DNA-TR-84-405

NEUTRON EXPOSURE FOR DOD NUCLEAR TEST
PERSONNEL

J. Goetz

J. Klemm

C. Thomas

R. Weitz

Science Applications International Corporation
P. 0. Box 1303

McLean, VA 22101-1303

15 August 1985
Technical Report

CONTRACT No. DNA 001-84-C-0351

Approved for publlé release;
distribution is unlimited.

THIS WORK WAS SPONSORED BY THE DEFENSE NUGLEAR AGENCY
UNDERRDT&E RMSS CODE B350084466 US3QMXMHO0012 H2590D,

Prepared for
Director
DEFENSE NUCLEAR AGENCY
Washington, DC 20305-1000

e 2 N e

e d i WAL kT €

i o e

L Th. 22 .

P St

i_;"?“&- Fei




Destroy this report when it is no longer needed. Do not return
to sender,

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY,
ATTN: STTI, WASHINGTON, DC 20305-1000, iF YOUR
ADDRESS IS INCORRECT, IF YOU WISH IT DELETED
FROM THE DISTRIBUTION LIST, OR IF THE ADDRESSEE
IS NO LONGER EMPLOYED BY YOUR ORGANIZATION,




DISTRIBUTION LIST UPDATE

This mailer is provided to enable DNA to maintain current distribution lists for reports. We would
appreciate your providing the requested information.

01 Add the individual listed to your distribution list.
O Delete the cited organization/individual.

O Change of address.

NAME:

ORGANIZATION:

OLD ADDRESS CURRENT ADDRESS

TELEPHONE NUMBER: _{ )

SUBJECT AREA(s) OF INTEREST:

DNA OR OTHER GOVERNMENT CONTRACT NUMBER:

CERTIFICATION OF NEED-TO-KNOW BY GOVERNMENT SPONSOR (if other than DNA):

SPONSORING ORGANIZATION:

CONTRACTING OFFICER OR REPRESENTATIVE:

SIGNATURE:




