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SECTION i
INTRODUCTION

This repart presents an analysis of the nuclear radiation dose for Army and Air
Force participants in the roop maneuvers of the {93 series of shots at the Nevada Test
Site (NTSL* The series was designated Operation Upshot-Knothale.

Figure [-1 shaws the ground rero locations ¢f the six shots in Operation Upshot-
Knathole at which there were troop maneuvers. The mancuvers consisted of battalion
combat teams {(RCTs) that engaged in post-shot tactical exercises to test dectrine and
tactics being developed for the nuclear battiefleld, Army multiple-bartalion exercises
were conductzd at Shots Annie, Nancy, Simon, Encore, and Grable. Air Force ground
unlts aiso maneuvered at Shot Encore. The Marine exercise at Shot Badger is analyzed in
Reference 21.

In addition to troop maneuver unity, there were three other types of militarcy
participation in Exercise Desert Rock ¥, conducted at the Nevada Proving Grounds in
conjunction with Operation Upshot-Knothole In the spring of 1953 One consisted of
troop observers who were sent to Camp Desert Rock lor the specilic purpose of
observing ocne or mote nuclear shots {supperted and controlled by persennel assigned to
Camp Desert Rock). The radiztion exposure 1o observers is analyzed in Reference 22,
Another type of military participation centered arcund service equipment tests and
operational training associated with the employment of nuclear weapons, A further
categary, distingt [rom the Exercise Desert Rock groups, consisted of technical projects
and logistical suppcrt under the sponsorship of Field Command, Armed Forces Special
Weapons Project.

1 this report, Army and Alr Force troop mancuver unit activities for each of
five shots are tiaced from the pre-zhot orient:ton and rensarsals through we shot
Aactivitizs 1o tha post-shot equipment inspocticne Teav-cepandent position information is

presented in order that an exposures anulysis can be performed to determine the

*#The MNevada Test Site was knawn in 1932 as the Novada Proving Grounds (NPG). In
the remainder ¢f this report it will be referred 1o &5 such,
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Figure 1-1. Selected shot locations, Operation Upshot-Enothole.
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Integrated dose from ali centributing sources. These include the injtlal nevtron and
gamma radiation doses, and the external and internal woses due to residual radiation
from the observed shat, as wel! as applicable preceding shots.

Section 3 provides & summary description of the initial radiatio,. dose
determination. The maneuver troops were in trenches at the mme distances as the
troop obsarvers for the five shots covered in this report. Mo new caleulations of initial
radiation dose are therefore required, and the results derived in Reference 22 are
sumsmarized in Section ),

The analysis described hereln utilizes an avtomated procedure, described in
Reference 23, {or determining the externa]l dose due 1o residual radiation. Radio-
logical survey data are {it, In statistical regression analvses, to space-time models of
residual radiation intensity, from which isaintensity contours (iscpleths) are then
developed, Unlike Operation Teapot, the avallable AEC radiclogical survey reports for
Cperation Upshat-Knothole had no raw data, but only isopleths that were not fully
time— esolved, Mevertheless, these jsopleths were necessarily the source of informa-
tlon used to generate the reconstructed radiation fields with the automated method-
vlogy. However, in some cases It was posalble to refine the assessment of intensitles
encounteted by the troops with isolated valoes reparted in Reference 1.

As In previous reports, the methodology considers the elfect of sol] activatlon In
the cexjdual radlatlon anslysis. This is particularly important for Shots Encore and
Grable, where the residual contamination at the posi-shot times of interest was
primarily due to the induced activity of manganese-36 and sodivm-24, For some other
shots, the induced contribution was evldent near ground zero, but at greater distancss
was small compared to the contribution from fission products. In all cases, the dacay
model is cepresentative of actual shot conditions, verilied by corcelavions with
available data.

Thz potenttal for an internal dose commitraont from ichaled radionuclides is L
inferred {roon the calculations for the obsecvers (Relsrance 22} For 2 piven shot, the 1
maneuver treops' iatercal dose commitment s derermined from toot of the eheorvers 1

by adjusting {or ditferences in ground contamination and duration of exposure,




Due to the lack of film badge dosimetry data [oc most personnel of Exercise
Desert Reck ¥, only minimal comparison ol calculated dose with film badge readings s
possible, The methodology for calculating personne] dose is not sighilicantly different
than that used in previous analyses (References 21, 24, 23) in which comparisons with
dosimetric data established a high degree of conlidence, The unceriainties in the
results are due primarily to the uncertainties in both the radiological surveys and the
time-posit.on cascriptions of troop activities. Automation of the dose calculation
procedure [acilicates the determination of confidence levels and aids in subsepent
exposure analyses of other troop operations in the same radiclogpcally contamingwed
areas.

Major findings of this report are:

] The troops of mancuver uni*s participating In nuclear shots in Operation
Upshot-Knothole were exposed to initial cadiathon [rom neuirons aml
gamma rays, and residual gamma radiation from [allout and neutron-

activated s0i®.  Almost the entire dose received was from esiduai
radintion,

] The residual radiation doses calculated [or Upshat-Xnathole maneuver
troops range from .04 rem (troop elements at Shct Grable) to )1 rem
{(troop elemants at Shot Simon).

L] Except for BCT-B at Shot Grable, the inhalation of radioactive dust
rejulted in whole body dose commitments of less than 0L.O0] ven. The

calculated whole-body dose commitment to the mosi-expased elements at
Shot Grable is 8.05 rem,

o e o — . fa e Ty R m R e 4 - -
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SECTION 2
OPERATIONS
2,1 SHOT DATA

A summary of the eleven test shots of Operation Upshot-Knothole is
contained in Table 2-1. Although maneuver troop units participated in only six shots as
Indicated, all shots are considered for any residual radiation that might have contributed
to total radiation dose.

.2 PARTICIPATION

Desert Rock ¥ exerclse troops consisted of an estimated 13,000 DOD
personnel whe arrived at Camp Desert Rock to participate in testing and training
programs. These exercise troops, unlike the Camp Desert Rock Support trooDs, were
assigned tw Camp Desert Rock to participate in speciflc activities associated with a
particular shot, These activities Included the troop abserver program, the volunteer
niticer observer program, tactical troop maneuvers, operational helicopter tests, and

damage effects evaluation.

Thiz report addresses only the Desert Rock ¥V tactical troop maneuvers.
Approximately 13,000 exercise troops took part in the tactical maneuvers conducted at
Shots Annic, Mancy, Badger, Simon, Encore, and Grable. Units from the six continental
Armies, Marine Corps, and Air Force travelsd to the NPG specifically to participate in
hthl: maneuvers, In addition to these personnel, Camp Desert Rock support troops were

uttlized to form the mancuver elements for Shot Annie. Table 2-2 gives the planned

persennal allocations and the total number of planned and actual participants in the

i maneayers at each shot,
2.} CONCEPT
In penerai, Exercise Desert Rock ¥ was a continuatipn of the military

exercises conducted in conjunction with the two preceding continental test operations.

For Operation Upshot-Knothole, the US Army was given responsibility for radiological

! safety of participating Desert Rock ¥ personnel. The Desert Rock ¥ radiclogical safety
EY plans were designed 1¢ minimize exposure to lonizing radiation while allowing
L 3
5
W
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Table 2-1. Upshot-Knothole shot data.

- T

SHOT DAYE  LOCAL  LOCATION BURST .
DESIGNATION  Actual  TIME  ~ COORDINATES HEIGHT! YIELD
AEC DESERT  {Sched) (PST) {(UTM) (f1) K%
ROCK 1953

Annie™  vil (7March 0520 Area 3 %0 T i6
(17 March) 371003

Nancyl® vz 2y March  osto Area d 300 T 2
{24 March) 797056

Ruth V-3 3l March 0300 Area 7-5a 200 T 0.2
{31 March) 363042

Dixie V-4 6 Aprll 07)3 Area 7-3 EQ20A 11
{6 Aprll) 271045

Ray Vo6 11 Aprit 0883 Ares ba 100 T 0.2
(18 Apeil) 206060

Badger™ V-5 13 April 0433 Area 2 00T 23
{11 April) 7341G4

simon'®  vor 25 Aprit 0430 . Area | 300 T a3
{25 April) 793009

Encore™ V.5 S May 0830 Frenchman Flat 2823 A 27
(7 May) {PDT)} 956726

Harry V-3 19 Ma G505 Area 3a T 3z
(2 Mar{ {PDT) BE7I96

Geable®™  v.10 25 May 0830 Frenchman Flat 5243 15
(21 May) (PDT) 956778

Climax 4 June 0815 Area 7-3 1334 A 6l
{31 Mag) (PDT) 372048

(1) Perific Steaderd Time, unless noied as Pacific Daylight Time (PDT).
(2T - Tawee; A - Air Drog
(3} Fired fromn Zof mm Cannun

(4

lanzuver Troop Participation

Source: References L, 5, &
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Table 2-2. Planned personne) allocations and total actual participants

for maneuvers at Exercise Desert Rock V.

-
Participating E &)
Service < Z

< Zz
First Army <] 0
Second Army 0 300
Third Army 0 &30
Fourth Army 0 0
Fifth Army 0 400
Sixth Army 0 &0
Camp Desert Rock i,000 4]
Army Support
Traops
Marine Corps o D
Total Planned 1,060 2,800
Participants
Total Actual L% 2,359

(1 Includes 326 Air Force personnel,

Source: References 1, -7, 16-20.

L

BADGER
o SIMON

205

600
€00
400

e o9 2 © O o O

2,100 0
2,106 2,800

2,167 3,450

AT R LA R L T L T L T A S Y T N T o L e Rl o T N e T 1
7300 0 EOEI NI N0 AC N A0 I IR SEE RO ATALAT AL A 08 7 0k o T S AT X A M PV R O,

g 3

: 3
600 200
0 &0
L6000
200 600
o 600

o 200

o 0

o 0
2,000 2,400

2,575 2,670

- ANt s W, s

TOTAL

2

2,000
2,000
1,790
1,600
1,200
1,000

2,100
12,300

13,292
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participanis to conduct more realistic military exercises within radiation limits. Subject
to radiation constraints, troop maneuvers were allowed near ground zero as long as there
was 0o interference with instrumentation or other experiments.

The purpose of the trcop maneuvers was to instlll confidence in soldiers
aperating on the nuclear battlefield, through indoctrination in the tactical employment
of nuclear weapons, realistic training in essential protective measures, and observation
of the effects of the explosion on test animals and 2ssorted military equipment at
various distances from ground zero.

At Camp Desert Rock, troop maneuver personnel were ocganized into
composite Battalion Combat Tearns (BCTs). There were twg BCTs at each of the five
shots covered in this report. Their activities involved the {ollowing phases:

Orientarion instruction and tours of display areas
Rehearsal of shot day activities

Qbserving the nuchear blast
Conducting thve tactical maneuvers
Post-shot touring of the display area.

The four-hour orientation instruction included basic atomic theary, ﬁar-
acteristics and elfects of nuclear weapons, protective measures 10 employ against
nuclear attack, tactical deployment ol nuclear weapons, resulis of previcus Desert Rock
Exercises, and the plan of operation far the particular shot, HRehearsals included
entering the trenches; reviewing protection methods, countdown, and past-shat
procedures; departing the trenchesy carcying out the sttack; watking through the display
area; ang entrucking for the return to Camp Desert Rock,

After the shot, the BCTs were to attach an abjective in accordance with the
exercise plans. These troops were (o be accompan’2u by radinlanical zalzty menitsrs and
preceded by radiglegical survey teams who deters.d ood the fimits of svie advance. Alter
reaching their objective ar appreaching as close as radiation salety standards would
permit, the maneuver was terminated. LUnder the direction of e Dezert Rock Control
Group, the BOTs were to inspect the display area. The BCTs and ob eeover groups were
thern to be picked up by trucks and returned to Camp Desert Rock.
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For radiological safety purposes, a maximum permissible dase of & rem was
established for the eniire exercise {or six month period) of which no more than 3 rem
could be prompt, whole body radiation {Reference 3], Standard ope-ating procedures for
radialogical safety in al] operations were based on these criteria, For the five shots
discussed in this report {except Grable) the rad-safe limits for the mancuver troops were
the same {References 16-19). The 2.5 Rfhr intensity line was the forward Nmit for the
troops {see Section 4.1 for & discussian of this limit), The fellowing instructions appear
in Relerences 16-19: "One radiological survey team consisting of one radiological safety
monitor and one enlisted man, driver, from the 30th Chemical Service Platoon and one
enlisted man, communication;, Irom [D:tachment A, 505th Signal Company] will
station itseif approximately 150 yards on the east {right) flank of the foremost elements
of the maneuvering troops. It will proceed slightly in advance of the line, monitoring
continuausly as it moves forward. Upon noting increasing intensity (approaching 2 R/hr)
of radiation the survey party witl proceed obliquely to the northwest uatil the instrument
records below that intensity, Right flank units of the maneuvering troops will confarm
to this movement by a similar change in direction. R should be noted that these
instructions do not correlate to the maneuver path for Shot Encore {see Figure 2-4)
However, evasive action was not required during any portion of Shot Encore activities,
since only law levels of activity were anticlpated and encountered, Apparently because
radiological intensity limitations had been somewhat restrictive to movements around
the displays, the BCT commanders at Shot Grable were given the responsibility, without
a formally specified intensity iimit, to see that participating troops did not receive a
total dose in excess of 6 rem. The monitor team preceding the maneuver troops for Shot
GCrable was given the instruction to "direct discontinuance of the forward movement of
the troeps andfor movement to one or the other flank to avoid contaminated areas of
high intensity™ (Reference 20)

In addition to the Desert Rock monitors on the Ilank, unit CBR personnel
were to precede the advance elements of the attacking force by 150 yards. For Shot
Grable, these monitoring personnel were to be only 30 vards ahead. Prier to each shot,
the Camp Desart Rock Radiolozical Safety Section conducted a school for these unit
radiation moniters, They were to monitor continuously and report readings of 100 mR/hr
{506 mR/hr for Shot Grable} or more. Company commanders were directed to report

readings of | B/hr or more to their battalion commander.

L Y L] ol R S T gL N T L N O I I ol R R S e D T e R S A i S N N iy
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Finally, a third survey team consisting of one radiological safety monitor and
a driver from the 30th Chemical Service Platoon was assigned to each BCT commander.
These teams were to check the unit CBR personnel by patrolling acresa tiie zone of
attack, checking reported readings of | RMr ar more, and informing the BCT commander
of their determinations.

