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FOREWORD

This report has had classified material removed in order to
make the information available on an unclassified, open
publication basis, to any interested parties. This effort to
declassify this report has been accomplished specifically to
support the Department of Defense Nuclear Test Personnel Review
(NTPR) Program. The objective is to facilitate studies of the
low levels of radiation received by some indivicuals during the
atmospheric nuclear test program by meking as much information
as possible available to al} interested parties.

Tne material which has been deleted is all currently
classified as Restricted Data or Formerly Restricted Data under
the provisicn of the Atomic Energy Act of 1954, (as 2mended) or
is ‘“iational Security Information.

This report has been reproduced directly from available
copies of the original material. The locations from which
material has been deleted is generally obvious by the spacings
and "noles" in the text. Thus the context of the material
aeleted is identified to assist the reader in the determinaticn
of whether the deleted information is germane to his study.

It is the belief of the individuals who have participated
in preparing this report by deleting the classified material
and of the Defense Nuclear Agency that the report accurately
purtrays the contents of the original and that the celeted
material 1s of Tittle or no significaence to studies into the
aiiounts or types of radiation received by any individuals
during the atmospheric nuclear test program.
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.

IN REPLY REFER TO:
AMXND-E 15 Mar 1966

SUBJECT: Ergata for NDL-TR-53 (AD 365-419), INITIAL GAMMA DATA FROM
NUCLEAR WEAPON TESTS (U), dated July 1965

TO: Distribution

It is requested that changes to NDL-TR-53 be made as indicated
velow.

a. (C-FRD) Page 19, Table 1.1. Correct yields as follows:

Greenhouse George

Plumbbob Boltzman 11.5 kt
Hardtack Humboldt 7.8x1073 kt
Fish Bowl King Fish

b. (U) Page 44, Table 3.2. Fourth column heading should be
"Density'. Second column values should be 1112.3 mb, 1009.3 mb and
1007.5 mb.

e. (U) Page 175, Table 3.100.7‘ Azimuth symbol for slant ranges
of 527, 1014, 1509, 2006, and 2505 yards should be "b" instead of "a'.

Document consiscs ¢f _ 2  pages.
Copy /23 of 165 .
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AMXID-E 15 March 1966
SUBJECT: Errata for NDL-TR-53 (AD 365-419), INITIAL GAMMA DATA FROM
NUCLEAR WEAPON TESTS (U), dated July 1965

f. (U) Page 179, Table 3.102. Change heading of the third column
to "Film Type" and add the following column:

Uncorrected Gamma Dose
r *

5550
1440
509
214

g. (SRD) Page 194, Table 3,111. Correct fissiom yilelds and
HE thicknesses as follows:

Shot HE Thickness
cm

Mora

Lea

Socorro

h. (U) Page 205, Table 3.119. Height of burst for Shot Johnie
Boy should be minus 192 feet.

i. (U) Pages 206, 209, 211, and 213. Tables 3.121, 3.122, 3.123,
and 3.124; units for slant range should be 'feet”.

Lt Col, CmlC
Commanding
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Wnere neutrcn data are availlable, the gamma measuremsabz ars corrs
for the direct effect of the neu*rur: on the dstsctor as well as
the detector's environment. Shield atterniation of the gamma do:ze
taker into account, Gamma-dese-timzs-distance-sguarad, versus 41
for shot condiftions, i1s graphically presented,
FOREWORD

(U) This is the fifth and final report dealing with ths gane
topic of neutron effects on garmma detesctors, It presents a2 ccrmzil
of neutron-corrected, initial-gammi-dose measurenanis cobtainsd Ty
ment of Defense and other agencies, from Operaticn Sandstons (13h
througnh Operation Fish Bowl (1962).

(U) This worx was authorized under DASA NWER Subtask CA.0J7,
Neutron Effects on Gamma Detectors and DASA NWER Subtask CC.0L2,
Radizatzon Studies. This compilation and correction of initial za
data was szarted in Octoober 1961 ard comple-2d in Fedbruary 15654,

ro




CONTENTS

1. INTRODUCTION

1.1 Objective . . . . v ¢ v v o 0 00w e e e e
1.2 Background. . . . . . . . . . L0000 e
2. PROCEDURE
2.1 General . . . . e e e e e e
2.2 Treatment of Neutron Flux Data .
2.3 Neutron Sensitivity of Gamma Detectors.
2.4 Detector Shield Correctiocn. .
2.5 Interactions of Neutrons with 8011 o e
2.6 Comparison of LASL and ESL Film Data. . . . . .
3. RESULTS
3.1 Operation Sandstone . . . . . . . . . .
3.2 Operation Ranger. . . . « . . « « « .+ « . « . .
3.3 Operation Greenhouse.
3.4 Operation Buster-Jangle . . . . « +. « « +« « . .
3.5 Operation Tumbler-Snapper . . . . « . « + « « &
3.6  Operation Ivy . . . G e
3.7 Operation Upshot- Knothole C e e
3.8 Operation Castle. . . . . . .
3.9 Operation Teapot. . . . . . . . .
3.10 Operation Redwing . .
3.11 Operation Plumbbob. e e e e
3.12 Operation Hardtack. . . . . . . . . . .
3.13 Operation Sun Beam.
3.14 Operation Fish Bowl . .
APPENDIX
REFERENCES
TABLES |
l.. DNuclear Devices for Which Initial Gamma Measurements
are Reported. . . . . - e e . . .
2.1 Recommended Dosimeters hanges e e e e e e e
2.2 Neutron Activation Detectors. . .

Page

17
17

19
2L

23



TABLES (Continued)
Neutron Sensitivities of Dosimeters

2.3
2.4

w www
s Wk

w

w w w
O~ O N

3.9

3.10
3.11
3.12

3.13
3.14

Gamma Dose From Various Shields Subgected to a
Thermal Neutron Flux of 1x10*% n/em® and a
Fast Neutron Flux in Each Energy Interval of

1x10'% n/cn® . .
Shot Information - Operatlon Sandstone.
Meteorological Data - Operation Sandstone

Initial Gamma Dose Data - Operation Sandstone -~

Shot

Initial Gamma Dose Data - Operatlon Sandstone -

Shot

Initial Gamma Dose Data - Operatlon Sandstone

Shot

X-ray . . . .
Yoke.

Zebra .

e o s .

Shot Information -~ Operation Ranger
Meteorological Data - Operation Ranger. .
Gamma Dose Data -~ Operation Ranger -

Initial
Shot
Initial
Shot
Initial
Shot
Initial
Shot
Initial
Shot

Able. . . .
Gamma Dose Data
Baker I . . .

Gamma Dose Data
Easy. . . . . .
Gamma Dose Data
Baker II. .
Gamma Dose Data
Fox .

~ Operation Ranger -

. .

.

-

-

Operation Ranger -

Operation Ranger

Operation Ranger -

Shot Information - Ovexatlon oreenhouse
Meteoroiogical Data - Operation Greenhouse.

Shot Information - Operation Buster-Jangle.
.nrteorological Data - Operation Buster Jangle

.

.

Page

71
71



TABLES (Continued)

3.21

3.22

Initial Gamma Dose
Shot Baxszsr .
Initial Gamma Dose
Shot Charlie ., .
Initial Garmma Dose
Shot Doz . . . .
Initial Gamra Dose

Shot Easy. . . .

Initial Gamma Dose, D¢
Surface Shot . .
Initial Garma2 Dose Data - COperation Busis
Undergraund Shot .+ . « . .+ . . N
Shot Information - Operation Tumbzlzr-Zna
Meteoroleogical Data - Opsration Turmslar-
SCEL Initial Garmmz Dose Data - Cperation

Snaprer - Shot 2
SCEL Initial Gamma
Snapper - Shot 3
SCEL Initial Gamma
Snapper - Shot 4
SCEL Initial Gamme
Snapper - Shot 5
SCEL Initial Gamma
Snapper - Shot 6
SCEL Initial Gammz
Snapper -~ Shot 7
SCEL Initial Gamma
Snapper - Shot 3
LASL Initial Gamma
Snapper - Shot 2
LASL Initial Gamma
Snapper - Shot 3
LASL Initial Gamma
Snapper - Shot L
LAST Initial Gamm
Snarrer - Shot 5
LASL Irnitizl Gamra
Snapper - Shot &

Data - COperziicn Bustzr-Janzle
Data - Cperaticr 3ustzr-Janzle

(Turbler II).
Dose Data - Operaiicn
(Tumbler III)
Dose Data - Operation

(Snapper 1) . .

Dose Data - Operation

(Snappet II).

Dose Da<a - Op=ration
(8napper IIL) . . . .
Dose Data - Opsration
(Snazper IV). .
Dose Da<»r - Operztion
(Snapr=+ V) .

cse D2za - Opsratlion
(Twmelsr IT). . . . .
Dose Data - Or=zration

(Tumbler III)

Dose Data - Opzration
(Snapper I) . . . . .
Dose Data - Or=ration
(Snapper II).
Dose Data - O

(Srapper IIT) . . . .

Oreration T

di.xlT

>

[g¢]
O

(@3] (@¢) [@9] o0 QO [@ 9]
Qo N ) Nl B W] (Y]

[@s]
o

O
po

W \O Ns) O 0 O
~3 -~ oy =

Wy
[4¥)



TAS

LES (Continued)
3.41

3.42  LASL Initial Gammo Dose Data - Operation Turblser-
Snapper - Shot 8 (Snappsr V).
3.43  Shot Information - Operation Ivy.

3.4 Mete
3.45

3.46  Initial Gamma Dose Data - Opera ior Ivy - Shot
King. . . . . .
3.47 Shot IpforwabLOh - Operaulon UDS“OU Krﬁ‘"o‘a.
3.48 Meteorological Data - Operation Ugshot-Knoshole
3.&9 SCEL Initial Gamma Dos=2 Data - er2Sion Upshot-
Knothole - Shot 1 (Anni=) e .. .
3.50 SCEL Initial Gamma Dose Data - Operation Upsnch-
Knothole - Shot 2 (Nancy) e e e e e e
3.51 SCEL Initial Garma Dose Data - Operation Upshtoct-
Knothole - Shot 3 (Ruth). e e e e
3.52 SCEL Initial Gamma Dose Data - Creration Unshct-
Knothole - Shot S (Ray) e e e e e e
3.53 SCEL Initial Gamma Dose Data - Operation Upshot-
Knotnole - Shot 6 (Badger). . . . . . . . . .
3.54 SCEL Initial Gamma Dose Data - Operation Upshotb-
Knothole Shot 7 (Simon) e e e e e e
3.55 SCEL Iniftial Gammz Dose Data - Opesration Urstot-
Xnotnole - Shot 8 (Encore). . . . . . . . . . .
3.56  SCEL Initial Gamma Doses Data - Cpsration Urshot-
Knothecle - Shet 9 (Harry) .. . ..
3.57 SCHL Initial Garmma Dose Data - Cpsration Upshot-
Knothole - Shot 10 (Gravle) e e e e e e
3.58 LAST Initial Gamma Dose Data - Operation Upsnhot-
Knothole - Shot 5 e e e e e e e e e
3.99 LASL Initial Gamma Dose Data - Operation Upshot-
Knothole - Shot 6 e e e e e e e e e e
3.60 LASL Initial Gamma Dose Data - Operation Upsnot-
Knothole Shot 10. e e e e e e e e
3.61 LAST, Initial Gamma Dose Data - Operation Upshot-
Knothole ~ Shot 11. .
3.62  Shot Information - Operation Cabtle
3.63 Meteorological Data - Operation Castle.

orological Data -
Initial
Shot Mize

Gamma Dose Data -

Oreration Ivy
Operaticn Ivy -

LAST Initial Gamm= Douv Data - Opsrzftion Tumdler-
Snavpar - Shot 7 (Snzpper IV)



W ww W v

Cad (WY}

()

(9]

(@S]

(98]
"
}

(93}

L L

=

O\

E)‘\ (@) EJ\ N~
~d

[
QD

foN
O

O

aTin

a0

.
el

ot (b

4

Initial Gamma Dcss - Jperation Castle

Sho% Information -~ Operation Tzarct . . . .

Meteorological Data - Opsration T=°pot.
a
a

&4 =4
Initial Gamma Dose Data - Operaticn Tzapot

£ 1 (Wasp) . . . . . .

wn
O

-
=

ot

o 2 (Moth) C e e e
ia

1wt 3 (T sla e ..
ial Gamma Doce Data - Operation Teapos
ot b (Turk) . . . . . .
ial Gamma Dose Data - Cp

o (Hornet) . . . . . .

In tial Gamma Dose Data - Operatiszn Teapcy

Op

=
o
ot

S

[
3
j
oy cf’ oot

0

ot A (Bee). RN
Initla Gam"a Dose Daua -
Shot 8 (Apple I). . . .
Initial Gamma Pose Data - Operatizn Teapot
Shot 9 (Wasp Prime) . . . .
Initial Gamma Dose Data - Operation Teapct
(High Altituds) . . . . .
Initial Gamma2 Dcse Data - Cperasicon Tear
Shot 11 (Post)} « + + ¢ e o ...
Initial Gamma Dose Data - Cperation ITz2zzot
S(’Or 12 (Met) ..