Director

Defense Nuclear Agency
ATTN: STTI )
Washington, DC 20305-1000

Director
Defense Nuclear Agency
ATTN: STTI

Washington, DC 20305-1000



h UNCLASSIFIED
e STV CUASSTACA TRON OF YHIS FAGE. 4001758329

l TION PAGE omm 07040188
3 REPORT DOCUMENTA ( o paersagres
A Ta. REPORT SECURITY CLASSIFICATION 16, RESTRICTIVE MARKINGS
i UNCLASSIFIED
:l‘.- 2a. SECLIAITY CLASSIFICATION AUTHORITY © 13, DISTRNBUTION/AVAILARILITY OF REPORT
i::‘ N/A since Unclagsified Approved for public release;
b b, DECLASSIFICATION / DOWNGRADING SCHEDULE distribution is uniimited.
o N/A since Unclassified
o A, PERFORMING ORGANIZATION REPORT NUMBER(S) $. MONITCRING ORGANIZATION REPORT NUMBER(S)
o SAIC-85/1814 DNA-TR-84-405
i e e -
": 64. NAME OF PERFORMING ORGANIZATION 6. OFFICE SYMBOL 7a, MME OF MONITORING QRGANIZATION
:‘:;‘ Science Applications (if appiicadie) b ?“‘“’N 5
s International Covporation efense Nuclear Agency
¢, ADDRESS {City, State, and ZiF Code) 75. ADDRESS (CHy, State, and ZiP Code)
i P,0, Box 1303
) Washington, DC 20305-1000
A McLean, VA 22102-1303 ashington, DC 20305-100
t‘; b L ———— -
r:&: %a. NAME OF FUNDING{ SPONSORING sb. ac‘)'mcc SYMECL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
e ONGANIZATION
i GAN soplicabie) DNA 001-84-C-0351
Be. ADDRESS (City, Statw, andd ZiP Coce) 10, SOURCE OF FUNOGN_G’_l_HUMBERS
1y [ PROGRAM PROJECT TASK WGRK UNIT |
s ELEMENT NO. | NO, NO. Jaccession no.
-*:ﬂ!._ 62715H LERT H DHO08529
i T, THILE (iciude Securty Casshcation)
e"':if NEUTRON EXPOSURE FOR DOD NUCLEAR TEST PERSONNEL
o 1Z, PERSONAL AUTHOR(S)
;:'»t Goetz, J., Klemm, J., Thomas, ., Weitz, R.
9.?}:’ 13a. TYPE OF REPORT 13b. TIME COVERED 14, DATE OF REPORT (Vear, Month, Day] |15, PAGE COUNT
l:::_: 16. SUPPLEMENTARY KOTATION
by This work was spongored by the Defense Nuclear Agency under RDT&E RMSS5 Code B3I500B4466
US9QMXMHOO0L12 H2Z590D.
K, K COSATI CODES !l SUBJECT TERMS {Continue on reverss if necessary snd Umﬁ!y by block number)
_3.:' FIELD GROLP SUB.GROUP  ~§ ~ Nuclear Test Fersounel Review
'i"'iﬁ 18 k] Neutron Dose; .
o 6 18 Radiation Transport .« —-
f::"‘ ABLTRALT (Continue on reverse if PeCessary end KRntfy by DIOCK Aumben
at
Neutron doses for DoD units/projects that participated in atmosptieric nuclear test
't"fi,f programs are asgessed using computer codes ATR and ANISN. Units/projects whose personnel
; a:g are identified as having received a neutron dose of at least 1 mrem are listed by opera-
‘t‘_i: tion and shor. Of the several thousand units/projects screened, 160 are identified as
::ﬁs , having received a free-field neutron exposure exceeding 1 mrem. Of these, approximately
lsf{ 75 percent are alrcrews with the remainder being ground—based units, either scientific
projects or military observer/manecuver units. f... , -
S 1]
|-“1=1
e
Ml
ey
" 3l
4
10, DISTRIBUTION 7 AVAILABILITY OF ABSTRACT 21, ABSTRALT SECURITY CLASSIFICATION
b O UNCLASSIFEDANUMITED  [E] SAME AS ROT. ] OTic UsERS UNCLASSIFIED
‘o‘:' 123, NAME OF RESPONSIBLE INDIVIDUAL 226, TELEPHONE (inciude Ares Code) | 22¢. OFFICE SYMBOA
.:‘:,: Betty L, Fox {202) 325-7042 DNA/STTI
ol DD FORM 1473, BAMAR 53 AUR adition may be used unt] exhausted. IFICATION OF THS P&

R A R AT

. *




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

i1 UNCLASSIFIED
SECU CLASS




CONVERSION TABLE

Conversion factors for U.S, Customary to metric (S1) units of measurement

MULTIPLY » BY » TO GET
TOGET .4 BY 4§ DIVIDE

ARgsITOm 1,000 000 X K =10 matars (m)

stmosphere (normal} 1M XE 2 kilo pancat (hPa}

har 1.000 008 X E «2 kilo pascal (sl

barm 100 000X K 23 meier? (m?)

Brivish thermal unit tthermochemical) LOMHIINE+) Jouls ()

calorle (e rmockamicul} 4.1 M oule (2}

cal shermochemical/om? SIHOXE -2 mogs Joula/m? 2 /m?)

tuTie

degrea {anght)
degree Fabronheil
alactron voli

ey

erg/necond

foot

fool-pound =foroe
gallon (U5, Liguid)
inch

jerh

jouleMilogram (/%) iradiation dose
abaorbed)

hilolons
Rip (1000 I}
kip/ineh? (k)
klsp

micron

mil

mile tinternational)

DURCE - e
pound -force (ths svoirdupoist
pound -force inch

pound force finch

pound “force Aoo:®
pund-loree/mch’ {pal)
pound-mats {lbm avoi ndupols)
mnd-mul-lem’ imomonl of inerile}

pound -mass A n:ua

tad (radiation doxs absotbed)
roenigen

shake

slug
tory (mam Hy, 0* C)

1000 XE +}
1. M3 XE -2
s 1% 450811 8
1.8021% XE -1»
1.000 006X K -7
1.000000X E -7
540000 XE
1,965 818
2MMEAXNE -
2. M0000 X E -2
100X E +9