In the display area, Desert Rock radiclogical survey teams denoted the limit
of troop movement {except for Shot Grable) by marking the 2.5 R/hr isopleth with stakes
and marking tapt.

A ACTIVITIES

The test shots and mansuver unit pacticipation went as scheduled for two
shots and with some deviations on the other three, as deacribed below, For all shots,
maneuver troops departed Camp Desert Rock for the trench areas in convoys of buses
and trucks. All troops occupied the same set of trenches at & given shot. When a BCT
made a post-shot inspection of equipment displays, movement to and through the display
arca was narmally accomplished a3 & single group. Ground zero locations, the trench
locations, and the display areas are identified on the figures accompanying the discussion
of each shot, Shot-tirme distances and distances of closest approach to grovnd zero are
summarized in Table 2-). The Icllowing paragraphs describe the maneuver troop
activities for each shot.

ol 1 ekl i o - stk s kL A ke i s 2 Sl el — - -m-*_m

2N Shot Annie

For thls shot, 113l of the Army suppoft troops at Camp Desert Rock '
i participated in tactical maneuvers. The participating units provided persconel for the
two BCTs as {ollows (Reference L6}
' ) BCT Ahle

23rd Trans Trk Co 59%th MP Co

31st Trans Ttk Co 7604 QLY Subs Sup Co
3%th Trans Hy Trk Co £023th ASU

53cd Trans Hy Trk Co 371st Evac Hosp

77th Army Band 3623rd Ord Co

163rd QM Ldry Det

10
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Table 2-3. Maneurer troop ground zere distance manmary,
Exercise Desert Rock V.

Shat Shat Time Distance Closest Post-5Shat Approach
Annie 3506 yds (3200m) 300 yds (380m)
Nancy 4600 yds {3660m) 1000 yds {$10m)
Simon 4000 yds (3660m} 1300 yds (1230m)
Encore [C,00C yds {2130m} 0
Grable 3C0C yds (4370m} 500 yds {460m)
t
:
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B L e T . . Tay

- BCT Baker

8 12th Engr Const Bn
A50th Engr Util Det
703th Engr Fld Maint Pit
505th Sig Co
Flgure 2-1 s'wows the locations of ground zers, the trench area, the maneuver scheme,

and the display area,

The orientation/rehearsal was held at the shot area on 14 March. The troops
spent a total of about four hours in the shot area on this day, experiencing a simulated
countdown and rebearsing the post-shot maneuver. The objective was about 1200 yards
west of ground zero (Figure 2-1), For the rehearsal, the advances continued for only
1000 yards toward the objective, The troops then toured the equipment display ares to
observe the emplaced equipment, foliowing which they returned to Camp Desert Rock.

Shot Annie was detonated on schedule at 1320 hours on 17 March. The troops
were crouched in trenches 3500 yards from ground zero. Alter the blast wave passed,
the troops were permitted to stand and watch the rising fireball, They climbed out of
their trenches and started moving lorward at 0535 hours {(Reference 1)

Both BCTs reached their objectlves at about 0F3D, where they remained for
an estimated 5 minutes before departing for the display area (see Sectlon %.1.1 for
discussion of the scenariok. The troops would have followed the 2.5 R/hr contour around
to the display area, reaching it belfore 07Q0. After visiting each display from 1000 yards
1o 3500 yards for an estimated 5 minutes, the BCTs reached the entrucking area (near
the trenches) at about 0§00. Following perscnnel decontamination and monitoring, the
troops boarded the trucks and cleared the area by 0303 (Reference E).

2.8.2 Shat Nuncy

Ai Shot Mangy, Exzrcise Desert Rock ¥ activities included troop maneuvers,
the wi unteec oliiicer observer program, the troop ohserver program, an 9perational
heliceptor test, and damage effects evalustion. Of the appreximately 2,260 personnel
involved, 2,349 troops participated in the tactical troop maneuver. The origin of each
BCT was as {oflows:

12

. S e S

| L FLF ]



A |

' LI ¥ s BRI 1 ! s
N T A P I I d % 3 s H - - _ t.m
= _\.u... = Jm_.r\_..J_!ﬂluu. il pih £ : ,...,M..H.n.
N [ I 1 _ = 1 )
: ) 53 r ._m § “ll.,:.rllh.pl.n. - Il.m.. S T I Ii.fl.-.l-iiu.:.L.\nH s
-._I....._ _ o -.l_.um.._ FE .i* i - ) “ . . ..._w , ....u..
I - ™ ] o \1q , ,

: g S p o o -8,
. ) * m -I—. e “ ~ - o . _

L1 N s M AL
L. " 3 . e — ] £ L Tl

L z ¥
i 1

13

Shot Annfe area and scheme of waneuver.

Figure 2-1.




BCT-Able - Second Army, Filth Army
BCT-Baker - Third Army, Sixth Army

The mancuver troops arrived at Camp Desert Rock on 20 March 1933, They
vnderwent a four-hour orientation program, and on 22 March they participated in a full-
dress rehearsal of the exercise in the actual shot arez. Unlike the observer personnel,
they did nat visit the Shot Annic acea.

At 0300 hours cn 2% March, the exercise troops entered the trenches 3000
yards (3660 meters) south-southwest of ground zero (See Figure 2-2). At two minutes
before the detonation, the troops were ordered to ¢rouch jow in the trenches and to
remaln in that position until after the detm;tiom The detonation occured on schedule at
0510 hours. At 0533 hours the BCTs began an attack on objectives #4000 yards (3660
meters) to the north.  As the two BCTs headed toward their objectives, BCT-A had to
sideslip its advance to the west bacause of radiation intensitiet. The troops were able to
approach to within 500-700 yards (Reference | estimate) of their objectives before being
halted by rad-safe personnel. According to References | and 9, some of the maneuver
troops had exceeded the 2,5 Rfhr rad-sale lmit, up to I8 Rfhr, belore being halted.
That BCT-A had sideslipped to the west with no reperted violation of the rad-sale limit
implies that BCT-A was well under the contro! of its rad-safe monitors. It is therefore
assumed that the troops who entered the 18 R/hr radiation ares were part of BCT-B.
Commanders experienced some difficulty in withdrawing the troops from the high
radiation are¢a. However, according to Reference 1, "little time was spent in the area,”

The troops withdrew from the high radiation area in what |3 estimated to
have besn J minutes, and the tactical phase of the maneuver was terminated. It is
assumed that the troops followed the 2.5 R/hr contour to the display area, where they
observed the eficcts of the shot on prepositioned equipment and tess animals. The 1090-
vard display was the closest display 10 GZ that the troops scere able to visit, a3y deduced
fraom the rad-sale data of References | and (3,

After touring the displays, the troops teturned to the trench area and hoarded
rrucks for the retumn to Camp Desert Rock. wortly alter GE80 hours, the units
{observers first--Relerence [7) began the ceturn trip iRef{erence 1) The trench area was
cleured by 0330 and all closed in Camp Desert Rock by 1022 hours (Reference 3).

14
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243 Shot Simon

At Shot Simon, troop activities involved more than 3,000 personnel in tactical
maneuvers, troop observer and volunteer officer observer programs, operational
helicopter tests, and damuage effects evaluation. The tactical troop maneuver, the

largest Desert Rock program, engaged 2,430 Army personnel. The origin of each BCT
was as follows:

" . . "L a

BCT Able - Second Army, Sixth Army

BCT Baker - Fourth Army, Fiith Army

The rehearsal of the tactical maneuver was conducted In the shot area on 23
April. The planned maneuver consisted of an attack by BCT-A and BCT-B on an
objective beyond and to the west of ground zero (GZ) immediately fol'owing the
detonation (Figure 2-3). The troops spent approximately 4% hours going through the
attack and viewing the equipment display area. BCT-A was on the right (east) and
BCT-B was on the left (west). Fallowing seizure of the objective, the maneuver was to
be terminated and the troops were to return to the display area to chserve the damage to
field fortifications positioned at 500-yard increments from 500 to 3500 yards from GZ.

Shot Simon (43 KT) was detonated at 0830 hours on 23 April 1953 from a 300-
foot tower. At that time, BCTs A and B were crouched in trenches 4000 yards from GZ.
The BCTs started their attack at 0444, BCT-A reached the 2.5 R/or rad-safe limit
before having advanced 2000 yards. As discussed in Section &, a westward sideslip was
likely attempted. Nonetheless, radiation intensities prevented reaching its objective,
and a halt was called at 0600 hours. BCT-D was able to attain its obis=tlve (Refarsnce

6) without encountering excessive radiztion levels. Bath BCT: then maved 1o the dls lay

area, where radiation levels permitied vicwine of displays at 23003 - 1 and farther from
GZ (Relerence 1}, They returned 10 the trench area and Lassdad trucns, which departed
by G313 hours (Relerence 10} Becauss there was |
trench area, percsonnel and vehicle monitaring had to be pecinroed swihwere, Enroute
to Camp Desert Rock, troops and vehicles stepped at the decontamination station near |
Yucca Pass for field decontamination and monitoring. Arrival at Camp Dasert Rock was 1
‘
at about 1000 hours. =
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205 Shvwot Fncore

At Shot Encore, more than 3,000 individuals took part in the troop observer
program, troop manecuvers, operational helicopter teats, and damage effects evaluation.
Desert Rock troop maneuvers, the largest single program conducted at Encore, involved
2,473 men, including 326 Air Force participants. Participants were organized into two
BCTs. The origin of each BCT was as {ollawar

BCT Able - First Army, Fourth Army

BCT Baker - Third Army, Air Force

Most of the troops arrived at Desert Rock between 2 and 3 May, A full-scale
rehearsal was conducted on 5 May in Frenchman Flat, Actual shet day procedures were
followed during the rehearsal. The locations of ground Zero, the troop trenches, the
maneuver area with Objectives 2 and 4, and the equipment display area are shown in
Figure 2-4,

The alrdropped nuclear device detonated at 0833 hours an § May 1953 at a
helght of 2423 feet atove Frenchman Flat and some 250 yards south of the Intended GZ.
Its yield was 27 KT. At shot time, BCTs Able and Baker were in the trenches 10,00
yards (3420 meters} southwest of the intended ground zero, Five minutes slter the shot,
the BCTs began thelr attack towards Objectives 2 and & with BCT-A on the right and
BCT-B on the lelt. At 084D hours, s¢ven helicopters arrived at the trench site 10 begin
the airlift of two platoons (60 men} 1o the [anding zone at Objective 5. This move was
conducted in two lifts and was completed by 0912 hours. Upon arrival nt the landing
Zone, the platoons deployed and moved toward the intended ground zero, arrlving there
a1 0932. They noted that radiation levels were 2.0 mR/hr (Relereace [). Meanwhile,
the BCTs were moving towards their objectives. Thoy reached Objective 2 st 69¢3 hours
and secuced Objective & 5t (045 hours. This conciuded the tactical phase of the exercise
{(Reference 1),

Following the maneuvsr, the BCT3 began their tour of the display area to
pbierve the post-shot condition o the equizment that had been rubjected to the effects
of the nuclear detonation., They reached the 500-yard Jine (from the intended GZ) at
[113 hours (Reference 11) and moved through the display area to the 2000-yard fine,
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where the trucks were waiting to rerurn them to Camp Desert Rock, The truck ride
back tock about an hour; alf units were back in camp by 1414 hours (Reference 1),

243 Shot Grable

This concluding shot with Desert Rock V involvement had nearly 3800
peesonnel participating in tactical troop maneuvers, the troop observer program, and
damage effects evaluation. The troop maneuver activities invalved 2670 personne) in
two BCTs. The origin of each BCT was as fallows:

BCT Able - Third Army, Fourth Army, Sixth Army
BCT Baker - First Army, Second Army, Filth Army

The troops arrived at Camp Desert Rock on and shortly after 15 May 1333,
and were given an orientation on 20 and 2| May (Reference 1). The BCTs conducted a
full-scale rehearsal on 23 May. The troops were transported from Camp Desert Rock to
the trench area in Frenchman Flat (a distance of approximately 12 miles) shown in
Figure 2.5. Thers they rehearsed the shot day procedures, including trench procedures,
and the maneuver toward objectives to the southeast of the shot area. Afterwards, the
troops moved into the equipment display area, but severe dust conditions limited the
movement through the area.

Reference 2 notes that the troops alse visited another display arga—the
damage area of Shot Harry, a 32 KT device fired in Area 3 on 19 May. Due to their
other commitments, described above, the troops could have Inspected the Harry post-
shot display no eaclier than 22 May. This date is used to provide the highest residual
vadiation intensity in the Harry display area {see Section 4.1.5}. The reference states

that they approached to within 300 yards of GZ; it is estimated that they stayed in the
Harry area no rmore than 2 hours,

At shot time, 0830 hours on 25 May, BCTs A and B were in trenches 5000
yards {4570 meters) west of ground zero, having arrived there from Camp Desert Rock
several hours before the shot (Reference 1}, All personnel were permitted to rise and
abserve the fireball 3 seconds after the detonation and prior to the arcival of the blast
wave., Ten minutes after the shot, the BCTs began their attack, proceeding from the
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Figure 2-5.
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trench area toward Objectives 2 anc & (Figure 2-3). BCT-B, on the left {north), passed
300 yards to the south of ground zero {Reference 2), while BCT-A, on the right, passed
| Further south at abaut 1600 yards from GZ, as shown in the figure.

Due ta the reported high winds and the resultant surface dust conditions, the
attack was halted at 0930 hours, as the troops arrived at the display area (Reference L),
Personnel from BCT-B were taken through 2 portion of the equipment display area, but
BCT-A was unable to proceed into the display area due to the intence duat conditions,
Some portion of BCT-B visited the 300-yard display (Reference 1). The vehicles were
brought ta the predesignated pick-up point where the troops loaded up for the return 1o
Camp Desert Rock. Depacture from Frenchman Flat was a1 1225 hours (Reference 12),
althaugh BCT-A could have departed as early ay the observers, 1100 hours (References |,
20). In any case, alt troops would likely have retumed to Camp Desert Rock before 1300
hours. Departure for home stations was on the following day [Reference 2).

