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ABSTRACT

The edjectives ef Project 2.1 were: 1) to determine gamma exposures

versus Gistance from the point of detonation of various high-yield thermo.

maclear G@eviees; ani 2) to draw conclusions from the deta concerning gam

exposure eentours for various types ef detonations, and the validity of

scaling laws.

fhe following types of dosimeters vere used as gamma-radiation detec

Photographic, quarts-fiber, chemical, and phosphate~glass. Oorrection fa

were applied te compensate for the nonlinear spectral response of the dos

ané for stetion shielding. All detectors were calibrated vith co squge

Photographic Goaineter film-badge service ané co”

provided to other projects as requested.

Initial gaame rediation was measured by a series of stations located

calibration facilities

about 1 to & miles from ground sero. Mechanisms were installed at some o

these stations to shield the detectors from residual radiation. An analy

of the date indicates that the initial games exposure at 3 miles from Che

Sumi, end Navajo was about 1 r. Consequently, initial game radiation Ls

Little military significance to exposed personnel as compared to therm! |

blast damage resulting from high-yield devices.

The curves in this report vary from those published in "4 23-200 (Re

ence1), The field Gata fall below predictions at longer ranges, and cross

to be greater than predicted at shorter ranges. ‘This difference betveen

poedicted anf field data increases with increasing yield.
Si. WoW ais reac
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For residual gam rediation measurements, instrueent stations vere

located on almost every island of Bikini Atoll. ‘The amount of residual

radiation exposure was a function of the fission yield. Residual game

rediation Gata pointe are mapped in this report for Shots Ami, Piat-

head, Ravajo, ané Tew.

3YT, buyin Be

 



FORWOOD

This report presents the results of one of the 4S projects tust

participated in the Military Effects Program of Gperation Redwing, The

operation included 17 test @etonations. Reeders who are interested ia

other pertinent test information may refer to TFR-13+4, SGusmry Report ef

the Commander, Task Unit Three. This summary report containe the folloving

general information:

@ 4m overall description ef esch detonation, including yiald,

height of buret, growl sero location, tine ef detonation, and eublentsteos-

Pheric conditions eat detonation for the 17 shots.

bd. A discussion of all project results.

c. A sammary of eech project, containing objectives and resulte.

a. A complete listing of all reports that corer the Military Bffects

Fest Progra. ot 1S FROSi. te
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1.1 OBJECTIVES

The objectives of Project &.1 were: 1) te determine ganme

exposures versus distance from the point of detonation of various high-

yield therscouclear devices; end #) to Arey conclusions fron the data__

concerning gamma exposure contours for various types of detanations,

and the validity of scaling laws. A secondary objective was to determine

the gamma exposures received in several discrete time intervals detwean

time of arrival. of the thermal pulse and one minute after time of deton-

ation.

1.2 BACKGROUND

Initial game radiation may be considered es that enitted during

the first } seconds after detonation. The initial gaum refiation out

for nuclear devices with yielés up to 250-kt has been well docusented in

previous test operations (References 2, 3, and &). Gemme-rediation

measurements from high-yield nuclear devices Gazing Operation Try showed.

that the initial geame refiiation @14 not fellow the same scaling law

that had been established for amllier devices (Reference $). This was

  
a aa Lt

ATOING ERD OY ACT OFS
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attributed in part to the hydrofynanic effect, whieh results in an

enhancement ef the game radiation. This effect is caused by the passage

of the shock front, through the detector station, resulting fs en

inhomogeneity of the air between detector anf refiating source. Section

1.3.4 gives a simplified treatment ef the hydrodynamic effect.

Measurements were made during Operation Castile by the U. 8. Amy

Signal Engineering Laboratories to determine the empirieal relation

between yield and hydrodynamic enhancement (Reference 2). Some high-

yielé Castle devices provided data points; however, it ws felt that

additional data were needed at a number of suitably speced points for

various yields and types of muclear devices to determine more valid

scaling laws. he present scaling laws for initial gaume radiation frém

high-yield thermonuclear devices vere based on data from relatively low-

yield fission devices (1 to 500 kt), a few data points from Operation Ivy,

ané the sperse data from Castle. Initial ganma radiation appeared to be

ef little significance compared to damnge caused by blast and thermal

effecta.

‘Residual gana refiiation is here defined as that which reaches the

detector 3 seconds or more after the time of detonation. Residual gan

exposure measurements have been made by various organisations at previous

test operations (References 2, 3, 5, and 6). During Operation Buster-

dangle, the Signal Corps, in conjunction with MBS, meade residual game

exposure measurementa of a 1-kt surface blast and a 1-kt weapon detonated

et a dept: of 17 feet (Reference 7).-puring Seepotthe U. 8. army Signal Enet

Leboratories made measurenents of residuel-gamma exposure resulting from

 



en underground blast ef a low-yiel4 device (Reference 3).

* Zhe advent of high-yield thermonuclear weapons has resulted in a

manifolA ducrease in the radiclegical hasard, and gomme radiation fron

fallout bas become of greater military significance.” Operation Castle
demonstrated that large quantities of redicactive material eould be

deposited by high-yield weapons over areas of several thousand square

wiles. This led to a military requirenent for falleut data for devices of

various types and yields. Froject 2.1 was charged with documenting the

residual~-gamus radiation exposures from the fallout at land stations at

Bikini Atoll. during Operation Redwing.

1.3 THEORY

The gama radiation enitted from e muclear detonation may be divided

into two portions; initial radiation and residual radiation. The

residual radiation may include radiation beth from fallout and neutron- .

induced activity. Tn Chis report, the radiation emitted Garing the first

30 seconds is termed “initial radiation,” and that reeeived after 30°

seconds is called "residual radiation.”

i-3-1 “Initial Gamma Redistion. For a fission-type device the initial

radiations are divided approximately as show in fable 1.1 (from Reference

8). Tae major contributien to initial gamma redisation is from the

fiscion~product gamas and the radiation from neutron eayture by FY (n,) )

din the EB components and air. The prompt gommas are nearly all absorved

in the device itself and are wf little significance outside of the device.

The fission-product gammas predominate at close Aistances (Reference 8).

the w” (n,/) games become increasingly important at greater distances,

 



TABLE 1.1 ENERGY PARTITION IK FISSION

 

(Reference 8)

PERCENT OF TOTAL TOTAL ENERGY
MECHANISM FISSION ENERGY PER FISSION

~~Percent , Mev

Kinetic Energy of a 162
Fission Fragments

Prompt Neutrons 4 8

Prompt Gemmas* 4 8

Fission Product Gamas 2.7 5.4

Fission Pro@ict Betas 2.7 5.4

a *s “
Delayed Feutrons 0.1 0.2 -t

TOTALS 100.0 200.0  
 

*Yostly absorbed in the device
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and eventually become the najer contributor. This applies enly to

Gevices with yields ef lees than 100 kt, in whieh the Ayfrodynanis effect

is small. Figure 1.1 show the contribution from fission-produst games

ent #* (n,)) for a l-kt surface burst. With respect to time, the #*

(na,) radiation is essentially exitted within 0.2 second; the fissica-

product games, however, continue to contribute for the first 30 secenis.

Por Ghermonuciear devises, in afdition to gamma rediiaticn fren

fiesion-product gammas, it is necessary to consider the interaction of

neutrons from the fusion process vith ¥'*. me radiation due te the

fusion process may vary over wide limita depending on the design ef the

Gevice. For a given yield, the sumber of neutrons available aay be ten

times as great for fusion es for fission, and thereforealargemumber"Or

Game photons are contributed ty the H°* (n,/) reactions (Reference 9).