1. 804 400

4.103

LMV XAE 4]
S MISTXE LS

1.004 000 X € 42
1000000X £ 4
2.H0000X X 8
1P XE o)
LMXE 2
4820

1.126 M X E -2
LIIMIXE «2
TR0 XE -2
€884 981

(X1 TR S

LH4MNIXE -3

1403 MEXE 4}
LIV X K -2

LI HOIRKE
1006000X K -5
LASIIN XK +}
1222 XE -

gign becquere) GBq}
radian (rad)

dagres kelvia (K}
puls 43

Josile ()

walL (W)

meter {m}

oule (J)

mr’ ;,.3,

mater {m)

Jouls (3}

Gruy Gy}

terajoules

nawton (N)

kilo pescal {kPs)

m-litﬂln"ﬂ’
{H-s/m*}

melar (im)

melar im)

mater im)

hilogram {kg)

nawiom [N)

newton-mater (N.m}

sawion/inster (N/m}

kilo pancal {kPa)

kila pancal (kPs)

kilegram ikg}

I:ilogm;\-wur’
{g -m<)

Isllc'nmt‘mlur’
g /)

soGray Gyl

coulomb Adlogram
1CAg)

macond {u)
kilogram (g
kito paxcat (kPa}

»The Beequere! (Bg) is the 81 unit of radioaclivity; 1 By = J eveni/s,
seThe Gray Gy} i the BJ unil of sbsorbud radiation.




TABLE OF CONTENTS

Section | Page
CONVERSION TABLE 1it
LIST OF ILLUSTRATIONS v
LIST OF TABLES A
1 INTRODUCTION AND SUMMARY 1
2 ISODOSE CONTOURS 2
2.1 CONTINENTAL ISODOSE CONTOURS 2
2.2 OCEANIC 1SODOSE CONTOURS 3
3 DOD PERSONNEL RECEIVING NEUTRON DOSES 9
3.1 CONTINENTAL OPERATIONS 9
3.2 OCEANIC OPERATIONS 16
4 CONCLUSIONS 20
5 LIST OF REFERENCES 21
I jecpnslon Tae /
CUTIT nT el ¥ :
Liig isw .
Vas s, o .
Justific: 0 M cemd
By. e e °
_Distridbution/ {{/ % %
Avallability Codos g
: 7 JAvail eod/er
izt | Speeisl ",

i ! ot
| &/ j o,
i : His

iv




LIST OF ILLUSTRATIONS

Figure Page
1 Neutron Isodose contours for continental detonations. 4
2 Neutron isodose contours for oceanic detonations-surface bursts. 6
3 Neutron isodose contours for oceanic detonations-air bursts. 8

LIST OF TABLES
Table Page
1 DoD personnel recelving a neutron dose at Operation
BUSTER-JANGLE. 10
2 DaoD personne] receiving a neutron dose at Operation
TUMBLER-SNAPPER. 10
3 DoD personnel receiving a neutron dose at Operation
UPSHOT-KNOTHOLE. 11
& DoD personnel receiving a neutron dose at Operation
TEAPOT. 12
5 DoD personnel recelving a neutron dose at Operatlon
- PLUMBBOB. _ ' 14
6 DoD personne} receiving a neutron dose at Operation
HARDTACK 1. 15
7 DoD personnel receiving a neutron dose at Operation
DOMINIC 1. 15
2 DoD personnel receiving a neutron dose at Operation
REDWING. 18
9 DoD personnel receiving a neutron dose at Operation
HARDTACK L. 19







