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ARSTRACT

The ebJectives of Project 2.1 were: 1) to dstermine gamm exposures
versus distance fram the point of detonation of varicus high~yleld thermo.
auclear Sevises; and 2) %0 drav conclusions from the data congerning gamm
exposurs seatours for various types of detonatioms, and the validity of
soaling laws.

The follewing types of dosimsters were used as gamm-raldistion detec
photographic, quarts-fiber, chemical, and phosphate-glass. Oorrection O
were applied to compensate for the nonlinear spectral response 6f the dos.

and for station shielding. All detectors wers calibrated with 0060 BOFe:

Potographic doaimeter film-bedge service and “60
provided to other projects as requested.

Initial gamms redistion was measured by 8 series of stations located

calibration facilities

about ) %0 & miles from ground sero. Mechanisms were installed at some o
these statioms t0 shield the detectors from residual redistion. An analy
of the data indicates that the initial gamme exposure at 3 miles from Che
Zuni, and Navajo wmas adbout 1 r. Consequently, initial gamms radiation ls
little military significance ¢o expoud personnel as compared to thermal .
blast ln-p resulting from high-yleld @evices.

The curves in $his report vary from those published in ¥M 23-200 (Re
ence_1), The field data fall below predictions at longer ranges, and cross
t0 be greater than predicted at shorter ranges. This differeace between
predicted and field data increases with increasing y:ield.

ST, Lowin R
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For resitunl gamss rediation msasuremsnts, instrument statiens were
located on almost every isiand of Bikini Atoll. The amount of residual
radiation exposure was & function of the fission yield. Residual gaums
radiation data points are mapped in this report for fhots Bmi, Fat-
head, Navajo, and Tewm.

e
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FOIBWORD

This report presents the results of ome of the A3 projects tust
wmwnmmmmmammm. he
operstion included 17 test detomstions. Resders who are interested fa
other pertinent tast information mey refer to ITR-13wh, Suomary Beport ef
the Commander, Task Unit Thres. This summary report costaias the following
general information:

8. An overall description of esch detonation, insluding yiald, '
wt.rm,mmucum,uuam,umfgﬁu-
pheric conditions st detomstion for the 17 shots.

b. A discussion of all project results.

¢, A sumary of sach project, containing objectives and results.

4. Amlmnmotmnmmm“ﬂummm

Test Program. - -yl FRC
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1.1 OBJECTIVES

The objectives of Froject .1 ware: 1) te determine ganma
exposures versus distance from the point of detemation of various high-
yield thermonuclesar devicesj nl!)tolmmlmimtm&ew?{
concerning gaune exposure cantours for various types of dstanations,
and the validity of scaling laws. A secamdary odjective was %0 deterxine
the gamma exposurss received in several discrete time intervals detwesn
time of arrival of the thermal pulse snd coe xinute after time of deton-
atiaa.
1.2 BACKGROUND

Initisl game radistion may be considered ss that emitted during
the first 30 seconds after detomation. The initial gumma redistion outy
for nuclear devices with yields uwp to 250-kt has desn well &ocunented in
munopemnm(nehms 2, 3, and ). Gemma-rsiiation
measurements from high-yid.d nuclear dsvices Ing.?g %?tion rty showed
that the initial gesse rediation 414 not fellow the same scaling lawe
that had besn estsblished for sxaller devices (Reference 5). this was

CATOMC BTN ACT G
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attrivuted in part %0 the hydrodynsmic effect, vhich results ia ma
enhancemsnt of the gamme radiation. iy sffect is caused by the passage
of the shock fromt, through the detactor statiom, resulting ia en
inhomogeneity of the air between detector snd redisting scurce. Section
1.3.h gives a simplified treatment of the hydrodynsmic effect.

Mossuremants were made during Operation Castie by the U. 8. Army
Signal Engineering Laboratories to determine the empirieal relatiom
between yield and hydrodynamic emhencement (Reference 2). Some high-
yield Castle davices provided data points; however, it was felt that
additional 4ata were needsd st & number of suitahly speced points for
varicus yields and types of nuclear devices to determine more valid
scaling  laws. ®he present scaling laws for initial gaume redlation fiém
high-yield thermomuclear devices vere based on data from relatively low-
yield fission devices (1 to 500 kt), a fev data points from Operation vy,
and the sperse data Crom Castle. Initial ganms radiation appeared to be
of 1ittle significance compared to damage caused by blast and thermal
effects.

' Residual gamme reliation is hare defined as that which reaches the
dstector 30 seconds or more after the time of detonation. Residual ganme
exposure measurements have been mads by various organissaticns at previsus
test oparations (References 2, 3, 5, and 6). During Operatica Buster-
Jangle, the 8ignal Corps, in conjunction with MBS, mele residual guzme
mwtaot.l—ktmrtmblutmdul—ktmhﬁouﬁl
st a depth of 17 feet (Reference T). DPuring rm'ot uii . s;'LAw Sigaal Engin
Laboratories made Wﬁs of residual .gamme sxposure resulting from




mWdeWW.(&WS).

" fhe advent of high-yisld thermsnuclear weapons has resulted in a
manifold incresse in the rediclegical hasard, and gazms radistiom from
fallout has become of greater ailitary signifiesace.” Operstion Castle
dexonstrated that large quantities of redicective material eould be
deposited by high-yield weapons over areas of seversl thousand square
miles. This led to a military requiremsnt for fallemt data for devices of
various types and yields. Froject 2.1 wes charged with documenting the
residual -ganma radiation exposures from the fallout at land stations at
Bikini Ataoll during Operation Redwing.

1.3 THEORY

nemmmtutmum”m-qhuﬂa
into two portioms: initial radistion and residusl radiatien. The
residusl radiation may include radistion both from fallout and meutron- .
induced activity. nmnnm,mndutmmmmumnut
| 30 seconds 1s termed "initial radistion,” snd that recsived after 30 =
seconds s callsd "residual radiation.”

1.3.1 Initial Gemme Hadistion. Jor a fission-type device the initial

radiations are divided spproximately as shown in Table 1.1 (from Reference
8). The major contributiem to initial gesma redistion is from the
fissioneproduct gemas and the radiation from mewtron eagture by K-’ (n,) )
in the ER components and air. The prompt gommas are nearly all absorbed
i tie device iiself and are »f little sipiﬁememihofmwce.
The fission-product gammas predominate at cl.onesdiatanccs (Reference 8).
e ¥ (n,/) gemsas become increasingly tmportent st greater distances,




TARLE 1.1 ERERGY PARTITION IK FISSION

(Reference 8)
PERCENT OF TOTAL 90TAL ENERGY
MECHANISN PISSION ERERGY FER FISCION
~ Percent { Nev

Kinetic Energy of a 162

Pission Pragments
Frompt Neutrons 3 é
Prompt Cemas® L} 8
Fission Product Gaxmas 2.7 5.5
Pission Prodict Betas 2.7 5.4
Fission Product 5.5 PR i

Neutrinos :
Pelagyed Neutrons 0.1 0.2
TOTALS 100.0 £00.0

Swstly adsorbed in the device

ST. Lo




aod eventually deotms %he mejor comtridutor. This agplies euly %o
devices with yislds of lses thaa 100 kt, ia vhich the Aydrodyasmis effect
4s small., Pigure 1.1 shows the contribdution from fissiom-produst gumes
u:"‘(n,)/)mnx-nmmt. mumam,ml"'
(n,) ) radistion is essentially emitted within 0.2 m;mm-.
product gaxmas, howaver, sontinus to contridute for the first 30 secends.