Hovever, veceuse of the ghert half-life, this gaama radiation decays

defore it can be enhaneed by the Bydrodynenic effect. Gemmas fren the

Longer-lived fission profmets are greatly eohanced dy this effect. There-

fore, fission prodects are the most inportant source of initial guum

exposure resulting from high-yield fission-fusion devices.
sY. gies oa

2.3.2 Residual Gemma Radiation. ‘The restiualgame rediation

eonsista of fisdion-product refiation from falleut end radiation fren

neutroo-inéuced activity. ‘fhe decay rate of the residual rediation fron

fallout will follow approximately the expressions:

~]1.2
2 yt

6.2to?and re [Px at 2 52,(t,
where: . yy

(2.2)

)
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Ty ¢ exposure rate at tine 6

I) = exposure rate at wit tine

& os tim

Fe exposure between tines t and to, where t > 10 seconds.

It is expected that the decay of the residual refistion will vary

with weapon design. Por example, the presence of Iy*-? would tend to

decrease the absolute value of the decay exponent for a period of tine.

1.3.3 Absorption in Air. The absergtion of mecattered game

refiation in air is exponential with distence. Freon s point source af

monoenergetic radiation, the variation of intensity with distance is

expressed as;

eH? AIps ite ee:

were:

Ip « intensity et distance D

XI, « source intensity

n « liner abeorption coefficient (this varies with gume energy,

anf is generally lower fer higher energies).

D = distance ST. LOUIS FRC

The absorption coefficient // in Equation 1.2 is applicable fer

sarrow-beam geometry, andi a correction shoulé be made for field cenditions

woere the detector is approximately a 277sensing element. ‘This is done

by adding a buildup factor B to Equation 1.2, te aceount for the scattered

radiation that will be detected. Buildup factors for different energies

and Gistances have been calculated (Reference 10), ami some valuss are

 



jaa
shown in Table 1.2. For omnidirectional detectors, the expression is:

2/0
oe 3)

PARLE 1.8 CALCULATED BUILDUP FACTORS

The buildup factor (3) given here is the factor BL {(iP, Ry) a0

computed by Nuclear Development Associates for AFSwP (Reference §).
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1 16.2 29.3 , 5.0

; 3.85 3-35 19.2

s 2.97 b.00 7.00

30 2.70 2.0) 2.9

~t

Li 3.h RydrodynamicEffect. As showin Section 1.3.3,Wieattenta=

tion ef gaum radiation is highly dependent on the amount of absorber

between the source and the detector. For weapons of less than 100-kt yield,

estentially all ef the initial gamma radiation is emitted befere the sheck

frent can produce an appreciable change in the effective absorytion of the

air between source and detector. For high-yield devices, the velocity ef

the shock front is sufficiently high to preduce a strong enhancement ef

a lerge percentage of th: initial game rediation (Reference 11). fhe

. higher the yield, the larger is this percentage. A simplified treatment

of the hydrodynamic effect follows. ST. LOUIS FRC

Assvme a gphere that has a volume ¥, and radius R, and is filled

with a gas of density (, end mass M. Then,

Ma Volo = ATRL
3

(1.8)
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' . Let the gas be compressed inte a shell with thickness 42 (RE remain-

ing constant). fhe new gas volume is expressed as V, vith a density of

Cr (Wek BAR). The mass has not changed; thus

Me Veo = hyR? AR CO (AR<<R)

s7mPe sg h7RPAaRe, (2.5)

A RC (1.6)RR, a

Bquation 1.6 iudicates that a ray originating in the center ef the

sphere would traverse enly 1/3 of the mass in the shell model that it

~WULA fin the hemegencous model. ‘Tee result would be an enhancement of
Fediation. Once the shell of material in the shock freat passes the

| Q@etertor, an even greater enhancement results.

As previously stated, the #* (n,/ ) component of initial ratiation

is eneentially enitted vithis 0.2 second. Since it taxes st least one

second for theshock front te reach « detector at a distance ef 7000 feet

(even for devices in the order of 6 Mt), the F* (n,,/) component is net

significantly enhanced. fhe fission-profuct games continue te contribute

for the first 30 secomfis. ‘Therefore, this refiation is strongly enhanced

Wy the shock vare.

“t
ate

ST. LOWS FRC

 



 

2.1 ovmnesroms
Project 2.1 participated in Shote Cherokee, Zuni, Flathead, Dakota

(liuited), Bevaje, and Tow. Fer every shot except Dakota, al] possible

stations were fastrasented with every available type of detector of

appropriate range. Fer Shot Dekota, stations were loaded with yhote-

grezhio-type fesineters just prior to shot tine, ani these vere ot

recovered at the instrumentation tine for Navajo. Stations were instre-

mented as late as possible prior to shot tine and recovered as sem as

Rad-~Safe conditious peraitted.

2.2 TeSPUDREDTTON
WaorogreghieDosinoter. Yee primary devectar consisted of

film exposed in the EBS-type fibm holder. This consists of a bexelite

sontainer vith a8.25-am wall thickness sovered vith o 1.07-m layer of

tin ead a 0.$gm layer of lead. The lead anf tin act as filters te ap-

press the lower energies sufficiently to keep the response linear abeve

115 kev. Below 115 Mev, the gum rediation ipattenuated excessively,

gothe exposure Gun to gamas belov 215 kev 1sguallcomparedte that

“ qnove 115 kev (Reference 18). (Ghe Ulekeess ofbaialitewasdetermined1
-

experimentally on the assumption that the spectrum from o 10-Mev betatren ob

§ ~.

 



genre
wars

yo &

is similar to the initial retistion of ‘aerioe (meferenee 13) [mae

electron equilibriue layer presents a seuree of slectrens that may de t

peattered into the emilsion to replace those electrons proiuced Wy

game raiiation abeerbed near the surface of the filn and lest without =

being detected. In the energy range fren 115 kev to 10 Mev, the dosimeter

is considered accurate te within 4 90 percent vith the file types used on

this operation (Aeferenees Us anf 15).

For Shot Cherokee, film was expesed both with and without EBS

7

holders, to obtain an indication of the presence of lev gamme-qmergy com

ponents in initial radiation, since bare films show maximm sensitivity

to gamma energies at about 6 ker. ~

Two dental«size file peckets, each containing from one to three =f

differené filx emiisions, can be placed in the holder. A lead strip ef

0.76-nm thickness was wrapped around the outer edge of the holder te

cover the sean. The holder was placed ta a sealed plastic ean to protect

the film from weather while in the field.

The primary film packets weed were: Dupont553 containing Emulsions —

502, 510, and 606; emf an Restemn packet containing a syectal microfila

(80 1112) and apectroscopic-type 548-6 double-coet fiin. — packets

vere individually sealed in polyethylene bags. "fin sfidition, Eastann ~~

epectroscopic-type 548.0 single-coat ms used when very-high exposures a

were anticipated. Table ba iists the ranges of the filss, endFigures

2.1, 2.2, and 2.5 show examples of the ealibraGion curves. |4 (y0- p20

The films were stored in a refrigerator at Site Elmer and withdrawm

as needed. Sets pf calibration files were exposed to the co calibration

 



TABLE 2,1 EXPOSURE RANGES OF THE EMULSIONS
 

 

Emulsion Type Range

r

Du Pont 502 0,05 - 10

606 10.0 - 3,000

bastman SO 1112 50.0 = 2,500 ~t
548-0 de 3,000 ~- 100,000
548-0 3c 5,000 - 100,000  

TABLE 2.2 QUARTZ-FIBER-DOSIMETER RANGES
 

 

Bendix No, Range

rT

622 O- 20
610 (IM-20/PD) O- 50
686 (IM-93/UD) 0- 600
803 0 =~ 2000
(IM-107) O=- 200  

ST, LOUIS FRC
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Ff

source from 1/2 to 12 hours after each detonation. Files vere processed

about a week after each event, thereby mininizing possible errors caused

by latent image fading. Variations caused by temperature, aging, and

processing technique were compensated for hy the calibration fils.