Initial Gamma Dose Da*ta - Operation Redwirg
Shot Zuni . .

- . . . . ) . . . . . . . .

s
o

TR R I
[EUREASIE AW
D QoA

1o
(U¥]
@]

{ .l
]

A



Initial Gamma Dose Data - Uperatlon Redwing

-

=

Méteorological Data - Operation Plumbbob.

Operation

Operation
Operation
Cperation

Cperation

Operation
Operation

Cperation

Cperation
Operation

Plumbbcb

Plumbbob

Plumbbct

Plumboch

Plumbbob

Plumbbch

Plumbeco

lumbbcd

Plumbtch

Plumbtob
Plumbtcb
Plumbtzo

Plumbtob

TABLES (Continued)
3.90
Shot Tewa . . .
3.91 Shot Informaticn - Opewatlon Plumeob
3.92
3.93 Initial Gamrma Dose Data -
Shot Boltzmann. .
3.94 Initial Gamma Dose Data
Shot Franklin .
3.95 Initial Gamma Dose Data
Shot Wilson . . . . .
3.96 Initial Gamma Dose Data
Shot Priscilla. . . .
3.97 Initial Gamma Dose Data
Shot Hood . e e .
3.98  Initial Gamma Dose Data
Shot Diablo . . . . .
3.99 Initial Gamma Dose Data
Shot Kepler . . . . .
3.100 Initial Gamma Dose Data
Shot Owens. . . . . .
3.101 1Initial Gamma Dose Data
Shot Stokes . . . . .
3.102 1Initial Gamma Dose Data
Shot Shasta . . . . .
3.103 Initial Gamma Dose Data
Shot Doppler. . . . .
3.104 Initial Gamma Dose Data
Shot Franklin Prime
3.105 1Initial Gamma Dose Data
Shot Smokey . . .
3.106 1Initial Gamma Dose Data

Shot Galileo. . . .

Operation

Plumbzc

.

162



TABLES (Continusd
3.107 1Initial Gammz Dose Data - Operation Plumbuch -

Shot LaPlace . . . . . « « « ¢ & o o « o+ .
3.108 1Initial Gemma Dose Data - Operation Plumtbob -

Shot Fizeau. . . . « & « v+ « « o v 40 .o . 156
3.109 1Initial Gamma Dose Data -~ Operation Plurbbcbh -
Shot Whitney . 1591

3.110 1Initial Gamma Dose Data -~ Operation Plurbtob -

Shot Charleston. . . + & ¢« o v ¢ v v v v o v o o . 191
3.111 Shot Informaztion - Operation Hardwack. . . . . .« . . 194
3.112 Meteorological Data - Operation Hardtzzk . . . . . . 19k

3.114 Initial Gamma Dose Data
Shot Mora. . . . . . e e e e e e e e e
3.115 1Initial Gamma Dose Data - Operation Haritack -

Operaticn Hardtack -

Shot Lea . . .. . e e e e e e e e e e e 197
3.116 Initial Gamma Dose Data - Operation Hardtack -

Shot Hamilton. . . . . . . . . .+ « . « o « o « . . 2C0
3.117 Initial Gamma Dose Data - Operation Hardtack -

Shot S0COTYro . . v v v v v 4 v o v v e e e e e 200
3.118 1Initial Gamma Dose Data - Operation Hardtack -

Shot Humboldt. . . + . . « « « + v o « o o« o o . 2032

3.119 Shot Information - Operation Sun Bzam. . . . . . . . 205
3.120 Meteorological Data - Operation Sun Bzanm .

(o
N
[A°]

.Initial G=mma Dose Data - Operation Sun Bes -
Snzt Jetnde BOV. © v v v v e e e e e e e e e 20%



FIGURES
3.1

3.2

3.3

3.L

3.5

3.6

3.7

3.8

3.9

3.10

3.11

3.12

3.13

Operation Sandstone - Shot X-ray - Corrected gamma.
dose-times-slant-rance—squared versus slante—

rangs . . . . e e . e

Operation Sandstone - Sbot Yoke - Correctei gamma—
dose—*lmes-slanb—ravve-squaYea versus slant-
rangs . . . . . . . e e .

Operation Sandstone - Shon Zebra - Cowrected gamma —
dose-tlmes-slanu-range—aquaved versus Sla"t—
range . . o« o« . .. . . .

Operation Ranger - Shot Ab’e (Access Road) - Uncor—.

rected—gamma-dose—tlmes—elanu—*ange_Sﬂdered versus

slant-range . .

Operation Ranger - Shot “Able (Generator Road) -
Uncorrected gamma—dose—tlmes—qlanb—vange—sqgared
versus slant-range. .

Operation Ranger - Shot Baker I (Acces° Road) -
Uncorrected gamma-dose +1mea-slanc~ranv_~~q red
versus slant-range. . . .

Operation Ranger - Shot Baker I (Generator Raod) -
Uncorrected gamma—dose-times-slant-range—-squared
versus slant~range. . . . .

Operation Ranger - Shot Easy (Access Road) - Uncor-
rected gamma~dose-times- sla1t~range—oquarea
versus slant-range. .

Operaticon Ranger - Shot Easy (Generator Road) -
Uncorrected gamma-dose-times-slant-range—-sajuared
versus slant-range. . .

Operaticn Ranger - Shot Baker II (Access Road) -
Uncorrected gemma—dose—vlmes-slant-van —-squared
versus slant-range. . . .

Operation Ranger - Shot Baker II (Generator Road)-
Uncorrected gamma-dose- tlmes-elant—range squared
versus slant-range. . . . . e e .

Operation Ranger - Shot Fox (Agcess Road) - Uncor-
rected gamma~dose—tvmes~slant—{ange—:qurred
versus slant-range. . .

.

-

Operation Ranger - Shot Fox (Generacor ROdd) - Uncor-
rected gamma-dose-times—slant—range—squared versus

slant—range

10

L7

b9

52

53

o7

Ut
(@]

59

60

62

63



3.15 Ogperation Greenhouse - Shot Easy - Correct
dose-times-slant- range-square
Tange . . . e o« o« . .

3.18 Operation Buster-Jangle - Shot Baksr - Corr
gamma-dcse-times—~slant-range-squared versus
slant~rangz . . . . . . .

3.19 Operation Buster-Jangle - Shot Cha*ll - Corre
gamra—dose-~times—slant-rangs—squared versus
Slant—-rangs . . + « v . v e e v e e e e e

3.20 Operation Buster-Jangle - Shot Dog - Corrected
gamme—~dose-times—slant—range~squared versus
slant—-range . . . . e e e

3.21 Operation Buster- Jaqgle - Shot Easy - Corrected

gamma—Jdose-times-slant-rangz —sgquared versus slant-

TANZD v v vt e e e a e e e e e e e e e e
3.22 Operation Tumbler-Snapper - Shot 2 (Turbler IT
SCEL corrected gamme~dose-times-—slani~range
squared versus slant-rargs. . . . .

2.-% Operatiorn Tumbler-Snaprer - Shot 3 (”unglev 111
SCEL corrected gamma-dose-times-slani-—range—
versus slant-rangs... . .

2.2k Cperation Tumbler-Snapper - Shot 4 (Snapper I) -
SCEL corrected gamma-dose-times—slant—range
squared versus slant-range. . . . . .

3.25 Operation Tumbler-Snapper - Shot 5 (Sn;o ar
SCEL corrscted gamma—dose-times-clani-ran
squared versus slant—range. .
2,25 Operation Tumbler-Snapper - Shot 6
SUEL correcteld gamma-dose-~timez-
squared versus slant—-rangs. . . .

11

)

_HJ
3

73

79

(@0
AV

(O
o

w
-1

(e8]
\O

92



FIGURES (Continued)

3.27

3.28

3.29

3.30

3.31

3.32

3.33

3.3

3.35

3.39

3.40

Operation Turbler-Snapper - Shot 7 (Snapper IV) -
SCEL corrected gamme—dose-times-slant—range-—
squared versus slant-rangs .

Operation Tumbler-Snaprer - Shot 8 (Snapber V)
SCEL corrected gamme—dose—tlmes—slant—“anc~~
squared versus slant-range .o

Operation Ivy - Shot King - Corrected gdmma dosa~
times-~slant-range-squared versus slant-rang=

Operation Upshot-Knothole - Shot 1 (Annie)
Corrected gamma—dose—times-slant_range—squared
versus slant-range

Operation Upshot- KnOuhO'e - SHOu > (Na“CJ) -
Corrected gamma-dose-times-~ slant—ra"~e~squared
versus slant-range . . . e

Operation Upshot-Knothole - Shot 3 (Rutn) - Uncor-
rected gamma—dose-times~ slan;—rangﬂ-squared
versus slant—range . . . .« v e

Operation Upshot-Knothole - “Snot 5 (Ray) - Cor-
rected gamma—dose—tlmes~slant—xaﬂge squared
versus slant—range . ..

Operation Upshot- Knothole - Shot & (Bad r) -
Corrected gamma—dose-times-slant-range-squared
versus slant-range . . . .

Operation Upshot-Knothole - Shoc 7 (Slmon) -
Uncorrected gamma—dose-times—slant-range—
squared versus slant-rangs . . .

Operation Upshot-Knothole - Shot 8 (Encore; -
Corrected gamma-dose-times~slant-rangs-squared
versus slant—range

Operation Upshot- Knothole - Sho, 9 (Har*y)
Corrected gamma-dose- t1mes~slant—range squared
versus slant-range o e

Operation Upshot- Knothole - Shot lO (Grable) -
Corrected gamma—dose- tlmes—slant—range—squared
versus slant-range .

Operation Upshot- Knothole - ShOu 1 (Clwmut)
Uncorrected gamma-dose-times-slant-range-
squared versus slant- range

-

93

95

. 102

105

1Ch

. 109

. 111

113

123

Operation Castle - Shot 3 (Koon) - Gamma dose t1mes~

slant-range-squared versus slant-range

12

. 126



FIGURES (Continued)

3.0L

3.2
3.43
3.4
3.45
3.46
3.47
3.L8
3.49
3.50

3.51
3.52

3.53

35k

Uperation Castle - Shot 6 (Nectar) - Gamma dose-
times—slant-range-squared versus slant-range .

Operation Teapot - Shot 1 (Wasp) - Correctea
gamma—dose-times-slant—range-Squared versus
slant-range. . . . .

Operation Teapot - Shot 2 (Moth) - Corrected gamma-.
dose- tlmes—slant—range—squared versus slant-
Tange. .« « « o« . . . . .

Operation Teapot - Shot 3 (Tesla) - Corrected gamma-—
dose-times-slant-range-squared versus slant-
range. . .« « . .

Operation Teapot - Shot M (Turk) - Uncorrected camma
dose-times- slant-range-squared versus slant—
range. . . . . ...

Operation Teapot - Shot 5 (Hornet) - Corrected
gamma—dose—tlmes-slant—range squared versus slant—
range. . . . . e .

Operation Teapot - Shot 6 (Bee) - Corrected gamma -
dose-times- slant-range-squared versus slant—
range. . . . .

Operation Teapot - Shot k) (Apple r) - Correc*ed
gamma-dose~t1mes-slant-range-squared versus
siant-range. . . . e e e e e e e e e e e

Operation Teapot - Shot (Wasp Prime) - Corrected
gamma—dose—tLmes—slant-range—squared versus
slant-range. . . . . C e e e e e e e

. Operation Teapot - Shot lO (High-Altitude) -

Partially corrected vamma-dose~times—slann—range—
squared versus slant-range . . . e . .
Operation Teapot - Shot 11 (Post) - Correc ed gamma~
dose-times-slant-range~-squared versus slant—range.
Operation Teapot - Shot 12 (Met) - Corrected gamma-
dose-times-slant-range~squared versus slant—
TANge. « « o o o o & e e e e e e e e e
Operation Teapot - Shot 13 (Apple II) - Uncor-
rected gamma-dose-times-slant-range—squared
versus slant-range . . e e e e e e e
Operation Teapot - Shot lh (Zucchini) - Uncor-
rected gamma~-diose—times-slant-range-squared
versus slant-range . . . . . . . . .

13

Yage

127

131

132

134

135

137

138

140

i
=
o

143

144

1L6

147

149



01
D

FIGUESS (Tontinued)
I
3.56 Operation Redwing - Shot Zuni - Unco

YaNSe o s s o s s s e s 4 e s

(O8]

“tion Plumbbob - Shct Boltzmarn - Uncrcrsote:
i~ Jdose—~times—slant-range—squared versus
1 ht—raqge et e 4 s e a4 4 s e 4 N
Operation Plumbbob - Shot Franklin - Corre:
gamma-dose—times—slant-ranga—squared vers:
slant—range . . . « . ¢« 4 4 4 e e e e 4 e 4 e . 170
3.66 Operation Plumbbob - Shot Wilson - Corrected gamms—
g

dose-times-slant-rang:-squared versus siant—

v

w
PR
Ut
.
.
‘,_)
[
NS

Failg2 o o o o 2 o o o o« o s s & o o
3.67 Operztion Plumbbob - Shct Priscilla - Corr
gamma—dose—times—slant—rangs—squared ver
Slant—range « v 4 4 4 4 e 4 e e e s e e e e e e 173
3.68 Operation Plumbbob - Shot Hood - Corrected gamma—
dose—times—slant—range—squared versus slant—

nge
TANES + v « v & & v et 4 e e e e e e e e e e e . 1T7h

.