Jor thermonuclear devises, in addition % guama radiation frem
fission-product gammas, it is necessary %0 consider the interaction of
neutrons from the fusion precess with B'%, fhe radistion due %o the
fusion process may vary over wide limits depending on the design eof the
device. Yor a given yield, the number of neutrons availabls nay e tea
times as great for fusicm es for fission, and Rherefore a large Sumber™df
gamm photons are cemtrivuted ¥y the B¥ (2,)) resctions (Referemes 9).
However, because of the shert half-life, this gasma radistion decays
before it can be eshanesd Wy the Aydrodynanic effect. Gemmas frem the
longer-lived fission produets ars grestly echanced By this effect. There-
fore, fission products are the most important source of initial geams
exposure resulting from high-yieid fission-fusion devices.

sT. ludis oac

1.3.2 Pesidual Gesme Redistion. The ruuul gamm redistion
ecnsists of fisiion-prodmet reidiation from fallout end rediation fyrem
neutron-induced activity., The dscay rate of the residual rediation from

fallout will follovw spproximately the expressions:
'102

It = )t
0.2 -02

and r,‘/ o & 2 ST (Y,

vhere: . f'1

(1.1)

)
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I, z exposure rate at time &
I; s exposure rate st mit time
$ s time
r s exposure Detween times % and tp, where t = 10 secends.
It i3 expected that ths decay of the resiimal redistion will wvary
with weapon design. mmma,mmoun”’mumu
decrease the absclute value of the decay expenant for a period of time.
1.3.3 Absorption im Air. The abserptiom of wnscattered gams
radistion in air is exponeatial with distence. Fyem s poiat source of
monoenergetic radiatiom, the variation of intensity with distauce 1s
oxpressed as:

P
Ip = #rm' +% ]

were:

In = intensity at distance D

I, = source intensity

n e linssr sbeorption coefficient (this varies with gumm enexgy,

and is ganerally lowsr fer kigher saergies).

D 2 distance ST. LOUIS FRO

The sbeorption coefficient // ia Bquation 1.2 is applicadle for
Barrow-bean geometry, and a correction should de mads for field oenditions
where the detector is approximstely s 27/ senaing elemsnt. This is done
by edding & duildup factor B to Equation 1.2, $0 aceount for the scattered
radiation that will be detected. Bulldup factors for 4ifferent energies
and distances have deen ecalculated (Referemce 10), snd some valuss are

N s . e~ L it ] PN
; 3
A
" E- g
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shown in Table 1.2. For omidirectional detectors, the expressiem is:

-/
He | 1.3)

PANE 1.2 CALCULATED WGILDUP PACTONS

Tee bullig factor (3) given here £s the faewor B, { gP; By) 88
compwied Wy Buclear Development Associates fer AFSWP (Referemes 9).

F“.{W . )
1 16.2 2.3 8.0
3 3.85 5.35 0.2
Y .97 A.00 7.00
20 1.70 2.0 2.5
~

T 1,3.F  Eydrodynsmic Effect. As shown In Bectisn 1.3.3, , the atitenua-

tion of gawms radiation is highly dependent on the amownt of absorber
between the source and the detsctor. For weapons of less than 100-kt yleld,
esjentially all ef the initial gamma radiation is emitted befere the sheck
front can produce an spprecishle change in the effective absorption of the
air between source and detector. For higheyield devices, the velocity of
the shock front is sufficiently high to produce a strong enhancement of

a lerge percentage of th: initial gamma rediation (Referemce 11). %he

‘ higher the yield, the larger is this percentage. A sixplified treatment

of the hydrodynamic effect follows. ST. LOUiI3 FRC
Assume a sphere that has a volume ¥, and radius B, snd is filled
vith a gas of densityﬁ,amimn M. Then,

3

(1.%)

T
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~ .Let the gas De oompressed inte & shell with thickness 4R (R remain-
ing eomstant). The nev gas volwme is expressed as V; vith a density of
Pr(v s h 22AR). The mass has not changed; thus

Mg VoCoa kTTR:AR (01 (AR<<R)

s7TR3Le & WTREARE, (x.5)
A $ RO ’ (1.6)
it A

Bquation 1.6 indicates that a rzy eriginating in the center of the
sphere would traverse enly 1/3 of the mass in the shell model that it
" would 1n the homsgeneous medal. The result Wuld e mn Gmhencemeat of
rediation. Ouce the shell of msterial {n the sheck freut pusses the

 Qotestior, an even grester euhancemsnt yesultls.

As previously stated, the % (a,V ) conpoment of fnitial radistien
1s essentially exitted within O.2 secomd. Simce 14 takes of least one
- scsend Sor the shook fremt to reach a detector at & distanes of 7000 fest
(even fur doviees 1n the oxder of 6 ), the B® (2,7 ) sanpenent 15 net
significantly enhancel. The fissisn-profuct gammas scntimue Ve ecutridute
for the first 30 seconds. Therefure, this radistism is stroagly esheaced
Wy the shock wave.

=

- ot

gT. .03 FRC




2.1 orsmyIIE

Project 2.1 yarticipated in Shots Cherckes, Buni, Flathead, Deketa
(1inited), Baveje, and Towm. Fer svery sbot except Dekota, all yessidle
statiens weze instrumsnted with every svailshls type of detastor of
appropriate range. JFer Shot Dekota, staticms were loaded with phote-
graghic-type Sesinsters Just Jrior %0 shot time, and these were =
recovered at the instrussntation time for Navajo. Statisns were instre-
mented as 15ts as possidle prior %0 shot time and recovered as sedn as
Rad-Safe sonditious permitted.

2.2 INSTRMENTATION

2:2.) Motogreghie Dosimoter. The primary detector seusisted of
£1in exposed ia the EES-type fiim holder. This consists of a Bekelite
omtainer with #n8.25-mm wll thickness sovered with & 1.07-am layer of
tin sd o 0.3-gm layer of lead. The load sad tin aot as Lilters %o o)~
pross the lower snergies sufficiently % kesp the response lizear above
nsm Below 115 bav, the gmme redistion is attenwmted exzessively,

ST, WodJdiz onC
umwuwp—-mnsmuwmuw

above 115 kev (Meferenes 18). @ewamamm g
W-ﬁommmmﬁ-awm e da
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1s sixiler %0 the 1aitial radistiss of Wejdevice (Baference I3). [The
eslsctron equilibrium layer presents a seures of electrens that may de 5;’
scattersd 1ato the emilsion %o replace those electrons producel Wy
guma radistion sbearbed near Whe surface of the filu aad lest withowt
being detected. In the amergy range frem 115 kev %o 10 Mov, the desimeter
uwmuumtnmtuﬁaenhmw-
this operation (Meferences b and 13).

Yor Ehot Cherokee, filx was expesed both with and without KBS

-

holders, o obtain an indication of the presence of leov goame-energy con~
ponents in initial radistion, since bare films shov maximm senaitivity
to gamma energies at absut 60 kev. T

Two dental-size film packets, eash containing from one to three =
different filx emilsions, can be placed in the holder. A leed strip of
0.76-mm thickness was wrapped uround the outer odge of the holder to
cover the seanm. mmwmmh.muméﬁbmt
the fix from weather vhile in ths field.

The privary f{lm packets wsed were: Dupout 553 centaining Emmlsiems |
502, 510, and 606; end an Eestamn packet esmtaizing & special mierefila
(80 1112) wnd spectroacopic-type 5h8-8 double-coet film. -’;;u packets
vere individually mealsd in polyethylenme bags. }rn;anuan, Zastan |
-pectmucopic-type 548.0 -1u13-co-.t was used vhen very-high expuuru )
were snticipated. ZTable gd lists the ranges of the filps, and nguru
2.1, 2.2, and 2.5 shov examples o©f the ealibration CUrvBRe | s PO

The films were stored in a refrigerstor at Site Elmer and withdramm

s needed. 8ecls »f calibration films were exposed to the &:‘o calibration




TABLE 2,1 FEXPOSURE RANGES OF THE EMULSIONS

Emulsion Type Range
r
Du Pont 502 0.05 - 10
b% 10.0 - 3’0m
Eastman SO 1112 50.0 - 2,500 it
548-0 dc 3,000 - 100,000
548-0 sc 5,000 - 100,000

TABLE 2.2  QUARTZ-FIBER-DOSIMETER RANGES

Bendix No, Range
r
622 0- 20
610 (IM-20/PD) 0- 50
686 (IM-93/UD) 0 - 600
803 0 - 2000
(IM-107) 0 - 200

sT. Luln FrC
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»nmtml/!hlzhmnamrmhmun. Pilms were processed
Mcmmmmt,wmmme

by latent image feding. Variations csused by tespesrature, aging, and

processiag technique were compensated for My the salibratien fila.
Factors that cause variation iz density from event %o event wers the
mwmumm:a:ummmuum\/c/

mm.tmmrnluﬁ- nmmu,mncrm,_~
nucwonmbakmmdlnutycmmmtonmmum “__,‘

™. noted em the Dupont Emilsion 502. The use of ealibrution film in omch -

/ofﬁm eveats sompensated for this deckground density increese.