Fectors that eccuse variation in density from event to event were the

detent tmmge fling of Rertann 980-0 fin cot Be eh Teatin On Sto

temperature of the develeper solution. (TaShots Dekote, Bevajo enf Tem,

an increase in the background density equivalent to about 900 mr was i

 

\. noted om the Dupont Emlsion $02. the use of calibration film in “ach -

[orthese events compensated for this background density increase.

The photographic trananiasion density was read en an Ansco-eBeth

Motel 19 densitometer, with a calibrated photogrephic density wedge wstt

as a standard. Exposures were determined by comparing densities of the

field files with the density-versus-exposure curves for each film

emision calibrated on the Co™ sourse.

2.2.2 Quarts-Fiber Desineters. Seven ranges of quarts-fiber dosi-

meters, similar to the IN-93/W evaluated by Teapot Project 6.1.1, were

used (References 16 anf 17). ‘These dosimeters were calibrated with the

Co™ source and « correction was male on all readings. aey were checked

for leakage and faulty enes were elimizated. fable #.2 lists the manu-

facturer's mumbers and ranges. Project 2.72 supplied 3} dosimeters vith

« range of 0 to £00 F. ST. LOUIS HC
2.2.3 Chemical Dosineters. Chemical dosimeters furnished by the

Air Force, Atomic Ruergy Comission, end University of Califernis at

 



Lee Angeles were of three main types,’ all based ex the same principle,

to wit, acid formed from the irradiation ef a chlorinated hydrocarbon is

@ linear function of radiation exposure throughout s broad range (25 to

100,000 r) (References 6, 18, 19, 80, ané 21).

All dosimeters were of the direct-reading type, accompliahed by

@veervation of eolor changes in the indicater dye. The eclor change in

most iustances is from red (pi 6.0 or above) to yellow (pX 5.6 or

belew). Since the color transition ef the indicator dye is a function of

exposure, the exposure doses can be estimated by color comparison with

irradiated controls.

Evaluation of overexposures (pH 5.6 er below) are determined by

the titration of the acid formed per millimeter of chlorinated hydrocerfoo

with standardised 107) Normal NaOH. ‘he anoust of base required to return

the overlaying acidinetric dye to ite preirradiation px value is a

weasure of the acid produced by the absorbed dose. Use of predetermined

date for the system in respect to sensitivity te Co™ game radiation

(namely the milliequivalents ef acid protuced per milliliter ef

ehlorinated hydrocarbon per roentgen gbsorved) anf division of these

values into the acid produced by the uknowm exposure yields the gama

Goses in roentgens. The Air Poree dosineters from Shots Cherokee and

Zuni were read in the field by let Lt. 8. C. Sigoloff, USAF, of Project

4.2. ‘the rest of the dosineters were forwarded to the United States for

reading and evaluation by the furnishing agency. a

2.2.4 Rediac Detector DT-60/MD. Project 2.72 supplied 175 DT-60's,

end these were exposed to Ehots Flathead and Navajo. ‘Those exposed to

25°

 



less than 600 r were read on site, whereas the ones exposed to larger

doses were reef ané evaluated at the Naval Medical Researeh Institute.

(4 technical deseription andé an evaluation of thie instriment fs found iz

References 16, 17, 22, and 23.) .

2.2.5 Rediec Set AN/VOR-39. ‘These instrusents, calibrated with 00,

were used to measure the exposure rate in fields ef residual gamma reiie-

tion whenever these fields would affect the data. ‘The AN/PDR-39 is a

military standard, field-type, portable instrument used for detecting

and measuring gusme exposure rates (Reference 24).

2.2.6 Quarts-Fiber Device (Rate Device) for Exposure Versus Time.

fois device incerporated eight quarts-fiber dosimeters connected te

@ battery of seroing potential. ‘The dosineters were activated by remove}

of the battery potential from the dosimeters during various intervals of

the first ainute after the detonation. The dosimeters recorded the

radiation that arrived after they vere activated.

The devices vere mounted vertically in a plastic ané aluxinus frase

(Pigures 2.3 and 2.4). A spring-loaded solenoid was below each dosimeter,

mounted so that it depressed the charging pin at the base of the quarts-

fiber dosimeter. A dvattery charged the dosineters to sero reading. Upen

activation, a Hayden chronometric motor programmed the operation. The

iatching solenoids were activated in intervals of about 2 seconds, varying

with position and event. The charging potential was removed from the

Gosimeters, thus the dosimeters integrated the exposure that arrived after

the activation tine. |

 



 

Figure 2.3 Quarts fiber rate device with dosimeters.

 



 

Figure 2.4 Quarts fiber rate device with dropping mechanisn.

ST. LOUIS FAC

 



~ Several dosimeters vere included to read the total exposure. One

Gosineter was activated at 55 seconds after the detonation to give an

estinate of the effects pf residual radiation. At 60 seconds, a solenclé-

release mechanism caused the entire instrument to drop dowm the 8-iaech

steel-pipe stations to 6 feet below the surface. Thus, the instruments

_ were shiblded from most of the residual rediation.

The device was housed ip en aluximum eanister 32" high and 7-1/2"

in @iameter, with a 0.10-inch wall thickness. ‘The battery pack that

povered the mechanienm was in the bottom half of the canister. A 6-inch

space at the top of the canister was utilized for the placement of

various ether dosincters, and Project 2.51 gold and sulphur neutron

detectors for Shots Sumi end Cherokee. fhe instrument was activated “©

Woon the melting of an cutectic elenent bythermel radiation. The

eutectic element consists of two pieces of 0,008-inchbrassshim stock, rhated

black with Ebenol ¢ and soldered with Cerroley 136, an eutectic that

maltese at 136°F. ‘the total activation delay from tine of detonation is

estimated st 1/2 second.
wou se act

2.2.7 Mechenieal Brop Mechanisn. A mechanical Grep mechanism vas

installed in the pipe caps of some ef the 4-inch and B-inch steel-pipe

stations. These stations were instrumented with five sects of dosimeters.

Three sets were suspended in the top of the station, and fell to the

votten when activated. The first set of dosincters was suspended by a

Black nylon string extending from an aru attached to the cap top through

a hole in the cap. The gasmea data indicated that the string burned

through in about 1/2 second after the detonation. A second set of dosi-

   fers >ATOMIC ENERGY ACTTOF 1954

36



meters was suspended by a wire fren e piece ef angle iron en the top of

the cap. The shock front activated this group. A third set of dosineters

was suspended frome mechanical 60-secend yhotographic timer. The timer

was activated when the thermal refiation burned through a plece ef black

nylon string. The instruments dropped approximately 1 minute after the

detonation. In afdition, one set of dosineters remined fixed at the

top of the statien and ancther at the botten.

The dosimeters were affixed in this fashien to afford an opportunity

to measure the rediation up to the tine of activation and then be dropped

to the bottom of the pipe for shielding from residual radiation. Thus,

the dosimeters integrated the dose received wp to the tine of arrival ef

thermal anf chock pulses, the dose received up to 1 mimute, and total "*

radiation.

2.2.8 Station Layout, Utilisation, and Construction. ‘The station

layout and utilisation are given in Table 2.3. ‘The station construction

is show in Table 2,4, since the ancumt of shielding surrounding the

detector is of importance in the date analysis. |

- Beries 210 stations consisted ef en 18-inch epen-did aluminas ©’

cylinder mounted 36 inches above the ground on a &-inch-diameter aluxinum

rod. The dosimeters were retained by a bolt of each end ef the cylinder.