1k



3.71

3.72

3.73

3.74

3.75

3.76

3.79

3.80

3.81

COHILHifi)
QOperation Plumbbob Shot Diablo - Uncorrzcted
gamma-dose-times-slant-range-squared versus

slant-rang= . .« « v+« v v s e e e e e e e s
Operation Plumtbob - Shot Kepler - Uncorrzcted
gamma-dose-times-slant-rangs-sguared versuas
slant-rangs . . . . . e e e e e e e e e e e
Operation Plumbbob - Shct Owens - Correctad
gamma-dose-times-slant-range-squared versus slant-
TANGS & v 4 4 o v e e s e e e w e e s s e e e A
Operation Plumbbob - Shot Stokes - Corrected
gamra-dose-times-slant-range-squared versus
slant-range . « v ¢ 4 v v e s s e e e e e e e s
Operation Plumbbob - Shot Shasta - Uncorrected
gamma-dosa-times-slarnt-range-sguared versus
slant-range . . « « ¢ v« ¢ v 4 e s e e e e e . s
Cperation Plumbbob - Shot Dopler - Corrected
gamra-dose-times-slant-ranzge-squared-varsus
81ant-range . .« . 4 v e s e e e s e e 4 e e e e
Operation Plumbbob - Shot Franklin Prime -
Corrected gamma-dose-times-slant-range-
squared versus slant-range. . . . « . « & + . .
Operation Plumbbob - Shot Smokey - Corrected
and Uncorrected gamma-dose-times-slant-range-
squar2d versus slant-rang=. . . . .. e e
Operation Plumbbot - Shot Galileo - U
gamma-dose-times-slant-range-
slant-range . . . . « « « « . . .
Opsrazion Plumgocb - Shot LaPlace - Co
gamma-dose-times-slant-rarge-squar=d v
TANE2 & 5 ¢ o o o e e e s e e e e e e e e e e
Operation Plumbbob - Shot Fizeau - Corrected
gamma-dose-times-slant-range-squared versus slant-
TANEE + 4 4 s e 4 s e e e e s e s eie e e e e
Operation Plumbbob - Shc* Whitney - Uncorrected
gamma-dose-times-slant-range-squarad versus slant-
TANZS 4 5 o s o 2 e e s e e e e s s e e e e
Operatinn Plumbbob - Shot Charleston - Uncorrected
gamma-dcse-times-slant-range-~-squarad versus slant-
range . . . . .

o
quared versus

.
°

s ° . . a . - . . . . . . . B . .

15

™

0
1

176
177
178

180

185

190



3.33 Operation Hardiack - Shot Mora - Correctec gamma-
dose-times-slant-range-squared versus slanft-
TANZ2. 5 & o o o o 6 o s 4 e e e e e e e e e e

Cperation Hardtack - Shot Lea - Corrected gamra-
dose-times-slant-rang=-squared versus slant-
Tang2. » .+ .+ . .

Operacion Hardtack - Shot Hamilton - Corryected gamma-
dose-times-slant-rangs-squarsd versus slant-

TANZE . o o o o & b a4 e e e e 4 e e e e e e e

Operation Hardtack - Shot Socorro - Corrected gamma-
aose-times-slant-range-squared versus slant-

TANEC . 2 v o s s o s e e s e e e e e e e

Operation Hardtack - Shot Humboldt - Corrected
gamma-dose-times-slant-range-squared versus slant-

YARZE. 5 4 . e . e

3.8L

s e . B . . * 2 e . . . s . ’

3.85

. . . . . . . . - . « & e « . -

3.390 Operation Sun Beam - Shot Jonnnie Boy - Corrected

amme-dose~times-slant-range-squar2d versus slant-

o

Lo T ° ] B . . . . . . . . . . . . o . . . . . .

3.94 Ope:rwnion Fish Bowl - Shot Star Fish Prime - Uncor-
rected gamma-dose-ftimes-slant-range-squared-versus
slant-ranege. . . ..

- . . . o o . - . ° . . . .

16

N
1~
O

213



CHAFIER 1

INTRCDUCTLION

compaflsons or to draw concl 1sions.
eeply into these subjects.

1.2 BACKGROUND

(U) A comprehensive report summarizing the data frem i
measuraments (O to 1 minute after detonation) made a% nucle
has been needed for somes time. The initial gamma dosz2 measi
here were made by the following DOD agencies: the US Army
Laboratory (USANDL), the US Army Signal Research and Dewslogpment Le
(USASRDL), and the Radiological Safety (Rad Safe) Group at the fest
Gamma data which were compiled by the Los Alamos Scisntific Laboratory
(LASL), the National Bureau of Standards (NES), and other aganciss ars
rresented whers DOD data are not available and where the da%ta of suc
agencies are needed for comparison. Information corcerning the deions
for which gamma dose data are available is presented in Taple 1.1.
yields quoted are based on current information and may be subject o
minor cranges.
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ment, ¢f gamma dose until Opev=zation Twnblsr-Snaprer

(J) The Departmen® of De”erse did notv fully
i T

Rad Safe had performed gamme-4os2 measuramenfs

Operaticn Sands*tone in 1948. Gamma dose was me

Greenhouse by the NBS and during Operaticns Rar

Ivy almost exciusively by LASL. The US Army Signa

dose measurements at the underground and surface sho

Jangle; however, most of the defectors remained in fa
50 hours.
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(U) Pilm has been used at every operation since Sandszone fto meali.rs
gamma dose. To provide energy indepondence and electronic e 1
various film holders have been used -- the most common bed
LAST holders. In addition, silver-phosphate-glass blocks
chemical-dosimeter systems, and cobalt-glass plates have b
number of the operations with varying degr==s of success.
type gamma-dosimeters were tested during Operation Greenk
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Tre results obtained from 21l these systems were guesticred because of

tne neutron resvonse of the detector itself, as well as the intersctiion
of neutrons with the shield used to protect the detectors from blass

and thermal radiation. In many cases this interaction zroduced sufficient
secondary gamma rays to cause an appreciable increase in the total dos=

measured by the detector

(U) This report attempts to rectify this situation by correctirg
the initial gamma data for direct neutron interaction with the detector

Ll T -

for the interaction of neutrons with the shields, and for the aftter: 1tion
of the initial gamma rays by the shields. An evaluaticn of the gamra
dose produced by neutron interaction with the ground is also presented
but not used as a correction since the ground is part of the fixed znviro
ment. To perform this work the USAMNDL obtained direct nesutron interaction
factors for available dosimeter films (References'l, 2, and 3) and correc
tion factors for the secondary gamm= radiation producel by neutron inter-
actions with shields and soil (References 4 and 5). Direct neutron
interaction factors for glass and chemical systems were obftained oy other
investigatars (References 6,7,3,9, and 10). During Operation Sun 2eam
the theoretical calculations which produced the correction factors for
shields and soil were experimentally verified (Reference 11)

).

(U) Recent work has indicated that these gamma dosimeters are depend-
ent upon dose rate and total dose in a complicated fashion (Reference 12),
Much more work will be necessary to clarify this situ=<ion.

18
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CHAPIER 2

PROCEDUEZ

2.1 GENERAL

(U) The gamma data were taken directly from weapon tes: (WT) repor
for each operation. Actually the reported gamma dose data are not stri
initial gamma data but represent gamma doses received up to the tims of
recovery of the detectors, often hours after detonation. R

tex ecant inrova-
tions have greatly reduced the exposure time of the garm2 detzctors, bul
during the earlier operations the gamma detector in the field
for lengthy and often unreported times. Most of § Were exios
upwind of the detonation to minimize the fallout : dution,
Table 2.1 gives the recommended rarges of most of the 4 2rs.

(U) Dosimeter films were the major gamma - -measuring system used at

wearon tests. Films seem to be sensitive to every varisble known to

mankind, and they may be sensitive to some not known, Use of film as
gamma dosimeter for controlled laboratory. experiments przzents some di:
culties in interpreting the data; but use of film at weapon testis, Nherv
little control 1s maintained and where the gquality and type of racdiation
are unusual, presents extreme difficulties. The NBS and aluminum-wood

(AW) film badges have minimized but not 2liminated enerzs dependenc

the films. Minimization of the field variables has progressed from

to test so that now it is believed that the gamma dose can be interore
to within 25-35 percent.

(U
v O
1y

(U) Direct line of sight to the detonation point was a
gamma and neutron data. Whoere the gamms data overlapgped :
of two films, an educated gu=ss was made as to which film was
the original data were specified. Since the protective shield
always adequately described, a number of assumptions concernin
thickness, and composition had to be made in some casss. Factor
direct neutron interaction with film were determined only for film
in the NBS holder. These interaction factors were assumed to be ap
cable also to the AW LASL film holder. Very limited exgerimental d
indicate that the above assumption is reasonable, at least for therm

O g 0O
e
Jaae
'

neutrons. Finally, the neutron-interaction factors ot“ained for the newe

films were assumed to be applicable to the obsolete films of the same
dose range.
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A

(U) TABLE 2.1 RECOMVENDED DOSIMETER RANGES

Dosimeter Type Recommand=sd Range
r
Emulsion 502 0.3 - 102
Emilsion 508 0.3 - 10%
Emulsion 510 10 - 352 R
Emulsion £06 35 - 25007
Emulsion 1290 (Adlux) 35 - 25007 |
Emulsion 548-0 (double coat) 1000 - 10,000
Emulsion 548-0 (single coat) 2500 - 5O,OCC§
Emulsion 649 2500 - 50,007,
AgPQ,; glass 10 - 16,000 .
AgPO; glass 10 - lOg,CCO
Cobalt pldtes 107 - 10
Thermoluminescent 0.005 - 10,0CG
Chloroform 1 - ~ 100,000
Tetrachloroethylene 1-afd
aRarge depends upon method of processing and calibrati a

p
LASL regularly usz31 SL3 emulsion only to 30,000r whers:

. Corps used the 542 exiision to 80,000r.

OGlass that has nt* tesn heat-annealed.

CGlass that has beon hoh-annealed.

dThis is the ove:rall w:icful range. To cover the r
mu3t be added arl ea:n combination of inhibitor a
lene has its own useful range.
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TEEATMENT OF NEUTRON FLUX DATA

(U} Te oktzin niutron 2ata at

reported, grarns of neutron-flux-times-slant-
range were preparzd. Extrapolations were made o

tances of interest.

staticns where suchk da
ran sguar

2.3 NEUTRON SENSITIVITY OF GAMMA DETECTORS

(U) The neutron sensitivities
energy as shown in Table 2.3. The
sensitivities can not be estimated

51
measurements. To use the fast-neutron sensitivities of fthose dosimete

of the gamma detectors vary with
reliapility of the Tast-neutron
since the values are %aken from

22



(U) TABLE 2.2 NEUTRON ACTIVATION DETECTORS

™ N e
Detector Reaction Products Neutron Irsrg
Measur=d
Auto? n, vy Auto® S 0.3 eV
5
A7 n, y As7® < 0.3 eV
23 o . C L
Pu"® Fission Mixed fission products > 10 keV
237 . . . . . ot 6 -
Np Fission Mixed fission products > 0.03 M=7
eee Fission Mixed fission produchs > 1.5 MeV

23
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for which values at only 1 MeV are available, the assumgnion must be mads
that the average value of the weapon's fast-nsutron specirum is 1 MeV.

At stations where the full set of neutron achivaticn dez22tors was not
available, an average energy of 1 MeV for fas% neutrons was assumed and
only the neutron sensitivities at 1 MeV were used for ary gamra detectors
exposed. Actually the neutron sensitivity values cbtainel for emu*sions
548 and 649 and the thermoluminescent dosimster were obtained by exposing

them to a fission spectrum and reporting the values at an average en2rgy
of 1 MeV.

2.4 DETECTOR SHIELD CORRECTIONS

(U) The corrections for the gamma doss producei by neutron in ntaractions
with-a number of popular shields have been reported in Refer=nce Loand
are reproduced in Table 2.4. The contributions of thermal neutrons
(radiative capture) and fast neutrons (inelastic scattering) have bee
taken into account. Induced activity in the shield is neglected (except
for aluminum shields), since calculations have shown tha%t ifs contribu-
tion is less than two percent. The inelastic scattering cross secfions
below 0.63 MeV are negligible.