T L W

SECTION 1
INTRODUCTION AND SUMMARY

A method is developed that allows each participating project or unit in the US
atmospheric nuclear testing program to be rapidly screened to determine whether
exposure to neutron radiation contributed significantly to an individual's total dose.
The most important parameters required are the neutron environment generated by a
particular detonation and the participant's distance from the detonation. Knowledge
of other factors such as personnel posture at the time of detonation (e.g., standing in
the open, crouched in a trench, or in an aircraft) permit refinements to be made to the
calculated free-field exposure. For the purpose of this report, a neutron dose of one
millirem is selected as the threshold and l-mrem isodose contours (envelopes) are
constructed. The envelopes, established as a function of weapon type, yield, height-
of-burst, and atmospheric conditions determine the distance from a particular
detonation for a free-field neutron dose of 1 mrem. The distance a participating unit
or project was from the detonation, as cbtained from the various source documents, is
superimposed on the appropriate envelope; if the distance falls outside the l-mrem
isodose contour, the unit is excluded from further analysis, l.e., it received a neutron
dose of less than 1 mrem. However, if the distance falls within the l-mrem envelope,
the unit is identified in this report as having possibly received a neutron dose of at
least 1 mrem (neglecting shielding). Detalls on the construction of the l-mrem dose
envelopes for continental and oceanic nuclear tests are found in Section 2. Those
projects/units identified as having received a neutron dose of | mrem or greater are
tabulated in Section 3. Of the several thousand units/projects screened, 160 are
identified as having received a free-field neutron exposure exceeding | mrem. Of
these, approximately 75 percent are aircrews with the remainder being ground-based
units, either scientific projects or military observer/maneuver units.




SECTION 2
ISODOSE CONTOURS

2.1 CONTINENTAL ISODOSE CONTOURS .

Calculations are performed using Version 4 of the computer code ATR {Air
Transport of Radiation) to characterize the neutron component of the radiation
environment in the airspace surrounding the low yield nuclear detonations {1-80 KT) at
NTS. ATRY4 is a radiation environment prediction code that uses an extensive data
base developed from detailed radiation transport calculations with computer codes
ANISN and DOT. The use of these codes is described in Reference 1. Two specific
cases are analyzed 1o bound the range of possible results,

(1

(2)

Operation RANGER - Shot EASY. This shot is selected as representing the
best-case scenario. The ATR neutron source spectrum used Is that of a
pure fission device, typical of the earlier weapons. The mean air density
between the surface and the burst height (330 meters) is 1.18x10™2 glcm3,
a very high value for the Nevada shots. The high air density, and its
corresponding neutron attenuation, results in a lower neutron dose at a
glven range.

Operation PLUMBBOB = Shot HOOD. This shot Is selected as representing
the worst-case scenarlo. The ATR neutron source spectrum used is that of
a boosted jission device, typical of the later weapons. The mean air
density between the surface and burst height (460 meters) is 0.992x10">
g/cm3 » the lowest of any low-altitude Nevada detonation. The low air
density, coupled with the enhanced neutron output, results in a higher
neutron dose at a given range.

In each case, an ATR calculation is made to determine neutron dose in rads
(tissue) as a function of horizontal range along the surface, and as a function of slant
range along radials from the burst point at angles of 30, 60, and 90 degrees to the
horizontal, The mean air density between the surface and the burst point is used as a




reference point in the ATR atmospheric density gradient model to then determine the
appropriate atmospheric density between the burst point and all other points of
interest. The resulting neutron dose data are scaled linearly with yield to determine
the neutron environment of similar detonations having different yields. Neutron rads
are converted to rem using an effective quality factor of 13 for the energy spectrum
of the neutrons emitted, as developed in Reference 2. Distances from the burst point
along the surface and along the various radials to the {-mrem dose equivalent level are
determined and l-mrem contours (envelopes) are constructed for each of six weapon
yields. The contours shown in Figure | represent best and worst case conditions for
neutron transport (Cases (1) and (2) above). The effect of decreasing air density with
altitude is easily seen in the figures as the l-mrem contours extend to greater
distances above the burst point than along the surface radial.

2.2 OCEANIC ISODOSE CONTOURS.

For surface bursts conducted during the oceanic testing, calculations were
performed with a multigroup one-dimensional discrete ordinates transport code
{ANISN) to characterize the neutron component of the radiation environment in the
alrspace surrounding nuclear detonations at the Pacific Proving Grounds (PPG). The
ANISN transport code allows for selective source spectra and transport media
composition. For the present analysis, neutrons are transported from a point source in
spherical geometry. Two sources are used:

(1) A flssion source, sbeciﬁcally that of the Nagasakl device (Fat Maﬁ:); taken
from the DNA Weapon Output Handbook. This source is similar to most of
the early fission devices detonated at PPG.