22

N

N T T I T T T L L M T P N R T LY LPuPe
E"&'_‘ SRORIRE BCY S S M d'.:d'f::fl-."q.t‘:"p: PR AL EE PR R CESELTEN oF PP AL (L0 S0 O 2% O SO P AN A ) }:lh



g -

VNN

B L™

S R N B SA N Rlth R NES
O N A S I NI N AR WP AT Y At PSP Ny At .Syt v R AT

TUTETENCERR TS T TTi—immeiet L ns e opmera s rw e e s amaman. b Ly Al R

SECTION 3
INITIAL RADIATION

Shats Annie, Nancy, Simon, and Grable are investigated to determine the dose
resulting from possible exposure of maneuver troops to. initial gamma and neutron
radiation. For Shot Encore, the troop distance at the time of detonation was so great
that initial radiation dases were insignificant, This section discusses the general method
wsed to compute the initial radiation dose to personnel. The specific doses received at
each of the shots of interest are the same as for the troop observers (Reference 23},
which are summarized,

il COMPUTATIONAL METHOD

Becayse the personnel were located in trenches at the times of detonation, the
calculation of the radiation dases lor maneuver troops Is accomplished n two steps.
First, the [ree-field radiation environment above the trenches is determined. This
environment is then used to calcylate the radiation doses to personnel in the trenches.

In the lirst step, the gamma and prompt reutron radiation environment is
determined with computer codes ATRS (Reference 26) and ATRWN.I (Reference 27).
These codes, developed from two-dimensional discrete ordinates radiation transport
calculations, predict free-field neutron ard gamma dotes in the vicinity of a nuclear
detonation. The first code contains provisions w correct for the presence of Nevada soil
at the air-ground interface; the second, although based on a West German soil type,
contains improved source-energy-dependent air-ground correction [actors. Hence,
ATRE is generally used to caleulate prompt neutron and neutron-induced gamma
radiation, which are sensitive to the hydrogen (water) content of the soil (Reference 28),
while ATEL4.1 35 used to calculate Lission product gamma and prompt gamma {emitted
directly from the [ission reaction) radiation, neither of which is sensitive to the presence
of hydrogen in the soil. Meuiron desss are calculated from {3itis) tissuve kerma factors,
while the Henderson tissue response function is uwsed to determine gamma doses
{Rzference 26).

Several adjustments are applied to the neutron doses calculated with ATRS.

Improved methods of cross-section weighting and grouping, devetoped since the ATR

data base was compiled, are incorporated, and allowance i3 made for a cepresentative air
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moisture content (humidity), The numerical correction factor is derived by comparing
infinite  air calzulations of the one-dimensional discrete cordinates code ANISN
{Reference 29), which incorporates these improvements, with ATR-generated infinite air
calculations. This factor varies appreximately from 1.0 to 1.3 over the distances of
interest. The second adjustment to the ATE neutron doses corrects [or inaccuracies in
the air-ground correction factor used in ATR for ranges greater than 1500 meters (the
factors used in ATR are considered accurate at smaller ranges). Recent transport
calculations with the discrete ordinates code DOT (Reference 30) provide the best
estimate of these correction factors in the range 1300-3300 meters. This correction
results in a reduction in calculated neutron doses at ranges greater than 1300 m, with the
magnitude of the reduction increasing with range,

Required input to the ATR code includes the neutron cutput spectrum of the
device a3 well as geometric and meteorological data. For the shots of Interest, the
general source of neutron spectral information for the device is glven in Reference 22
Meteorolagical and gzometric {e.g,, helght of burst, ground zero elevation) dats are
taken from References 32 and 33 The output of ATR-- neutron and gamma doses as a
function of range--can be compared with existing dose measurements lor each shot to
gauge the accuracy of the results. Unfortunately, insufficient neutron measurements
~were made during this nuclear test series [or precise confirmation of calcylated neutron
doses (References 34, 35, 36)., There is ap abundance of frec-field gamma dose data
available (References 31, 37, M), however, and these are utllized to verily the ATR
results.

The second step of the calculation uses the free-field radiation environment to
determine the dose within the teench, [t Is convenient to define & trench [actar as the
ratio of dose {neutron or gamma} in the trench to dose (neutron or gamma) above the
trench.  These [actors must be calculated for each of the major cemponents of

v radiation--neutron, secondary gamma (created by neutren captuce or inelastic scattering
in the ztmosphere and pround), local gamma (created locally by neutron capture in the
trench walls), and fission product {debris) gamma. It is found that the trench factors
depend also on ground range, height of burst, weapon yield, trench dimensions, and depth

in the trench, Briel discussions of the derivations of the varicus trench factors are
presented in Appendix [ to Reference 22,
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Maneuver troops were In trenches approximately two feet wide and five feet
deep, and at ranges of 1300-3000 yards (3200-4570 meters). The in-trench free-field
neutron and gamma doses are Calculated at depths of 2,33 {eet. This depth correspands
approximately to the mid-torso depths of personnel crouched in the trenches. The
fallowing trench factars are used in this report;

Radiation Type Trench Factors
BNeutron 0.13
Secondary gamma 0.0E3

Local gamma 0.03

Debris gamma .

*#The debris gamma trench factors are time-dependent; they are discussed in detail in
Relerence 22,

The in-trench duse {In rads) is converted to an equivalent tissue dose {in rem)
wing the: quality factors and methods prescribed In Reference 33,  The rad-rem
conversion factor for neutrons, derived from calculations utilizing computer codes DOT
and MORSE (Reference #0), iy an almost constant value of 13 for the weapon types and
ranges of interest. The quality fsctor lor gamma radiation is taken to be unity. Finally,
reprasentative film badge readings Ior personnel in the trenches are estimated. The
[actors that are used to convert the in-trench free-field doses to chest-wom film badge
readings were developed [rom calculations utilizing the adjoint mode of the computer
code MORSE. These film badge converslon factors are strongly dependent on the posture
and orientation of the personne] in the trench; the ranges of values shown below reflect
extreme variations in individual posture and orientation. The conversion factor for the
standing position is based on a badge de.pth of 0.5 [eet, centered in a 2-foot wide trench.
The grometric means of these ranges, wheve applicable, are used to determine best-
estimate [ilm badge doses.

Film Madpe Conversion Foctors

Radiation Type iz e oen
Sezcondary gunina 0.3%-0.83 0.5}
Local pamma ~ 0.7 0.7
Debris gamma, ¢rouched position 0.26-0.81 0.%6
standing position 0.93 0.95

The “dose equivalent in trench™ values reported for each shot in Section 3.2 are the

equivalent tissue dose for neutron radiation and the {ilm badge dose for gamma
radiation,
23
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The prompt neutron, secondary gamma, and local gamma doses are accrued
vapidly (essentially within the first second) after detonation. Thus, the posture in a
trench could nat be altered significantly during this exposure. The debris gamma dose,
however, is delivered over a period of many seconds. Therefore, the possibility of
individual reorientation {e.g., standing wp) in the trench must be considered. For an
individual crouched in the trench at times ¢ < 1, and standing upright in the center of the
trench facing the rising Cloud at times ¢ >t ot the film hadge doye duc to debris gamma is
calcvlated by:

t -
Dyt )= F, f; T od o F, [T fon o, (w
4]

where: F c? film bedge conversion factor, debris gamma, crouthed position,
F, = lilm badge conversion factor, debris gamma, upright position,
T¢{tl = debris gamma trench [actor, crouched position,
Tu(tl = debris gamma trench factor, upright position,
| d{t} = debris gamma tree-field intensity.
o= standup time

The trench factors T_{t) and T {t) are dlicussed in Appendix ! to Reference 22.
Intensities I d{tl are calculated with computer codes NUIDEA (Reference 1) and ATRS
{Reference 28) for the thots of interest. The lilm badge conversion factors Fc and Fu
were discussed previously. For Shots Annie, Mancy, and Simon, tp is assumed to be 3
seconds after passage of the blast wave, This is the same sssumption that was made for
the troop phservers in Reference 12, For Shot Grable, the troops were allowed ro rise
and chserve the firebalt at H+3 secondy, prior to the arrival of the blast [Reference 1),

3.2 RESULTS

For cach shat, the manevver troops occunind 1the same trench system as 5id
the troon obsarrers,  The same asannstisns ooe mwss for siand-up times and crouch
positions. 1, Ihe indiial radiation Qosox lor maneuver reess are coloulated 1o be the
same 25 lar the chiervers,  Previously roported in Reference 22, these doses are
summarized jn Table 3-1.

i)

R

R R L e T

B T R R T S Ry R A L oL



Lty

Annle
Mancy
Simon

Grable

Table 3-|. Sunmary of inltial radiation doses.

Tissue Dose Above Trench {mrad) Dose Equivalent in Trench {mrem

Neutron Camma Neutron Gamma
3 300 16 1
<} ] <l »
1 200 | 11
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SELCTION &
RESIDUAL RADIATION

k.1 RESIDUAL CAMMA EXPOSURE

Gamma doses are reconstrocted o maneuver troops, based on  their
activities in the fallout and neutron-induced activity felds of Shets Annie, Mancy,
Simon, Encore, and Grable. A computerized methodalogy, described in Relerence 23,
determines the radiological environment for each shot of interest. From this, doses are
calculated based on the scenario of troop activities. Iso-intensity contours with
superimposed teoop tracks are displayed.

The computer—calculated doses do not rellect the presence of the human body
in the radiological environment. Despite the penetrating ability of gamma rays from
fission and activation products, the body allords some shielding; hence, the gamma dose
to any organ depends on the geometry of the radiation surce snd the bedy position. In
ocder to repeesent reconstructed film badge readings, gamma doses are calculated for
the surface of the chest, where a film badge |3 normally wom. The cakculated film
badge dose rate ls related to the free-field gamma intensity through the coiveersion
factor developed in Relference 201 1 Rifbw 0.7 rem/hr (the calculated film badge dose is
identical to the "film badge equivalent dose” of Reference 24), This conversion js
applicable to an erect individual wearing a film badge on hls chest and standing in a
uniform, plane fatlout field, These conditions are met in the maneurer troop scenarios
except that there are intensity gradients in the gamma fields. These gradients have a
negligible effect on Jfilm badge readings for randomly-orlented personnel.

Dose calculations are categorized by the shot in which each maneuver troop
unit participated. I one instance, there is a contribution fram a previgus shog to the
dose—when tne BCT: visited an old diwplay ates. Behoarsals were on esszntially
uncontaminated terrcing Mo prior shots of Unthot-lins.ile ked resolted in f2liout on
maneuver areas; the nuontron-induced activity froun scone Fod nzardy &)l cecayed in the
i3 days before the Crable rehearsal.

Because of limiled data concerning the detaila of troop Jotation ang the

timing invelved, estimates arc required for various parameters. Rates of movement are
estimated from planned times or the few reported times, the locations of attack

8




gbjectives, the number of displays viewed, the calculated or reported position of
radiological safety limits, and the consequent distance to be traversed. A reasonable and
consistent set of parametars is 70 yds/min walking speed and 5 minutes at the objectives
{or where maneuvers were halted) and at each display. The stay time allows for some
lateral muvement of the tooops at each display arc.

Gamma intensities are calculated primarily from radiation survey data
obtained by the AEC Rad-Safe Unit {Reference 13). Few specific measurements by
Desert Rock rad-safe personnel are avajlable. However, reported locations of rad-safe
limits and cther mentions of intensities in Reference 1 are sometimes sulficiently
coupled with position/time data to be of use in dose reconstruction. Wiule the Desert
Rock data are too sparse 10 deflne an intensity field, comparisons with the AEC data are
possidle at specific locations. Thus, Ll the AEC dava Insufficiently deline the intenaity

field in the Desert Rock display sector, Desert Rock data can supplement the AEC data
o assist in characterlzing the environment.

Radiation safety limits for maneuver troops were specilied in
References 16-20, The references identify the 2.3 R/hr iso-intensity line as belng the
forward limit of observer and troop movement through the display area. In the maneuver
area, the BCTs were to change their direction of advance upon approaching 2 Rfr. It is
presumed that subsequent movement to the 2.3 R/nr level was permitted. Movements
from the objectives to the display arsas are not specilied, but must have required
Indirect routes in some cases because of rad-safe limits. For these cases, It is assumed
that the BCTs minimizad their march distances by keeping close to the 2.3 /he limit
until the displays were reached. Laide in Operation Upshot-Knothole, the [imlts on
radiation intensity were discarded, but the llmit on total dose of & rem for Desert Rock

¥ continued in force. Only at Shot Grable did this change Influence the movement of
mapeu¥er tragops,

4.1.1 401 Eemnje

The timeflocation scenario used In this analysis for BCTs A and B at Shot
Annje 1% developed from several! sources, Helerence | states that the objective was
reached at 0763 hours, personnel entrucked at 0804, and all units clased at Camp Desert
Rock at |04, However, the [irst two times are incompatible with the distance covered

and the assumed march speed {70 yds/min) for the maneuver troops. A minimum of |
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hour would be required at this march speed just to move from the objective area to the
truck area, even il there were no stopping at the objective area or at any of the displays.
If the 70 yds/min march speed is assumed for both the attack and the walk-through, the
objective would have been reached at about 0623 and the entrucking area at about 0300,
with S-minute stay times assumed at the objective area and at each of the display lines.
This allows time for departure from the area prior to 0905 (Reference 8 states that the
area was cleared by 0905) and arrival at COR prior to 1060. This scenario also extends
the time that the troops were in the fallout area, and thus tends to high-side the doses.
It is likely that the entrucking time of 0800 marked the start of entrucking activity,

which stretched over some period of time and initially involved only cbserver personnel
(in accordance with Reference 16).

Figure §-1 shows the attack and walk-through routes of BCT-A and BCT-B
with residual radiation contours for H+l hour (0620 hours) superimposed. Using the
scenario and march rates described in Section 2.4.1, the BCTs arrived at the display area
at about 0700. By this tuae, the 19 R/hr contour for Hel would hav# decayed to 9 R/hr
{neutron-induced activity dominated this portion of the radiation field). Figure 8-1 thus
indicates that the 300-yard display could not be visited. Despite thelr maneuver, the
BCTs would have reached the innermost displays in advance of the observers, who were
halted by rad-sale personnei in the display area at 700 yards from GZ (Reference 1)
However, Reference | also states that Desert Rock rad-safe monitors reached one
corner of the 500-yard display at the 2.3 R/br limit in thelr initial survey. If this value is
correct (in contrast to the AEC data), the halt of the cbservars sugsests that there were
no displays in that corner. For the present calculation, It Is assumed that the BCTs

halted for 3 minutes at the 2.5 R/br line in the display area bafore proceeding tc the
1000-yard display.