[DN

o

(U)(Snﬁﬁj As the distance from ground zero increases, the gamma spectrum
hardens (Reference 17) and the attenuation factor for shields would b2
expected to decrease. For surface and low-air bursts of less than 500 x%,
the average gamma erergy is considered to be 1 MeV at distances from
ground zero to 1000 yards, 3 MeV from 1000 tc 30CC yards, and 5 MeV at

greater than 3000 yards. The spectrum of gamra radiation from weapons
greater thar 500 kt is expected to be considershly softer than that for
low-yield weaponz, since the major pcrtion of the dose is Helivered oy

the nj*fc¢Jnam‘ealWy enharced fissicr-produst radiation: For these

weapc .1, the average gamma energy is considzrad to te 1 MeV up to 2000
yards from grourd zerc ani 3 MeV for gr.ater distances. The shield 2%%2n-
uation factors are reported in the initial gamma dose tables for each shot

2.5 INTERACTION OF NEUTRONS WITH SOIL

(U) The gamry contribution from the intzaraction of neutrons witn
the s0il is reporied but has not been used to correct ths gamma data,
inasmuch as the soil is part of the fixed environment. By means of the
method outlined in Reference 3, the gamma doses were calculated for
various soils for fluxes of 1x10'2 thermal neutrons per sgquar= centimeter

25
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and 1x10'2 fast neutrons per square
contriobution at specific slant ran
actuzl thermal- and fast-neutron f
actually absorbed by the soil, ari the build-up
into account. Details are given in the Appendi

centim
23 for the vs
W

[l i}

2.6 COMPARISON OF LASL AND ESL FILM DATA

(U) A comparison of the LASL film data with ths
tory (ESL) film data shows that the LASL dats ars
the ESL data. An investigation into the cause of

Bemis (Reference 18), who recommended that all the
by 13 percent because of calibration difficuities. mrari
energy-inderendent ion chamdbers, the individual emulsion resul
by use of the LASL holder were high by factors varying from 10

o

J LD

percent, and the individual emulsion results obtaired by use
holder were low by factors varying from 7 to 19 percant.

calibration factor is used in this report to correzt thes

Describing the LASL film data in this report as uncorract »
the data have not been corrected for neutron effects but have beer r
ted for calibration error. The individual emulsion corrsctions ars not
applied in this report, since they are applicable only at distances of
to 3300 yards, and to the type of shots for which they were measur
individual emulsion variation is assumed to be due to the 2nergy dec
of the emulsion: the emulsions in the LASL holder ares mors sansit

O U

Since the gamma spectrum is softer at distances cleser to groun
the correction factors should be different. Currently the avera:z
the LASL and ESL gamma data appears to pressnt a good estimats of the
gaonma dose.

(U) An example of the calculations used to obiain the correchion
factors is presented in the Appendix. Formulae for correcting ths
to other air densities are also presented in the Appendix.

(U) All shot information was obtained from References 19 and 20.
Unless otherwise specified, the meteorological data were obtainsd at
level. The meteorological data tables include sland

factors and dose—correction factors as well as oo

density values.

—rang2-corre”

rature, pressure, and

t
(0]
18]
D ¢t
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CHADPTER 3

RESULTS

3.1 OPERATION SANDSTOLNE

(U) Operation Sandstone, conducted at the Pacific Proving Grounis
(PPG) during April and May 1948, consisted of three towsr shois. A summary
of the shot information is presented in Table 3.1 and the metsorological
conditions at shot time are given in Table 3.2.

(U) The gamma measurements were performed by Rad Safe (Tas¥ Group 7.6)
with film badges (Reference 21). Six film types covering the range from
0.05 to 22,500 r were packaged in lightproof packs with a l/32-inch lesd
cross over the front, and sealed in an aluminum-foil jackzt. The film
badges were attached to 2x2x3/16-inch angle-iron staxss at distances of
less than 1000 yards and to lxlx3/l6—inch angle-iron s%takes 3t distancss
of greater than 1000 yards. Energy dependsnce of the film b=zdige was
poor, since excessive response to radiation below 300 kx2V was noted. A
the film badges remained in the field for 12 to 30 hours after detorati
generally in the upwind direction. Residual contamination was estimate:
from field survey data to be negligible as compared to the film readin

R T

-

vt O 1=

(U) Neutron-flux measurements were made by Los Alamos Group LAJ-3
with threshold detectors (Reference 13). Since no plutonium data were

available, the total fast-neutron flux was calculated as described in
Chapter 2.

(U) The garr- data and corrections are presented in Tabies
and 3.5. Figures 3.1, 3.2, and 3.3 show the correctzi gzmmz-d0s

the-slant-distancz-squared as a function of slant dicstance.

3.2 OPERATION RANGER

(U) Operation Ranger, the first operation at the Nevada Test Site
(NTS), was conducted during January and February 1951 and consisted of
five airdrops. Shot information is summarized in Table 3.6, and meteorc-
logical data are presented in Table 3.7.

(U) Gamme measurements were obtained with film dosimeters by the
Rad Safe group of LASL for all the shots (Reference 22). Three film types
covering the range of 0.1 to 3000 r were packaged in a lightoproof paper

jacket with a 1/8-inch lead clip placed over each unit, sealed in a plastic
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jackes, and placed betwess two 1/2-inch wood bl i to-
gether by an aluminum box to approximzte the mo ec T2
The film badge was attached to angle-iron stake the dim of
were not reported. Two lines, 90° apart, were instrurzntzd: Janarator
Road ran due south and Access Roaﬂ ran due west. Recovery was sifecitzd

- b

s er
5 to 6 hours after detonation; but, since no local fallou
recovery time was not criticzl.

(U) Thermal-neutron measurements we2re mad2 by LASL wiih

Zold detactors

(Reference 13). DNo fasu-neutron measurements ware maiz, The suilur-
neutron flux for Shots Able and Fox might have besn eziimzted il the gold-
neutron data from these shots had been found to be comgarzdle to tne gold-
neutron data from the similar Shots Tumbler II and Busfer Dog. Howavor,
since the gold-neutron data agreed only within a factor of two, estimztion
of the sulfur-neutron flux by this method would be inascurate

(U) The uncorrected gamma data are presented in Tables 3.3 thru 3.12,
and the uncorrected gamma-dose-times-slant-distance-sauarsd versus slant
distance are shown in Figures 3.4 thru 3.13.
3.3 OPERATION GREENHOUSE

(u) Operation Greenhouse consisted of four tower shots detorated at
the PPG during April and May 1951. A summary of the shot inforrzticn is
presented in Table 3.13, and the metecorological conditions at shot tim2

are given in Table 3.1L4.

(U) The gamma measurements, which consistzed of the use of Tilms en
" in NBS holders, were obtained by the NBS (Reference 23). Four Tii

fer iims wsrs
used to cover the range of 0.1 to 80,000 r, but ore -- the Eastmsn 5202
positive -- was used as a performance check of the DuPor% 605. 123

film holder consists of thin layers of tin and lead to proviie r
energy independence,and a thick layer of bakelite to provides ele
equilibriwm. The film badge was attached to a 21-inc“ pipe. Sinro'*
further information concerning the pipe is given, the pire is assumzd to
be of steel and 1/8-inch thick. No azimuth was giver from grourd zero.

No corrections for the effect of fallout need to ve made since the fallout
was negligible (Reference 24),

(U) Neutron-flux measurements were made by LASL, with gold and sulfur

detectors (Reference 25). The fast-neutron flux has been agzin calculatzi
from the sulfur data.
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(U) The gamma dzta and the neutron corrsctions are presentzd in
Tables '3.15 thru 3.18, and the plots of gamma-dose-fimesz-slant-range-
squared versus slant-range are shown in Figur=o 2. thra 3,17

3.4 OPERATION BUSTER-JANGLIE

(U) Cperation Buster-Jangle consisted of seven shots at ths NT3:
the first was a tower shot, the next four were airdrops, the sixth was
a surface shot, and the last was an underground snot. A summar; of th
shot information and the meteorological conditions at shot time is pre
sented in Tables 3.19 and 3.20.

1y

(U) Gamma dose measurements were obtained by LASL (Refererze 26) from
all detornations except Able and the surface shot, and by Signal Corps
Engineering Laboratory (SCEL) (Reference 27) from the surfzce a-d under-
ground shots. LASL used a series of five films to cover the range of 0.1
to 30,000 r. The films were exposed in the AW holder atfached to an angle-
iron staks driven into the ground. Films were recovsred from 3 o & hours
after detonation. No local fallout was recorded for the first Tive shots
(Reference 2L).

(U) SCEL also used five films to cover the range from 0.5 to 10,000 r.
The films were exposed in NBS holders, but the report dces not mention
how the film badges were positioned or whether shields were used. Unfor-
tunately, most of the films remained in the fallout field up tc 50 hours
after detonation. To ascertain the initial gamms dose, the fallout doss=
from one minute up to recovery time must be subtractsi
The fallout daota were obtairned from Reference 23,

=

Trom tozzl dose.

(U) Neutron-flux measursmants were made by LASL (Reference 29) for
the first five shots. Gold- and sulfur-neutron data for the surface -1
underground shots are available in Reference 13.

(U) The gamma doses and the neutron and fallout correcticrs are pre~'
sented in Tables 3.21 thru 3.26. Graphs of corrected gzmmi-docz-times-

slant-range-squared versus slant-range are given in Figures 3,1~ thru
3.21.

(U) The neutron fluxes for the surface and underground shcts at the
slant ranges of interest are too small to permit meaningful corrsction
factors to be obtained, and the initial gamma doses obtained by correcting

for fallout are very erratic. Therefore, no graphs are presented for
these two shots.
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3.5 OCPERATION TUMBLER-SNAFPER

(U) Cperation Tumbler-Snapper was conducted at the NIS during April,
May, and June 1952. The operation censisted of four airdrops and four
tower shots. The pertinent shot information 1s presented in Table 3.27,
and the meieorological data at shot time are presented in Table 3.28.

(U) The gamma measurements were made by two groups: LASL (Reference
30) and SCEL (Reference 31). LASL used film in the AW holder,mourted on
angle-iron staxes; SCEL used film in the NB3 holder attacred to aluminum
stakes. Neither group mentions azimuth or fallout efflects -- except for
nzpper IIT -- when the cloud passed over the LASL line. Tt was assumed
hat the films were placed upwind of the other shots where fallout had
ittle effect. However, the LASL results are consistently higher than
he SCEL results, and possibly the LASL films recorded some fallout radiz-
ion. Shot 1 was not instrumented for gamma measurements.

ot ot ot U2

(U) The neutron data for Shots 3, 4, and 8 were taken from m2asure-
ments made by the Kaval Research Lab (NRL) (References 32 =rd 1L). The
1ASL obtained neutron data at Shots 4, 5, 6, 7, 8, which zre recorded
in Reference 33. Reference 13 records neutron-flux data for all eight
shots during this operation.

(U) The SCEL gamma data for Shots 2 thru 8 are presented in Tzbles
3.29 thru 3.35 with their appropriate correction factors. Tables 2.36
thru 3.42 give the LASL film data without neutron corrections. Figures

3.22 thru 3.28 present the corrected SCEL gamma-dose-times-slant-range-
squared versus slant-range.

3.6 OPERATION IVY

(U) Operation Ivy, held at the FPG during October and November 1952,
consisted of two large-yield shots: Mike, a surface shot, and King, an
airdrop. Shot information and meteorological data are given in Tables
3.43 and 3.44, respectively.

(U) Camma mezsurements were made by LASL on both shots with film
(Reference 34). The film types used are the same as specified for Cueration
Tumbler-Snapoer. To obtain initial gemma data in the heavy_fallout field
expected from MMike, a film-drop gadget was used whereby films exposed to
radiation for a predetermined time would automatically drop below ground °
level into a radiztion-protected area. Unfortunately these gadgets did
not work, and many were filled with water, sand, and debris. The few
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films that did drop indicated much smaller decses than thoss fiims which
remained above grournd. Although the tire of droppirg is urknown, the
films might reasonably be assumed to have droprad befors the arrival of
fallout. Only the dropped-film data ars presented with errcr limiis wnicnh
do not include the error due to dropping time. No neutron correcilons are

presented since the neutron flux was negligivle.

(U) The AW film badge was assumed to be bolted to angle iron sta¥es
for Shot King. All film badges located from 700 to 17C0 yards Ir
zero vere destroyed; the rest were reccovered the daj a:ae: the 3sn
readings indicated that residual activity was negligibi=. All

tions for both shots were on land.

H

cooground

- . -
WOT.,  SUrvey
I

aroy, sha-

0wt

(U) Reference 13 gives some gold and sulfur data for the two snots.
These data were extrapolated to the slant ranges of intzrest

(U) The gamma data for both shots as well as the nsutron
for Shot King, are presented in Tables 3.45 and 3.46. Correct
dose-times-slant-range-squared versus slant-rangs for Shot Kin
in Figure 3.29. '

3.7 OPERATION UPSHOT-KNOTHCLE

(U) Operation Upshot-Knothole was conducted at the NTS from Yarsh to
June 1953. The operation consisted of 11 detorations highlighied by S%ot
10, which was an atomic weapon fired from a cannon. The pertirent shc
information and meteorclogical data are given in Tables 3.47 and 2. hS
respectively. It should be noted that in some of the WT report

&

Zor this
operation, the order of Shots 5 and 6 and Shots 8 and 3 was reverszad
Table 3.47 lists the shot nuwrbers strictly according to chronolo ginal
date of detcnation.