{(2) A thermonuclear source, taken from D.E. Bartine, et al., "Production and
Testing of the DNA Few-Group Coupled Neutron-Gamma Cross-Section
Library,” ORNL/TM-4840, March 1977, This source is representative of
the medium-to-large yield thermonuclear devices detonated at the PPG,
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The atmosphere Is assumed to be standard, with a density variation with altitude

and an altitude-dependent molsture content derived from data given in DNA #102T, "A
Low Altitude Meteorological Data Base.* The specific moisture content used in this

analysis corresponds to that of Enewetak/Bikini during the winter (dry) period, For
purposes of radiation transport calculations, the atmosphere is modeled as five
homogenecus layers, with properties derived by averaging over each layer thickness,
This atmosphere model is detailed as follows:

Avg Dry Air Avg Moisture Content

Region Altitude (km) Density (glch) (g H,O/g dry air)
1 0-2 1.11 x 10°3 2.0 x 107
I 2-4 9.10 x 10”% 3,4 x 107
m 4-6 7.37 x 107 1.2x 107>
v 6-8 6.00 x 107 6.0 x 107
v 8- 10 4,66 x 10°° 4.0 x 107

ANISN calculations are made to determine neutron dose in rads (tissue) per
source neutron as a function of range along radials from the burst point, Calculations
are performed at angles of 30°, 600, and 90° up from the horizontal. Calculations
were not made along the surface since the one-dimensional ANISN resuits do not
include the perturbing effects of the air-sea interface. Much more extensive 2-D
calculations are required to accurately define the neutron dose as a functien of range
in this region, The properties of the transport medium are derived from the 5-fayer
model, with the thickness of each layer scaled as the reciprocal of the sine of the
angle the radial makes with the horizontal; for example, at 30° from the horizontal,
layer thickness = 2 km/sin 30°.

Normalized ANISN output, in rads {tissue} per source neutron, are converted to
rem by assuming & neutron output of 2,0 x 1023 neutrons/KT (a representative value
for these weapon types) and an effective neutron quality factor of 13. These values
are then used to construct 1-mrem contours for various weapon yields for each of the

two weapon types. The results are shown In Figure 2. Although not drawn to sea
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level, the isodose contours would tend to bend inward toward surface zero if 2-D
transport calculations were performed to define the neutron environment in this
region,

For the airbursts conducted during the oceanic testing, calculations were
performed using ATR4 to characterize the neutron environment. Since ATR4 does nat
consider the effect of moisture in the alr on neutron transport, the l-mrem isodose
envelopes thus constructed tend to be high-sided in estimating the slant range to
| mrem, i.e., calculated slant ranges using ATR4 are greater than the actual slant
ranges to 1 mrem. Four combinations of weapon yield and height-of-burst were used
to construct the isodose curves in Figure 3:

(1Y A J0OKT (0.8 fission fraction) source at a helght-of-burst of 1.0 km
(2} A 500KT (0.8 fission fraction) source at a height-of-burst of 1.5 km
(3) A IMT thermonuclear source at a height-of-burst of 2.7 km

{(4) A IOMT thermonuclear source at a height-of-burst of 3.5 km

These particular combinations of yield and height-of-burst typify the many airdropped
weapons detonated during the oceanic testing, especially during Operation DOMINIC 1.
When the contours in Figure 3 are compared to the 1-mrem contours in Figure 2 for
surface bursts, the effect of decreased alr density {and atmospheric moisture) at the
higher heights-of-burst on neutron transport is clearly evident by the much greater
distances to l-mrem,.
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SECTION 3
DOD PERSONNEL RECEIVING NEUTRON DOSES

3.1 CONTINENTAL OPERATIONS.

DoD personnel participating at MNevada tests witnessed shots from several
locations. Most were at News Nob near the Control Point (approximately 10 kilo-
meters from the closest shot) and far enough from any shot to be out of range of
significant initia!l effects, including neutron exposure. However, many troops who :
participated in the Desert Rock exercises observed a shot from a closer distance, '
generally from 2,5 to 5 kilometers from the burst, depending on the yield. These
troops were normally In trenches, but some were in armored vehicles or even In the
open. In some cases, volunteer observers {whose identities are all known) were
positioned in trenches slightly more than 1.8 kilometers from the burst,