The photographic transmission dsnsity was reeid ea an Ansco-MocBeth
Yodel 12 densitometer, with s calidrsted photogrephic density wedge ussf
as a standard. Exposures were deterxined Yy comparing densitiss of the
fleld filss with the demsity-versus-exposure curves for each film
emlsion ealibrated an the o™ source.

2.2.2 Quarts-Fiber Desimeters. Seven ranges of guarts-fiber dosi-
msters, similar %0 the IN-91/ID evalusted By Tespot Project 6.1.1, were
used (hfernéu 16 and 17). These dosimsters were salibrated with the

eo“mm.mmm-wumm. They wers checked
for leakage and faulty emes were sliminated. Tadle 2.2 lists the manu-
facturer's mmbers and ranges. Project 2.72 supplied X0 dosimeters vith
& runge of 0 %o 200 r. ST. LOUIG +.:iC

2.2.3 Chemical Dosimeters. Chemical dosimsters furnished by the

Alr Foree, Atomic Ruergy Commission, -and University of Califernis at




mmmwn@gmmmz"mmuummmcine,
%o wit, acid formed from the irredistion of a ehloriasted hydrocarbon is
& linear functien of radistion exposure throughowt s drosd range (25 to
100,000 r) (References 6, 18, 19, 20, and 21).

All dosimeters were of the direct-resding typs, accomplished by
sbservation of eolor changes i the indicater &ye. The color change in
most iastantes is from red (pX 6.0 er adove) %o yellewv (pX 5.6 or
belov). 8ince the color transitiocn ef the indicator dye is a functiom of
exposure, the exposure doses can be sstimated by eclor eomparison wvith
irradiated controls.

Evaluation of overexposures (pX 5.5 er below) are determined by
the titration of the acid formed per millimeter of chlorimated kydrocszi¥on
vith standardized 1073 Normal NeOH. %he amoust of bass reguired to return
the overlayisg acidimetric dye to its preirradiation pX value is »
peasure of the acid produced by the absorbed dose. Use of predetermined
date for the system in respect $0 sensitivity to 0o gamm redistion
(namely the milliequivalents of acid profuced per milliliter of
chlorinated hydrocarbon per roentgen §beorved) mnd divisioan of these
values into the acid produced By the unkmowm exposure yields the gums
doses in roentgens. The Alr Foree dosimeters from Shots Cherckee and
funi were resd in the field by lst Lt. 8. C. Bigoloff, USAF, of Project

k.1. The rest of the dosimeters were forwarded %0 the United States for
. C

;__\_,'JA_)

reading and evaluation by the furnishing agency. Sl.
2.2.% Radiasc Detsctor DT-60/FD. Project 2.72 supplied 175 DT-60's,

and these were exposed to Ehots Flathesal and Bavajo. Those exposed to

25




less than 600 r were resi en site, whersas the enes exposed to larger
doses were resd and evaluwated at the Naval Medical Research Institute.
(A technical @escription and an evaluation of this instrument is fousd ia
Referemces 16, 17, 22, and 23.) N

£.2.5 Radise Set AN/WER-39. These instruments,ealibrated vits 0o%,

were wsed to measure the exposure rate in fields of resifdusl gumms redis-
tion whenever these fields would effect the data. The AN/PDR-39 is a
mtlitary standard, field-type, portable instrument used for detecting
and measuring gumme exposure rates (Reference £h).

2.2.6 Quarts-Fiber Device (Bate Devies) for Exposure Versus Tims,
This device fncerporated eight guartz-fider dosimeters connscted to

s dattery of seroing potential. The dosimeters were activated by n-uql
of the battery potential from the dosimeters &uring various intervals of
the first minute after the detonation. The dosimeters recorded the
radistion that arrived gfter they were activated.

The devices were mounted vertically in a plastic and aluxinun frame
(Pigures 2.3 and 2.3). A spring-losded solencid was belov each dosimeter,
sounted so that 1t dspressed the charging pin at the base of the quarts-
fiver dosimeter. A bBattery charged the fosimeters to mero ruu.n; Upen
sctivation, & Nayden chronometric motor prograsmed the opersticn. The
htcug‘ solenoids were activated 4in intervals of about 2 seconds, varying
with position and event. The charging potential was removed from the
dosimeters, thus the dosimeters integrated the exposure that arrived after
the activation time. A

e < g Al
S




Figure 2.3 Quartzs fiber rate device with dosimeters.

ST. LOUD 30







" Seversl dosimeters were included to read the total exposure. Ome
Gosinmster was activated at 58 seconds after the detomatien to give an
estinmste of the sffects pf residual readiation. At 60 seconds, s solenoid-

release mochanism cansed the entire instrument to drop dowm the 8-imeh
steel-pipe stations to 6 feet Welow the surface. Thus, the instrumeats

. were shiklded from most of the residwal rediatiom.

The device was housed in an aluxisum eanister 32" high and 7-1/2°
in @iameter, with s 0.10-inch wall thickness. The battery pack that
poversd the mechanism was in the dottom half of the canister. A 6-inch
space at the top of the canister was utilized for the placemsat of
variocus ether dosimeters, and Project 2.51 gold and sulphur asutren
detectors for Ehots Buni snd Cherckes. The instrument was activated '+
wﬁoﬂﬂudmmwmtwwmm The

cutectic elenent consists of two pieces ot 0,008-inch brass shim stock, ;iated

muﬁmcumuwwm,mmmt
melts at 136°F. The total sctivatiom delay froum tice of detonation is
sstizated at 1/2 second.

7 .\(‘N
LA ke

ST, Lol
2.2.7 Mechanieal Brop Mechanism. A mechanical dr¢p mechanissm wes

installed in the pipe caps of some of the Y-inch and B-inch steel-pipe
staticns. These stations were instrumented with five sets of dosimeters.
Tures sets wvers suspended in the top of the station, and fell to the
botton vhen activated. The first set of dosimcters was suspended by a
Back nylon string extending from an arw attached to the cap top through
s hole in the cap. The gaume data indicated thet the string bumed
through ia about 1/2 secomd after the detomation. A secand set of 8osi-

o - ATOMIC ENERGY ACT OF 3333
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uhnwmmtyauntr-sm.tn‘himammn.
the eap. The shock front activated this greup. A third set of dosimeters
ﬁmrﬁ-.mmﬁo—mwm. The timer
was activated when the thermal radistion durmed through a piece ef dlask
aylon string. The instruments dropped approximately 1 minute after the
detonation. In addition, one set of dosimeters remained fixed at the
top of the staticn and another at the dottom.

The dosimeters were affixed in this fashien to afford an opportunity
%0 measure the rediation wp to the time of activation and then be dropped
to the Bottom of the pipe for shielding from residusl raliation. %Thus,
the dosimeters integrated the dose received wp to the time of arrival ef
mummm,muqmzmuuxm,mw’{

2.2.8 Btetion Layout, Utilisation, and Construction. The station
layout and utilization are given 4n Tadble £.3. The station constructiom
Qmumz.k,ammmtamwum
detector 1s of importance in the dats amalysis. |
© Serfes £10 staticns eonsisted of an 16-inch epen-did ‘alusitis < ¢
cylinder mounted 36 inches above the ground on a f-inch-dismeter aluminum
rod. The dosimeters were retained by & bolt of each end ef the cylinder.

8eries 10, 211, 212, and 213 stations were eoustructed of steel

A

Fipe capped at both ends. The pipes were mounted vertically 'n the growd
with the exception of Series 212, where the pipes were mounted vertically
in the center of a 6-foot eoncrete sube, the surface of which was flush
with the ground.