Series M10, 211, 212, and 213 stations were eonstructed of steel

Pipe capped at both ends. ‘The pipes were mounted vertically /n the ground

with the exceptian of Series 212, where the pipes were mumted vertically

in the center of a 6-foot eoncrete evbe, the surface ef which wes flush

with the grount.

 



     

TABLE 2 A ' an TILIZATION

CODE: A - Film Radges b + Phosphate Glass

B - Quarts Fiber ~ = Quarts Fiber Kate Versus Time

C + Chemical Ff - Mechanical Dropping Device

Station OO - 7 -

Number Location Cherokee dud blathead Dakota Navajo Tewa

212.01 Abls ABCE. ABC ABL ABCD ARC

212.02 Charlte ACF ARC AAD ABCD ABC

212.03 Dog ABC ARC ATDE A ARDF ABC

212.0% Easy ARC AB ABCDS A ABCD ABC
212.05 Fox ASC AP 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

211.0% Fox-Gearge 1 ABCD ABCDF

213.01 Man Made 3 | ADP AD ADF
213.02 Dog ADF ADF
213.03 Dog-Easy ADF ADF
213.04 Fox ; ADF ADF

|
210.19 Fox | \ A

210,20 George A

210,22 Oboe Reef ‘ac
210.23 Oboe ABC | ac ABCD aBcD ABC

210.24 Oboe Reef ac

210.25 Oboe Reef ac

210.26 Peter Reef ac
210.27 Peter ABC ac ABCD ABCD ABC

210.29 Roger Reef Ac ~t

ee Roger 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 Willian 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° Oboe ABCF

210.27! Peter ABCI.

210.30! Roger ABCT
210.34" Uncle ARCH |

Li2.01 Charlie A ARC

113.01 Charlie—Dog A | ABC

113.02 | Charlie-Dog AR | ABC

113.03 1 Charlie-Dog AB | 7 2 7D ABC

113.04 | Charlie-Log AB 3ST. Uaviot pe | ac

113.05 Charlie-Dog | AR { AL

113.0, Charlie-Dog | AB
113.07 | Man Made 1 ' ABD ABC

ll3.0- 0) Man Made 2 | ' aRD ABC
113.09 1 Man Made 3 | ' ABD ABC

250.01 Charlie | ok
250.02 1 Charlie A ’
250.03 | Charlie A \ 1

261,01 | Charlie-Dog AB ' - oe  
3{



 

 

TABLE 2,4 STATION CONSTRUCTION

Station Wall Height Above Depth Belev
Series Material Diameter Thickness Surface Su‘tiace

inch inch ft ft
210.0 Aluninun 3 0.25 3

“ft
219.27!
210,30! Steel 8 0.45 2.5 6
211.0
212.0

210.23! -310.34! Steel 8 0.45 Zz 1

213.0 Steel 4 0,30 4 &

113.0 Steel 3 0.25 5      
ST. LOWS:«e3c
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anna

yielé thernevuelear deviees detonated st Bikini Atell. In omer that

oe true measure could be made of initial game refiation, a requirennt

ef the measurenents was to enable separation ef initial from resiéul

guma reiiation.

Measurements of the residual game exposure rate and decay rate

were required at know times fer stations instrumented fn so contaminated

field, anf efter all shots, te allow extrapolation of resiéual exposure

measurexents to tines other than recovery time. For those stations et

which snitial gums Gata were recorded, residmal-field gaume exposure rate

measurements were required to allow for correction of the initial date te m>

account for the effecg of the residual garma field.

The initial exposure values, after correction for betatron ealibititon

end shielding effects, are accurate to within 3 percent, iacluhing errors

@ue to calibration, reafout, directional response of the film, and proces-

sing. Gris aceurecy percentage 1s based on previous experience. ta

indivifusl cases where the residual game econtaxrination was properticn-

ately larger, the accuracy nay be reduced, particularly ia those cases

where the residue) ganm contamination was estimated. These cases are

discussed infividually as they appear. The photograghic and quarts-fiber

dosineter reafings are generally recommended as being most reliable on a

etetistical basis, since thay were put out in large minbers and in may

ranges. at each station location. Statistical variation for these infivi-

dual detectors was vithin 10 percent. ST, Loum US

The residual exposure values, after eorrection forshielding effects

and energy response, should be accurate to within 5 percent. Tis

 



a

aceuracy is based primarily om variations in the individual dosixeters

due te respense characteristics ané station shielding effects. The

variance of a partioular type of dosimeter at « given lecatien was 15 per-

cent.

2.3.1 Inittel Exposure Calibration. ‘he radiation spectrum of a

1d-lev dbetatren (3.5-Nev effective average energy) is believed to apprexi-

mate the initial speetrun ef a mrlear detomation. Te ebtaia correction

fectors, WBS has exposed yhotogrpghic dosineters to Co™ anf to the Naval

Craénance Laboratery 10-Mer betatron on Several occasions {n the past 5

years (References 2, 3, 4, 15, and #5). Examination ef these results

shows that the correction factors are e fumction of the particular shote-

grayhic emilsion, batch, anf age. Dasef em previous work, the correctéqh

factors for the exulsions used during Refiwing should probably vary between

0.80 and 1.00.

Air Force Special Weapons Center (APSW), in cooperation with Los

Alexos Seientifie Laboratory (LAS) anf Evans Signal Laboratory (ESL) has

exposed film to the Godiva Bare assexbly at Los Alamos in order to staly

the effects of neutrons en ghotograyhic emiisions. Results indicate that

the film sensitivity for neutrons ts relatively low. This experiment also

yielded efditional date on rate dependence ef these exnisions in that

there was no significant ehange in emilsion response due to « gamma rate

ef exposure of 1 r/sec as eompared to 107 r/sec for equivalent total

oxpowure: ST. LOWIN FTO
The neutron sensitivity ef filxz is considered to consist cf two

components: 1) e response to low-energy (therzal) neutrons, and 2) a

3¢

 



response to high-energy neutrons. As far es could be determined from the

experiment, the two components are independent end afditive. The cali-

bration Gata for neutron flux was furnished APEC by H-2 division at LASL.

Tt was assumed that any perturbation in flux caused by the EBS file

holders would be emali. Neutron-sensitivity values are compared to the

enyant of Co game refiation required to produce the sane optical

density. Table 8.5 sumerizes the data obtained.

For all shots except Cherokee, the relative air densities are 0.895

+ .008. Yor Cherokee it was 0.867; however, the date were adjusted to

@ relative air density ef 0.595 to permit comparison ef results. Se

air-density aijustment was made fer the ether events.

In analyzing the initial data to determine the flux that existed._+

outside the station, it is important te teke into accomt the attenuation

offered by the station and the instrumentation inside. Table 2.6

presents a list of station types and calculated shielding correction

factors based en a 3.5-Mev game energy in accordance vith the assup-

tions of Reference 85. A mrtual instrument-shielding correction fecter

for each station type was estimated and is given in Table 2.6. sm expers-

mentally determined film betatron calibration factor ef 0.9 is alse

listed. The tenbined correction facters were computed from the abeve-

xentiened factors. Yhe betatron calibration factor applied to the fila

enly. Wo betatron calibration data were available for the querts-fiber

end ehemtcal dosimeters, snd a factor of 1.0 was assumed. ST. LOS -

The sombined correction factor was used enly in the analysis of

 



TABLE 2.5 FILM SENSITIVITY TO NEUTRONS

See Section 2.3.1 for source of data.
  