QJKS/RS7_Initial gamma measurements were made by LASL (Reference 35)

for Shots 5, 6, 10, and 11 and by SCEL (Reference 36) for Shots 1, 2, 3,
5, 6, 7, 8, 9, and 10. The SCEL gamma detectors consisted of five film
types encased in NBS holders and attached to aluminum 3taxes assum=d to
be 1/L-inch thick. The film range was from O to 12,000 r. The de-ectors
were recovered approximately 3 hours arfter detonation. No azimutn is

given for Shots 1, 3, 6, and 9, and no mention is made of corrschinng
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being necessary for fallout contributions. From comparison of fallout
contours for this cperation (Reference 24), the initial gamma detectors
obviously were plzced far enough from ground zero, if they were in either
the upwind or cross wind direction, for the fallout effect to be negligi-
ble. Large limoniie blocks were placed in the towers for Shots 2 and 7

in such a positicn zs to attenuate the radiation east of the tower. Tne
gamma line for Shot 2 was east, and the gamma lines for Shot 7 were east
and south. Only the south line data are reported for Shot 7. Neutron
corrections were made in Reference 36 for the gamma data obtained for Shot
16. The neutron ccrrection factors used in Reference 36 arz erconecus

and the neutron fluxes used are suspect. SCEL was cne of the groups which
reversed the order of Shots 5 and 6, and Shots 8 and 10. SCEL reporied
distances as radiasl distance from GZ, not as slant range.

-V

2 AW holder attached to angle-iron staxes. The films =overed the
ringe from 0.1 to 2000 r. No azimuths are given for Shots 5, 6, and 11,
srd no mention is mzde of fallout affecting the detectors. “ariaticon of
grrma exposure with neight above the ground, frem cne-kalf .ot to 10
feet, was measured 2zt Shot 10; the variation did not exceed x5 percent
for the slant distances of 2000 to 3000 yards.

LQ [5<®D) LASL obtained their gamma measurements from five film types
in tH

(U) The garma data obtained by the two projects agreed fairly well
for Shots 6 and 10. The LASL data were slightly higher for Shot 5.
Qh‘ﬁé:;g?'Neutron measurements were made by LASL (Reference 37) for
Shots 1, 2, 3, 5, 6, 7, and 10, and by NRL (Reference 38) for Shots 8,
9, and 10. The nsutron data for Shot 10 were taken from NRL data.
Unfortunately, scoze of the LASL neutron data were taken for diagnostie
mezsursments and were unusable for this report.

Plutonium-nsutron acata
are available for Shots 8, 9, 10 (Keference 39J. Since this was the
first attempt to mzasure neutron flux with plutonium detectors and the
objective of the project which obtained the plutonium-neutron data was
to obtain ratios Tetween neutron flux inside and outside Civil Defense

shelters, it was decided not to use these data.

(U) The SCEL gzzmma cdata and the neutron corrzctions, whar vail
are presented in Tzbles 3.&9 thru 3.57. Curves of the SCEL gzrma-dose-
times-slant-distance-sguared versus slant-distance are presented in

Figures 3.30 thru 3.38. The LASL gamma data and neutron-flux data are
given in Tables 3.58 thru 3.61. The LASL gamma data for Shot 11 times-

slant-range-sguar=3d varsus slant-range are presented in Figure 3.39.
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3.8 OPERATION CASTLE

(U) Operation Castle wa2s conducted at the PPG during the pericd March
thru May 1954. The operation consisted of six detonaiiors: +two lani
surface ard four barge shots. Pertinent shot informztlorn z2nd m

ical data for the three shots for which gamma data are avzilad

sented in Tables 3.62 and 3.63, respectively,

Engineering Labo*auo ies (SHL) for Shots 1, 2, 3, h, and & (Rp erance l#O).
Most of the deteactors were either destroyed or contaminatsd so that dzta
from only nine stations from Shots 3, 4, ard 6 were usable. Data wers
obtained from NBS film badges and chemical dosimeters shielded by 0.25-inch

aluminum pipes.

(U) Neutron data for Shots 4 and 6 are available frocm Reference Li.
Data from only two neutron stations are reported for Shot 4, and only two
of the eight stations for which neutron data are available for Shot b
had clear line of sight. No neutron data were obtairel for Shot 3. In

general the neutron results are inadequate because of contamiration,
excessive time lapses before recovery, and loss of stations.

(U) The gamma data from Shots 3, 4, and 6 are presented in Tables
3.64. No neutron data or corrections are shewn. Curves of gamma-dose-
times-slant-distance-squared versus slant-distance for Shots 3 ard 6 are
given in Figures 3.40 and 3.L1.

3.9 OPERATICON TEAPOT

(U) Operation Teapot was conducted from February thru May 1355 2%
the NTS. The operation consisted of fourteen detonations: ten tower
shots, three airdrops (one of which was a high-altitude detonation), and
one underground shot. Table 3.65 provides the pertirent information for
the shots for which gamma measurements were made. The metecrological
data are given in Table 3.66.

(U) Gamma measurements were made by a number of groups during Cpers-
tion Teapot; however, only the LASL {(Reference 42) and USA Signal Resz=zar-h
and Development Laboratory (SRDL) (Reference 43) projects wers mainly

concerned with free field initial gammz measurements. Gamma d2%ta from
chemical dosimeters are presented for Shots 9 and 10 (Refserence LL) o
supplement the SRDL data. These chemical dosimeter values are considered
to be less accurate than the film data, since the fasft-neutron sensitivity
of these dosimeters was unknown. Edgerton, Germeshauzen, and Grier, Inc.
(EG&G) reported many film gamma measurements for a shielding project
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(Referen
shields wer 3
slant range. No neutr o

because a weak film developer was u
ported here.

(D

Ls).
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the discrepancy beumpoq the Los Alam0o AM dz=

badge results, by comparing them with ens pardsn e

chamber readings. The results wers dlscu o-d in Chapter 2. The 23 =272
AW Dbadges were exposed on metal stakes to the radiation from Shcus 6, &,
9, 13, and 14, The measurements obtained from Shot 13 were affex:z=2d fo)'s

the cloud passing over the instrument line. The NBS film-baige ra2sul’s
obtained by LASL are presented tb supplement the SEDL ga::a data and ro
distinction is made between the two in the table

(U) The bulk of the gamma data reported was obbained from the S2DL
measurements. The NBS film badges were exposei in aluminum holdsrs 2
to metal stakes. Tt was assumed that the aluminum holiers were

thick so that attenuation of the gamma radiation was negligitle Tw

=RV .

dosimetérs were exposed in the upwind directicn and rscov 3 30Cn 28
practicable; therefore no residual radiation corrections were necesszry.
The film badges were exposed in 3/8 inch steel drop canisters for the high-
altitude shot. Windows covered with 1/16-inch aluminum were drilled in
the canister to expose the film. However, if the radiation di
directly through the alumimum window it had to pass Through th
as well as the surrocunding instrumentation which was not des
the orientation of the canisters is not reportsd, no shield
were ms'2 for this shot.

|
S~

,4
f"
(oM

t5 (Q

(D
D
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™

(U) SRDL used "betatron correction factors" to accourt for 2 diffs:-
ence In calibration curves for ths various emuisions when usi
tion as opposed to betatron radiation. These factors are igno: im
report, since "betatron correction factors'" reported in Appendix C of
Reference 45 -- which were obtaired by use of the same betatron mazhine
and film eumlsions as those used by SRDL -- do not agree with SE3L resul
SRDL considered the "betatron correction factors” for previous ogper
to be negligible except for 508 film emulsion which was not ussi durin
Operation Teapot. No experimental confirmation was obtain ©
"betatron correction factors", during subsequant operation

o+

- -

wed for ths
na

18

(U) The underground detonation, Shot 7, was instrumented with IES
film badges to obtain residual radiation measurements and is nc= d=z-ribed

c i

in this report. The Shot 11 gamma data out to 1204 yards are a comzosine

R G

of 0°, 45° and 90° lines. The gamma data at 412, 510, and £08 yariz for

Shot 11 are questionable because the emulsionsused at these staftion:
were exposed below or above their normal ranges.
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U§x§7?5j Most of the neut
Q

ron data are taken from srance U6 pregared
bythe NEL. The data are presented in the form of g of nvt-timss-~
= versus slant-rangz and are therefore subject to intarpretive errors
Tne gold-reutron data for Snot 5 show 2 large upward ation from the
straight-line curve at distances closer than 550 yar This fact is con-
firmed by neutron data obtained from Referance Lk, thermal-neutr

dzta used in this repori for Shot 5 are the actual m

tre straignt-line extrapolations. The sulfur-neutro

seem low when compared to those for Shot 11, the sam ice ‘1tn orTJ
few modifications. The Pu, Np, and U data for Shot 11 were oobtalinsd 2=

only four distances and no closer than 510 yards. Ths extragolation
the neutron curve for Shot 11 may be somewhat in error, especially

at 8istances closer than 510 yards. The fact that thz neutron corrections

exceeded the total dose on the film at 316 yards also indicates that the

extrapolation of the neutron curves to the shnorter diszzances may de in

rror, The total fast or Pu neutron flux for Shot 3 was estimzt2d using

Pu to S ratio for Shot 11.

(U) The gamma data are presented in Tables 3.67 *taru 3.79. Curve

3
of gamma-dose-times-slant-range=squared versus slant-raznge are presentad
in Figures 3-42 thru 3.54.

3.10 COPERATION REDWING

(U) Operation Redwing was conducted at the PPG from May thru July
1956, The overation consisted of seventeen detonations: two airdrovs,
five water-surface shots, three limited-land-surface
snots, and one shot on 2 barge in shallow water over
rovides the pertirent information for the shots for wn
mma measurements were cotained. The meteorological da

s, six tower
ef, Table 3.2
h successfuil

a are given in

3n
2

ot
re
ic
at

(U) Gammz measurements were made by SEL (Reference 47), LASL
(Reference 48), and the US Army Chemical Warfare Laboratories (CWL) (Ref-
erence 49). LASL attempted to differentiate the initial-gamma-radiztions
versus time by using films in "drop gadget' instruments during Shots
Lakota, Navajo, and Tewa., Only data from Shot Navajo were usable.

(U) SEL obtained initial gamma data from Shots Zuni, Flathesd, Daxora,
Iavajo, and Tewa. The NBS film badge positioned in 2 number of different
shields was used as the primary dosimeter., Station ard mutual dosimster
shielding factors (effects of one detector on another) were calculated

SEL. However, the estimation of the average gamma energy at the dist
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of inter=st was incorrect and new gammz shieldirg factors were calculzatad
for use in this report. Film norma,lzatlon factzrs (betaﬁron correztion)

were used by SEL. They were the same factors as those used during
Cperation Teapot, since betatron calibrations cculd not 2e mads for this
Operation. Again, as for the Teapot dataz, thesz factors are 1 r
Corrections for preshot and postshot residual ccntamination we o}

by using drop-type mechanisms, field surveys, ard estimztions.

(U) CWL was mainly interested in neutron r:2 s“;ements, bub chemizal

dosimeters were placed in 0.43b—cm thick and 1.3-inch diametzr stezl
pipe nipples to measure gamma as well as neutrcr dose for Shots Yuma,
Blackfoot, and Kickapoo. The US Air Force (USAT) arnd the Atomic Erergy
Commﬂsalon (AEC) supplied chlorinated hydrocarton syst2ms to measure gamra
dose.

3]
[
-
®

(U) The USAF chloroform dosimeter provided the bulk of trhe garma
data. The type of chemical used in the AEC cherical dosimster was no=:
elucidated. Thermal-neutron corrections were rzde on the USAF chlorolform
dosimeter using the value of 1.5x10° n/cn?/r recommendzd in Refersznes 10.
The USAF chloroform dosimeter is claimed to be "fast neutron insernsitive”.
However, the interpretation of the term "fast neutron insensitive” is opsn
to question, since no definite sensitivity val.ues have been oouaum'q Nec
corrections are presented for the AEC chemical dosimefers.

(U) Neutron data for Shots Yuma, Erie, Blackfoot, and Kickapoo are
available from Reference 49. No extrapolation of the data was necessary,
since the neutron and gamma measurements were made at the same stations.

No neutron data are available for Shots Zuni, Flathead, Dakota, Navajc,
and Tewa.

(J) The g mozm d=2 and neutron corrections (where availabvle) ars
tabulated in Tables 3.82 thru 3.90. The station and mutual shielding
factors are pricented for Shots Zuni, Flatheazd, Dakotz, Navajo, and
Tewa, but the shield corrections are not pressated 31nc° neutron corrac-
tions must be made first. These results are zorrectei for residual and

preshot exposures. Curves of corrected gamma-iose-ul:es-slanz-range-
squared versus slant-range are given in Figurs:z 3.55 thru 3.63.