TARLE 2 A * av TILTZATION
CDL: A - Film Badges L - Phosphate GClass
B - Quarts Fiber » = Qquarts Fiber Rate Versus Time
C - Chemical Ff - Mechanical Dropping Device
Stn.'.-i_t;nr T - ) ' T B
Mumber Location Cherokee 2w Flatread Dakota Nava jo Tewa
212.01 Abla ABCE. AR ABD ARCD ARC
212.02 Charlie ABCF ABRC ARD ARCD ARC
212,03 Dog ARC ARC AZDF A ARDF ABC
212.04 Easy AR AR ABCDY A ABCD ABC
212.05 Fox ABC AR ABCDF ABCDE ABC
212,06 George ABC ABC ABCD ABCD ABC
211.01 Dog ABCDE A ABCDE
211.02 Dog-Easy ABCDE. A ABCDE
211.03 Easy-Fox | ABCDE ABCDE
211.04 Fox-Cearge ‘ i ABCD ABCDF
213.01 Man Made 3 Y AD ADF
213.02 Dog ADF ADF
213,03 Dog-Easy ADF ADF
213.04 Fox ; ADF ADF
: i

210.19 Fox i ' A
210,20 George A
210,22 Oboe Reef L AC .
210.23 Oboe ABC | AC ABCD ABCD ABC
210.24 Oboe Reefl AC
210.25 Oboe Reef AC
210.26 Peter Reef AC
210.27 Peter ABC AC ABCD ABCD ABC
210,29 Roger Reef AC ,{
?1%30 foger ABC Ac ABCD ABCD ABC

.31 Roger Reef AC
210.32 Unole Reef AC
210.33 Uncle Reef AC
210.34 Uncle ABC AC ABCD ABCD ABC
210.35 Uncle Reef AC
210.37 William ABC ABC ABCD ABCD ABC
210.38 Yoke -ABC ABC ABCD ABCD ABC
210.39 Zebra ABC ABC ABCD ABCD ABC
210.40 Alfa ABC ABC ABCD ABCD ABC
210.41 Bravo ABC ABC ABCD ABCD ABC
210. 56 Peter Reef AC
210,23 Cboe ABCF
210,27 Peter ABCL.
210.30°' Roger ABCEH
210.34" Uncla ARCE |
112.01 Charlie A f ~ ARC
113.01 Charlie-Dog A l ABC
113.02 | Charlie-Dog AR I ABC
113.03 | Charlie-Dog AB I S Tt ABC
113.0, ' Charlie-bog AB ST, LU ,I.C | ac
113.05 Charlie-Dog | AR i AC
113.0, Charlie-Dog | AB |
113.07 | Man Made 1 ! ABD ABC
113.u: lan Made 2| ' ARD ABC
113.09 1 Man Made 3 ! ' ABD ABC
250.01 . Charlie ' A : \
25%0.02 | Charlie A : '
250,03 | Charlie A | i
291.01 | Charlie-Dog AB o . L

3



TABLE 2.4  STATION CONSTRUCTION
Statiocn Wall Height Above Depth Belcw
Series Material Di ameter Thickness Surface Sw'tace
inch inch ft ft
210.u Aluminum 3 0.25 3 .
=
290.27
210.30! Steel 8 0.45 2.5 6
211.0
212.0
210.23! -
210.34! Steel 8 0.45 < 1
213.0 Steel 4 0.30 4 4
Steel 3 0.25 5

113.0

ST. LoJ13 7RC
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Cariie and were censtrusted of steel pipe. Thase stations were yrimarily
for wse Yy Projest 1.1, but were wiilised by Projest £.1 fer fhots Cherekes
ad Towa.

2.2.9 0o% yield Calibration. Exposures were nade With & well-
ealibreted 477, S00-curie CoC soree that kel an effective energy of 1.2
Nev. The seuree sensisted of w eylisirieal 66 peliets with & total
height of 1.58 inches end & dimmeter of 0.9 fuches. The Jallets were
goli-plated and sealed in two osncentrice momel ecapsules. Ths seurce osp-
puls wvas stored in @ leed pig, sni was forcel up & mounsl-netal tube Wy
sompressed air for wse. Yhe total thickness of the monel eapevles sod
ke was 0.33 fnches. mumwn.mm
platforn 3 inches below the level of the raised source and £ fest above
the lead pig. |

The source was salidbrated eu site msing Victorem r-chashers that
hed S-mm lucite eags. These chasbers were calibrated at KIS for wse ot
22°C and 760 mm of yressure. Oerrections for pressure sad tempersture
differenses vere spplied %o chamber readings at the time of ealibmition
Corrections for decay of the source were appliesd %0 calidretion eurves
after the calitration was completed.

AAMB“MMMWMWM
is showm 1in Pigure 2.6.

2.3 PATA RUIIENTS ST. L1173 012 C

%o aceomplish Project 2.1 sbjectives, guma-ralistisn measuremsnts

ware required st surveyed distances from ground sero for eath ef six high-
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‘ ARRREe
yield thermervelear devices detonated at Bikini Atell. In order that
s trwes masure oovld V¢ made of initia) guwa redistion, a reguiremsat
of the msasuremsnts Was to enable separation of initial from residwml
gamp relistion.

Jessurewsnts of the residual gmmma exposure rate and dscey rate
were regiired st now times for staticns instrumentsd {a s ceatamingted
field, sni after all shots, te allov extrapolaticn of resifual expesure
zmeasurengnts to times other than recovery time. JFor those staticns st
which miw. gumme data were recorded, residmal-field gamms exposure rate
Wummumwmemamuimmu T
sccount for the effeck of the residual gamma fiedd,

The initial exposure values, after correcticn for betstron ealivi¥iion
end shielding effects, are accurate % within X perceat, iacluling errors
fue %0 calidratiem, readout, directicmal respeuse of the film, and proces-
sing. mmmuwnmummm. In
individusl cases where the residusl gamme ecntaxinatics was Jreopertion-
Myhmr.ﬁtmn;um,pmmmthm
vhere the residusl gumm eontamination was estinated. These cases are
discussed individually as they appear. The photograghic and @uarts-fider
dosineter resiings are gemerally recoamended s being most relidble en a
statistical dasis, simee thay were put out in large mmbers aMd in mmy
ranges &t eath station location. Statistical varistion for thess imfivi-
dual datectors was vwithin 10 perceat. ST, Louis v C

The residusl exposure values, after sorrectien for shielding effects
and emergy response, should be scourate to within 50 perommt. This




T )

aceuracy is dased primarily em variations in the individual dosimeters
due to respense charscteristics and station shielding effects. The
mimdg,crdcdutypoof‘minﬁrﬂldml’elﬁmmﬁrb
cent.

2.3.1 Tnitisl Exposure Calfbration. The radistion spectrum of a
10-ler detatren (3.5-Mev effective sversge exergy) is Believed to apprexie
mate the initisl spestrum of a2 melear dotomation. Te obtaia serrection
factors, NBS has exposed yhotograghic dosimeters to Co™® and to the Naval

Orénance Laboratery 10-Mev betatron en Beveral occasions &n the past J
years (References 2, 3, b, 135, and #5). Examination of these results
shows that the eorrection factors are & function of the particular phote-
graghic smulsion, batch, and age. Dased on previous work, the correcﬂ-g
factors for the emulsions used during Redwing shonld probably nry)em
0.80 and 1.00.

Alr Force Bpecial Weapons Canter (AFSWC), in cooperstion witk Los
Alsmos Scientifie Ladoratory (LASL) and Pvans Signal Laboratory (ESL) has
exposed film $0 the Godiva dare sssexdly at Los Alamos in erder to study
the effects of neutrons en jhotograghic emlsions. Results indicate that
the filw sensitivity for meutrons s relatively lowv. This experiment also
Yyielded afiditional dats on rate dependence of these exulsions in that
there was no significant ehange in exulsion response @ue to & garms rate
of exposure of 1 r/sec as eompared to 107 r/sec for equivalent total
SxposuTe:! ST. Lo F0C

The zeutron sensitivity ef filnx 1s eonsidered to consist of two

components: 1) & response to low-energy (therual) neutrons, snd 2) a

36




response to high-energy neutrons. As far as could be determined from the
experiment, the tw components are imdepmdent snd alditive. The eall-
hratios Gata for meutron flux was furnished AFBWC by F-2 divisics et LASL.
It was assumed that any perturbaticon in flux csused %y the EIS film
holders would be small. Neutrem-sensitivity values are sospared %0 the
et of 000 guuma redistion required to produce the sume eptieal
density. Talkle £.5 sumarises the dsta sbtained.