 

DuPont Packet Low Energy (Gold) High Energy Neutrotf
Film Type Neutrons Dose

n/em?/Co™ rx 107? n rep dose/Co? r

606 606-1290 4.7 t 2.4 374 22
1290 606-1290 3.9 + 2.2 31 t 20

606 553 3.44 1.8 28 + 17
510 553 2.34 1.4 19+
502 553 3.2 1.7 26+ 15   
 

 

ST. LOUIS eo

 



 

 

 

TABLE 2,6 INITIAL-GAMMA~EX POSURE CORRECTION FACTORS

i _ Combined Quarts
Station Mutual Fiber and Chemical Betatron Film| Combined Filn

Station Series Shielding Shielding Correction Factor Calibration Cerrectipn 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
212 device

i
210' With quartz ;
2ll fiber rate 1.40 1.15 1,61 0,90 1.45 + 0,10
212 device |

213 1.20 1.05 1.26 0.90 1.15 + 0.05

113 1.15 1.05 1.21 0,90 l.lu t u.u5     

 



the initial gemma exposure date in Table 5.16. Uncorrected exposure

values are listed in the individual shet tables in Chapter 3.

2.3.2 Besidval Exposure Calibration. In ender to evaluste the

initial gamma exposure, it was often necessary to estimate the resiéesl

@uumen exposure. Some of the dosimeters associated with the quarts-fiber

Gevice and the mechanical dropping mechanion yieléel measurements of

yesidual gues reiistion. Over the limited areas of interest (300 feet

or less) the fallout pattern was generally continuous and exposures aid

not vary greatly, hence it was possible te estimate the exposures at

stations where no specific data were availabie. These estinates were

consistent both with calculations based on measurenents of yesifival

gaume intensity mate at the time of station instrument recovery, and wth

integrated rate versus tine measurements male Wy Project 2.2. Stations

located en the reef anf in the tidal wash area vere evalusted separately,

since the residual exposure in these areas may be reduced by « facter

ef ten, depending on the water-lend geometry ond tidal wash. In cases
where the estinated residual exposure exceeds the resultent initial

exposure, an afditional wuacertainty fecter mst be aided to the normal

eccuracy fector. ST. Luis HAC

It is desirable te correct the residual exposure values obtained

inside the station to those that would exist outside the station if the

 

Gosineters were unshielded. Yo determine this correction facter, desineters

were wired flush to the euteide of seus stations were they would be exyee-

ted to survive the blast and thermal effects af the event. In seme cases,

four instruments uniformly speeced about an 68-inch 0.3. pipe were used.

 



The variation of exposure in each instrument set wes Gue primarily to

the land-water geometry. Since the station still shields the instruments

frou 47) refietion, the results obtained 14 not @irectly yield the eer

rection factor. ‘Therefore, attenuation factors were calculated based on

station construction assuming 700 key as the effective energy of the

residual gaxme radiation (Table 2.7). These are consistent with experi-

mental results.

Figures 2.7 through 2.11 show the energy response of Dupont Emilsions

902, 510, ani 606 in NBS holders, and of quarts-fiber dosineters and the

AN/YDR-39 relative to Co, since the response of the quarts-fiber desi+

meter has been found to be most desirable Guring previous operations

(Reference 4), experimental factors have been evaluated to ailjust the fin

readings to quartz-fiber equivalence. These factors are 1.15 for film tn

aluminum centainers and 1.25 for film in 8-inch steel-pipe stations

(Table 2.7). The factors in Table 2.7 are considered accurate to within

20 percent because of variations in thickness of blast shielding. Residual

exposure data that appear in the individual shot reports are wmeorrected.

The correction factors are used enly in computing inforuagion included

in Figures 3.4 ghrough 3.7.

2.4 SUPPORT FACILITIES SP. LOU2 Fae

fhe following 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, 150; end Project 2.72, 30. Small quantities

were also used by Projects 2,51, 4.1, anf TU 7. ‘These dosimeters vere

 



 

 

 
 

    

TABLE 2.7 RESIDUAL-GAMMA-EXPOSURE CORRECTICN FACTORS

en po Film-Quarta |
Station Instrument | Cambined Fiber Combined

Station Series Attenuation Attenuation ‘ Quartz Fiber Normalization Film
4

210 1.12 1.12 iF 1.25 1.15 wah,
=

210° Without quarts {
21. fiber rate 1.85 1.2 2.30 1.25 | 2.88
212 device

210' With quartz
211 fiber rate 2.00 1.36 2.72 1.25 1 3440
212 device

(

23 1.48 1.12 1.66 1.20 | 2.00

3 1.36 lle | 1.452 1.20 | 1.83

te 4, a
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processed and the results returned to the interested projects. Instru-

ments were exposed to the 200-curle, 4” Co source, and an 80-curie,

collinated Co™ source for Projects 2.63, 2.65, 2.66, 2.8, end hil.

ST, LOUIS Fe
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GHAPTER 3

This chapter presents raw dzte based on Co calibration end dis-

cussion necessary to clarify the tables. The terms thermal, biast, 1-

minute, Gotal, anf rave device refer to tining (Sections 2.2.6 anf 2.2.7),

ani. “Gow” refers te dosinueters that were placed in the botten ef the

wipe stations. he terms "frout” “left,” “rear” and"right" refer to

instruments vired flash te the outside of the stations, with respect to

an observer at greusd sero facing the station. Instrumentation anf

recovery rates refer te residuel gemma field intensities at the tines

ef instrusentetion anf recevery of instrwemts located at an exposure

stetion.

3.1 SHOP LACROSSE -

Qne ploce of initial gama exposure data was obtained on this evext

at a Project 2.65 station on Site Yvemme. Initial (total exposure) ws

5.3 F, Qistance 5,065 feet, yield 35.5 + 3 kt, and relative air density

0.693. ‘Instrumentation and recovery rates were negligible.

‘3.2. S508 CHEROKEE ST. wots ae

ALL stetions ether the those listed in Table 3.1 received less than

5O mr. File at thd Series 250 and M0. stations wes damaged by water or

Sulphur fess from damaged neutron-threshelé detectors, and therefore the

Ud

of

 

  

 



 

 

    

 

TABLE 3.1 CHEROKEE DATA

Station Slant Exposure in Exposure no
Number Location Distance NES Holder NBS Holde»¢

ft r r

112.01 Charlie 19,980
113,02 C-D Reef® 18,360
113.02 | CD Reef@ 17,860
113.03 C-D Reef® 17,100
113.04 C-D Reef® 17,300 DELETED
113.05 C-D Reef® 17,970
123.06 C-D Reef® 19,120

®Charlie-Dog

ST, Ot.
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TAE

Shot time waa 0556, 28 May 1956
 

Station

 

212.01
232,02
212.03
212.04
212.05

212.06
How

Nan
Nan

210,22

210.23
210,23'
210.24
210.25
210.264

210. 268
210,278
210,278
210,29
21, 308

210.31
210.32
210,334
210.348
210,34'8

210,358
210.37

210,38
210,39
210.40!

210.41  

Location

Able
Charlie

Dog
Easy
Fox

George

How
Compound

Airstrip
Oboe Reef

Oboe
Oboe

Oboe Reef
Oboe Reef
Peter Reef

Peter Reef
Peter

Peter
Roger
Roger

Roger

Unele
Uncle
Uncle
Uncle

Reef

Uncle Reef
Wi 1) tem
Yoke
Zebra

Alfa
Bravo  

“ercoveary

Date T me

31 May Oa!
31 May O92.
31 May oFls
31 May o910
31 May 090s

31 May 0900
31 May O84 5
26 May 1400
26 May 1430
31 May 10306

29 May 1330
29 May ' =1330
31 May 1030

Destroyed

31 May 1030

31 May 1030
29 May 1315
29 May 315
7 June

29 May 1300

Destroyed
Destroyed

30 May 1300
29 May 1230
29 May 1230

31 May 1005
31 May 1000
31 May 0950
31 May 0945
31 May 0940
31 May 0935

‘OGURE

- __a Total Gemma Fxposure

MB Fils Quarts Fiber

or fh _ r ~~ r

ue 202 221

eh 355 135
1200 | 185 195

12000 «| 152 185
1200 ' 207 222

1200 118 124

33¢ 4b 60
C 0.31
6 0.32
5c 17.5

600 93
600 37
50 oy

50 25 |

50 “4

1200 200
1200 102 136

2500
14300 16000

50 1800
1u00 465

1000 335 368

20 205

42u 143 200
300 100 lu

320 110 118
220 85 100    

Cheaical
soe eepeeee

r

237
200
262

92

<4§0

<50

75
220
125

850

225
125
118
75
75 

®*These stations received both initial and residual radiation as show in Table 3,3.
All other exposures are residual only.