Calculated lilm badpe doses are 300 mrem for DCT-A and €690 mrem for

"

I~ = T &
BECT-B, a!most all Irom the movement 1o and through the dis

Fa

et M

Figure H-2 shows the attack route of BCT-A and BCT-B with resicdual
raciation contours for H+l hour (0610 hours) superimposed. The assumed scenario 3
BLT=-A encountering intensities of 2.0 - 2.5 Rfar at about D610 bours.  BOT-A

sideslipped 10 the west, at or near the rad-sale limit, apparently halting when BCT-B was

30
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approached. As discussed in Section 2.4.2, some elements of BCT-8 went beyond the 2.3
R/hr limit to an intensity of i% R/hr. Therelore, three cases are assessed: BCT-A, BCT-
B {{.cward—went ta % Bfhr), and BCT-B {rear). In the second case, the troops are
assumed 10 have withdrawn toward the rad-safe limit after a stay time of 3 minutes at
1% R/hr. In the third case, the troops are assumed to have maintained &n estimated 300-
yard battalion depth and, after & I0-minute stay, followed in formation toward the
display area.

The rest of the scenario it hased on the assumption that both BCTs followed
the 2.5 R/he contour to the =ast until reaching the 1000-yard display., Reference | states
that Desert Rock rad-sate monitors reached the 2.5 R limit in the display area at 1)
yards on the cast and 1230 yards on the west, The AEC rad-safe data also indicare that
a portion of the |000-vard displey was available to the BOTs within the rad-safe limit.
For the assumed march speed and stay times, retam ta the trench area would have been
at about O34, which is consistent with the 0230 departure for Camp Desert Rock,

Despite the availability of rad-safe data from several surveys ol the Shot
MNancy residual radiation Lield, the initit) survey alone is used for dose calculations. This
it the survey that best reflects the unusually steep interaity gradient that the troops
encountered (Reference % indicates that monitors in advance of the BCT reached #)
R/Mr). The impact of later survey data is discussed in Section 5. In the display area, the
initial survey is in essential agreement with intensities obtained from analysis of all the
data (compare to Relerence 22),

Calkculated doses are as fallows: BCT-A, LY rem; BCT-B {forward), 2.2 remy

and BCT-B {rear}, 1.0 rem. In cach case, nearly | rem was accrued during movement
toward and throuph the display area,

§.1.3 Shat Simon

The radiological survey data oo Shot Sirmon are somovhat limited. The few
surveys and lack of survey Bines on istantensitly contour plets by the AEC Rad-Zale Unit
incregse the uncertainty in the radiation tield, However, somo Ploesect Rock data are
wselul. The initial sureey of the display area by teams of the 50ih Clemical Platcan
began at Hs b3 minutes {2443} Jecp-mouated teams proceeded northward on tha radial
roads bounding the area (165 and 155° [rom GZ}until 5 Rfhr was reached. (Desert Rock
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rad-sale personnel in vehicles were authorized this intensity.) Lesser intensities,
including the 2.3 R/hr points, were marked enroute. It is assumed that the 5 R/hr and

2.5 R/hr intersities, whose locations are reported in Reference |, were measured at
about H+30 minutes.

The residual radiation contours established by the AEC initial survey are
shown on Figure 8-3. The survey began at 0430 hours and was completed at 0713 hours.
Despite the radiological decay during this interval, the contours were based on raw
readings rather than on readings normalized to a common time base. Reflerence 13
indicates that high intensities east of GZ delayed access to the survey lines north of GZ.

Evidently, the southern part of the shot area was surveyed in the usual time, by about
H+l hour.

e T

Direct comparison of the two initial surveys, without adjustment for the
timing of survey measurements, is as follows:

Rad-Safe Unit
(Interpolated to
Radial 30th Chemical Platoon Same Distances)
165% 3 R/hr at 2000 yards & R/hr
2.3 R/hr at 2200 yards 2R/ hr
125° S R/hr at 2100 yards 2.8 Rfhr
2.5 Rfhr at 2500 yards 0.2 R/hr

The agreement along the 165” radial suggests that the Rad-Safe Unit surveyed along this
radial at about the same time as did the 30th Chemical Platoon. The disagreement along
the 1257 radial suggests that the Rad-Sale Unit surveyed this radial later than did the
Desert Rock team, or merely interpolated from other radials.

Dose calculations are performed using the initial survey of the Rad-Safe
Unit, taken 1o be at H+l hour. Uncertainties in dose from the uncertain timing are
dizcuszed in Section 5. With insufliclent surveys to determine actual radiological decay,
the standard t°° relatios hip it used. Dased on low-level wind data, fallout at troap
locations bepan about Hal5 minutesy for hizh-si % the calculations, [allout deposition is

taken to be complete at that time. Althoush there was low-level residual radiation in

the trench area at the time of departure [rom the arca, essentially no additional dose
was accrucd ailer the troops boarded the trucks at the end of their walk through the
display area.
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Available references provide tome description of the BCT movements.
References | and |0 state that BCT-A gdvanced to within 2000 yards of GZ at 0600
hours, and that the attack was halted there due to a reading of 2.5 R/he. While the
location of the halt is unspecified, its timing of H«l1% hours suggests that BCT-A had
rearly reached its portipn of the objective. A3y calculated from the AEC survey
contours, the halt may have been as close a3 1400 yards to GZ. The rad-safe limit of 2.3
Rfhr would have been reached on a direct approach, but skirting to the west (Relerence
13) to avoid excessive jntensities would have brought BCT-A near the objective without
exceeding the limit. Caution during this part of the advance would have reduced the
cate of march and makes the 0600 halt time reasonable for being near the objective. The
return to the display area would have nearly retraced the attack path along the 2.5 R/tw
Isopleth. All display area intensity dats are comistent with the statement in Relerence
) that the 2000-yard display was the ciosest (to GZ) that the troops visited. For the
rormal rates of movement, arrival at the trench ares would have been at about 0730,
consistent with the departure from the area of all units by 0F1 35 (Relerence 10.

Reference & states that GCT-B resched the attack objective, and Reference
I indicates that no cadiclogical diflicultles we encountered. Although the attack route
was west (farther from GIZ) of BCT-A, M T-B apparently approached maximum
permissible radiation intensities Jate in its attack (see Figure #-3). In secking a direct
route from the objective ta the display area, the rad-safe Limit would have been soon
encountered, A southward detour, keeping to 2.3 R/hr, has BCT-B just ahead of BCT-A
on its return track.

With these attack and walk-through scenarios, the calculated doses are .1
rem for BCT-A and 2.2 rem for BCT-B. While most of the BCT-B doie was from the
return to the display area, the additional dose to BCT-A resulted from its proximity to
the rad-3sale limit during much of the attack as wel),

b1.% et Tanore
The radiation levels fram %0t Encore wore sulficiently low (due to the

heighit of burst] to warrant only ane ATZC rodi--isn survey,  The neirly circular

isointentity contours, indicative of the routran-ing ed wail activation, were afiset fram

the inteided G2 and indicate that the actual G2 waos approximately 230 yards to the
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touth [see Figure 4-4). Severa! readings at the intended GZ, (rom different sources, are
used to determine the relative intensity of gamma radiation from Mn>® and NaZ¥ for all
times. Figure -5 i3 wsed in conjunclion with this radicactive decay Iunction to
determine the intensitics encountered by the troops  during their attack and their
inspection aof the displays.

Dose calculations are made for the troop maneuver and tour of the display
area for the three elements of the maneuver force: ia., the helilifted platoons, BCT-A,
and BCT-B. For each element, the tour of the display area is as shown in Figure 4-4,
with a 5minute halt assumed at each display line. The greater number of displays for
the military effects shots in Frenchman Flat led 1o this 1ype of walkthrough.

The helililted platoons departed Objective & at D912 and arvived at the
Intended GZ at 0932 (Reference (). In walking to the intended GZ {where a J-minute
wait is assumed) and then to the display area, the platoons passed near the actual GZ,
where the radiation intensity was about 300 mR/hr, Becawse of the considerable helght
of burst, the intensities were fairly uniform fromm the intended GZ through the X0-yard
disptay line {about 200 yards lrom the actual GZh The platoons viewed displays at least
to the 2000-yard line, which was the truck loading area [or the return trip. They would
have areived at the loading area after 1100 hours. The radiation dose calculated for the
helilifted platoons is |30 mrem.

BCT-A encountered peak revidual radiation of less than I mRfhr as it
advanced through the display area at about the 2000-yard tine and halted at Ohjective &
at 10435 hours. Although pasting closer to GZ while approaching Objective &, BCT-8
cncountered radiation levels that were still ins:Znilicant, [t is assumed that the trocps
thon moved straight to the 3D0-vard display, in order to arrive there at about 1115 hours
{Beference 11). Viewing the displays thrgurh the 2290-yard line would have Jed fo an
arrival at the loading arca by 1230 hours. T.is time i2 cous.stent with e 1414 hours
reien to Camp Deosert Rock, The calculated oo for both GCTs is €2 mrem.

8.1.3 -4 Crahte

Hesidual radiation was encountcre by the BCT troops in two locations: Arca
3on 22 May to view the Harry post-shat damage, and Frenchman Flat on 25 May when
mancuvering and subsequently inspecting the equipment display following Shot Grable,
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The Shot Marry residual radiation at H«30 hours, ay determined in
Relerence 22, is shown In Figure d-}, together with the display area. The H+30
intensities are ysed to determine the dose accryed by the BCT troops on the afternoon of
D+3, the day that they visited the Shot Harry display. Comparison of sorvey Jdata
{Reference 1Y) clearly shows ihe residual radiation in the display area to be primarily
due to soil activation. For activated Nevada 3oil, the major source of contamination on
D3 is Na-24 {tfli hours). Intensities are high-sided by assuming no Hsl contribytion
from the faster-decaying Mn-36. Therefore, D3 (H+30) intensities are less than the
intensities shown in the ligure by a factor of 40, The same scenario as for the maneuver
troops was applisd to Grable observers at Harry in Relerence 214 the resulting film
badge dose of 0.6 rem is equally applicable to the ".CTs.

Figure 4-6 shows the residual radiation contour lines for Shot Grable at Hsl
bour. MNormalization to actual times uted in the analysis is based on the decay rates of
Na-24 and Mn-36, the activation products that produced the garmma intensity during the
period of the initial servey, These two radigisotopes are taken in the proportion that
leads to the composite decay best litting all survey data (through the automated
procedure).

The Grable maneuver was terminated at the time that the ACTs weie near
their closest proximity 1o GZ—~|600) yards for BCT-A and 300 yirdi‘ for BCT-B. The
maximum radiation intensity experienced by BCT-A was 0,08 R/hr, leading 1o less dose

' than was accrusd at Harry. BCT-B happened to approach the 2.5 R/hr rad-safe limit
that was no longer current. The elements of BCT-B that ceached the 500-yard display,
where the calculated intensity was |4 R/hr, were exposed to the same radiation levels 23
some tlements at Shot Mancy. Calculated [ilm badge doses, including the Shot Hacey
cortritution, are 0.0Y rem, 0.4 rein, and .9 rem lor BCT-A, BCT-B, and BCT-B (500
yard}, respectively,

8.2 LVUDIANAL RADIATION EAFL Y

% oaile cperating o residual radistica {ields, troep maneuver porssnnel were
subject to an internal dose commitment rom the inhalation of airbarne rodionuclides,
Internal Gose caramitments for volunteer and service observers were investigated and
reparted in Reference 22, and shown to be o the order of 1 imrem or fess. The internal

dose pathways lor maneuver troops were the same as some of these pertinent to
19
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obhservecs:  vesupension of fresh fallowt while marching and sispension ef neutron-
activated s0il In & dust storm. As the time after burst of exposure was similar for
observers and maneuver elements, the intemal dase commitment i3 directly proportional
to the 2xtermal dose; thus, the ressits ol Reference ¢2 may be used directly lor
corresponding situations. A3 the calculated external doses for the maneuver troops {for
all shots except Grable) are within an order of magnitude of those of the service
obiervers, the internal doses are similarly insignificant. AN are less than 5,001 rem,
" with all internal emitters included.

At Shot Geable, 1ome maneuver elements went closer considerably w GZ
than did the observers. Although it may ba construed that dust conditlons were jess
severe for these elements than for the observers, the same high-sided suspension factor
of 10°2 C1fm? per Cifm? is used. For severe dust conditions, the top centimeter of the
wil Is aawumed to be available for suspersion, Experiments b Operation Plumbbob
{Reference 18} correlate the Intenuity of the gamma radiation field with the distributlon
of activation products {mainly Mn-3§ and Nas-24) in the soil for & shot 2imilar to Grable.
As calculated in Reference 27, the {external) film badge dose of 0.04 rem [or the
observers after Shot Grable Implied 3 J0-year intermal dose commitment {whole body and
bone) of 0.001 rem, Proportionaily, the corresponding internal dose commitments to
BCT-A, BCT-B and BLT-B (390 yard} are <0.0O01 rem, G.01 rem, and 0.G3 rem,
respectively. Correspanding upper limit doses, also as determined in Relerence 22, are
about 0,002 rem, 0.10 rem, and 0.4 rem, respectively,
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3 RESIDUAL RALIATION DOSE SUHMMARY

The calculated film badge doses (rem) to maneuver troops from residual :
gamma radistion at applicable shots are summartzed as follows i

R 1.3

Associated Shoti Annle  Nancy Simon Encore  Grable

TCT A . 0B 1.1 o | &.ns 2.5
CTh .63 &3 2.2 G.C5 o4
{.Gzw u‘ljill I Gowib

- Caorword elements 1hat wang ig [& 0e,

e il=a¢ c.oments

LR 1ot ted platoons. i

shea Trocps that wear (o the S00-yard cicplay. :
N
!
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For all maneuver troop activities in conjunction with all shots except BCT-8
at Grabie, the 30-year dowe commitment to the whole body or bone from inhaled
radionuclides is derived fromn Reference 22 to be less than 0.001 rem. During the dust
atorm at Grable, BCT-B treops could have inhaled neutron-activated dust, resulting in a
whale-body commitment of 0.0} rem, or 0.03 rem to those clements that visited the 500-
yard display. Almost all of thwe commited dose would have been accrued within a few
days after exposure,
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SECTION 3
UNCERTAINTY ANALYSIS AND TOTAL DOSE DETERMINATION

The sources of error in the calculation of Initial and residual doses are
examined in order to quantitatively estimate the uncertainty in the total dose for each
wnit of maneuver troopd. For initial radiation, the uncertainty analysis corresponds to
that of Reference 22, as the conditions of exposure were the same as for troop
observers; lor residual radiation, the analysis reflects the distinct maneuver scenarios.