Aircraft were normally located at suificient distances from a detonation to
avoid any detrimental blast effect. There were cases where delivery (and simulated
delivery} aircraft were close enough at the time of burst for the crew to have received
a neutron dose. Other aircraft, such as those in aircraft structures tests, were also
close enough to receive a neutron dose on several occaslons,

Neutron doses are calculated for most DoD observers and maneuver troops who
participated at the continental detonations {e.z., Reference 1). The results of these
calculations, which consider the shielding provided by trenches and armored Vehlcles, |
are tabulated in this report for those participants who received a neutron dose of
1 mrem or more. The isodose contours shown In Figure ! are used to identify other
projects, units, and aircrews whose activities resulted in possible neutron exposures.
These units, and the specific operations/shots at which they particlpated, are
X identified in this report for subsequent determination of their neutron dose.

& Some DoD personnel received neutron doses of 1 mrem or greater in seven of the
eight atmospheric test operations conducted in Nevada, At TRINITY {in New Mexico)
and Operation RANGER, none of the units/projects involved received neutron doses
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exceeding 1| mrem. Those in the remaining seven operations that received neutron
doses of 1 mrein or more are tabulated in Tables 1 through 7. 1f a unit/project is not
listed, this indicates a neutron exposure of Jess than 1 mrem. If a neutron dose has
previously been reconstructed for a particular unit, the calculated dose Is given. An
»X" in the table indicates a possible neutron dose of | mrem or greater that should be
verified through subsequent dose reconstructions. |

Table 1. DoD perscnnel receiving a neutron dose at Operation BUSTER-JANGLE.

Neutron Dose (rem} at Shot

PARTICIPANTS BAKER CHARLIE DOG EASY SUGAR  UNCLE
Weapon Delivery Aircrew X X X X
Project 4.1 Ajrcrew 0.026
Project 6.5 Aircrew X
Project 8.4 Photographers X X

{On Project 6.5 Aircratt)

Table 2. DoD personnei receiving a neutron dose at Operation TUMBLER-SNAPPER.

Neutron Dose (rem) at Shot

PARTICIPANTS BAKER CHARLIE DOG EASY FOX  HOW
Weapon Delivery Aircrew X X X
Project 1.l Aircrew X X
Project 6.4 Aircrew X X X X

vX" indicates a possible neutron dose of I mrem or greater which will be verified
through subsequent dose calculations.

B e Lttt IV R LR PE Y T ST T A




*SuUOlIeINOTED 3sop jusnbasqns yInongs parFIiaA o [TIA YoTym 493032 10 wanu | JO 9e0p uonnau Aqresod B $IEIIPUL L Xu

X #3131y 119 3990y

X X X . AIDNY 9 109{oag
X AIDIy 79 afoig

MDY €°¢ Idaloig

X .”\ #3121y Z°¢ 123loag

X X X P A4ty 1o Dfold

X X X X X XX

AIDITY T4 31D3f0ad

A
2
by
g
:
pue aaidary £-1 3o3loag m

11

"
WoxX X

MY R1aaf(eq uodeay
£00° 2100 4RV swel] 1equioly vorreieg
14 LKA €970 $IIAIAEGO) JIJIUN[OA
£00° 81070 SIDAII5G0

XYWITD T1avdD ASdvVH FJOONI NOWIS B¥andved HFIXId  AONVN  3JINNVY SINVdIDIL VA
10YS 1€ (W} I50(] U0SINSN

*FTOHLONN-1OHSdN uoniesad( e asop uonnau e Buraredal [auucsiad qoq *¢ dlqel

L]




1200 juswary yyers
oroo : (11D} *ud -3yl pasounry
#1000

WM LT o PR AL W A Ay ma e o

(2397) "31d “Jul PIroWTY

1£0°0 (1) “Vid “3u1 pasoway

€i0'o
£2°0

"ud Nuel PIEZL ‘utiu *0D
*dn puelrwior) yuef
*ug ARl PICYL SDw *0D

12

%170

6£°0 U JURL PIEZL ‘wVu 0D
JOZVY 30101 sey,

< SIIAIISQO LIDTMIOA

10°0 sdoo1) eanauey

£50° 620°0 100 71 91*0 $I2A13590

IdY 1IW VH dwiyd I"IdY 339 J3IN¥OH Nl VISIEL  HIOW dSVA SLNVAIDLLIVd
dSYA :