For all ghots except Chaerekes, the relative air densities are 0.895
4 .002. For Cherckes it wvas 0.547; however, the dats were adjusted o
a relstive sir density of 0.895 ¢to permit comparisen ef yesults. Ne
alr-dengity sljustaent was aade fur the ethar events.

In smalyxing the initial data to determine the flux that existed.r
mmm.numthmunmmw
offered by the station snd the instrumentation insids. Tadle 2.6
Resents & list of station types and calcoulated shielding correction
Wmngs.mmwhmuﬁmm
tions of Meferemos £5. A sutual instrumsut-shielding correction facter
for each station type was estimated and 1s given in Tekle 2.6. in expers-
mentally determined film hetatron ecalibhrstion factor ef 0.9 1is slse
listed. The b“emdined correction facters were cemguted from the adeve-
menticued factors. The betatron calidration factor applisd to the film
cnly. No betatron ealidration data were svailahle for the guarts-fider
apd ehemical dosimeters, snd s factor of 1.0 was assumed. ST. LL o

The scedined correction factor was wed enly in the smalysis of




TABLE 2.5 FILM SENSITIVITY TO NEUTRONS

See Section 2.3.1 for source of data.

DuPont Packet Low Energy (Gold) High Energy Neutr&f
Film Type Neutrons Dose
q/cmz/Coe’O r x 1077 n rep doene/Co60 r
606 606-1290 LT 2.4 37+ 2
1290 | 606-1290 3.9+ 2.2 31t 20
606 553 3.4 %+1.8 28 + 17
510 553 2.3+ 1.4 19 + 12
502 553 3.2+ 1.7 26 £ 15

ST, LOU!3 &8




TABLE 2.6  INITIAL-GAMMA~EXPOSURE CORRECTION FACTORS

B o Cambined Quarte
Station Mutual Fiber and Chemical | Betatron Film | Combined Film
Station Series Shielding | Shielding | Correction Factor Calibration Carroc&_igx Factor
210 1.05 1.05 1.10 0.90 1.0 +0.05
210' Without quarts
211 fiber rate ‘ 1.35 1.10 1.48 0.90 1.35 £ 0.10
2 device r
!
210" With quartz i
211 fiber rate 1.40 1.15 1,61 . 0,90 1.45 £ 0,10
212 device !
<13 l1.20 1.05 1.26 0.90 1.15 £ 0.0¢
113 1.15 1.05 1.21 0,90 1.1u t U.U5




the initial gesma exposure date in Table 3.16. Uncerzected exposure
values are listed iz tbe iadividugl shet tables in Cagpber 3.

2.3.2 Iesidudl Rxpesure Calibrution. In erder to evaluate the
initia)l gama exposure, it was eften mecessary %0 sstimate the resibmal
g=mm exposure. Bome of the dosimeters essociated with the guarts-fiber
dovice and the machanieal dropying mechsnism yisldel messuremsnts of
or less) the fallout pattera was generally continuwous and expesures 4id
ot vary greatly, hence it was possihle %o estimgte the exposures at
stations where mo specific data were availahle. FThese sstimstes were
eonsistent both with ealsulstions based en msssurements of resifual
gums intensity meds at the time of station instrument recevery, sod wih
intagrated rate versus tims measuremsuts made Wy Project 2.£. Btatiens
located en the reef and in the tidal wash area wers evalusted separstely,
since the residual exposure in these areas may be reduced bWy & facter
of ten, depeniing en the water-lend goomstry sad tidal wash. In cases
waere the astimated residual exposurs sxcesds the resultent inisial
axposure, an additional wmmeertainty factor must be sdded 40 the mermal
accuracy fector. ST. Ludiz «3C

IS is desiradle %o correst the residuml exposure values obiained
inside the station to those that weuld exist outside ihe statimm 1f the

dosineters were unshislded. %o determine this correction facter, desimeters
vers wired flush 0 the eutside of sene stations whers thay waild be sxpes-
ted %0 survive the blast and thermel effects of the svent. In seme cades,

four instruments wniformly speted sbout sn 8-inch 0.D. pipe were wsed.




The variatisn of exposure in each instrument set was &ue primarily to
the land-water geomytry. Since the station still shields the instruments
fron b7/ redistion, the results obtained 414 not directly yleld the eor-
rection factor. ‘Terefore, attenuation factors weres calculated based ea
station construction assuming 700 kev as the effective energy of the
residusl gume refistion (Table 2.7). These are consisteunt with experi-
mental results.

Figures 2.7 through £.11 show the energy response of Dupant Emilsions
502, 510, and 606 in WBS holders, snd of quarts-fiber dcsimeters and the
AN/TDR-39 relstive to . Simce the response of the quarts-fider dosi.
mterhasbemrmmdtoumathlirablemm operations
(Refearence }), experimental factors have been evaluateld to sijust the fidm
. resdings $o0 quartz-fiber equivalence. These factors are 1.15 for film i.n
aluninum centainers and 1.25 for filwm in 8-inch steel-pipe statiens
(Teble 2.T). The factors in Tadle 2.7 are considered accurate to withim
20 percent because of variations in thickness of blast shielding. Restéual
exposure data that sppear in the individual shot reports are uncorrected.
The correction factors are used only in camputing informaften fncluded
in Figures 3.k ghrough 3.7.
2.5 SUPPORT FACILITIES B LY. b

The folloving projects were furnished NBS photographic dosimeters
in the quantities listed: Project 2.2, 100; Project 2.63, 300; Project
2.65, 150; Project 2.66, 1505 snd Project 2.72, 30. Small quantities
were also used by Projects 2.51, k.1, and TU 7. These dosimeters vere




TAELE 2.7 RESIDUAL-GAMMA-EXPOSURE CORRECTICN FACTORS

T 1 - T’"",Fn'.ffﬂq,";}u
Station Instrument | Cambined Fiber Combined
Station Serles Attenuation | Attenuation ' Quartz Fiber Normalization Film
{
210 l.12 1.12 T 1.25 1.15 1 [ {77
210' Without quarte E
211 fiber rate 1.85 1.2 2.30 1.25 l 2.88
212 device ‘
210' With quartz ‘\
211 fiber rate 2.00 1.36 2,72 1.25 i 3040
212 device
|
213 1.48 1.12 1.66 1.20 | 2.0
113 1.36 1.12 1.52 1.20 1.83
| — - —— e
e T
- LU eag
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processed and the results returned to the interested projects. Instru-
ments were exposed to the 200-curie, &7 co® source, and an 80-curie,
collinated Co® source for Projects 2.63, 2.65, 2.66, 2.8, and M.1.

ST. LoUIs £128
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CEAFEER 3

Tais chaptar presents rav dsta based oo Co© calivration snd dis-
cussion necessery %o elarify the talles. IThe terms themmal, hlast, 1-
minube, Gotal, and vate device refer %o timing (Sections 2.2.6 ek 2.2.7),
i "Gowm” ryufers %o dosimsters that were placed in the dotiom of the
2ipe staticas. The terms “fremt] "left,” "resr] and"right” refer to
instrwments wired fluskh to the eulside of the stations, with respect to
an observer at grewmd zere facing the station. Instrumentation and
Tecovery rsles yefer %9 residnel gumm field intensitiss at the times
of instrummutetion sed recevery of fustrumsuts located &% an exposure
station.