3l UNCERTAINTIES IN INITIAL RADIATION DOSE

1.1 Neutron Dose

The sources of error In the calculation of neutron dose includer (1) uncer-
talnty in *he neutron output (magnitude and spectrum) of the device, (2) deviations from
rmllwmmen-_rhﬂummtpﬂﬁnuﬁumuymmw,mmhm
transport from the burst point to a location above the trench, and (8) uncertainties In
neutron trench [actors. For the shots of interest, error factors representing $0-percent
confidence limits are estimated {or each of these sources.

The error factors for neutron cutput are based on the estimated reilabliity of
the calculations and/w assumptions made to model the output characteristics of the
device. The asymmetry error factors are developed by consldering the cogres ol device
asymmetry and the orientation of the device with respect to trench locations. Two
devices (those for Shots Nancy and Simeon) were highly asymmetric in design and
herefore have large factors. An asymmetry error factor of 1.0 Is assigned for the

radially symmetric Annle device. The transpart error facior reiiocis the unesrizinty In
calculating the neutron dose at & trench lscaton lor a y peetron outpuel of a
symmetric device, This range-ependent facior varizs . 1 1 G0 yda 1o ] t
400 yds. The vncorfamiy 0 the € ool
2 ’
sron doze error factors ere displayed . |
Jactars for the shats of interest range from LG to 2.2,

&4



Source of Lincertainty

Comhbined
Neutron Trench  Error
Shot Output  Asymmetry Transport Factor Factor
Annie 24 1.0 LA 1.2 .2
Nancy 1.3 | ¥ 4 1.4 {4 1.9
Sil'l'lol'l l-! It’ I.. I-: 2.2
Grable 1.2 5.0 §.3 i.2 ig

31.2 Initial Camma Doss

Sources ol error In the calculstion of inltial gamma dose Includer (1) uncer-
talnty in experimenta! film badge readings, (2) extrapelation/ Interpolation techniques to
determine dose at trench locations, (3) errors in relating above-trench dose tc the in-
trench dose, (#) uncertainty in converting In-trench dose to lim badge reading for
personnel in a {ixed position, and (3} uncertainty in personnel reorientation (i.e., standing
up} in the trench. While the other sources of error are systematlc, the latter two
uncertaintles provide an indication of the speead in {lim badge readings expected dus to
the various orientational factors.

The error factor assoclated with experimental fiim badge readings Is esti~
mated to be approximately 1.4 when dats were taken along cne radial line, and 1.2 when
consistent film badge data were obialned glong multiphe radial lines by two different
experimental groups, as for Shot Grable. For Shot Nancy, the large error factor {1.8)
reflects the uncertainty In the experlmental data due 1o shielding in the direction of the
experimental line, as discussed in Relerence 22, The error In interpolation/extrapolation
techniques used 1o determine the gamma doses at trench locations is range-dependent,
with estimated volues of LL3-1.4. Tt I3 estimated that the uncertainiy in the camma
trench foctors, which refote tho abgweatronsh & 48 12 e in-trench O oo, intrstudes an
errar lacior of §.2, G2 unsertsinty in refdting the in-teonch camma o 19 nilm bades
reacing Cor siotionary porrsnnci) I8 dus primarily to variations in body orisntaiion
ameng ingiviZualy in the trenen and the placerant of the {ilm badge an the body. This
error {actor for xi trocps is aslimated to be L5

The final umcertainty in Initial gamma dose results from the probability
that the troops stood up in the trenches te ohserve the rising cloud soon alter the blast
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elfects of the weapon had subsided, As discussed in Section A1, the assumption is made
for Shots Annie, Nancy, and Simon that the troops stoed up 3 seconds after passage of
the blast wave. For Grable, the troops were allowed to rise and observe the fireball at
H+3 seconds, prior to blast wave arrival. The times of arrival of the blast waves at the
maneuver troop trenches, and the assumed stand-up times are as follows:

Assumed
Time of Arrival of Stand-up
Shot Trench Distance (yards)  Blast Wave (seconds)  Tire (sec)
Annie 3500 76 i
Mancy 4000 8.7 12
Simon 4000 4 11
Grable 5000 11.6 3

Mo error is assigned for Grable. For the other shots, the 90-percent confidence limits in
the stand-up times are estimated at 3 seconds. The associated error factor In dose Is
about 1.1 in each case.

The gamma dose error factors for shots of interest are as followss

Source of Uncertain Combined
Experimental Extrapolation/ Trench Trench Standup Error

Shat Data htwﬂhm Fector Pum Tims Fm!
Annle 1.8 1.3 1.2 1.5 1.3 2.0
Mancy 1.8 1.4 1.2 1.5 1.3 2.3
Simon 1.4 I.& 1.2 1.5 1.3 2.0
Grable 1.2 1.4 1.2 13 1.0 1.8
5.2 UNCERTAINTIES IN RESIDUAL RADIATION DOSE

The uncertainty In calculated residual radiation doses arises from two | e
sources: (1) the gamma radiation environment, and (2} the space-time scenario of troop
movements. The S0-percent confidence limits In the pamma intensity, Including the
uncertainty In the decay parameter, are facilitated through parametric studies usi na U
autemated procedure (described in Relerence 23] to determing the influence of scenario
variations on personnel dose.

L1



Errors in position, time, and gamma intensity are not Independent because
of the rad-safe conatraint that limited troops to intensities of bess than 2.5 R/hr {with
the exception of Shot Grable), Uncertainties exist with regard to the times and jocations
of the maneuver troops during the attack phases of their activities. In one case (see
Section 4.1.1) a reported arriva!l time had to be reinterpreted because it was inConsistent
with other reported information. As there is no indication of violation of rad-safe limits,
except for BCT-B at Shot Nancy, the assumption that troops kept close to the limits
when detouring is necessarily high-sided in terms of dose; however, a 2.3 R/hr intensity
is taken 1o apply without error under these conditions. The uncertainty is in the duration
and patn, length of a detour. In the display areas, the limits of advance were not always
repocted, When the references do not report which equipment display Lines were
inspected, the assumption is made that all of the displays within rad-safe limits were
inspected, The dose accrued within the display area is maximized i the innermoat
display wisited is coincident with the rad-safe limit. Within the uncertainty of the
radiation licld, this is olten & powsibility.

The timing ol the troopy’ march s generally based on the reported time of
attack, time of arrival at the objective, and arrival at the pickup point. Reasonable
march speeds and display area stay times are assumed, in order to Construct 2 scenario
consistent with the known times., The most important influence of timing on the
uncertainty in dose i3 the time spent at the position{s) of greatest gamwma intensity.
Uncertainties based on timing are high-sided by coupling stay times {all upper limits are
considered together) and by ignoring the overall time constraint on the combination of
lng stay times and slow march speeds.

2

The warious sources of error are combined approximately; they cannat be
combined rigorously due to the disparity of their associated disteibutions. While some
distributions are normal as expressed {e.g., @ march speed ¥ 20 yds/min ur a halt point
p * 100 yards from GI), they imply a more lognormal distribution in dose. For each source

of uncertainty, the limits on dose are interpreted in teems of error {factors on the best-
estimate doses from Section 4. Uncettainties are combined as for lognormal
distributions. The overall uncertainties permit determination of the mean dose from
residual radiation for each shot. Onty for significantly skewed distrit stions is the mean
much different from the best estimaiec. For multiple expasures, the means may be

legitimarely added to find the mean total dosz, which may be compared to {itm badge
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data - entered as an individual's assigned gamma dose. Minety-percent confidence
limit. are estimated {or each calculated dose,

LY

£

41

Ly

ERERAT

W ‘.-\-4--.‘ s Lt 4 ._-.-‘-- e T -~ v, .‘-:

" ATt e Tt e R T e T T T T e T e T T TR T T e e e
T A N




"'1 i s "lwﬂ*"’?' YT RRS EE -l " Ay gmEmA L ETEmgmgee g pLcc Ry e s - mes e — na b p——p——— 'I'H‘]
1
; 5.2.1 Shot Annle
|
9 For bath BUTs at Shot Arnie, the uncertainiy in dose stems predominantly
from twa sources: (1) time spent at the first two displays (the intensity dropped off such
1 that there was esseatially no dose received at the other displays), and (2} the marching

: spred, especially that near the 2.3 Rfhe Lmit. The stay times are assumed to be
o $ minutes, with an ector factor of 2. The marching speed s assymed 1o be 70220
yds/min. Because most ol the dose was accrued near the 2.5 Rfhr limit, not at a
specified distance, the uncertainty in the radiation ficld contributes litthe to that in
dose. The calculated filin badge dases, with errors, are;

[} {2) Combined

; +0.17 +0.20 203

+0.16 92021 +0.27
BCT-B 0.6970 8 0.69°02] 0.69°0-27 oy

The uncertainties in dose associated with the maneuvers at Shot Nancy stem
from three basic sources: (L) stay times at the halt points (short of the ohjtctwc]' and at
! the 1000- and L1300-yard displays (the contribution to dose wat negligible at the other
displays), (2) marching speeds, sspecially in the higher-intensity areas, and (3 the
radiation field intensity, in particular the gradient of intensity rear the halt point for
‘ BCT-B. The stay time and marching speed assumptions are the same as for Thot Annie,
; except that an ervor factor of 2 is applied to a stay time of 10 minutes at the halt point
for ceat elements of BCT-B. Unless the march speed was far from constant, the upper

limit an dase from this source of uncertainiy is unrealistic; the BCTs could not have

el

; marched as slow as 30 yds/min znd still have reached the entrucking area in time to
) clear the shot area by 0830 hours (see Section 2.4.7%

The intensity gradient near the halt peint of BCT-5 affects the calculated
dase to both [arward and rear elements. A hish sradient would bove minimized the dose
to forward elements during their approach to 14 R/hr and reduced the intensity to the
rear elements at their spacing bekind the front. The highest gradient is depicted in the

initial survey contours used lor the dose calculation; therefore, the calculatea dose also
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represents a lower dose limit on the basls of uncertainty in gradient. An upper dose limit
s obtained irom also utilizing later survey readings in the wicinity of the halt point.
While these may not have fully captured a kcalized gradient, they nevertheless imply
that the rear elements did not exceed the rad-safe [imir.

The calculated film badge doses, with uncertainties, aret

) 7] ) Combined
4: +0.8 40;’
BCT-A L3¢ 1352 - b3 g2 oM
BCT-B (forward) M:ul_g M’&f u:b.t 2‘!:;.; rem
BCT-B (rear} 1057 1079 1070 1003 rem

329 Shat Simon
[ ]
For both BCTs at Shot Simon, the uncertainty in dosc is dominated by that in
the time spent at radiation intensities near the 2.3 Rfhr rag-sale limit, The uncertainty
in thar duration follows mostly from that in (1) marching speed (70220 yds/min) and (2)
stay times {3 minutes at each display or halt point, with an error factor of 2. Despite
the uncertainty in timing of the initial rad-safe survey, the signilicant gradients in the
radiation {ieid ensure that the isopleths are accurate to within a few hundred yards for

Any tims r|u_r1r|.r:|I tha ACT mavamants, For the faw kilamaters of eeouwmed rrmrr-hinr at

BLY fow s of presun at
2.3 B/hr, the uncertainty in path length at this intensity is thus small.
., o _ .

BCT-A spent ahm.;t 1% hours alorg the rad-safe limit. Bacause of the known
halt time, only the time of first arrival at the rad-safe limit and the duration of the
return to the display adea are uncertain. The vpper-limit march speed {not applied
during the attack along the rad-safe limit) implies & minutes sooner for the formear and 3
minutes shorter [or the latter; the lower-limit specd implies 10 minutes later and 18
minutes lenger, respectively, Thus, unless the march speed varied considerably betwesn
these two phases, the calculated dose is relatively insansitive to march speed. Stay
times at the halt paint and the displays {especially at 2000 yards Irome GZ), which are
taken to ke coupled, lead 1o a greater uncertainty in dose,
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BCT-E spent atout | hour along the rad-safe limit, including the Apparent
grazing of the limit during the attack phase. As no reference states the arrival time at
the objective, the dose to BUT-B is moce dependent on the assumed march speed. Only
at the 2000-yard display did BCT-B stay where the intensity was near the rad-sale limit.

The resulting uncertaintles in the calculated film badge doses are:

n (2} Combined
_ +0.12 +0.27 +0.3
BCT-A 3"-0&5 R a1y 3.1 5 rem
_ +0.3 0,12 +0.3
BCT-B Ll_o‘t z.!_u 04 2.2_“"

3h Shot Encore

For the maneuvers it Shoet Encore, the sources of uncertainty in dose are
limited to: (1) stay times at the displays, and (2) march speeds. Despite the use of a
single rad-saie survey in the calculations, the radiation field is well established. Several
independent and consistent meqsurements were made of the intemity at the Intended
GZ, the displacement of the actual GZ is known, and the neutron-induced activity
decayed minimally during the sorvey. For the helilifted platoons, the stay time dose and
uncertainty incClude the delay at the intended GZ. The same stay time (3 minutes, error
factor of 2) and march speed (70120 yds/min} assumptions as lor the other shots are
made. The calculated {ilm badge dosey, with errors, arer

(1) (2 Combined i
+O.GE5 +0.017 +0,02
BCT AfB R O Y I Y s
. +0.035 « 037 +0.03
Heljlifted platocns u'”—ﬁ-ﬁl! a.1 a-ﬂ.ﬂl‘l 0.13 _p.p3 e

3.2.5 Shot Grable

The uncertainty in Jose lor the BCTs at Shot Grable stems from four sources:
{i) the radiation field intensity, (2) the distance south of GZ of the maneuver halt, (3) the
stay time at the halt point (and at the 300-yard display for the element of BCT-B), and
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(¥) march speeds. For the gamma intensity, the calculat.d error lactors are
approximately 2.0 for the area in which most dose was accrued. The halt locations are
estimated 10 be accurate to within 100 yards for each BCT, which implies an error factor
of 1.% in Intensity at each kocation, based on the radiation field gradient. The stay time
and march speeds assumed are as on the previous shotsr 5 minutes within & factor of 2
and 70420 yds/min, As the halt time calculated using 70 yds/min is in accord with that
reported in Reference |, only subsequent march speeds have an associated uncertainiy.