3.11 OFERATION PLUMBBOB

(U) Operation Plumbbob was conducted at the NTS from April thri Ociober
1957. It was the first operation in which a nuclear device was suszzaced
from a balloon for detonation and the first in which rocket delivery of a
nuclear warhead from an in-flight aircraft was emplcy=2d. The op=r9*‘on
consisted of thirty detonations: one one-point shot, one tunnel shot, five
safety shots, one air shot, nine tower shots, and thirteen balloon zhots.

A summary of the shot information is presentei in Tarle 3.91, anl the
meterorclogical conditions at shot time are given in Table 3.92.
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(U) Gemma measurements were mad= by SRDL (Referencs
Force School of Aviation Medicine (SaM) (Refarernce 51), Al
Weapons Center (AFSWC) (Reference 52), EGAG (Reference 53)
of different agencies for Program 2 durirz Shot LaPlacs (R

é > S ) AFSWC measured the variation in garma dose with
ground u51nc a variety of detectors and found that the zarma

by about a factor of 1.3 at an altituds of apbrcx*m9*°‘y &

deduced that the initial gamm= radiation is nearly mowci
that the bulk of the scattered radiation is of low ener

(SR

film badge and chemical dosimeter (SAM) data at 3-foot n2ight

[}

sented herein to supplement the other garma data, Hurst ard Rifcewn:
(Reference 55), using fission foils and chemical dosimstsrs in col
confirmed that the angular distribution of the neutrcn and garmrz
at the ground was insensitive to.,weapon and distance ard thau the
buildup was approximately 30 percent.

other gamma data were available. EGLG used a weak film iﬁ'DTOp
D-76; the neutron effect on film is impossible to determine whzn
developer is used (Reference 56). Information was also lackins
position and type of stations. The EG&G film badge is very similar
the NBS film badge.

(U) The SAM used the tetrachl oroetnylene two-phase chemiczl dosim-
eter to measure the initial gamma dose. The dosimeter is claimed Lo be
fast-neutron insensitive; that is, if exposed to one rep of fast rnzutrons
with no gamma rays present, the. dosimeter would generate 0.83 percant
as much acid as it would for 1 r of garmmz radiation. Thereforz, oo corre:-
tions are necessary for fast-neutron sensitivity. The dosimetzr I3
thermal-neutron sensitive. Reference 10 reports that 5.9x20° thermal
neutrons per et produce as much acid as 1 rep of gamma rays. During this
operation lithium shields in 1/b4-inch-thick aluminum "3eer Mugs" were
used to reduce the thermal-neutron flux. Pags 23 of Refersnce 51 states,
"If no gamma rays are present, 3.25x10"% thermal neutrons gen=ratz 4as
much acid as 17r of gamma rays in the two-phase tetrachloroetiylene systex,”

J
This 1s erroneous since it conflicts with statements in Re? ef:"ﬂ~ 10 b
the same authcr and with Reference 57 which states thz- 3.25 «10"® thermsl
neutrons generate as much acid as 17r of gamma rays wh2n the Zlosimzter
is encased in the lithium shields. Corrections for thermal-nsutrsn

effects were not made when the dosimeter was encased in lithium. The

+3

R4

chemical dosimeters in the "Beer Mugs" were hung from steel gcal postis
at approximately 3 feet above the ground,

(U) SRDL exposed film in NBS holders to measure gamra dose. Most of

the film was exposed in the photographic-dosimeter traasport mechanism
(Emmett) designed to measure gamma exposure in one-second increments
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ime interval from O to 20 secornds. Total dese measu
i4= ~ ~na oo
AL -

15ide the Emmett device and freom film tared to Tr2 Oux-
side of the Errett device (1/2 Emmotu) ard fle taped to stakss.
”
SRDL 4id not recommend the use of "betatron cor factors .

(U) Residuzl radiation values were obtained from Referznc2
all shots of infterest. Most of these residual values w=re estir
The residual radiation COQterquOQ from eacn shot for which az
recovery time were reported was. determined to b2 negligibis.

(U) The neutron data were obtained by USAIDL (R
the Oak Ridge National Laboratory (ORNL) (Refarzrce
presents the neutron data in the form of grap
slant-range-squared versus slant-range, ard ar
errors. For those shofts for which gold-neutr
gold-neutron data were estimated from the ratic o
similar shots.

(U) Reference 58 preseris the neutron data in tabular form as
as graphically, thus allowing more precise determination of flux val
Neutron data for Shot Priscilla at distances between 400 and 6CC yaris
were very erratic and did not follow the parallel-line assumption. The
placement of the detectors appeared to be the disturbing factor. Thes2
detectors were placed among many structures and other installatiors,
which may have caused scattering and other disturdances in the flux fisld.
These measurements, although an indication of the actual flux at the
point of measurement, probably did not give a true picturs of the rre
field flux. For the free-field flux at these distances, the values t
from an extirapolation of the curve obtained from grazhing flux-

=D

rangs-squared versus slant-range procably give a more realistic

(U) Neutron fluxes from Shot Smoky were ovtaired to evalus®z
effects of terrain on neutron measurements. Since the terrain el
were pronounced, the neutron data can not be extrapolatsd to distances
other than thcse at which actual measurements were made.

(U) The gamma data corrected, where possible, for neutron effects
are presented in Tables 3.93 thru 3.110. The film data reported are taxe:_
from NBS film badge measurements uniess stated otherwise. Curves
dose-times-slant-range-squared versus slant-rangs are shown in Fig;res

3.64 thru 3.81.

3.12 OPERATION HARDTACK

(U) Operation Hardtack was a two-phace operation: Phase I was con-
ducted at the PPG from May thru August 1958 and consisted of 35 shots
which included the first very-high-altitude detorztions; Phase II was
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conducted at the NTS from September thru Cctooer 1958 arnd consistei of

37 shots. A summary of the shot information for the six shots for waich
initial gamma data are available is presented in Table 3.11 The reteoro-
logical conditions at shot time are given in Table 3.112.

(‘ [5=R1) Gamma measurements for Shots Fig, Hamilton and Humb oldt
weYe provided by CWL (Reference 59). MNBS film badges in steel cori
which were screwed onto steel stakes were the principal defectors

=0

|
(

IS
[

« ¢F = (D l-‘
R

For Shot Fig, the detector stations were placed as follows: thirty-s
film-badge stake .stations on land; four Emmestt devices on land; eizz%t Tilm-
badge stations on land and water along the Project 2. ba neutron lire; and
seven film-badge stations hung vertically from the Project 2.11 balloon
cable. The 'slant ranges reported for the balloon line are not exati since
the position of the cable was estimated. Also, this estimated sla:t rangs
would apply only for the prompt and nitrogsn-capture Tor

the fission-product radiation since the firevball and cloud racridly ascend,
and this radiation source would pass within the same distancs T cn

DD

for
detector. It must also be remembered that the air density decra2
altitude and may affect the gamma results. The 143° line was per
to the long axis of the weapon.

s L
I .
SU
+
D

b

(p)'TSTRSA.The main gamma instrumentation for Shot Hamilton comurised 26
film—badge stakes and 4 Emmett devices. These data were lost beczuize of
an accident during film development. The films used for gemma surzort

measurements for Project L.2 were undamag=d (Reference 60) The 150° ard
330 lines were perpendicular to the long axis of the weavon.

(V TS=Ro). Srot Humboldt was unexpectedly moved to another arsa ons dsy
prior to shot day; thus only one line could be instrumsnted. Film badg=ss
in pipe nipples were attached to the neutron line out to 400 yards and
were pulled out of the area within 10 minutes after detonation. Farther
out, film badges were taped to stakes and goal posts of unknown composifticn
and dimensions. This line was perpendicular to the long axis of the weag

0 ?B\ﬁs; Residual contamination was generally negligible. The

20-yzra
station at Shot Hamilton was in the upwind direction and the dose rzi2
was less than 10 r/hr at H+l hour. The 30-yard station on the 1kZ° line
for Shot Fig was recovered within 5-10 minutes. All the water stz-ior:
were recovered within 10 minutes. The residual contamination, datz for
Shot Fig were obtained from Reference 61. The H+l-hour reacdings wzre
used to calculate the total residual dose from 10 minutes to the time of

recovery (24 hours).
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(U) rzutron data wére obtained by CWL for Shots Fig, Hamilton, and
Humboldt, znd reported in Reference 62.

(U) Tre gamma and neutron data for Shots Lea, Mora, and Socorro were
obtained by ORNL and reported in Reference 63. The gamma dosimeters
exposed were tetrachloroethylene chemical dosimeters and AgPO, glass rods
in the ORINL aluminum "Beer Mug" shield including natural lithium shielding.
The gamma znd neutron data were presented as "normalized" data for Shots
X, Y, and Z (Lea, Mora, and Socorro). The appendix to Refarence 63 provides
the clues necessary to correct the normalized data to actual data for the
actual shot. The "scale factors" reported for the neutron data were in-
correct. £ private communication (Reference 64) from the authors of the

report stztes that the reciprocal’of the neutron "scale factors" should
be used.

(U) Tre zamma data are presented in Tables 3.113 thru 3.113. Gravhs
of gamma-dose-times-slant-range-squared versus slant-rance are

shown in
Tigures 3.22 thru 3.87.

3.13 CPERATION SUN BEAM

(U) Creration Sun Beam was conducted at NTS in July 1962. The opera-
tion consisted of four shots of small-yield weapons close to the ground.
A summary of the shot information is given in Table 3.119, and the metecro-
logical conditions at shot time are presented in Table 3.120.

(U) Tre USANDL measured the initial gamma dose for the four shots
(Reference 11). The detectors used were film in FBS holders, glass micrc-
dosimeters in tin-tantalum-teflon holders, cobalt-glass plztes, calcium
fluoride thermoluminescent dosimeters, and formic=acid chemical dosimeiers.
The formic-acid dosimeters yielded no usable data and the thermoluminescen
dosimeters were generally lower by a factor of three as compared to the
other three dosimeter systems. Only a few thermoluminescent desimeters
were exposed, and the results are not presented in this compilation. The
dosimeters were exposed mainly in steel pipe nipples which were attached
to pull-out recovery lines. ©No residual radiation corrections are necessary
in view of the early recovery of all dosimeters. Protection from thermal
neutrons wazs, in many cases, provided by a shield of lithium-6. The cobalt
vlates which were not protected by Li® vielded cata which are susgpect
since the thermal-neutron correction is very large and not accurately known.
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ne 649 film data, especially at the closer stations, gave anczalous
results after corrections. At some stations the fast-rneutron correction
was greater than the uncorrected gamma dose. This mzy be due %o an error
in the fast-neutron correction factor, but more liksly it is 42 fo dose-
rate dependence. The 649 film provided much better data at mor
stations where the dose rate was lower, although the neutron-c
factors were the same. Some dosimeters were exposed in nylon
nylon screw-type plugs. The thermal-neutron flux inside these nylon
shields was gernerally higher than the thermal-neutron flux outside the
shield by a factor of 2.2. This is taken into account in corr=cting the
data obtained in nylon shields.

(U) The neutron data were obtained by USANDL and reportec in Reference
65. Neutron and gamma data were obtained at the same stations. Some of
the neutron data points are far removed from the smooth curve of the RIP
versus D plots. The make-up of the stations may have caused this devia-
tion. The neutron data used are the actual data obtained at ezch station.

(U) The gamma data are presented in Tables 3.121 thru 3.

of gamme-dose-times-slant-range-squared versus slanft-range ar
Figures 3:98 thru 3,93,

3.14% OPERATION FISH BOWL

(U) Operation Fish Bowl  was conducted at the Johnson Islzad Test Area
during the summer ard fall of 1962. The operation consisted of ten high-
altitude detonztions, five of which achieved a nuclear yield, Pertinent
shot informsztior is presented in Table 3.125.

(U) Gamm2 mezsurements were made by USANDL (Reference 54). The main
detectors were film in NBS holders, silver—phosphate-glass microdosimeiers,
and cobalt plates. The gamma instrumentation was contained in three re-
coverable pods for each shot, The pods were attached to the laurncn vehicle
and released at the proper time during the early part of the trajectory.fto
place them at various distances from the detonation point. Tre three gamra
instrument packages per pod were placed at the center of the pod and were
surroundéd by various objects and cushioning. Some of the cotzlt plates
were placed in the neutron-detector packages which were placed at the rear
bulkread and presumably were so oriented that they looked 4

ireztly at
irectly at
the burst. The cobalt plates in the neutron package recorded less doss
than that recorded by the cobalt plates in the gamma packags The greater

L2



shielding arcurd the gamma package would indicate that the reverss should
be true. However, much of the shielding was 2 high-hydrogen-content cush-
ioning. This material may have thermalized scme of the fast neutrons

and provided a higher thermal-neutron flux at the gamma tacksge than at

the neutron package. Since the cobalt plates are highly thermal-neutron-
sensitive, this thermalization effect may havs been the causz of the
discrepancy in the readings.

(U) Neutron measurements were made by the USANDL (Rafersrce 65). MNo
thermal-neutron-flux values are given because of the doudbtfulnezs of the
validity of the small differences between the cadmium-shielded and the
unshielded gold detectors.