~

3.1 ST LACROSEE -

tne plece of fuitisl guma sxposure data was obtained en this event
&t & Project 2.65 station en Site Yvarme. Initial (total exposure) was
5.3 r, distance 8,008 fueet, yield 38.5 + 3 kt, and relstive air density
0.893. Instrumentation and recovery rates were negligible.
- 4.2 ST CERROKEE ST. Liod o .l

ALl statisns sther them thoss listed in Teble 3.1 received less than
SO mr. Film st thi Series 250 and M1 stations wes damaged by water or

sulyhur fewms from damaged neutron-threshold detsctors, and therefore the
4q




TABLE 3.1

CHEROKEE DATA

Slant

Exposure in Exposure no

Number Location Distance NBS Holder NBS Holdem~¢
v r r

112.01 Charlie 19,980

113.01 C-D Reef® 18,360

113.02 .| C-D Reef® 17,860

113.03 C-D Reef® 17,100

113.04 | C-D Reef® | 17,300 DELETED

113.05 C-D Reeft 17,970

113.06 C-D Reef® 19,120

&Charlie-Dog




TAE - OGURE

Shot time waa 0556, 2B May 195

erovery I ___ Total Cemma Fxposure

Station Location Date T me g e Fils Quarts Fiber Chemical
B Pinsmniil et (oo i
[ r r r

212.01 Able 31 May (eI L 202 221 237
22,02 Charlie 31 May [ASPSY "X . L3 135 200
212,03 Dog 31 Mey 0918 1200 b 18S 195 262
212.04 Easy 31 May o910 1200 | 152 1B5
212,05 Fox 31 My 0905 1200 1 222
212.06 George 31 May 0900 1200 118 124 92
How How 31 Mey = 084S 33C o 60
Nan Compound 28 May 14,00 C 0.31
Nan AMretrip 28 May 1430 s} 0.31
210,22 Oboe Reef 31 May 1030 ! 5C 17.5
210.23 Oboe 29 May \ 1330 600 93
210,23 Oboe 2G May ! 1330 600 37
210.24 Oboe Reef 1 My | 2030 50 11 <50
210.25 Oboe Reef Destroyed
210,262 Feter Reef 31 May 1030 50 25 ! <50
210,268 Poter Reefl 31 May 1030 50 9 75
210,278 Peter 29 May 1315 1200 200 220
210,278 Peter 29 May 1315 1200 102 136 125
210.29 Roger 7 June 2500
21u,30% Roger 29 May 1300 1300 16000
210.31 Roger Destroyed
210.32 Uncle Destroyed
210,338 Uncle Reef 30 May 1300 50 1800 850
210.348 Uncle 29 My 1230 1000 465 oy
210,34'% Uncle 29 May 1230 1000 335 368 TR
21v.35% Uncle Reef 31 May 1005 20 205
210.37 Williem 31 May 1000 42v 143 200 225
210,38 Yoke 31 May 0950 300 100 120 125
210,39 Zebra 31 May 0945 260 92 108 118
210.40! Alfa 31 May 0940 320 110 118 15
210.41 Bravo 31 May 0935 220 85 100 75

These stations received both initial and residual radiation as shown in Table 3.3.
All other exposures are residual only.

b2 WS WIS S

1 et

TABLE 3.3  ZUNT INITIAL-CAMMA EXPOSURE

All of the data in this table are fram file at alumimm stations except
those referred to in ® and b,

I ] Estimated Resultant
Station Total Residual Initial
Musber | Looation Distance Exposure Exposure Exposure
ft r r r

20,30 Roger 7000° 16000 150 15850
210.29 Uncle Heef BSW 25w 15 2485
210,33 Uncle Reef 9420 1880 15 1785
210.33 Uncle Reef 9420 T 508 15 B35
- 210.34 CUncle 10320 465 150 315
210,35 Uncle Reef 10935 208 15 19v
210,27 Peter 11270 200 150 50
210.27° Poter 11270 5P 1w 45
210.56 Peter Reef 11510 69 15 54
210,26 Peter Reef 12940 25 15 v

,,,,, I — [PUN S —— l . SN S —

AThese data are fram a chemical dosimeter.
bThese data are from a quartz fiber exposure versus time device in a
steel station.
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results are not included. _

The exposures at the stations listed in Teble 3.1 ere possibly
frou inditisl gemms radiation. Temperature effects on the filwm could have
caused an increase in background density. The presence of low-energy
guma cenponents in the residual field are indicated by the higher
exposures measured by films exposed without XBS holders. The instrument-
ation and recovery rates were negliginle.
3.3 SHOT ZUNMI

See Tahles 3,2 and 3.3. Right-inch steel-pipe statioms were
installed at Statioms 210.23', £210.27', 210.30', and 210.34'. The
rate device at £10.27' decane wedged in the station and failed to drop.
The initisl gamma readings were obliterated by the residual radiation.*(
The cap of £10.30' was broken by the shock, snd the instruments fell
fimedistely. DELETED.

A third rate device at

210.34' without a dropping mechanism ylelded anly total eiposure informatiom.

A mechanical drop device installed in 2 water-filled steel pipe &t
£10.23' fimctioned properly. All of the films that dropped read less then
1 r, since the initial exposure wes negligible.
3.4 SA30T FLATHEAD ST, Loulz vac

See Yebles 3.4 and 3.5. The disparity between the film and quartz-
Tiber exposures at Stationm 212.03 is not fully understood. At Station
212,05 the 10-r thermal and blast exposures are the result of residual
contamnation fram Shot ZTami. Film indicates abmr%ﬁnitial exposure,
and quartz-fiber dosimeters indicate abo )m svitches in the

Y




TABLE 3.4

F o

Shot time wae V&6, 12 Juwr s . -

s -

¢

S

RUMENTATION AND RECOVERY

T - wtrmenta ion | Recovery = _
Station Nuaber Locaticva .e e Rate Date Time 1 Rate
o ’ ur/hr i wr/br
I
213.u1 M0 B June o 16 June 1430 |
212.03 Dog 6 June jon 14 June 1545
213.w2 Dog t June Lo X 14 June 1530
211,01 Dog t Cune 111% 14 June 1524
213.03 Easy ¥ June L6k 5 1, June 1518
_211.02 tasy ¢t June 12l 14 June 1515
212,04 Easy 9 June 120 14 June 1512 ! f
211.03 Fax t June 1320 <3 14 June 1505
212,05 Fox o June 145 | & L Jue | Los |
213.u4 Fax Yo Record | 14 June 1400 Q
211.04 Gearge No Recard | No Record
211.06 George No Fecard . No Record
TABLE 3.5 FLATHEAD INITIAL EXPOSURL
Total Exposure R
Station Position Quarti [ Thoephate Total Initial
Number Location or Timing | Film Fiber i Glass Residual | txposure | Distance
r ( r : r r T r rt
212.03 | Log Thermal , “hee
Blast ’f
1 Minute -
Total
213.02 | Dog Total 511
211.01 | Dog Total S5
Rear
213.03 | Dog-Easy Total 595
213.01 | Man-Made 3| Total ot
211.02 | Dog-Easy Total tesu
Froat
Rear
212.w, | Fasy Total D 720
211.03 Easy-Fox Total : j m
Front
Rear
212,05 | Fox Therwal 1074%
Blast
1 Minut
Total
213,04 | Pox Total 170
211.u, | Fox-George | Total 12e5u
Front
Rear
22.06 | George Total 192,

“Container vas shielded after initial exposure. The total reaidual

See Statiom 211.u2, Table 3.6.
bme 1U r for thermal and blast res:it frac residusl radiation fraw Shot Zuni fram instrumentation
timn to detomation time,

53
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mechanical drop devices as £13.02, £13.03, and M.3.0% fimcticnsd, dut the
dosimeters 414 not fall delow the surfase decause of a oconstriction in
the ydpes.

Tadls 3.6 end Figure 3.1 give results frem the guarts-fiber rate
devices for exposure versus tims.

The rads dsvice st Statisn M1.00 444 »et drey; it wms
necessary % subtrect the residusl exposure of At Statica 210.02,

uwun-tmmﬁmmmum-mm
dmhm"dqsomtmﬁn. The device at
Station 11.2.0% operated in reverse, yieslding enly total residual informe~
tion. The expasure sh Station £11.03 ws small snd eculd not be resclvad

Tahls 3.7 1isbs {ustallation, recovery, and residmal exposure
informatisn. Project 2.2 information indicstes that Stations £10.23 %o
£10.41 received sdout 1 » of fallowt exposurs from this shot, the
renainder having cons frem Shet Dmt,
3.5 EEOT DAKOTA ST. LOUIs 70

Bes Tadles 3.8 and 3.9. Eigh resithal game exposure rates
resulted from ot Flathesd st the time ¢f the Dakota instrumentation.
m.nmmamw&wu.m
The project was not aware of the chmmge in shot ecoordinates at the time
of instrumentstion, and since the shot was moved sbout 1/2 mile closer
$o the Fox cesplex, the lowest initisl exposure recorded was sbout

mmwnmmawmsm
to Baot Mathead. Ons group of dosimeters was found during Flathead
recovery, and the second group was recoversd after Dakote. A Paxota

2,
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TABLE 3.9 DAKOTA INITIAL EXPOSURE

Shot time was 0606, 26 June 1956

Calculated Estimated
Station Film Preshot Poastshot
Number Timing Exposure Residual Residual Initial Distance
r r r ft

212,03 Total L4222
Blast

211.01 Total 5500
Blast

213.01 Total DELETED "‘T 6605

211.02 Total 6650
Rlast

212.04 Total 7220
1 minute '

8118 result wvas obtained by subtracting the l-minute value from the total value.
The other estimates were based on this value.