The calculated film hadae doses, with errors, arer

i} 2) )} {4 Combined
BCT-A <001 error  <0.0] error <000 error <001 error <001 rem
. +0.13 +0.31 .04 +0.12 +«0.61
BCT-B O.%% 019 LET] 017 0. h 0.07 0.4 “0.07 044 p.24 TEM
+2.0 +0.3 «1.0 +0.3 +2.5
B&Tj—gﬂ ” l"-l.ﬂ I.‘!_.,‘.‘_2 I"-O.J "’-o..z l"-l.l rem

For the inspection of the Shot Harry displays on 22 May, the scenario and
uncertainties are the same a3 indlcated for observer personnel In Reference 22. The
dose of 0.03 rem was stated 1o be high-sided because sodium-28, to which the troops
were prodominantly exposed, was assumed 1o account for the shot-day survey Intensities
a3 well; actually, the faster-decaying manganese-36 would have contributed to those

readings. The 0.03 rem is added without quantilied error to the dose for each Grable
oberver C4tcgory.

3.} TOTAL DOSE SUMMARY ° .

The reconstructed neutron and gamma doses lor Operation Upshot-Knot-
hole maneuver troops are presented in Table 35-1, From the best-estimate doses of
Sections } and & and the error digtributions of Section 3, the mean neutron and gamma
dases for each unit are calewlated. These are presented along with estimated $0-percent
confidence fimits.,
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Table 3-1. Manewer tragps saan doss EERmAry.

LT~ TR

It .

Initia! Residual Total
MNewutron Gamma Camma CaAmma
Shot BCT  Doselrem}  Dose fremf{l) Dose frem)f!) Dose {remfl
o «0.017 «0.31 «0.3]
ANNIE A o018l o0l 080757 0815
0017 0,27 %
. 0018° G 0.0i2 06920 1y 07075 14
+0.5 +0.5
NANCY A <0.001 0.004 L33 1302
1) «l.3 +1.5
¥  <0.001 0.004 2457 28
" +0.5 +0.5
Bl 0,001 0.004 L% oy
+0.3 +0.3
SIMON A 0,003 0.012 a5y L N g
+0.2 +0.3
B 0.003 0.012 220, 220
+0.02 +0.02
ENCORE AB -~ e 0.067 o) 00670 o4
Helilifted
Platoons - - 0.130:03 0.13%0 0
GRABLE A <0.001 <0,001 0.0% 0.0%
+0,54 +0.54
B <0001 <0.001 0.54 '3} 0.58%573)
5 2.2 +2.2
85 <0.001 <0.00i 2220 22777,

{1}Reconstructed fiim badge dose,

{2)Uncertaintics less than 0.0) rem not displayed.

{3IForward elements,
{4 ear eloments,

{5)Elements that visited the 500-yard display {ollowing Shot Grable.
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FILE BADCE DOSIMETRY

Fitm badge dosimetry data for Armny mantuvers in Exercize Desert Rock ¥ are
wavatlable, with one exception, One of the listings sent from Camp Desert Rock 1o a

“howne station of participants bhas survived, fumishing doses to 32 troops from Fort

Benning. The date of the listing, 9 April 1953, and the Third Army alfiliation of Fore
Benning establish that these troops were in BCT-B at Shot Nancy.

The range of doses and the variety of units represented on the list suggests a
useful comparison to the doses calculated for the forward and rear elements of BCT-8.
Almost all of the readings Iall Into one of the following categoriestr 2.2rem 210
percent, 0.9 rem 2 |0 percent, and 4 unilorm distribution from 1.1 to 1.6 rem. Although
the Fort Benning participants formed less than 10 percent of BCT-B, their range of dose
levels may nearly represent that of the BCT as a whole. The high-dose group consists
almost entirely o! persomnnel from airborme units, who would be expected w lead,
infantry units dominated the middle-dose groups, and fleld artiliery ond truck units the
low-dose groug.

The comparisons between calculated doses and the dosimetry data for the
forward and rear elements of BCT-B are excellent. This is in part due to the known peak
intensities reached and their domination of the dose (14 R/hr and the movement along
the 2,5 R/hr rad-sale limit). #n addition, the agreement reflects well on the judgement
of time and space factors for all maneuver units as well a3 on the characterization of the

-

residual radiation field,
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SECTION 7
CONCLUSIONS

Exercise Desert Rock ¥ maneurcr troops participated in six of the eleven test
shots of Operation Upshot-Knothale, and were exposed to nuclear radiation as a result.
Fxposure assessment for the marinet at Shot Badger is provided in Relerence 21. In each
of the five shots covered by this report (Annie, Nancy, Simon, Encore, Grable), maneyver
troops were divided into two Battalion Combat Teams (BCTs), At shot times, the troops
crouched in trenches located 3300 (Annie) to 10000 (Encore} yards from ground zero
(GZ). Following the shots, the troops engaged in marneuvers 1o simulate attacks on
objectives oflset from GZ. In some cases (Nancy, Simon, and Grable) one or both of the
BCTs were ynable 1o reach the objectives due 10 excessive radiation or lack of visibility,
Following the maneuvers, the BCTs walked theough the display areas to view the animals
and equipment. In some cases {Nancy, Simon, and possibly Amnie) it was not possible to
visit all the displays because of high radiation levels. At 3hot Grable, visibllity was »
problem, and only & portion of one of the BCTs visited the 300-yard display.

hnitial radiation doses were very low for the mancuver troops for all live shots,
the neutron dose ranging from less than I mrem (Mancy, Encore, Grable) to 18 mrem
(Annie). The initial gamma dose ranged from less than ] mrem (Encore, Grable) to 12
mreem {Annie, Simon). These doses were the same a3 for the service chservers, since
thelr trenches were collocated.

Residual radiation doses ranged from 0.0% rem (Shot Grable, BCT-A) to 1.1 rem
{Shot Simon, BCT-A). Doses of about 2 rem were accrued by BCT-B, Shot Simon,
elements of BCT-B, Shot Grable, and Iead elements of BCT-B, Shot Nancy, In the latter
Instance, the 2.3 R/hr limit on gamma intensity was inadvertently exceeded (to 14 R/hr),
but withdrawal to permissible levels was achieved quickly enough that a substantial dose
was aveided, The Grable elements, Jor whom there were no intensity restrictions, were
also exposed 1o |4 R/hr, at an equipment display line briefly visited,

The D-year dose commitment to the whole bady or bone from inhaled
radionuclides was derived Iram Reference 22 to b= less than 0.001 rem, except for
BCT-B at Shot Grable. Calculated commitments are 0.0] and 0.05 rem for elements of
this BCT.
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Of all Desert Rock maneuver troops who participated in the five subject shots,
none were cakculated to have received a total Jilm badge dose that exceeded the
exercise Limit of 6 rem.,
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SECTION 3
LIST OF REFERENCES

“Final Report, Exercise Desert Rock ¥,* Headquarters, Camp Desert Rock, 16
July 1933,

"Operational Report, 7 May-3 June, 1950, Headquarters, First Army, Deser?
Rock ¥ Battalion {Provisional "¥™), Fr. Totten, NY, ¥ June 19%),

"Letter of Instruction Mo, 1," Headquarters Sixth Army, Presldio of San

Francisco, CA, 3 January 1953,

"Operational Summary, | March-% June 933" Operation Upshol-Knothole,
Nevada Proving Grounds, Headquarters, Field Command, Armed Forces Special
Weapons Project (unpublished),

*summary Report of the Technlcal Director, Programs 1-%." Operation Upshot-
Knothole, Nevada Proving Grounds, Headquarters, Fiekd Command, Armed
Forces Special Weapons Project lunpublished),

"Report of the Deputy Test Director,” Operation tpshot-Knothole, MNevada
Proving Grounyds, Los Alamos Seientific Laboratory {unpublished).

*Directive for Exercise Desert Rock Y," Office of the Chief of Army Fleld
Forces, Fu Monroe, YA, 5 February 1933,

"Shot V-l...," CG Cp Desert Rock Message DTGt 1323432 Mar 533 to CG Sixth
Army.

"Shot ¥-2...," CG Cp Desert Rock Message DTG: 2023802 Mar 33 to CG Sixth
Army.
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PShot ¥-9..," CG Cp Desert Rock Message DTG 0322302 May 31 to CG Sixth
Army.,

*Shet ¥-10...," CG Cp Desert Rock Message DTGy 2322102 May 33 to CG Sixth
Army.

"Radiclogical Safety Operation, Operation Upshot-Knothole,® WT-817F, Field
Command, Armed Forces Special Weapons Project, Albuquerque, N#, March-
June 1933,

"Soii Activation by Neutrons,” Project 2,1, Opesation Plumbhab, Field Command,
Armed Forces Snecial Weapons Project, WT-717.

*Age Specific Radiation Dose Commitment Factors for a One-Year Chronic

Intake,” G.R. Hoenes and 1K, Soidat, USNRC Report-NUREG G172, Movember
1977,
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Opecations Order Na. 1 {Shot Annie), Exercise Desert Rock ¥, Headquarters,
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Operations Order No., 2 {Shot Nancyl, Exercise Desert Rock ¥, Headquarters,
Camp Desert Rack, Nevada, 16 March 195).

Operations Order No. & {Shot Simon), Exercise Desert Rock V, Headquarters,
Camp Desert Rock, Nevada, 21 April 1933,

Operations Ovder No. 5 (Shot Encore), Exercise Desert Rock ¥, Headquarters,
Camp Desart Rock, Nevada, ) May 1933,

Operations Order Na, 7 (Shot Grable), Exercise Desert Rock ¥V, Headnuarters,
Camp Desert Rack, Nevada, 17 May 1333,

*Analysis of Radiation Exposure, Znd Marine Corps Provisional Atomic 2wercise
Brigade, Exercise Desert Rock, ¥, Operation Upshot-Knothole," DNA.TR. 32-0%,
Defense Nucicar Agency, J February 352,

*Analysits of Radiation Exposure for Troop Observers, Exercise Desert Rock ¥,
Operation Upshot-Knothole,® DNA 3742F, Defense Nuclear Agency, 28 Apri!
193).

"Analysis of Radiation Exposure for Troop Observers, Evercise Desert Rock M,
Operation Teapot,” NINA 5354F, Delense Nuclear Agency, |5 July 1930.

=Analysis of Radiation Exposure for Task Force WARRIOR, Shot Smoky, Exercise
Detert Rock Y-V, Operation Plumbbob,® DNA AT4TP, Defense Nuclear
Agency, 3§ May 1979,

"Analysis of Tadiation Bxposers [or Task Force BIG BANC, Shot Caliles,
Exercise Desert Rock VII-¥ill, Operation Plumbbob,® DNAMZZF, Delense
Nuclear Agency, 9 April 1230,

“"Yersion & of ATR (Alr Transport of Radiation),® DNA 3933, Defense Nuchear
Agency, January 1976,

Enerpy Dependent Air/Ground Correction Factors for the ATR {Air Tramsport of

Radiation} Code,* CR o, 33, U.5. Army Dollistic Research Laboratory,
Avpust 1977,

"Radiation Environments from Tactical Nuclear Weapons,* DNA &267F, Delense
MNuclear Agency, July 1376,

A Users Manual for ANISN, a One-Dimensional Discrete Ordinates Transport
Code with Anisotropic Scartering,” Unien Carbide Corp,, 1973,

*The BOT W1 Twe-Dimensional Niscrete Ordinates Transport Coda,® ORNL-TM-
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Nuctear Nefense Laboratory funpublished).
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"Summary of Preliminary Results of the Diagnoatic Measurements Performed on
Operation Upshot-Knothole® Los Alamos Scientific Laboratery lunpublished).

"Air Weather Service Participation,” Operstion Upshot-Knothole, WT-703, Air
Force Special Weapons Center, July 1953,

*Meutron Flux Measurements,” Project 2.3, Operation Upshot-Knothale, Naval
Rese=arch Laboratory {unpublished).

“External Neutron Measurements with Threshold Detectors,” Project 17.),
Opecation Upshat-Knathale, Los Alamos Scientific Laboratory (unpublished).

"Physical Measurements of Gamma ami Neutron Radlation in Shelter and
fnstrumentation Evaluation,” Project 24,2, Operation Upshot-Knothole, WT-739,
U.5. Atomic Energy Commission, August 1953,

"Initial Gamma Exposure Versus Distance,” Project 6.3a, Operation Upshot-
Knothole, Signal Corps Englneering Laboratories (unpublished).

"Camma Radiation as a Function of Distance,” Project 10.3, Operation Upshot-
Knothole, WT-327, Los Alamos Scientific Laboratary {unpublished).

"Protection Against Neutron Radigtion, NCRP Report No. 11, January 1971.

“The MORSE Monte-Carlo Radiation Traniport Code Syatem,™ ORNL 4972, Oak
Ridge Mational Laboratory, Febwuary §975.