TABLE 3.3

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

]
Station
Manber Looation

210,30 Roger
210,29 Uncle Heef
210,33 Uncle Reef

210,33 Uncle Reef
» 210.34 Uncle

210,35 Uncle Reef
210,27 Peter

210,27! Peter
210.56 Peter Reef
210,26 Peter Peef
abo 

 

 

 

  
9420
10320

10935
1127u

1l27U
1151u

12940

BP. Loy 223C

ZUNIT INITIAL—GAMMA EXPOSURE

—_ Estima ted Resultant
Total Residual Initial

Exposure Exposure Exposure

or r r

16000 150 15850
25uuU 15 2485
1880 15 1785
6508 15 B35
465 150 315

2u5 15 19u
2u0 150 50
us 200 45
69 15 54
25 15 lu

 

 

 

 
“These data are fram a chemical dosimeter.
DThese data are from a quartz fiber exposure versus time device ina

steel station.

52

Fe
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results are not incluied.

The exposures at the stations listed in Table 3.1 are possibly

from initial gam radiation. Temperature effects on the film could have

caused an increase in background density. ‘the presence of low-energy

Gemma components in the residual field are indicated by the higher

exposures measured by films exposed without NBS holders. The instrument-

atian ani recovery rates were negliginile.

3.3 SHOT ZUMI

See Tahles 3,2 and 3.3. Bight~inch steel-pipe stations were

installed at Stations 210.23', 210.27’, 210.30', and 210.34’. The

rate device at 210.27' became wedged in the station and failed to drop.

The initial ganma readings vere obliterated by the residual radiation.°f

The cap of 210.50' was broken by the shock, and the instruments fell

Snetietely: DELETED.
A third rate device at

210.34' without a dropping mechanism yielded only total exposure information.

A mechanical drop device installed in a water-filled steel pipe at

210.23' fumetioned properly. All of the films that dropped read less then

ir, since the initial exposure wes negligible.

3.4

SHOT

FLATSEAD Sf, UlUIg vac

See Yables 3.4 and 3.5. The disparity between the film and quartz-

fiber exposures at Station 212.03 is not fully understood. At Station

Ai2,.05 the 10-r thermal and blast exposures are the result of residual

contamination from Shot Zimi. Film indicates sboutassis exposure,

and quarte-fiber dosimeters indicate abo “mhe avitches in the

 



   

 

 

 

  

 

  
 

  

  

 

TABLE 3.4 Foa’ + “ %  RUMPNTATION AND RECOVERY

Shot time wae 626, 12 Jure + ¢

rr viramenta .on| _ Recovery _
Station Number Locatica ace me Rate Date Tine Rate

OO ~ mr/hr | ar/hr
I

213.ul MO b June al 16 June uu!
212.3 Dog o June be 14 June 1545
213.2 Dog t June Ly 14 June 153u
211,01 Dog t -une 1ils 14 June 1524
213.03 Easy # June L445 14 June 1518
21.02 Easy & June i2Zhe 14 June 1515

212.04 Easy 9 June 120 14 June wiz !
211,03 Fox ¢ June 32u RY 14 June 1505
222.05 Fox ojun = SL Ls June | lus
213.4 Fax ho Record i 1% June | 1400 3
211.0% George No Recard | No Record
211.06 George No Fecard , No Record

TABLE 3.5 FLATHEAD INITIAL EXPOSURE

TotalExposure ee —
Station Position “~ Quartz | Thoaphate Total Initial

Number Location or Timing

|

Film Fiber : Glass Chemical

;

Residual

|

txposure

|

Distance

r r r r r ft

212.03 Dog Thermal ; Led
Blast “ft
1 Minute ~
Total

213.u2 Dog Total alls

211.01 Dog Total 55K
Rear

213.03 Dog-Easy Totel 595

223.01 Man-Made 3| Total tus

211.U2 Dog-Easy Totel boy
Front
Rear

212.u, Fasy Total D T7A6

212.03 Easy-Fox Total ELETER
Front
Rear

212.05 Fox Thermal 10745
Blast
1 Mnuts
Total

213.04 Fox Total 1170u

211.u4 Fox-George Total 12e5u
Front
Rear

212.u6 George Total 192u   
“Container was shielded after initial exposure. The total reaidual
See Station 211.u2, Table 3.6.

exposure is estimated “i

elu r for thermal and blast res:.it frac residual radiation fran Shot Zuni from instrumentation
tima to detonation time.

ST. Jac
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mechanical érop devices at 213.02, £13.03, and 213.0% fimctioned, but the

dosineters 414 not fall below the curface because of a constriction in

the yipes.

Tadle 3.6 end Figure §.1 give results fren the quarts-fiber rate

devices for exposure versus tim.

Zhe rate device ot Station 11.01 A414 not drop; it was

necessary te subtrect the residual exposure of At Station 210.02,

18 was aoreed that theUNF arrived after15 sscents ms restton

gince the shielding wasenly 90 percent effective. The device at

Station £12.04 operated in reverse, yielding enly total residual informe

tion. She expasure at Station 211.03 was sual) end could not be resalve¢

Gable 3.7 liste iustallation, recevery, and resiénal exposure

information. Project 2.2 information indicates that Stations 210.23 to

10.41 received ebout 1 Fr ef falloutexposure from this shot, the

reusinger having cone from fhet int.

3.5 SBOT DAKOTA ST, LOUIS Ye

Bee Tables 3.8 anf 3.9. High residual gemma exposure rates

resulted from Shot Flatheed at the time of the Dakota instrumentation.

Therefore, it ws necessary to keep the instrumentation to a xinimm.

The project was not aware ef the change in shot coordinates at the tine

of instrumentation, and since the shot was moved about 1/2 mile closer

to the Fox complex, the lowest initial exposure recorded was about

Desimaters were placed in two locations on Man-Made Island 3 prior

to Saot Fiatheed. One group ef dosineters wes found during Flatheal

recovery, and the second group was recovered after Dakote. A Yakota bb
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TABLE 3.9

Shot time was 0606, 26 June 1956

DAKOTA INITIAL EXPOSURE

 

    

Calculated Estimated
Station Fils Preshot Poatshot
Number Timing Exposure Reeidual Residual Initial Distance

r r r ft

212,03 Total bL22
Blast

211.01 Total §500
Blast

213.01 Total DELETED Se 6605

211.02 Total 6650
Blast

212.04 Total 7220

1 minute     
“This result was obtained by subtracting the l-minute value from the total value.
The other estimates vere based on this value.
Onis result was obtained by subtract
from the Flathead plus Dakota exposure

2a
aoe

x the total Flathead exposureWE,

 



7
*

data point we evtained by suvtracting the Flatheal exposure.

3.6 SHOT RAYA

See Tables 3.10, 3.11, anf 3.12. Some ghenomenca, perhaps the shock,

eaused all of the quarte-fiber Gosineters in the rate devices te artivate

at om early time. As a result, they yielded enly total exposure data.

Station 211.01 we partially blowm eut ef the gromd. The rate device

414 net drop, ts the station yielded enly total exposure information.