Pmis result wvas obtained by lubtraetu‘ the total Flathead cxpoouro_

from the Flathead plus Dakota exposure

e
L

oy
puss -
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4ata point was evtuined by subtrecting the Flathead exposure.
3.6 SHOT NAYA®

Ses Tadles 3.10, 3.11, snd 3.12. Some ghenomencn, perhags the shesk,
caused all of the guarts«fider dosimeters in the rate devices %0 mtivate
at sm early time. As s result, they yiclded enly totel exposure date.
Station £211.01 was yartially bMlowm eut of the grownd. The rate doviee
414 net Qrop, thws the station ylelded euly total exposure infermstiem.
The l-minute drop timers wese corroded aad 41l not function. Comseq-
uwmntly, the sstimates of residual exposurs en Sites Dog and Rasy are
aot scourate.
3.7 BHOT EEMA

Table 3.13 gives Tewe instrusentation and recevery dats, end Table-(
S.14 shows residwal exposure data. Data from the Chariie<Dog reef,
incluling scattered initial gasem date is listed in Table 3.15.

mmwamé-ns.osunsmmuuuw-
lished, mxmwum-enwmmus.m
and 113.03. These stations were in the same gensral ares snd had the
seme goometry snd recovery retes, bBut they were in a regicn wkere the
initial gamme exposures were megligible. Filw at Statices 113.0%, 113.07,
aod 113.08 read grester than 70,000 r. ¥The chemicel data at 113.0h
.ypem__vnlid. The chemical date at 113.08 45 prodably in errer, siace
it contradicts both the film dats at 113.08 and the chexical date at
113.0k, snd 1s far below the predicted level. b&eexp:ms z%ticip.hd
at Station 113.07 were far adeve the useful range of the ¢jjemical
Gosimeters and 1% 1is prebeble that they saturated, snd that the actual




TARLE 3.10

Shot time was 0550, 11 July 1956

NAVAJO INSTRUMENTATION AND RECOVERY

Station Instrumentation Recovery
Number Location Date Time [ Rate Tals I Time Fate
- 4 i

210.19 Fox 7 July 1530

210.20 Gearge 7 Juy 1540

210,23 Oboe 5 July 0750

210.27 Peter 5 July 0755

210,30 Roger 5 July 0800

210.34 Uncle 5 July 0808

210,37 William 5 July 0815

210,38 Yoke 5 July 0822

210.39 Zebra 5 July 0827

210.40 Alfa 5 July 0832

210.41 Bravo 5 July 0835

212.01 Able 5 July 0848

212,02 Charlie 5 July 0857

113.07 M M No. 1 5 July 0905

113.08 M MNo. 2 5 July 0910

113.09 M M No. 3 5 July 0920

212,03 Dog 7 July 1420

212.04 Easy 7 July 1230 ETY‘D

212.0% Fox 7 July 1125

212,06 Gearge 7 Juy 1000

211.01 Dog 7 July 1400

211.02 Dog-Easy 7 July 1335

211.03 Easy~Fox 7 July 1340

211.04 Fax-George 7 July 1020

213, Dog 7 Jly 1410

213,04 Fax 7 uly 1040
v e - - InT A
S ot . AL e

sq



TABLE .13 NAVA " INITIAL-GAMMA EXPOBURE
o 1 "otal Dose -1 -
Timing or Juarts Phosphate
Stetion Distance Poeition l Film 7{ber Glass Residual Initiel
ft r r r r r
212,03 7922 rear
blast
thermal
down
212.04 10680 total
212.0% 13180 total
1 minute
rear
22,06 16180 total
rear
211,01 8960 total
211.02 9810 total
211.03 11880 total
1 mipute
21.04 14750 total
blaat DELETED
thermal
down
rear
213.02 8580 totel
213,04 13820 total
blast
thermal g-(
down b
rear
MM1 16190 total
MHM2 12900 total
MM3 DESTROYED
210,19 1LL250 total
210,20 16600 total
S stimate
bpose contributed entirely by residual radiation.
TABLE 3.12 NAVAJO RESIDUAL EXPOSURE
Station 1 Position Film Phosphate Glass J Quartz Fiber
. 7 7 ; 7 747“’: r
212.01 Inside 105 152 115
Outside 170
212,02 Inside 53 40
Front e
Right 99
Rear 37
laft l 32
210.23 Inside | 2:2 I 2.2
Outside 2.2 |
210.27 Instds . 2.7 ! 3.4
210,30 Inside : 3.4 | 3.8
210.3¢ Inside | L7 | 3.8
Outside 1.8
210.37 Inside ‘ 2.8 6.4
210.38 Inside ] 4.2 4.5
210.19 Inside ¢ 7.4 8
210.40 Inside 8 8
210.41 Inside B.3 11
Outside 6.9

A
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TAKE 3.13 TEWA INSTRAENTATION AND MECOVERY
!(gmun,m,nmm

IRSTRIMENTATTON RECOVERY

PTATION IOCATION JOSITION DA TOE BRI DAR TDE M=
;2.01 Able Front 15 Jwl 1010 ?am 1h20 .h:g
: g » |

Regr .

Left s
22.02 Charlie Front 15 Jul 1000 32 Sk Jul 1h2S 3000

Right N7

Bear ) ?{

Laft 27 '
113.00  Charlie- 16 Jd 164 A s w1750 8

Dog Reef

113.02 . 16 Ju. 1685 3 2 1TSS
113.03 . 16 1600 3 85 Ju 280 L
113.0h " 16 a1 1510 M 25 om 1085 18
113.05 " 16 Jul 1M0 O %s2 25 Jul  BESTROYED
13.07 WEl 16 Jul 100 90 85 Jul 1100 1000
113.08 W Nr 2 16Ju) 1250 130 Sk Jul 1M 2800
113.09 wi¥r3 16Jul 1200 80 #5 1 15 3500
72.03 Dog Froat 15Jul OSh5 80 o5 1 0930 1500

Right 100

Rear 100 . , C

Left T




AN )

PAKLE 3.13 TEVA INFPRIMENTATION AKD RECOVERY - centimued -

TNSTRIMENTATION RECOVERY

PREATION 1OCATION JOSITION DATE TDE BRAE DAX TDE R
ne.0M Eaxy Fromt 15 ML 0950 -zhum 10%0 :Z?