"NU'DEA--A Computer Code for the Predict.sn of Rza-diation, Blast, and

Thermal Environments Irem Muclear Weapons,” Science Applications, Incg.,
19 November 1975, -

3B

i
%
4

L L L T B
1 N



DISTRIBUTION LIST

ARMED FORCES RADNOEIOLQGY RSCH INST
ATTN: DEPUTY D{RLCTOR
ATTH: DIRECTOR
ATTN: SCIENTIFIC MRECTDNR
ATTN: TECHMICAL LIBRARY

ASSIST SECY OF DEF FUBLIC AFFAIRS
ATTM: ASD{PA}

ASHST SECY OF DEF HEALTH AFFAURS
ATTN: ASDHA)

ATIST 1) THE SECY OF DEF ATOMIC ENTRGY
wATTN: [ TUGGLE

DEFENSE INTELLIGEMCE AGENCY
ATTN: RTSZ8

DEFENSE NUCLEAR AGENCY
ATTH: GG
ATTH: PRD

10FYS ATIN: STBE

54 CYS ATTN: STTI-CA

DEFENSE TECHMICAL AMPORMATION CENTER
12005 ATTN. DD

BEF UNOER SEC OF DEF TOR RSCH § ENGAG
ATTN: DUSDRE WSCH & ALY TECH

FIELD COMMAND DMA DET 7
LAWRENCE LIVERMORE MATIONAL LAN
ATTN: FC-1

FIELD COMMAND DEFENSE NUCLEAR MIENCY
ATTM: FCL
2CYS ATTM: FCLS
ATTH: FCPR
ATTH: FCTT W SUMBLA
ATTH: FCTXE
ATTH: FCTXE MAJ EVINRUDE

DEPARTLIENT OF THE ARMT

HARRY D{AMOND LABORATORIES
ATTN: DELHD-TAL BL 1OG TECH LIB

HQ DEPARTMENT OF THE ARMY
SCYS ATTN: DAAG ESG-M, KTPR

U 5AAMY EALLSTIC RESEARCH LAB
ATTH: LAQAR-GLV-R J MALONEY

U S ARMY CTR OF L2LITARY HISTORY
ATTH: LIZAARY

U S ARMY MEDICAL RECH & DEY CMD
ATTN: SGRG-5D

59

EP

U S ARMY MUCLEAR & CHEMICAL AGENCY
ATTN: BOMA-TH C DAYDSOM

WALTER REED ARMY MEDICAL CENTER
ATTN: LIBRARY

DEFARTMENT OF THL NAYY

MANNE CORFS HISTORY & MESEUNS
ATTA: HeSTORICAL VTSI0N

MATIOMAL MayAL MEDACAL CENTER
ATTR: DEPT OF RATHOLDGY
ATTH: MEDICAL LYBRARY

AL M DICAL CORMCAMO
ATTH: HMES-0G
ATTH: NMWES-O9%
ATTH: MMALS-IC22

AL OCEAM SYSTEMS CENTER
ATTH: WESEARCH LIBRARY

ML SEA SYSTEMS COMMAND
ATTM: SEAON M MILES

L WEAFONT EVALUATION FACILITY
ATTHE CLATSFHD LIBRASY

OFC OF THE DEPUTY CHIEF OF MAvAL OFS
BCYS ATYN: MOF D155

OFERATIONAL ARCHIVES BIRANCH
AYIN: DO ALLARD

1 § MARTNE CORPS.
ATTM: MCHTMR

AERCLPALE WEDHCAL DRTS0M, APSC =
ATTH: LIDRRRY SCL-4

AR FORCE HISTORMCAL RSCH CTR
ATTH: LISRARY

AR PORCE INSTITUTE OF TECHNDLOGY
ATIM: LIGRARY

AIR FORCE KUCLEAR TEST REALW
ACYS ATTN: SOFT COL GV hEONS

AIR FORCE WEAPONS LABDRATINGY, AFSE
ATTH: NT
ATTH: 5L

4
© A e —

MB DNIVEPSTY LIZS RY
ATIM: AL LS

LS AR PORCE OCCUFATIONAL & ENY HEALTH LAB
A CTYS ATTH: AFNTPH
ATTM: CC

AA AL



EMARTIENT OF EMNERGY

DEPT OF EMERGY OFC OF MIL APPL GTH
ATTH, OMA, DP-22

DEFT OF ERERGY NEVADA OPNS OFC
ATTM. B CHURCH
ATTM: HEALTH PHYSICS DiY
ATTH: | O'NEAL
ATTN: PUBLIC AFFAIRS.

EAFT OF ENERGY HUSAN HEALTH & ASSESS DIV

ATTH: JTHILSEN
ATTM: TECHMICAL WFOCTR

LMIVERSITY OF CALIFORMLA

LAWRENCE LIVERMORE MATIOMAL LAB
ATTN: L ANSPALGH
ATTN. L-533 TECH iNnFD DEFT LW
ATTH: ¥ NG

LO% ALAMOS HATIONAL LABORATORY
ATTH. IO D STILLMAN
ATTH: J CUMMER
ATTM: M55 T DOWLER
ATTN: M52 1A F WHALEN

O, RIDGE MATIONAL LABORATORY
ATTN: ~ FICHWIOND
ATTN: O KEAR

OAK MOGE MATIOMAL LABORATORY
ATTH: T JONES

REYNOLDS ELECTRICAL AND ENGR CO, NG
ATTH: G
ATIM. LST
ATTH: ‘W GRADY

TANDLA HATIONAL LABORATDRIES
ATTN. DIV 1314 S DURFEE

OTER OOV AW IENT -

CANCER CENTIR, MiH
ATTH: A KHLDS0N

CENTRAL INTELLIGENCE AGENCY
ATTN: CFFICE OF MEQACAL SERNCES

COMSUMER PRODUCT SAFETY COMMISSION
ATTH: W LM
ATTH: PFRUESS

CEPT OF COMMEACE NATL BUR OF STANDARDS
A b oeuwrrarT
AT L
ATTH Tte LICH

ATTH CICOF hoa Kbl

DEFARTMENT OF HEALTH & HUJWAN SVLS
ATTH. R MURPHY

DEPARTRENT OF LABOR
ATTN: SWEINER

(24]

DEFsrTENT OF TRANSFORTATION
ATTA: H L REIGHARD

DEPT OF WfALTH & HUMAN SE.1CES
ATTH: © SMYERMAN
ATT G JOMeeSON
ATTHE IVILLFORTH

| ENYVINONMENTAL PROTECTION AGENCY

ATIN: FslAGMO
ATTIE T THORSLLIND

WO NTAL PROTEC TN ACTHEY
ATEME D WOSEMOALIM APl -450
ATTRE 1 AELDON AN b5
ATTW: W ELLETT ANR-350
ATTAE W ANLLE AdaR-400

FEDERAL FWERGENCY MAMATEMNINT AGIWTY

ATTMC ASET ASSOC DUR FOR W & KERR

AT [ SHEBENTEITT
ATTR: OFC OF W0 TN K TOVWEY

LAY OF CONGINTL
ATTM: 3C & TECH DN

INASA HEADOULARTE Rt
ATYN: M5 SBE-3 P RAMBALIT

NATIONGL CAMCES SeSTITUTL Wi
ATTH: B MOOLY
ATTH. GEIEBE
ATTM: ¥ VK

MATIOMAL CAMCTR WITITUTE. MM
AT CEAND
[ L LA EALENT 1
AT o BLlT

MATIONAL CAMCER INSTITUTE MM
ATTM. ) GART

NATIONAL CANCER ScSTITUTE, M
ATTH: AFY AN
ATTW: DrFrns 7 22t
ATTN JWYNSASTOEN

MATIOMAL N5 TETUTE #04 DCCLAPATROMAL
ATTH. W MLUFRAY

HATHOMAL HSTITUTES OF HEALTM
ATIM: LIB ADG UMT

MATIONAL LINRARY OF MEQICINE, KiH
ATTIE L1SRAMY

MATICT &Y =0 TA DI M TN
! . G
LA P Y

KATL HEART LIING & BLDOD eNSTITUTE, MM
ATTM W FUKEL

OFFICE © SIe0n MG & MEALTH
AeTH: JPNNCY

1 % J

e

Fy

.

£

b
L&

it

L T e

oy ove
o
Gttt
R
SEM

-
A
.

F. Ly
P

|



SR ':‘.!..i-.-'.'“-" Fi) r'."";'.'? h-':l'-

. S, R
OTHER SOVERMBIENT fCONTIUED; VETERANS ADMINTSTIRATION-RG
ATTH: DIRECTOR
SUBCOUMMITTEE OF NUCLEAR RECGULATORY
ATTR: JCUNTISS VETERANS ADMOMISTRATION-RO
ATTH, DHRECTOR
U S HOUSE OF REPRESENTATIVES.
ATTH: SUBCOMM ON ML FER & COMF VETERANS ADA MISTRATION-RO
ATTN: DIRECTOR

U ‘lm OF REFRESENTATIVES

P L T

fres P Ty
AVTA ML‘I“IH. -

[T o - P T Imlulﬂm'fm Lyl
L

WL | E A ML -3
ATIM: ARECTON
U HOUSE OF REPRESENTATIVES
25 ATIN, MO TY COUHREL YETERAMS ADMIMISTRATION-RO
ATTH: DNRECTOR
UE NUCLEAR RECUHLATONY COMMISSHON
ATTM. R HIMP FOR F ARSEMALALT VETERANS ADMIMISTRANON-RO
ATTM: B WHIPR FOR R MiNCGUE ATTH: DIRECTOR
ATTM: & WHIFP FOR W WILLS VETERANS ADMINISTRATION-RO
U S PUBLC HEALTH SERACE ATTM DARECTOR
ATTH: LiBRANY ADMIN "
U S SENATE ATTN: DIRECTOR
ATTRE ) CGOVERN ADMIN
U 5 SENATE ATTM: DARECTOR
Jovs ATTR: GO TY COUNSEL ADM
1 5 BENATE ATTH: DHRECTOR
ATTI: 5 UL SENATE COURT ADMIN
VETERAMNS ADMIN METHCAL CENTER ATTN: DIRECTOR
ATTR: Kotk VETURANS ADMINISTRATION- RO

YETERANS ADMIN MECACAL CXNTER
ATTM: D MIGREGDR

VETERANS ADBIN WMEDHCAL CENTER
ATTN: C EESSMER

ATTH: T{RECTOR

VETERANS ADWIMGTRATION-RO
ATTh: DIRCCTOR

YETERANS ADMINISTRATION-RO

VETERANS ADMIN WADSWORTH HOSPITAL CTR ATTN: DIRECTOR
ATTH; T WOAKINGDAN
T YETERANS ADMINISTRATION-RO
VETERANS ADMINISTRATION ATTH: DIRECTOR
ATTN: A< 1t RAGOLOGY

ATTME BETLE0 3 CUAPENSATION

YETERANS ADMINIGTRATHON-RO

ATTH:; DIRECTOR

YETERANS ADM B ESTRATIGN-RO
ATTH. IRECTGR

YETERANS ADMINISTRATION #G

ATTH: O EDACH BYA
20Y5 ATTH: DITARBULK
ATTH: L HOASUM

VETERANS ADMIM IS TRATMON HOGPITAL

PR R N E AT

N ATTH: R YALOW ATTN: DISECTOR
'_! mm:;r#ﬂugﬁgmﬂﬂm VETERANS ADESETRATION-RO
: ATTH LISCTOR
: H‘ETF.RM:ST :ﬁ”:f“ﬂzﬁfﬂagﬁﬂ-m VETERANS Al 31/ TRATION-RD
: S L ATING LNAECIGR
' 0 L .
j viTg w:%:w [;:; ET: F;:‘Lmn RO VETERANS ASILAINISTEATION. RO
J . ATTN: DIRECTOR
_:j VETERANS ADMINISTHATION-RD VETERANS ADMINISTRATION-RD
N ATTM: CHRECTOR ATTN: DIRECTOR

-3 VETLRANS ADMINISTRATION. RO

ATTN. DIRECTDR
61

t"'r"!"-"-'l'q.'!t'.". -_-_-_+_

Fan N P IT -
P . T ST -\...ﬁ.._\-. T A R T i P T i i S T - Tt ST A e D
I T gt PR, LAY - £ W £

h‘. ST NN t-_"an"a'h'r.n-un J-ﬁ.o .l“..l: .}‘J'\- .-..-".r .r...- v, P 1_"-":“- i' EE TR

7



h

£

i bl

i i -

.

&g whmmwp- L

B e et 1 are

DTHER OOVERMNEENT (CONTINUEDY

YETERANS ADMINISTRANION-RO
ATTH: NRECTOR

YETERANS ADMINISTRATIOM- RO
ATTH: DISECTOR

VETERANS ADMINISTRATION-RO
ATTM: (NRECTOR

VETERAKS ADMINIETRATN OM-80
ATTH: DIRECTOR

YETERANS ADM NS TRATOMN-M)
ATTN: DIRECTOR

VETERANS ADMINISTRATION-RO
ATTN: DIRECTOR

VETERANS ADMINISTRATION-RO
ATTH: CHRECTOR

VETERANS ADMINSTRATION-N)
ATTN: DIRECTOR

YETERAMS ADMINISTRATION-RO
ATTN: DIRECTOR

YETERAME ADMINISTRATION-RO
ATTN: DIREGTOR

VETERANS ADKAINISTRATION RO
ATTN: DHRECTOR

VETENANS ADMINISTRATION-RN
LTTH: THRELTOR

VETERANS ADMIMIS TRATION-FD
ATTH: DIRCTOR

VETERANS ADMIN ISTRATION-RD
ATTH; DIRECTOR

VETERANS ADMIHISTRAT ONRO
ATTM: DITSETOR

YETERANS ADMINISTRATHON-RO
ATTH: DIRECTOR

YETERANS ADMINISTRATION-RQ
ATTH: DIRECTOR

YETERANS ADMIMISTRATION RO
ATTN; DIRECTOR

VETERAMS AOMINIGTRATHON RO
ATTN. DiLLlCR

YETERANS ADMINIZTRATIZN RD
ATTH: DHIRECTUR

YETERANS ADMIHISTRATION RO
ATTH: DIRECCTOR

WETERANS ADMEIN | STRATRON-RD)
ATTN:. CIRECTOR

e ‘.h_ ""“""'-""'-'. -..".-,'-"'J'¢'« e A

Yt '\-'\""‘\'\

L
Lol oy fl- 1 LT-.'\. I.'fl.‘-‘h{l..‘. [N I-{q.h L e A 1..'\ P AT N Loy

G2

,"1- "'1-

B e e e

VETERANS ADMWTMISTRAYION RO
ATTN: DIRECTOR

VETERAMS ADSNMIST RATION-AQ
ATTH: DIRECTOR

VETERANS ADMNISTRATION-RO

ATTH; DIRECTOR S

YVETERAMS ADMHMISTRATION: RO
ATTN: DIRECTOR

WETERANS. ADWHMISTRATYON-RF
ATTHE DIRECTOR

THE WWITE HOUSE
ATTI: DFC OF POLICY DEY D

DEPANTMENT OF DEFENSE CONTRACTORE

ADVANCED RESEARCH & APPLICATIONS CORF
ATTM: H ARMISTEAD

DO CORF
ATTHE J BRADDOCK

MYTOR
ATTR: A MELSON

KAMANM TEWNRD
ATTME DASIAG

LOUHSIAMNA, UNIV STH OF MED, SHREVEPORT
AT LIBRARY

MATIONAL ACACEMY OF SCHENCES
ATTM: C OO MMETTE
ATTH: S JALLON

UNIWERGITY OF KEBRASKA
ATTH. LIBRARY

MM STATE UNIVERSITY
ATTH. LIZTARY

PACIFC 2175 RA LESTARCH CORP
ATIN: K BI0DE, CHARAN SAGE

A & O ASSOCIATES
ATTH: CX B LEE
ATTH, FHAAS

R & D ASSOCIATES
ATTN: A DEVERILL

RAGUATION RESEARCH ASSOCTATES INC
ATTH: HSCHAEFFER

RAMD COTP
£iTH: FDAVIS
ATTH: TECH LIBRARY

RAND CORP
ATTH: B BENNETT

--h".n"