(U) Since the thermal-neutron-flux values are not available, and thne
effects of the difference in the positioning of the neufron and gamma
packages in the pods and the effects of the shielding material are not
known,the gamma results have not been corrected for neutron and shielding
effects. The uncorrected gamma results are presented in Tables 3.126,
3.127, and 3.128 and the curves of gamma-dose-times-slanf-rangs-squared
versus slant-range are shown in Figures 3.2%, 2.9% ani 3.96.
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Gamma Dose X Siont Range Squared (r yd?)

Corrected

OPERATION SANDSTONE B
Shot Yoke -

10® i 1 1 I 1 { 1 1 1 1
800 1000 1500 2000 2200

Slant  Range (yd)

Figure 3.2 g«R() Operation Sandstone - Shot Yoke - Corrzctied
gamma~dose-times-slant-range-squared versus
slant-range (U).
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Figure 3.5 Operation Ranger - Shot Able (Generator

Road) - Uncorrected gamme-dose-times-slant-
range-squared versus slant—range (U).
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Figure 3.22 (SRL) Operation Tumbler-Snapper - Shot 2 -
(Tumbler II) - SCEL corrected garma—

dose-times-slant-range-squared versus
slant-range (U).
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Figure 3.23 {SSRQ) Operation Tumbler-Snapper - Shot 3

(Tumbler III) - SCEL Corrected
gamma~dose-times-slant- range- squared
versus slant-range (U).
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Figure 3.24 (3=RD) Operation Tumbler-Snapper - Shot k4
(Snapper I) - SCEL corrected gamma-
dose-times-slant- range—squared versus
slant-range (U).
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Figure 3.25 (S-mB). Operation Tumbler-Snapper - Shot
(Snapper II) - SCEL Corrected gamma-dose-—
times-slant-range-squared versus slant-rangs (U).
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Figure 3.26 (B< Operation Tumbler-Snapper - Shot 6

(Snapper TII) - SCEL Corrected gamma—dose-—
times-—slant-range-squared versus slant-rangs (U).
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Figure 3.27 (5RD) Operation Tumbler-Snapper - Shot 7
(Snapper IV) - SCEL Corrected gamma-dose-
times-slant-range-scuared versus slant-range (U).
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| Figure 3.28 ﬁﬁfﬁﬁs’ Operation Tumbler-Snapper - Shot 8
(Snapper V) - SCEL Corrected gamma—-dose-

times-slant-range-squared versus slant
range (U).
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x Slont Ronge Squared (r yd?)

Corrected Gomma Dose

OPERATION IVY i
Shot  King
" S -
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0?
r . 0\ 4
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07 [ I N I N SN I S| B I I L
2000 2500 3500 4000 -4200
\IB Slant Ronqe {yd)
Figure 3. 29 Operatlon Ivy - Shot King - Corrected

gamma-dose—times-slant- range- squared
versus slant-range (U).
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Slont Range Squored (r yd?)

Corrected Gommo Dose

|°I°

T T T 1 T T T T T T T
OPERATION UPSHOT - KNOTHOLE

_ Shot 2 (Noncy) | 7]
10° \
0® Q

L 4
'07 L 1 1 1 L 1 . i i 1 1 1 L 1 1
1000 1800 2000 .- 2500 3000

\“B Slant Roanna {vd )

Figure 3.31 M) Operation Upshot-Knothole - Shot 2 (Nancy) -
Corrected gamma-dose-times-slant-range—
squared versus slant-range (U).
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Uncorrected Gomma Dose x Slant Range Squared (r yd"')

108

OPERATI

Shot 3

ON UPSHOT - KNOTHOLE
(Ruth )
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©

Figure 3.32 (SRQ) Operation Upshot-Knothole - Shot 3 (Ruth) -
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Uncorrected gamma-dose-times-slant-range-
squared versus slant-range (U).
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OPERATION UPSHOT - KNOTHOLE
I Shot 5 (Ray)
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Figure 3.33‘?§§RD1 Operation Upshot-Knothole - Shot 5 (Ray) -

Corrected gamma-dose-times-slant-range—
squared versus slant-range (U).
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Figure 3.35 M Operation Upshot-Knothole - Shot 7 (Simon)-
Uncorrected gamma-dose-times-slant-range -
squared versus slant-range (U).
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Figure 3.40 TSEFDQ Operation Castle - Shot 3 (Koon) - Gamma-

dose—-times—slant-range-squared versus
slant-range (U).
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Figure 3.41 (S-RD) Operation Castle - Shot 6 (Nectar) -
- Gamma-dose-times-slant-range-squared
versus slant-range (U).
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Figure 3.42 (3SRB). Operation Teapot - Shot 1 (Wasp) - Corrzctes

gamma—-dose-times-slant-range-squared verzus
slant-range (U).
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Figure 3.437(S=RB] Operation Teapot - Shot 2 (Moth) - Corrected
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Figure 3.4k TS\RQl‘ Operation Teapot - Shot 3 (Tesla) - Corrected
gamma-dose-times-slant-range-squared versus

‘slant-range (U).
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Figure 3.45 (S=RB» Operation Teapot - Shot 4 (Turk) - Uncor-

rected gamma-dose—times-slant~range-squared
versus slant-range (U).
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rected gamma—dose-times—slant-range-
squared versus slant-range (U).
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Figure 3.5§\T§~RQ1 Operation Teapot - Shot 13 (Apple II) -
Uncorrected gamma-dose-times-slant-range-
squared versus slant-range (U).
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Figure 3.54 (S=R®) Operation Tezpot - Shot 14 (Zucchini) -
' : Uncorrected gzmma-dose-times-slant—range-
squared versus slant-range (U).
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Figure 3.54 (S==)
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Operation Tezpot ~ Shot 14 (Zucchini) -
Uncorrected gzmma-dose-times-slant—range-
squared versus slant-range (U).
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Figure 3.56 (SRD) Operation Redwing - Shot Zuni - Uncorrected
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Figure 3.65 Operation Plumbbob - Shot Franxlin -

Corrected gamma-dose-times-slant-rangs-
squared versus slant-range (U).
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Figure 3.67-£S~FP¥ Operation Plurbbob - Shot Priscilla -
v Corrected gamme-dose-times-slant-range-
squared versus slant-range (U).

173



-quBTs |mwﬁ5n asop-eumred pajOax

(pA) obuoy juois

*(n) sBuer-quers sNSJILA paaenbs-aluea
I0) - POOH 30Ys - qoqqumid goSﬁ&o\Em\mw\o € aan3t14

i

000¢ o0oc2 0002 ] 002
T T T T T T T T T T o0
"N
L 4
L N
L o
| 4
- .O_
¢
X
= E
L -
- -
- .
- =
| 13.9
(10130180 j0
s0uoy #A0gD Sa10A) ()
[o]
j03MusY) X x/
B wi4 (o] _
pooH oyS /
= 8088ANTd NOILVYY3dO X E
C 1 1 1 1 L t 1 1 1 1 ]

no

9S0Q OWWOYH PadRLIn)

X

(sz 1) pasonbg ebuoy uoig

174



© )Mo
carddiu Lo '

cpajaodal axam st e g} 30 DIRAIGNY odom

; .
oo g 01 %01 nI't §76°2°6 ALOGND £2°0 J  gEro orp £T°0 ST70 DHIXG'S  O1Xgh f  DIX0°9 H1x 9201 176 g1g'z05  “fe coity
ot [T L10 GNR 3°L 0 wito o£z J oone on'1 OTXT2 6 (OIXGEE 01X2276 01%96°6 670G 9Og ur 14 cmaonts
He (UL Hot 668 L] £ 92 3 122 076t o OTXON' G L OTHRO™Z OIXTO y OTXEG79 024 [OURIAS] S gt
oM o'z £2°1 [WNQF foe‘e 55 3 09L*T 90t TOIXGE L, OTXZR 2 010176 (O1XGE"6 008y e yTo'1
cot ‘1t ooc'eye 271 000*nEc  oy9'Sn RN J o02tE opo'€ D U OIXIG 6 I OTXTL 2 0000l< Ge L
00‘ee  (On‘gy S L ool'es v T eo@ r > QUL OTXLST6 40U e OTXI9 y 5000% ¢l oty
oR‘e9 oopisot 6201 coh'Ey oty 2 » ] O3y o @IXGYE o @UK2L Yy L OIXIET T 5000407 LEENT
000 5T 000" TFT on‘%or Lt LL a P ] lyorxen®1 VOIS SOTXLTT T L OTXOE T {000 9LL TEa 10D Vo092
1 2 1 2 1 1 1 2o /v Jaofu nafu o /u 1 , pk
uopIng 290 1030%] JFsoq uoyy uoty uoyy uotrj3 aso(
-§I3U0DQ WIS UOTREN WWKD  -33110) ~dalin) 2dL), =3a110) -dad10) Yy adky ynwyzy aduey
1108 Pp9II3220) -UINY ,ﬂuuun—u 18301 pIoTuS  pr=tug 18ud . ny r N n Qa nd ny PINdAI 1a3iaT50( Jueis
Teuty -30) XN[4 voxnoy ~100111
SNGMO LOHS ‘HOSHWNTd NOTIVHAIO - VIVQ 3S00 WWWVD ‘TVILINI 001°€ F18vl (
+3sa12qut Jo soBuex juels 03 9E{oderjxa 03 BIFP UOIINaAU JUILITFMEUT
1/n Byl 199 v gt TeaTHaYy) 06 oté 1 .
Vi/A Iyl 1aag " . G6e Tea1way) 6 £10°T
11/n Fi 293¢ ] i o02'L (CEACEH] 6 125
‘ g1aju X 1 ph
adfy s n du nd ny asoq 10y9978q et zy aBuey
platys wanted ad Ay, juets
mid uornay pajdazIoNy
UFLID! JOHS ‘GOGMNNTd NOLLVUAIO - VIVA 3900 WHVD TVILINL 66°¢ FIHVl \Q-.M
*ATQRTIPA® ®}Up uoIjnau oze
12401 ISV v [40h ¢ QoY Witd D6 yiL'e
1m0} Kauiyum v "9 (LR L2 H] P6 610°1
1avo) faujtum A LL o0 Wity Hb 6191
LI £re (U984
¥i/m Sy 1.2 w onl. %M. 2ret
VI/n By 1aay » 061 T uou) &6 £T0°1
11/n By 2239 ® o05'g [RERCE Th] D6 (a1
nSU\: 2 p&
4Ly s n di ng ny asoq ROABRY Y] ynmyzy iy
PIIINS Wathy;) iRy, pung
. xny{g worynay pa12a1100un .

OTVIA LOHS ‘HOUHMI [ NOVIVIERO - VIVA d0900 WWWVD TVILINI #6'€ FIAVIL ( >

L

175



10’0

{1 111

OPERATION PLUMBBOSB

i Shot Diablo
B O  Chemical 7

- X Film

109

Slant Range Squared (r yd?)
T 17T

1
| R I N o I |

1

08 - \

LR L
111

Uncorrected Gamma Dose

\

\

600 BOO 1000 1200 1400 1600 800 2000 2200 2400 2600 2800 3000 32C0 3400

: Slant Range (yd)
0

Figure 3.69 (S-RQ) Operation Plumbbob - Shot Diablo - Uncor-
rected gamma-dose—times-slant-range-squared
versus slant-range (U).

176



OPERATION PLUMBBOB
Shot  Kepler

LA S L]
N Y N T

L.

Uncorrected Gomma Dose x Slant Range Squared (r yd?)

500 1000 1500
6 Siont Ronge (yd)

2000

Figure 3.70~{8=R5)- Operation Plumbbob - Shot Kepler - Uncor-

rected gamma-dose-times-slant-range-squared
versus slant-range (U).
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Figure 3.72 Operation Plumbbob - Shot Stokes - Corrected

gamma -dose-times-slant-range-squared versus
slant range (U).
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versus slant-rznge (U).
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Figure 3.74 TSSRBR) Operation Plumbbob - Shot Doppler -
Corrected gamma-dose-times-slant-range-
squared versus slant-range (U).
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Corrected Gamma Dose
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Figure 3.75 (S=fB)_ Operation Plumbbob - Shot Franklin Prime -

Corrected gamma-dose-times-slant-range-
squared versus slant-range (U).
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OPERATION PLUMBBOB
Shot Galileo

Uncorrected Gommo Dose x Slant Ronge Squared (r yd?)
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Figure 3.77 % Operation Plumbbob - Shot Galileo -

Uncorrected gamme~dose-times-slant-range—
squared versus slant-range (U).

