. Bub-
sequent snalyais ef the recorded pulse shapes has led to the association
assumed for the initial-gamss date presented herein, and the derived total-
exposure values agres ressonably well with those msasured by Redwing Project
2.1 (Reference 9). However, there is still some uncertainty cn this point,
ummmqumummw,uwm
of the curves as a fimcticn of time is probadly eorrect.

The initial-gamma values given represent those observed at the
detector and ahould be miltiplied by a factor of spproximately 1.2 to eorrect
for station shielding., This factor of 1.2 is a msasured value of the
.muuauummmmu&m;mummu-
function of the energy of the incident rediation. Time is & factor only
in that after one misute there is Little grama rediation in this energy range
(> 1 mev). Figures 3.23 through 3.28 should be multiplied by 1.2 to give
free-fisld values. : ST. LOoJis o .1C

The data in Figures 3.25 is in reasonable agreemsnt with similar dats in
Reference 9, especially after the dasta of Figure 3.26 has been extrapclated to
e tipe equivalent to that reported by Redvwing Project 2.1.
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3.1.1 Beliability of the Hesidusl Madistico Data. In general, the

residual instrumentation functioned either very well or not st all.
Tables 3.1 through 3.4 shov that the mjor malfunetions were dus %0
inoperstive phart drives. The possibility of malfunctioning of the
recordsrs was anticipated prior to the operstion; however, lack of funds
and time forced tha use of thess recorders. The recorders that worked

were checked vith a Timemsster and sdjusted to within #0.069 perceni accuracy. -~

The repested calibrations of the instrument systems indicated s maximm
total error of less than 10 percent. |
Figures 3.1, 3.3, 3.7, 3.8, 3.9, 3.13, 3.1k, 3.15, 3.16, 3.17, and 3.18

present data taken with the detector heads inside a steel pipe, which served as
blast and thermal protection. The results from thees staticns should W
incressed by a factor of about 1.k to eospensate for the shielding of the
blast housings. This estimate of the shielding factor was derived fronm
the fiel4 measurements at Station 221.06, Shot Flathead, wvhere one detector
wes inside and the other was ocutside the blast housings. On the other hand,
Pigures 3.2, 3.4, 3.5, 3.6, 3.10, 3.11, and 3.12 present 4ata from detector
hesds vwithout blast shields. These detectors were ealibrated for free-fiacld
conditions (0060) and give free-fisld data.
3.2 INITIAL RADIATION MEASUHRNENTS ST, Louls .l

~ The results from the initisl-gumms stations are shown in Pigures 3.83,
3.2, end 3.25. The initial-gamms station for Shot Zuni (Btation £20,09C)
wvas destroyed by the shock wave, and the data from this station are available
only to shock arrivel and are given in Figure 3.23. Pigures 3.26, 3.27, and
3.20 present the total initial-gamma exposure as & function of time.




Pigures 3.27 and 3.28 shov that approximately two-thirds of the
total initial exposure for Flathead 221.04 and Navajo £21.05 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 fromt.

Reference 9 ecompares msasured initial gamme exposure-versus-distance
curves with curves computed from IN 23-200. For the purpose of coxparison
vith publighed data, integrated initial gamms rate data from Pigures 3.26,
3.27, and 3.28 of this report have been plotted on the corresponding curves
from Reference 9. In addition, extrapolation of Project 2.2 measured data
(integrated initial gamms rate) to include initial gazme 4ose delivered after
the end of project records has been male using nrbr-ticn and nthodn—(
in Reference 10, Exposure received prior to start of project records
m been neglected, since the exposure i{s relatively insignificant. %YThe adbove-
mentioned plots for Shot Zuni are shown in Figure 3.29 and for Shots Flathead
end Bavajo in Figure 3.30.

3.3 EEACE-BALL MEASUERMENTS o1 LoUls FRC

The objective of measuring the exposure rate at the lip of the
crater from Shot Zuni wvas assumed by Project 2.2 at a lats stage in the
preparations for Operation Redwing. The beach-ball instrument was dropped
cato the Zuni ecrater 1ip at K « 6 hours. The fall apparently csused s
ehange in the ealibration of the system, decause 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 signsl
difficult.




3.4 THERMAL-RADIATION DETECTOR
The thermal-radiation detector was installed on Site Nen for Shot

Teva at a range of approximately 20 miles, and the detonation was satisfuc~
torily dstected.

57, woUdis v ac
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ST. L2dJis o ¢
Figure 3.1k, Residual expesure rate witnin blast shield versus time Ifor Navejo;
Stetion 22..C4, range g@Y7(( feet. TFor unshielded rate, multiply by l.4. Total
L7-hour exposure,
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Figure 3.29 Shielded initial exposure ver;us time, Pro.jef:ts 2:1
and 2.2, Shot Zuni. ( D fea
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COBCLUBIONS
k.l FRESIDUAL-GANNA EXFOSURE RATR

The results of the residusnl -gmmas-exposure-rats msasuressnts
sbov that for soms devices the decay exponent varies wvith both
the type of device and the station location. The decay exponent
vas fairly uwiform for different station locatiocas for Shot Tuni
(1.04 to 1.18) and rather variable for various station locations
for Ehot Navajo (1.07 to 1.39). Although no specisl significance
is attached, the spread of values for the decay exponent secems to
be greater when the aversge value is high sad smller when the
average value is low.

The residual instrumentation systex performed st sbout 5C
percent of its capability. This 4is explained by the fallure of the
recordsrs, which were not dasigrned as field instrunents and were used
because no others were available. There wers no known failures of the
Conrad dstectors.

h.2 INITIAL-GAMNA EXPOSURE RATE

Figures 3.27 and 3.2 show that spproximately two-thirds of the
total initial-gaomn exposure was delivered after the arrival of the
shock front. Insufficient initial gamma rete or dose data is available
to allov independent ecomparison with published scaling laws. Pigures 3.25
anéd 3.3 indicate reascnable agreement of both Redwing Projescts Ji’.l lnd

ST, Luou & ...C
2.2 data points with B 23-200; however, measured doce-versus-distance curves

74




axhibvit a steeper slope than shown on Pigure k-3, page 4-12 of T 23-200,
mwatmmmmmmammnrymm.
b.3 IRACE-BALL OPERATION

This experiment demonstrated the opsraticnal feasibility of using
the beach-ball techniqus t0 drop a raficlogical tslexeter onto a con-
taninated ares.
k.4 THERMAL-RADIATION DETECTOR

The thermal-radiation detector operated satisfuctorily for a
S=Mt detonation at distance of 20 miles.
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