30U ' (twaJ) 3507 UOINAN

*10d VL uonesadg 1e asop uonnau e Sualeoas fauuosiad goq *4 oqelL



=6£0°0

"EuOTIBINOTED ds0p Juanbasgns yBnoa PITFIIRA 9q [TIA YRTYA 3312243 JO AW | JO 0P LORNIY AYIEsod B SAIEDIPUT L X\

»

13w VH

200°0 - %C1°0

200°0.. __m_w,___._.,ﬂ__
oox

X

dNIJd .. 114V
dsvA .

304 3© (Was) 250Q UONNIN

*W2l 1007 UBY SSI PAATINAI IFRIDIR YLD *Ijesdne 153600 ot sapddy

X

X

2000

+420°G

MDY Z1°04 309f01d
DIV 4°0% 303f0ad
ATV ¢0% 33(oad

ATV 176 139(0ad

(3reaaty L1sarte@ uQ)
1Suu0s19g vyg 103foig

- sad111Y g 199{01d
_Bo..u..z. Q.w »Iforg

swanIY 7°¢ 339f01d
manIy 17 3fo1g:

ATy 2° 3fosd

X maxary Laaagag uodeapy

.........

A

739 JI3N@OH Nani visal

HIOW dSVA

*(PapnPUoD) 104Vl uonieiadp te asop uonnau t Jurarsoss jauucsiad god 4 S1qTL

SINVYJIOIL8Yd

T S,




PRI PSR A ATy

*SUOTIRINDTED asop Jusnbasqns yBnoayy parfiiea 3q [Ia Yorym 19128 Jo WIiw 1 JO 250D vosInau Aqissod v SAFEDIPUT WX

1Rao1ie 15950§5 0F sIrTddy e
1e20q-Jo~53y2jay puw spaIk JeQIUIS JO] SOLIRPUIDE PIWNSST UO PasPq MVWNISTe

X £0c 19f0sd
m X £*9 123(0ad
| X X X 691 120°0 X Aanny e 190
X A’y 4¢ waold
X x x 3 X sV g 1090

X ssRay 1 Infed =

X X ol00 X
o't ATV SIELINY
€91 P Aaanaq uodas

b4 X X X {14 Tt

ar L : YOIAVA 8310 yeey
010°0 o | ONVa D1 80104 vy
o 200°0 . $19M19540) J934UNIOA

...n.o _ .ﬂs.o .So.o So..o __n.._atu.._ao

OTTIIVD ANOWS IWIAd ¥IJA VISVHS SINOIS Ydlddd NHOL O10vId- GCOH VIoS¥d NSIA NWZLIE SINVAIDILavd
NTANYS

10US 1T (W) 350g LosININ

*goeannId Lo esadg 3o asop uonnau e Juraranal euuosiad goq ¢ siqel




Table 6. DoD personnel recelving a neutron dose at Operaticn HARDTACK 11

Neutron Dose {rem) at Shot

PARTICIPANTS QUAY HMLTN R-ARRIBA HMBLT
Project 4.3 X
Project 8.8 X X X X
1352nd Motion Picture Squadron X

Table 7. DoD personnel recelving a neutron dose at Operation DOMINIC II.

Neutron Dose (rem) at Shot

: LTL JNIE SMALL LTL

PARTICIPANTS '- FLR2 BOY BOY FLRI
IVY FLATS Maneuver Troops X
IVY FLATS Military Observers X
Project 7.12 X
Project 7.13 Aircrew X
Project 7.15 Aircrew X
Project 7.16 Aircrew = X X
Project 8.1 0.001
Project 9.2 X X X 0.50

"X" indicates a possible neutron dose of 1 mrem or greater which will be verified
through subsequent dose calculations.
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3.2 OCEANIC OPERATIONS.