187



e e

£ [ b4 Ho't w12 3 a q _ APAIEE L0 BRRFITS 12003 SOTX2LTL L omafr 912 "
T JA33 Ot Wt Bl a q L OUUGT Oy 0Tt o OieE (214 “ 1
(2034 €2 o't fon » a L] B L LT ST RPIEITE I TR0 B 1
21€ LLL ne'l Inl 2 a a A XYETD 01 O 0%). " 1
[ 9414 otet Ho't 0011 2 a Q TR0 0T LI AN JLE A B n 1
€S ozt w1 0501 2 a a O X0t 2 0TS (OTX95° T Q40T % 1
€°ES 34+] [ ozn 2 a L] HOIXROTT L OIXG0°Z 0TS (QIXETT 2R - 2
2'af Orl L oot B4 a L} OUF) U QUM o0l 0 LY 2 ofnt - 2
ont onie [} [\ a a q LOUXNE 2 (O1X02° L L OTHO' T OUEM Yy 000E . Hee o't
o0t olén [<0a ¢ otly 2 qQ a VO G L OIX02 T 4010 E (OO0 06l = ooz Ue
I a1 1 x 1 1 3 I fu Joa/n an/fu s/ 1 pk
- ‘ |
uotIng osoq J039m4  IL0q  UOIY uotl "ol uoyl 1 w0 10152130
~y13u0) WMRD UOTIEN  WEMIDD -23310) ~IALI0) adA] -2all0) ~daIX0) -2y Jo yanm afury
1108 PeIdauso) -uayy Padax  I9I0)  PIIUS PTAING 8R4 ny n an ng ny pa19ax  adAl  -izy uels
Tvutd ~10) — «xodufn
AVEZIA JOHS ‘HOA@N'IA NOLIVHRIO - VIVA 3S00 VWWYD TVILINI - 184 Sg«
raxe3s 03 padM1w o¥peq Wiy SAI,
catddu adid wa13 ® (5500 i AFrRq BTLE S@,
“WMTITT dIth PR 1238 TNWO,
REJCTE St ]
- sz
10°0> g£°0 0°1 gt°'o #10°0> T0°0> °  T00°0> £0°0> PUXNOTL  PTXN'E LIXGECL pTxol g gETo 206 . 010'¢C
107> KS°0 0'T #5'0 410°0>  T0°C> s T00°0> E0°0> SN2 pUGUE OTET PI¥0) ns°0 0% » o'z
o> £g0 01 fg°0 no'o> 107> » 0> ET0°0> HHO6°9  01X05°2  OIX(LH  OVHE'T £§°0 206 v o'z
we 41 o't w't no°o> 10°0> s T00°0> E10°0> OUOL' T OIXgE’9  DOUX6z°1  01x2g'h W1 205 v o'z
1toro (24 o't ¢z lzsoo 2070 a  Go'0  2f0°0 oIxgE q  LOIXCL" T HOWloE po1xg2’ 1 9°2 206 v ¢r2‘2
[ & Ln 0T Ly o oo 2 g0 9p0°0 O T OIXEE Y OIX9R6  PIXSH'E 674 206 * ¢10°2
Lo 59 ot 19 92'0 0170 2 K200 e OIX9°T 0Tl g LO0UXn9'1  POIXEL'S L9 206 v G16°t
g2°0 <6 [t S 40 02'0 s 20 22'0 HUETUE otronl 01x49'g HO1XL°6 Ol  01% " G1g't
o 31 ot [%¢ 26°'0 Ot°0 a L2'0 S€°0 PIXL0°G  OTXIE°Z  OIX0N'4  OTXEC"T nt o oots " ozl't
19°0 gl 01 81 W' 05°0 3 o0 850 HULL'G  OTXGOTH 01X29°L LOUXL9°2 02 Of5 wITd ¥ (29'1
gt A9 w1 %k FA S IR A S 2 qQ q OUEN T 01%66°9 4 QIX0E°T  OIXIE Y 9t  tesrmayd  w 025°1
et L2 44 Lz 'z 080 2 g5’o0 g6'o LOUXEN T OTXE6°) 501401 OIXLE'y 62 o909 v 025°1
EL ] 0°1 on 'y 091 2 660 (42 ¢ O1XEn'2 OTXTL6é 5,0110°2  OI%69°L "™ 905 v o't
6% £9 01 69 6¢'L ol°2 3 691 o't OTXIT" Y 5 OTXI1°2 5 01X2g°E 4 01XIE"1 9L coymurL W 52
s [E w01 1] o  Iy'o ] q q OIF G L0112 0126y 01X99°T 28  Tworwmud ® il
05°L ‘Lot 01 Lot 6721 09°% s g2 of°s OUXEE L o OI¥EL'E o O1Xi9"T o OI¥EE"2 02T 209 v ¢zz't
gl "% [\3 991 1oz ot 2 26y of'g b OUXGT' 1 4 OTXY6"S O1¥20" 1 e OUING"E g0Z wow(td v c2('l
L'ne oy So0°t gez 402 ho"2 2 q q b ©1XL0°2 (OTXEZ' T (OIXLT'Z o01Xl0°L  0fZ [wram) v 0£0°1
Lne L1723 [428 { 662 L'0§  0°S2 P 966 9t @102 QIXEZ'T (OIXL1'Z o01RLO'L  OSE o002 " OED°1
0°6h 24 0°1 13 663 o€ 2 L9t 862 o OIXL2 (UG (OIXSL'E (OIXIET G99 ooo e He6
06 ML 521 229 §'26 094 P 191 g 62 o OLXLZ' Y L OIXH0" L LOTXGL E ¢ OIXIE"T [ A v 4E6
[31] ogTT 0% ogll 221 0°0h 2 (39 815 0 ©O1X68°9 01%2L°€ | OTXG"9 ,O1™g2"2  COfl 09 " €9
tte 0561 G621 o042t 29T o'o) P (44,8 /16 e QTXSE™9 1 OIXC . (O UXA G 1 O1XR2" 2 cont 203 witd w9
(114 616 o't g 026 0z'6 2 qQ q 2 ©@ITON'Y ¢ OIXTG N 1 OIXIE'G 101%12 € ORe [udIEy) - v Q6L
989 ooy G0°t osgE "9'16 916 3 Q q o OUIAN" Y L OIXCE"2 OTX9L H o 01X1IR"1 00CE Twotwayy ® g56
X L 1 X 2 E] B ! gofu ;o Mfu o /u 3 pA
LLISLY agoq J03dug asoq wotl oty U131 uoty _ asoq 10123130
-§11110) waES) HOTIWN  WeWe() -D3X10) -dAIX0) il -n31310) -9AJIO) 1] J0 e ABuwy
1708 P939a110) -usljy PIPAL  [WOL  PLIANIS PIAT 18l ny n a n ny paar alky  -1zv quels
~200) .

™Uld -10)

xnpg wosina

AVIAVE NG CHOBEHILY HOTIVHALO - VAW 4wl WHVD VLU

o s Tl

183



*(n) s8uex quets snsIaA paxenbs o8ura jueTs
saurty asop 'umed pajoaxio) - 8dBIJRT JOUS - qoqqumid uotyeradp (M

n)

{pA) obupy (uoiS
0052 o002 006! 000 00§

Y T T T T T T \B T T T T T T T 20

= / .0
. .
o X / J

° ol
L 4
- -
- -
L —
L N x .

1001UseYD X [e] /x
wrs O
?o0idoy  JO4S B
I~ 8088ANTd  NOILYH3dO

ﬁ 1 1 J A m

00t

3SOQ  DWWDY  PadRLI0D

(zpﬁ 1) pasonbg 2Bupy uois

139



10'°

Slant Range Squared (r yd?)

‘09

N

Shot

OPERATION PLUMBBOB
Fizeau

3

Corrected Goﬁmo Dose
T

L

900

1000 1100

N
Figure 3.79%*11(

1200 1300

Slant Range (yd)

1400

1500

Operation Plumbbob - Shot Fizeau -

Corrected gamma-dose-times—slant-range—
squared versus slant-range (U).
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Figure 3.83~(6-BD) Operation Hardtack - Shot Mora - Corrected

gamma—dose- times-slant-range-squared versus
slant-range (U).
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Figure 3.84 TS>RB) Operation Hardtack - Shot Lea - Corrected

gamma~dose-times-slant-range-squared versus
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APPENDIX

(U) The following example of the calculations that are necessary to
correct the gamma dose data, is taken from the Shot Hood (Operation
Plumbbob Sﬁfta at 1119 yards slant range.

5 1. To obtain the gold-neutron correction the thermal-neutron

sensitivity of the S8 film (Table 2.3) is divided into the gold-neuiron
flux:

3.59x10'% n/cn®

Q\ 8.8x10° (n/em® ) /r

'TSERDJ_2. To obtain the fast-neutron correction, the fzst-neutron

= 407.6r = ﬁOBr

2oL

sensitivity of the 548 film (Table 2.3) at 1 MeV is divided into the total
fast-neutron flux as represented by the Pu neutron flux:

1.04x10*® n/cn®
2.9x10° (n/cm® ) /r

= 3586r = 3590r

(U) Since the fast-neutron sensitivity for the 548 film was obtained
from a fission-neutron spectrum of average energy of 1 MeV in order to
correct the film for fast-neutron effects, the averagé neutron energy of
the particular shot must be assumed to be close to 1 MeV. For those films
which have neutron sensitivities reported for a number of fast-neutron
energies, the neutron sensitivity at 1 MeV is divided into the Pu-U flux,
the neutron sensitivity at 2 MeV is divided the neutron
sensitivity at 4 MeV is divided _ and these resdlts are
summed to obtain the total fasteneutron correction.

(S-RD) 3. To obtain the shield (Emmett) correction, the gamma dose
value for a thermal flux of 1x10'% n/cn® in Table 2.4 is multiplied by
the gold-neutron flux divided by 1x10*2 n/cm?; the gamma dose value
for the 0.63 to 1.5 MeV interval is multiplied by the Np-U flux divided
by 1x10" n/cnﬁ; the gamma dose value for the 1.5 to 3.0 M2V interval is
multiplied the gamma dose value for over
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(/RD) 4. The gold, fast, and shield corrections are added and this

value is subtracted from the uncorrected gamma dose to give a corrected
gamma dose: '

17,500r - (408 + 3550 + 1230) = 12,272r = 12,300r

(Szég) 5. To correct for the gamma attenuation of the shield, gamra
attenuation factors for each shield type were calculated for gamma energies

of 1, 3, and 5 MeV using 1 to calculate the attenuation factor. The
e kX '

appropriate attenuation tactor for the slant range and shot yileld was

multiplied by the corrected gamma dose to obtain the final corrected
gamma dose:

12,300r x 1.1k = 14,022r = 14,000r.

(s{/RD) 6. To save time, "magic numbers'" which are the soil gamma
dose for 1x10'® thermal neutrons perrsquare centimeter and for 1x10'°
fast neutrons per square centimeter were calculated for Nevada-type soil,
coral, and water using the methods outlined in Reference 5. To calculate
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the soil contribution, the thermal "magic number" is multiplied by the
thermal-neutron flux divided by 1x10*® n/cn? and added to the fast-neutron
"magic number" multiplied by the fast-neutron flux (Pu) divided by

1x10%2 nfem®. This result is multiplied by k using the formula:

1.k = J/R-1
JR + /3 cos B

where © = angle between normal to surface of ground and path of neutron
beam from point of detonation

gs

Ca

R =

where

Cg = microscopic scattering cross section of soil
O, = microscopic absorption cross section of soil

and then multiplied by the build-upvfactor for soil.

The constants for Nevada-type soil are:

Thermal "Magic Number" = 523r

Fast "Magic Number" = 351r
/R = 8.17
Build-up factor = 1.3

.‘ 1012 3 . 1] 13 2
| <§23r x 3.59x n/cm :) + <§6lr « 1 0Lx10™® n/em®
1x10°% n/cnf 1x10'2 n/en’

1878r + 3754r = 5632r
500 yds

cos ® = " = 0.447
1119 yds

1-k = 7.17 - 7.17 - 7.17

= 0.802
8.17 + /3 x 0.h4k7 8.17 + .773 8.943
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= 0.198

5632r x 0.198 = 1115r x 1.3 =14h49r = 1L450r which is the soil contri-
bution.

(U) To correct the burst conditions to standard air density the
following formulae for correcting the slant range and dose must be used.
Standard density, pg, is defined as 1.293x10-3g/cm’®, the density of dry
air at ¢°C-and one atmosphere pressure.

The corrected slant range, Rg, is given by

and the corrected dose, Ds’ is given by

with p/p given by

: Ps .
p/as=o..2695-(cc,-c1 +CG -C +. . . )
where C, = 1
C, = 1/2(0 269x10°° pg g y/T)
C; = 1/6(0.269x10~° pg g v/T)? .
Ca = 1/2L4(0.269x10° py g y/T)
éo = pressure at the detector, mb
g = acceleration due to grav1ty, cm/sec?
-y = height of burst, cm
T = temperature, °K

(U) The slant range and dose-correction factors were so calculated
by approximating p/pg via the parameter y/t that only those C's whose
values were equal to or greater than 0.0l were included. Inclusion of
only C, assumes, in effect, a constant density between source and detector.
Inclusion of.Cy and C, assumes a linear variation in density with height
between source and detector. Inclusion of all the C's assumes an ex-
ponential variation in density with height.
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(U) For the Teapot and Plumbbob series where both the ground and
burst conditions are available, the correction factor is given by

_ 0.269
D)

where

ground conditions
burst height conditions
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