Right %

Bear 100

7% 60
212.05 Pex Front ISl 0935 60 Skl 1110 X000

Right | 65

Roar ™

Latt & =
22.06 Qeorge Front 15Jul 0925 30 Sk Jul 1180 1000

Right 5

Bear T©

Lerv »
§70.23 Oboe 15 Jul 1105 8 2o 130 é
00.27 Peter 15 a1 1100 M 2hJu 13% 8
0.3 FRoger 15 Ja 1056 9 & Ju 1335 18
 #10.%  Uacle 1530 %7 b B Jul 132 2
270.37 - Wi 155ul 1038 8 2% 5wl 1350 1000
00.38  Yoke 15 Jul 1033 S % Jul 1355 1000
00.39 LZebra 15 il 100 9 2wl 100 150
fNno.M0 Alfe 15 Jwl 1085 8§ ohJu 1k02 2200
o.M Brevo 15 M 2020 7 o 1 1k0h 2200




TARLE 3 04 ThdA RESIDUAL EXPOSURE

W Exposure :

Station b - i e
Number Quartz Fiber l Poaition Fila Position
r ‘ r

210.2) ].8 ; 2.51
2.0 E rear
210.27 6.5 ! 3.67
210.30 8.2 ' 6.45
210.34 98 82.6
160 rear 93.5 rear
210.37 510 a9l
210.38 525 454
210.39 800 627
210.40 1300 1045
210.41 825 755
212,01 2300 2833 ! front
1916 right
3016 rear
24,00 left
212.02 890 823
2650 rear 1000 front
1485 right
1460 rear
940 left
212.03 695 610
1102 rear 580 front
920 right
860 resr
762 left
212.04 510 375
212,05 521 399
1027 rear 700 front
; 710 right
668 rear
&40 left
212,06 \- 240 201

3



TABLY 3.15 TRVA IRITIAL-GAMMA EW

SOTAL POSX, r BITHATED
STATION DIBTANCR, £ FILM OEEXICALS HESIDUAL, » INITIAL, ¥

113.01 15,800 | 10 2P 160 to &0

113.02 1h,3% i 250 £50

113.08  1h,3%0% 5 — 400

113.02 N I 580

113.00 1h, 380 &0 - 820

13.03 10,50 3,30 2,50 250 2,650
113.08 6760 >k a0 3.35105
n3.08 IEsTOTD >
113.06 PESTROYED — NOT INSTRIMENTED i
U3.07 2,815 >TX 65105 800 Yery grest
113.08 5,540 >0 he,000° 800 > TX
113.09 10,8% 1,95 ——e 800 1,150

Shese films were loested eu the sutsids of the stecl-pipe statiens. ALl
other doninsters were lecated insids the statiens.

1@@«@3:uﬁhﬂﬂulutiuaﬁwumvuurQrdnnihsh&mbdnmm
Qfﬁnl&uhl“hIﬂ‘ﬂ”lﬂﬂﬂ.ﬂt!ﬁhﬂ;iﬁmﬁ’%r_ -

ST, Lid.s =t
SAs indicated 4n the text, this is yrobably in error. No explsaation can
be offersd as $0 Wiy this reeding is lower than thet of 113.0%,




exposure was much greater $han 650,000 r. There is ne sound explanstion
for discrepancies that occur in the chemical data derived frem 113.07
and 113.08, umuméamuumns.o&mm
questionable.

It i3 felt that the initis)l exposure date frem 113.03 i{s reliabdle
since the total exposure was well established apd the yesidual estimate
ws valid. Date frem Statioms 113.03, 113,0k gnd 113.09 agree vith
results from previous events.

3.8 pISCUBSION

Tabls 5.16 sumerises Bedwing $nitial gemme exposure dsta, and
Table 3.17 gives the total yield, fiesiem yield, sad relstive air
density for esch event. Figures 3.2, 3.3, sod 3.A are plots of the =
Iidvinc initial gamma exposure versws distence snd the ™M 23-200 eurves
for simtler total yield. This method of cemprtation neglects the effect
of relative fission and fusicn eentridbutions to the Sotal yield.
Correction factors discussed in Sectiem 2.3.1 have besn gpplied to sdjust
tae rav date $0 wnshielded, Detatyon-calibrated exposure values. Cherckes
data were pdjusted t0 reletive air density of 0.895. The initial gamma
exposure from Cherckee, Buni, and Favajo at 3 miles was sbout 1 r. The
ucmyorﬁcmudmwhhum/hum:w
perent. g1, wods aaC

Figures 3.5 through 3.8 shov the total residusl gazms exposures
Jlotted on maps. These exposures are eorrected for station shielding and
spectral response of the dosimeters (Bection £.3.2). In sdditicn, all
of the values from & given shot were adjusted to the same recovery time




| |
UHCORABCTED m: |oomcm in:sm.
STATION | INITIAL,r PACTOR | INITIAL,r ; £

Cherckee® | 113.03 | 17,100
113.04 DELETED 17,300
13.05 17,970
20.% | 15,8% 1.0 | 15,850 7,000
210.29 8,805 1.0 2,485 8,500
20.33 835 1.0 835 9,%20
210.3% ns 1.0 ns 10,320
£10.35 190 1.0 190 10,935
£10.%6 sh 1.0 5k 11,510
£.0.26 10 1.0 10 12,940

Visthesd | #12.03 b2
73.02 $,110
m..0b 5,500
2.3.03 $,950
?73.0 6,605
#1,02% 6,650
212,05 DELETED 10,745
92,03 b, k22
7.0 $,500
;3.0 6,605
71.02 6,650

TT.LCU~,A;C
| p—




SARLE 3.16 FREDVING INITIAL-GAMMA ZXFOSUEE -~ continued -

COMBINED
UNCORRECTED | CORRECTION | CORRECTED | DISTANCE,
EVENT STATION | INTTIAL,r FJACTOR | INITIAL,r £t
?akota 212,04 1,720
contd)
Javalo £12.03 1,922
213.02 8,580
®
g1.02° 9,810
£12.04 10,680
211.03° 11,880 i
£12.05° 13,180
Teva 113.0k 3.35x107 1.21 k.05x10% 6,760
113.03 2,650 1.1 2,915 10,500
113.09 1,150 1.1 1,265 10,830

SCherokee exposure sdjusted to 0.895 relative air density.

Botation eontained a rate device.

-
Si

6
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TAKE 3.17 YIELDS AXD RELATIVE AIR DENSITIES

TOTAL FIBSION BEELATIVE
EVEN? YIELD, Mt YIELD AIR DEESTZY
Cherockee 0.8%7
Suni 3.53 0.89k
Flathead 0.896
pELETED
Dakota 0.893
Navajo 0.895
Tova 5.01 ©.893




DELETEQD

Figure 3,2 Initisl germe exposurs versus distance for Cherokse and Zuni.

£ o T ,”‘ "m‘ﬂé
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Figure 3.5 Zuni 76-hour residual exposure (roentgens) =
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Figure 3.6 Flathead 72-hour residual exposure (roentgens)
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Figure 3. Navajo 48-hour residual exposure (roontgenl)!~(
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Figure 3.8 Tewa 78-hour residual exposure (roentgens)
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wsing recovery rates, aad sssuxing & desay exponeat of =}.2. Infividwm)
stations, such as the one on 8ite Charlie, mgy shov a reduced sxount of
exposure becsuse it is near the lagoon. The aceuracy of the residual
gauma data presented in this section is within 450 percemt.

The dsta frox this project are pressnted $e indicats the spproxi-
xate magnitude ef the residusl gamss radiation to be expscted from
different types of muclear weapeus. It is felt that the objectives of
the project were met, with the exception of Shot Cherckee {for which
ingufficient data wede odtained to forx dsfiuite conclusicns).

In the case of Cherckee, the burst point was approximately & to0 5
riles in the dowmvind direction gway from the planned growd serg; this
Tesulted iz no Sownvind stations %o document residusl radistios frem "¢
fxllout. The ground zerv for Shot Tewa was woved frou its planned
location off Site Dog t0 & location spproximately between Sites Charlie
and Dog It wvas therefore necessary te improvise statiens af available
locations en the man-made islanis snd the reef detwen Charliie and Dog.
Data points were sbtained st disteaces of abowt 3,000, 7,000, snd 10,000
feet, mm&emnﬁeﬂlhmwtmﬁenm rafiiation.

The initial gazme instrumat statimm locations were selected with am
expectation of 50 percent loss per shos; however, the lssses van'nly
sbout 25 percent. The residual instrumentation was nearly 100 percent
effective. %The secondary and improvised instrumentation for separation
of initial frouw residual gemms radistion were only ebout &0 percent
effective throughout the operatiem.
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Examination of the data indicates the following eonclusions:

1. Yor swisce bursts wvith ylelds to 5 X, and for
a k300-goot ua&.mmn, tnitss) gamme rediation is of
ummiw%mhwmmdumﬂﬂf
thernal and blast deamage.

2. The smount of residnal rediation exposure is s function of the
fission yleld.

3. Mcunsdvmm;a—wmﬁ'mcm
from Project 2.1 data vary from corresponding M £3-200 curves. At
long runges, Project 2.1 data ere belew the predicted data, whereas st
ihortermgu,theﬁeldhtaem.lmmrmdﬂumneutru.
This variation detween predictod smd ficld data incresses vith increasing

i ST, LCu:l #aC
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