The l-minute drop timers wese corroded anf @id not function. Conseq-

wently, the estinates of residual exposure en Sites Bog anf Easy are

not accurate.

3.7 SHOT TEWA

Table 3.13 gives Tewe instrumentation and recevery data, end Table-{

3.14 shows residual exposure data. Bate from the Chariie-Dog reef,

ineluiing scattered initial gavee data is listed in fable 3.15,

Yotel gamma exposures at Statiods }15.03 and 113.09 are well ested-

lished, Residual exposure estinates were obtained from Stations 115.02

an4é 113.03, These stations were in the same general area anf hal the

seme goonctry anf recevery rates, wut they were in a region where the

initial gamma exposures vere negligible. Filz at Stations 118.04, 113.07,

anf. 113.08 reed greater than 70,000 r. The chemical data at 113.04

appearsvalid. The chemical data at 113.08 is probably in errer, since

it contradicts beth the film data at 113.08 and the chextcel date at

113.04, end ie far below the predicted level. _,me exporures saticipated

at Station 113.07 were far abeve the useful range of the cjemical

Gosineters and 1% is prebeble that they saturated, anf thet the actual

 



TABLE 3.10

Shot time was 0556, 11 July 1956

NAVAJO INSTRUMENTATION AND RECOVERY

 

Inatrumentation Recovery
 

 

   

  

Date Nee | Rate Date | Tine Rate

— ~ " qT

Dp

 

Station
Number Location

210.19 Fox 7 July 1530
210.20 Gearge 7 July 1540
210,23 Oboe 5 July 0750
210,27 Peter 5 July 0755
210.30 Roger 5 July 0800
210.34 Uncle 5 July 0608

210.37 Willian $ July 0815
210.38 Yoke 5 July 0822
210.39 Zebra 5 July 0827
210.40 Alfe 5 July 0832
210.41 Bravo 5 July 0635
212.0) Able 5 July 0848
212,02 Charlie 5 July 0857

113.07 MM No. 1 5 July 0905
113.08 MH No. 2 5 July 0910
13.0 MM No. 3 5 July 0920
212.03 Dog 7 July 1420

212.0% Easy 7 July 1230

212.05 Fox 7 July 1225

212.06 George 7 July 1000

211.01 Dog 7 July 1400
211,02 Dog-Easy 7 July 1335
211.03 Easy~Fox 7 July 1340

210.0% Fax-—George 7 July 1020

213,02 Dog 7 July 1410
213.% Fox 7 July 1040

Se



 

 

   
 

 

 

 

 

 

 

TABLE 3.13 NAVAL” TMITTAL~GAMMA EX POSURE

_ “otal oe pe ~

Timing or quarts Phosphate

Stetion Distance Poeitian Fil» *\ ber Clase Reeidual Inittel

ft r r | r r r

222,03 P22 rear

blast
thermal
down

212.04 10680 total

222.05 13180 total

1 aimute
rear

212.06 16180 total
reer

211,02 8960 total
211.02 9810 total
21.03 11880 total

1 ainute

211.04 14750 total

blast DELETED
thermal
down
rear

213.02 8580 total

213.0% 13820 total
blast
thermal ~t
down ~
rear

MM1 16190 total
MM 2 22900 total

MM DESTROYED

210.19 14250 total
210.20 16600 totel

“tatinate

@ contributed entirely by residual radiation.

TABLE 3.12 NAVAJO RESIDUAL EX?OSURE
ey ne —

Station Position Filz Phosphate Class Quartz Fiber

: / - r : a r 7 r

212,01 Inside 105 152 115
Outside 170

212,02 Inside 53 40

Front yo
Right #9
Rear 37
left | 32

210.23 Inside | 2.2 | 2.2
Outside 2.2 |

210.27 Inside =, 2,7 | 3.4
210,30 Inside : 3.4 | 3.8

210.34 Inside =, 1.7! 3.8
Outside 1.8

210,37 Inside | 2.8 6.4

210.38 Inaide | 4.2 4.5
210.39 Inside ¢ 7.4 8
210.40 Inside 8 8
210.41 Inside 8,3 il

Outside 6.9 oes 9
ee ~ eele
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PARE §.1§ GEWA INGTROEWTATION AMD NECOVERY

 

 

 

TRSTRUMEWEATION RECOVERY

OrATION «LOCATION FOSITION DAT «TDG BATE DAE THE RE

@12.01 Able Front 15 tal 1010 SO ek ow akao eo

‘ ment *
Rear |

Left 5

2.02 Charlie Front 15 Jw 1000) 82s MA Tw «NZS 000

Right kT

Rear ¥
ot

Left 27 :

113.02, Carlie 16 J LOS kh 85 tw 1750 8

113.02 . 16 dul 1625 33 BS IW OTS CU

113.03 . 16 da. 1600 3 @ Jo 1880 ko

113.04 . 16 Jw. 1520 & 8 mul 1485 18

113.05 ™ 16 Jul ihkO © te2 85 Jul BESTAOYED

113.07 MM irl 16 dul 1400 90) BH Jul 1100 «1000

113.08 Mm ir 2 16 Jud 1290 190 @& Jw 1430 foo

113.09 MM Er 3 16 dul 1800 8 M8 Aw U5 3500

212.03 Dog Front 15 Jul O9k5 680 25 Jul 0930 1500

Right 100

Rear 100 “3, 3 ae

Left 7

 



nee .

PARLE §.13 EWA INSTRUMENTATION ARD RECOVERY - continued -

 

 

 

TRSTROMENTATION RECOVERY

@PATTON «LOCATION FOGITION DAT ‘THE RATE DAE THE RAT

2.0, Eaay Freat 15 aw 0950 “A ak oa 1050 rig

Right 80

Bear 100

Left &

2.05 Vex Froot 16 2 09350« Os FL 110

Right &

Rear p~

Left & ot

912.06 George Front 15 dul 0995 3O MSW 1120 1000

Right 5

Rear fo

left 45
#10.23 Oboe 15 dul 1005 8 Bow 132 6

@0.27 Peter mw 00 0k Bh I 138 8

2.5.30 Roger cul 10560 «9 Mh U5 28

210.9% Uncle 15 tal 1OhK7T kM al ED

@.0.37. Willie: 15 dul 1038 BoA Sul «1350 )=—:1000

0.38 Yoke 15 Jul 1033 5 @ Jw 1355 1000

0.39 febra 15 Jul 1030 § Mw 1h00) 1500

M0.ko Alte 1S swl 108 & MJ 1hOR BEKO

mO.%. Bravo 15 dw. 2020 7 AO 1kOh 28200

 



Station
Number

210.23

210.27
210.30
210.34

210.37

210,38
210.39
210.40
210.41
212.01

212.02

212.03

212.04

212.05

212.06

TAPLE 3

bh —

Quartz Fiber

2650

695
1102

510

§21
1027   

dé TrwaA AFSIDUAL EXPOSURE

   

 

 

: Exposure oo _

| Position Fila Position

. fom a

2.51

| rear
1 3.67

6.45
82.6

rear 93.5 rear

391

454
627

1045
755
2833 front
1916 right
3016 rear
2400 left

823
rear 1000 front

1485 right
1460 rear
940 left

610
rear 580 front

920 right
860 rear
762 left

375

399
rear 700 front

i 710 right
668 rear
640 left

201

. , om aeee Lo J tke

o4



~we

TABLE $.15 EWA IRTTIAL-GAMMA EXPOSURE

 

worn, Dosx, r RSTIMATED
STATION DIBTAMR, ft FILM OMKMICALS RESIDUAL, F INITIAL, ¥
 

113.02

113.02

113.08

113.028

123.028

113.03

113.0%

113.05

113.06

113.07

113.08

113.09

15,890

1k,380

ih,80"

1,30"

1s,380"

2.0,500

6,760

2,875

5,940

10,830

16 250 160 to 250

! B50 £50
7 — Yar)

| -—- 580

wow 820

“3,30 8,500 B50 2,650
> TK 3.3509 SO 335x105
TESTROYED «

DESTROYED <~ MOT INSTRUMENTED .