Most of the nuclear test operations conducted in the Pacific were held at either
Bikinl or Enewetak Atolls. DoD participants (except aircrews) at Operations CROSS-
ROADS (1946), SANDSTONE (1948), GREENHOUSE '(1951), IvY (1952), CASTLE
{1954), REDWING (1956), and HARDTACK I (1958), observed the detonations in the
open either from ships or from residence islands on the atolls, well removed (at least
12 kilometers) from any of the shots, It Is evident from Figure 2 that no one observing
the tests from these locatlons received a neutron dose of 1 mrem or more. Operation
WIGWAM ([955), an underwater detonation approximately 800 kilometers southwest of
San Diego, and Operation ARGUS (1 958), a series of three high-altitude tests
conducted in the South Atlantic, dld not 1 esult In any participant receiving a neutron
dose., Durlng Operatlons HARDTACK 1 and DOMINIC 1 (1962), rocket launched
weapons were detonated directly .over - Johnston Island, but at altitudes
(> 18 kilometers) precluding any neutron. exposure o Island-based personnel and
participating shipboard units, - The'many alrdropped weapons at DOMINIC I were
detonated either 16-32 kilometers south of Christmas Island or 400-600 kilometers
from Johnston Island; the closest ships to any of the airdrops were at least
16 kilometers from surface zero (at anchor off Christmas Island), again precluding the
possibility of Island-based or shipboard personnel receiving a neutron exposure,
Another test during Operation DOMINIC I, a low-yleld underwater burst, was conduc-
ted 680 kilometers southwest of San Diego, California, There was no neutron dose for
any participant,

As in the continental test operations, alrcraft were normally positioned at
sufficlent distances from the detonation to avold damaging blast effects. There were,
however, instances during the oceanic testlhg where test aircraft were within range of
a neutron dose, The Isodose contours in Figure 2 are used to identify those aircrews
whose activitles resulted in possible neutron exposures from the many surface
detonatlons conducted during the oceanic t_éétlng. The Isodose contours in Figure 3 are
used primarily for the B-352 crews who dellvered the weapons that were dropped during
Operation DOMINIC I; they are also ‘used ‘in confunction with the airdrops at
Operations CROSSROADS (ABLE), IVY (KING), and REDWING (CHEROQKEE and

(NLEL YR L TT P LY L LT R
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OSAGE), Of the twenty-nine airdrops conducted during Operation DOMINIC 1, the
slant range between the drop alrcraft (the closest aircraft) and the detonation are
known for ten of the tests, While participating in these ten tests, the drop aircraft
remained well outside (at least 4 kitlometers) of the 1-mrem contours determined for
each of the yields and heights-of-burst. It Is assumed that similar operational
procedures were followed for the remaining nineteen detonations for which the slant
ranges are not known, and that the alrcrews participating at these tests were not

exposed to neutron radiation.

Only two of the ten operations conducted in oceanic areas resulted in partici-
pants receiving a neutron dose of 1 mrem or greater. The project personne! identified
as having received neutron exposures at Operations REDWING and HARDTACK 1 are
tabulated in Table 8 and Table 9, respectively.
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SECTION §
CONCLUSIONS

Military units and sclentific projects that participated in the US atmospheric
nuclear testing program were screened to determine 1f exposure to neutron radiation
was a significant contributor to an individual's total dose, Of all the projects/units
screened, 160 are identified as recelving a probable neutron dose of 1 mrem or more,
Of these, approximately 75 percent are aircrews with the remainder being ground-
based units (either scientific projects or military observer/maneuver units). Neutron
dose calculations have previously been performed (e.g., References 3 and 4) for all
military observer and maneuver troops except those identifled in this report as being
participants in the IVY FLATS troop exercises at Operation DOMINIC IL. Neutron dose
calculations are 1o be performed for personnel assigned to eight scientific projects
fielded during Operations PLUMBBOB (2 projects), HARDTACK II (3 projects), and
DOMINIC II (3 projects). Likewise, neutron doses are to be quantified for the aircrews
identified in this report as having a potential neutron dose of I mrem or more. The
projectsfunits identified in this report are those for which neutron doses have been
previously calculated or that received a free-field neutron dose of at least 1 mrem.
Subsequent detailed dose calculations, which will include the effect cf shielding, will

-

e e S

likely decrease the number of projects/units that actually received a neutron exposure
exceeding ! mrem,
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