> TOK 6.sn0"" 800 Yery great

>TK &2,000° 800 > TOK

1,950 owe 800 1,150

“miese files were Located on the suteide of the stecl-pipe stations. 41)
other @osineters were lecated inside the stations.

Seqosures anticipated at this station were far above the intended range
of this dosineter, an‘ the instrument probably saturated.

Cag indicated in the text, this is probebly in error. Bo
Si. woo et

be offered as te why this reefing is lewr than that of 113.0%.

 



exposure was much greater than 650,000 r. ‘There is ne sound explanation

for Giscrepancies that eccur in the chemiea) data dertved fren 115.07

enf 113.08, and thus the reliability of the date from 113.04 becones

questionable.

Tt is felt that the initial exposure data frew 113.03 is reliable

since the total expesure was well established an4 the residual estinate

was valid. Date frou Stations 113.03, 113,04 end 113.09 agree with

results from previous events.

3.8 prscusstor

Pehle 5.16 summarises Redwing initial gamma exposure Gata, and

Zable 3.17 gives the totel yield, fission yield, and relative air

density for each event. Figures 3.2, 3.3, and 3.4 are plots ef the “f

Redwing initial gamma exposure versus distance end the EM 23-200 curves

for siniler tetal yield. This method ef computation neglects the effect

of relative fission and fusion contributions te the total yield.

Correction factors discussed in Section 2.3.1 have been applied te adjust

the raw date to unshielded, betatron-calibrated exposure values. Cherokee

data were adjusted to reletive sir density ef 0.995. The initial gama

exposure from Cherokee, fhmi, and Navajo at 3 miles was about 1 r. The

accuracy ef the initial gama exposure Gata as correctedis within + 50

perent. gr, wow 5 FAC

Figures 3.5 through 3.8 show the tetal residual gaume exposures

plotted en maps. These exposures are corrected for station shielding and

spectral response of the desineters (Section 2.3.2). In eidition, all

of the values from «a given shot were adjusted to the sane recovery time

 



TABLE 3.16 BEDWIM INITIAL-GAMIA EXPOSUZE

 

 

 
  

  

uncorasoren conrecrron | CORRECTED | DISTANCE,
STATION XNIFIAL,r FACTOR IMIFIAL,r | ft

123.03 . 17,100

113.04 DELETED 17,300

113.05 17,970

210.30 15,850 1.0 15,850 7,000

0.29 @,485 1.0 2,485 8,500

2.0.83 835 1.0 835 9,420

210.3% m5 1.0 315 10,30 |

210.35 190 1.0 190 10,935

210.56 Sh 1.0 5% 11,510

£20.26 10 2.0 10 12,940

212.03 4,ke

213.02 $,110

mii.01 5,500

3.03 5,950

#13.02 6,605

#11.02> 6,650

212.05 DELETED 10,745

212.03 hho

211.02 5,500

213.01 6,605

211.02 6,650

C& oan

| 



 

   

PARLE 3.16 REDWING INTTIAL-GAMMA ZXPOSUHRE - continued ~

COMBINED
UNCORRECTED CORRECTION CORRECTED DISTANCE,

EVENT STATION INITIAL, FACTOR INITIAL3 ft

pakots 212.04 1,T20
contd)

Javajo £12.03 1,922

213.02 8,580
v11.01 DELETED 8,960

mi.o2% 9,810

212.04 10, 680

12.05% 13,180

Tews 113.04 3.35x109 1.21 k.05x105 6,760

113.03 2,650 1.1 2,915 10,500

113.09 1,150 12 1,265 10,830    
“cherokee exposure adjusted to 0.895 relative air density.

Dgtetion contained a rate device.

C. ae ¢- © a) on Q
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TAME 3.17 YIELDS AND RELATIVE AIR DENSITIES

 

  

TOTAL FISSION RELATIVE
EVEN? YIELD, Mt YIELD AIR DENSITY

Cherekee 0.847

Suni 3.53 0.89%

Flathead 0.896

pELETED
Dakota 0.893

Navajo 0.895

Teva 5.01 0.893   

 



DELETED

W
M
g
u
r
e

3
.
2

I
n
i
t
i
a
l

g
e
m
m
a
e
x
p
o
s
u
r
e
v
e
r
s
u
s
d
i
s
t
a
n
c
e

f
o
r
C
h
e
r
o
k
e
e

an
id

Z
u
n
i
.

  

  
peo, Te - =rE

OMIC ENERGY ACT OF 1734      



*
o
f
e
a
n
y

pues
‘
e
q
o
q
e
g

‘
p
e
s
u
y
e
l
s
2
0
J

S
O
U
T
Q
S
T
P

s
n
s
i
e
s
a
m
s
o
d
x
e

w
a
n
e
d

T
e
I
A
T
U
L

«
C
c

e
u
m
m
s
T
y

Y

 

-avo
r
mog@oOco
_
—w
n

pELETED

70



m
m
a
]

p
o
e
o
f
t
a
m
m
y

e
0
u
e
a
s
s
p
e
n
e
s
e
e
e
m
e
c
d
x
e

v
e
n
t
e
d

T
e
r
a
r
u
r

¥
°
C
a
m
i
t
y

 



pm,
tearee
¢
amr

   
   

160

Ont

‘

. 0.3
wie aM

woroe > oo,
me oe gene
Sel, 135

-

&ZUNI

Figure 3.5 Zuni 76-hour residual exposure (roentgens) =
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using recovery rates, and essusing « decay exponent eof -}.2. Infiviéual

stations, such as the one on Site Charlie, may show a reduced azount of

exposure because it is near the lagoon. ‘The accuracy ef the residual

gama data presented in this section is within +50 percent.

The data fron this project are presented te indicate the approxi-

mate magnitude ef the residual gamma radiation to be expected from

different types of nuclear weapons. It is felt that the objectives of

the project vere net, with the exception of Shot Cherokee (for which

insufficient data wee ebtained to form definite conclusions).

In the case of Cherokee, the burst point wes approxizately & to 5

niles in the dowmwind direction away from the planned ground sero; this

resulted in no downdnd stations to docunent residual refistion fron “*

fallout. The ground zero for Shot Tews was moved frou its planned

location off Site Dog to a location ‘approximately between Sites Cuarlie

and Dog. It was therefore necessary to improvise stations at available

iocations en the man-made islands anf the reef between Charlie and Dog.

Date points were obtained at Gisteaces af about 3,000, 7,000, and 10,000

feet, Where the initial could be separated from the residusl refiation.

The initial gamme instrunent stati locations were selected with om

expectation of 50 percent loss per shot; hovever, the losses were only

about 25 percent. ‘The residual instrumentation was nearly 100 percent

effective. The secondary and improvised instrusentation for separation

of initial from residual gece redistion were only about 40 percent

effective throughout the operatisn.

 



CHAPTER &

Examination of the data indicates the following conclusions:

1. Yor surface bursts with yields to 5 Mt, and for

a. 4300-foot asstort, initia’ gamm radiation is of

Little military Significance to wprotected persomnel es compared vite

thermal and blast damage.

2. The amount of residual refiation exposure is a function ef the

Sission yield.

3. The curves of initial gamma exposure versus distance obtained

from Project 2.1 dsta vary from corresponding TH £3-200 curves. At

long ranges, Project 2.1 date are below the predicted data, whereas st

shorter ranges, the field data crosses over and the reverse is true.

This variation between predicted end field date increases vith increasing

. ST, Lovic ect
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