:.!:'-\ -r..". :.'-r:,‘. :'.".\Q.r' f".r}.r .n. A ""...r\;

e itz o ot |



o

P~ S - S e -

o

B . el s e o e aaatt R L B LT b

SCRENCE APPLICATIONS INTL CORP
ATTH: C THOMAS
ATTH. ¢ MICGAMAN
Y5 ATTR: JGOETZ
: 205 ATTN: ) KLEMM
" Z2CYS ATTN: 5 EDWARDCS

SCIENTIFIC INFORMATRON SENVICES Wl
ATTN: LIBRARY

CAMADIAN EMBASSY
ATTN: LIBRARY

EDF -RETN L
ATTM: LIBRARY

MDIAN COUNCH. OF MEDICAL RSCH
ATTH; A TASKAR

JAFAN-HAWAL CANCER STUDY
ATTN: G GLOBER

MAURCE DELFLA
ATTH: M DELFLA

MOGH] URIVERSITY
ATTN: R OSEASOHN

MRESIDERTE US:HERTO COLOMBO
ATTM: LIBRARY

LPHTY DF PUERTO B'COD SCH OF MEDICINE
AITH: LICihRY

UNITED MINGDOM SCIENTIFIC MISSION
ATTH: ML LIASIDN FOR D FAXLEY
205 ATTM: PUBLICATHINS FOR MRC 50 128

QTHER

ARRON PLTILIG LIGARY
ATTH: GONT PURILIB

UNWERSITY OF ALAELAMA,
ATTH: DIRECTOR OF LIBS REG

UNIVERSITY OF ALASHA
ATTN: DIRECTOR OF LIARARIES

ALLEN COLRNTY PUBLIC LIBRARY
ATTH: LIERARIAN

ANAHEIM PUEBLIC LILEARY
ATTN: LIZRARIAN

UNIWERSITY ARISD A
ATTN: Li. i ARIAN

ARKANSAS COLLEGE LIBRARY
ATTN: LIERARY

ARKANSAS LIBRARY COMM
ATTM: LIBRARY

B R et o Lt oty AR 8 T T M - gt

UNIVERSITY OF ARKANSAS
ATTR: GONT DOCS Dy

ENRO.N STAYE COLU_EGE
ATTH: LIBRARY

EUIGHAM YOUNG UNIVERSITY

ATTH: DOCS COLLECTION

BADORHAVEN MATIONAL LABORATORY
ATTH: A B BRILL, MED DEFT
ATTN: E CROMWWITE MED DEPT
ATTM: M BEMDER, MED DEFT
ATTW: TECHNICAL LIBRARY
ATTR: ¥ BOND

SURLIMGTOM LIBRARY
ATTM: LIDRARLAN

CALNOREMIA MSTITU NE OF TECHNOLOGY
ATTH: ELEWIS
ATTH: R CHATSYY

LN OF CEHITTNE P Dk
AT L, oY B0 DEFTY

CENTRAL WASHINGTON UMNIYERTITY
ATTI: LIBRARY DOC SECTION

CHARLESTON COUNTY LISRARY ©
ATTEH, LISRATIAN

CHARLOTTE & L tHLENGURG CUUNTY PUB LI
ATTM: ECOiAEWL

CHATTANOOCA HAMILTON CD
ATTH: LIZTARIAN

CHESAPEAYE PLIS LI3 SYSTEM
ATTM: LIiiAHIAN

CHICAGO PUBLIT LIZRARY
ATTN; GOVERMMENTS PUBLICATIONS DEPT

URIVERIITY OF CHICAGD
ATTN; PISLIER

COLORADD STATE LMV LIRS
ATTH: LidAAMIAN

UNIVERSITY OF COLORADG
ATTN. LIBRARY

[}

L LS T ST S AL L N

Y an Py v T s A e PR : - e T e e AT z \
E-\h‘!-....‘-lh A A RN R R N e e e D S e e T T D N S D T



-

T S R

N
R

i, . ] . el Wk’ kB v b n oy e S T S I  p  )

o r’i‘f\‘“‘!_:,?wvﬂ?i—lqﬂrrp P ] I I arar- e

OTHER (CONTINUND)

COLLIMBIA UNIVERSITY
ATIN: A BLOOW
ATTH: LIBRARY

COLUNMWEA CNIVERSITY
- : - ATTR Dy OF BIOSTATISTICS

COORTHMATION & INFORMATION CTR
ATTN: CrD REECD

CORMELL UNIVERSITY
ATTH: W FEDERCR

DALLAS FUBLIC LIBRARY
ATTH. LIBRARIAN

DAYTON & MONTGOMERY CITY PUB L
ATTN: LIBRARLAN

BECATUR PUBLIC LIBRARY
ATTM: LIBRARIAN

DELTA STATE LINWERSITY
ATTN: LIBRARIAM

DEYROT MUBLIC LIBRARY
ATTN: LIBRARLAN

DeCKINSON ETATE COLLEGE
ATTH: LIBRARIAN

UMIVERSATT OF DREW
ATTH. LiBRARY

DULUTH PURLIC LIBRARY
ATTH: DOCUMENTS SECTIOM

EAST CAROUINA LINIVERSITY
ATTH: LIBRARY DDCS DEFT

*EASTERM BRANCH
ATTH: LIGRARIAN

EL P50 FHELICLISRARY
K¥i5 DS & GEREQUDGY DEPT
ENOGH PRATT FREE LIBRARY
ATTN: CCCUYINTS DFFICE

EVANSYILLE & VANDERTIURGH COUNTY PUB LID
ATTH: LIERARIAN

FLORIDA STATE UNIWERSITY
ATIH: L'SRARIAN

FONDOU LG PUTLIT LIB
AN L cIARIAN

FORT HAYT STATE UHIVERSITY
ATTN: LISRARIAN

FORT WORTH FUBLIC LIBRARY
ATTN; LIBRARIAN

FRESNO COUNTY FREE LIBRARY
ATTH: LIBRARIAN

1

ELEE DL L L TR 1= Tmm—

S TR SR mp— L e -

GADSEN PUBLIC LIBRARY
ATTM: LIBRARIAM

MERICAL COLLEGE OF GEORGLA
ATTH: L STUDDARD

SRAND RAMDS PUBLIC LIBRARY
ATTH: DIRECTOR OF LIBRARIES p

GAEEMVILLE COAMTY LIBRARY
ATTM: LUBRARIAM

GLIAM RFYX. MEMORIAL UNIVERSITY LIB
ATTH: FED DEPOSITORY COLLECTION

HARVARD SCHOOL OF PUBLIC HEALTH
ATTM: ) BAH OR
ATTM: LIBRAKY
ATTH: R REED

HARVARD SCHOOL OF FUBLIC HEALTH
ATTME 8 MAACMAHON

HARRD: LINTVERSITY
ATTH: W COCHRAN

UHNVERSITY OF HAWAII
ATTH: LIBRARIAN

UMIVERSITY OF HAWAR
ATTIE ¥ MATSUMOTD

HOPIINSYILYLE COMM COLL
ATTN: LIERARLAM

JOAMD STATE UNTVERSITY LIBRARY

ATTrE DCCL LTS DEFT
WNIVERTITY OF [RAk]

ATTH: HRECTOR OF LIES REGIDNAL

ILLINCHS STATE LIBRART REGIOHEAL
ATTN: GINT DOCS BRANCH -

IM[HANA STATF [ 17T S CTIMAL
= R, W ST |
INDEAMNA LI v I RSITY
ATTN: F FLITHAM
WA STATE LNIVERGITY
ATTHR: TERDADFT

FOIHME HOPXINS DNIVERTITY
ATTH; AR:L-2ALL
ATTH: RSELTER

RANSAS CITY PLID IS L' ™ RY
ATTH Lot aniiS DY

EAMSAS STATE LIT 7 ARY
ATTH. LIJRARIAN

KAMSAS STATE LINIV LIBRARY
ATTH: DOCUMENTS DEPT

WL LRl Sl Al L L I i s - w4 at s W rma- -
O AT AP A AT 3, F o T N T T T Rt AT e L Pl RS IO TP S 8 AL S P P PP et g



——- -

Fa kil LidndakaN

MERCER UMIWERSITY
ATLN: LIZRARIAN

MERCK, SHARP & DOHME INTL
ATTHN. ABELAGK

RESA COUNTY PLUZLIC LIDSARY
AIH. LIcdiiniid

FALAMIL FLIZLIC LY 2RSS

‘1 F‘ww‘ R i TrETm ”"""'."f'"f" b AF. ol Uk Bl i e Ul il L Wl maegp g e
] STHIER (CONTINLEN NRERSITY OF MiCHRGAN
! . ATTH: R CORMELL
: KAMSAS LINIV OF AGAL & APPUED SCIENCE
i , ATTM: H FRYER UNIVERSITY OF MeNGAN
3 : . ATTME F MOORE
KENTUCKY DEPT OF LIBRARY & ARCHIVES
A ) ATTM: DOCUMENTS SECTION WNESGTA DEFT OF HEALTH
. R . ATTH: O LLENFELD -
1 UNYERSITY OF KENTLICKY .
ATTN: DiA OF LGS REGIONAL UNIVERSITY OF BINMESOTA
ATTN: J BEARMAN
1 . _ KINGSTDM HOSPTAL ATTME L SCHUMAN
ATTN: K JOHNSON ATTH: LEBRASY
A L% ANGEL ES PUBLIC [ HERARY BMMNOT STATE COLLEGE
ATTH SERLALY DNV () 5 DOCS ATTH: LIBRARAN
3 LOUHSIAMA, STATE LINIVERSITY MRESDUM UMIVERSITY LiRRaRy
. ] ATTH: CHRECTON OF LIS REGHOMAL ATTN: GOVERNMENT DOCLIWENTS
UNIVERSITY OF MAINE MONTAMA STATE LISRARY
ATTI: LIBRARUN ATTM: LIBRARLAN
' MANEATO STATE CILLEGE MASSALY LHBRARY SYSTEM
. ATTH: GONT PUBLICATIONS ATTH: LIBRARIAN
; - BANTOR LIGRARY NATL COUMCIL OMN RADIATION
ATTN: CHRECTOR OF LIBRARIES ATTHE W SINCLAIR
1 k MARATHOMN COUNTY FUSUIEC LIBRARY MATRONA COUIMTY PLENLAC MRy
_ ATTN: LIBRARIAN ATTH: LISEAIILAMN
{ UMSVERTETY OF MATYLANG MEW HAMPSIRE UNIVERSTY LIB
ATIN. MTKELDSN LI DR DOCS Div ATH LSRARIAN
F AL PUBLIC LIBAARY UMY OF T4 B D
AT LLAARIAN PRI B
- I HY -
MEMORLAL HOSP FCR -4 050 B ALLYED DSSEASES AT 5N
ATTM: P LIEBZadast MEW VORK, PUSLIC LI IART
i MEMORIAL SLOAN KETTERING CANCER CENTER ATTH: LIBRARIAN
_ ATTH: J LAUGHLIN MEW YORK STATE LIDTARY
j AITH: PREASAS s C L T CLTURKL EGCTR
HEMTH S SIS O LT PR LB & INFOCIR [FLITT E P -

foen Lod ol clena 2 MTS SEC

NEW TORK LUNIY b TTCAL CENTER
fATH N2 PN

HEW YORK UNIVERZITY
ATIN: AL 0ON
ATTH, B ESLTTANACK
ATTH B0 70y
HTTH WETTTHTUG

HEWALY FETE L0

kI Gl MTS DAY e L L AN
UEHVERSTY OF 12103 NORTH G JLIMA UNIV AT WILHMINGTON
AT PHODES Cizo v

UNIY OF MICHIGAN MEDICAL SCHOOL
ATTN | MEEL

MICHIGAMN STATE LIBRARY

ATTH: LIBRARIAM
65

ATTH LIGRARIAN

UNNERSITY OF NORTH CARDLINA.
ATTH: B LREENBERG
ATTH; LISRARY FOR DEAN



' NORTHERN ARIIOMA USVERSITY LIB
- = ATTR: GONT DOCUMENTS DEPT

I ORTHERM vk UMNMERETY
_ ATTN: LIBRARY

K. ~“. mmn
i ATTM: DOCUMENTS

ISORTHIERM MAOMTAMA COLLEGE LISSARY
ATTHE LIBStARGAMN

MONTHWESTERN UNNERTITY
ATTH: H CEMSER

OAX RIDGE ASSOCIATED UMWIVERSITIES
ATTHRE D LUSHBALGH
ATTM: E TOMPYIMNS
ATTH: ) TOTTER

OMI0 STATE LIBSARY
ATTM: LIBSARUAN

OELAHOBLA DIPT OF Lt
n pie ATTR: U 5 GONT DOCUMTNTS

UNIVERSITY OF DLAHOMA -
ATTH: P AMDERSON

OREGON STATE LIBRARY
-|.:'_ et ; £ - i ﬂm L'm
UNSVERSITY OF Ginnst

ATTR: DOCUSENTS SECTION

UNIVERSITY OF ORTGOMN
ATTH: B FROFSNY

P.lﬂl: HNOATHSEST LAROTATORY
- ATTH: S1ames

PERSRAURMIA STATE LIS chy
RITH: GANT PUQ SEC

= PEHNSTLVAMIA LMY HOSMTAL
k . ATTH: 5 BALSY

LNV OF PEMNSYLYANLA
ATTM: P NOWELL

PECRIA PLTSLIC LIGRARY

ATTH: DUTHEESS, SCI A TECH DEPT
i PHILADELPLA FREE L1 OF
ATTH: GOWT PULS DEPT

i UNIY OF PITTSEURGH
ATTN: E RADFORD
ATTH: LIBSRARY

UNIVERSITY OF FTTSELRGH
ATTH: NWALD

T =

Ty TR

- w—

: . E L
a7 TR ATTIE. LIBRARIAN : pte TR &
; 3

s LU R - o . |

3

UNIVERSITY OF 400 SSLAMND Ly
ATTRE GONT PUBLICATIONS 0FNCE

ROCHTSTER Uy MEDICAL CTR
ATTH: € DOOROFF
ATTM: @ CASARETT

UNVERSITY OF ROCHESTER
ATTHE L HEMPELMANN

AT FRAMCTS HOSPMTAL
ATTM: B BLAMSDELL

AN ANTONID PUBLIC LIBRARY
ATTM: BUS SOENCE & TECH DEPFT

BCOTTERLLUFF PUTLIC LICMARY
ATTPE LUSalEan -

SCRANTON PUNLIC LIZRARY
ATTH: LIBRARUN

MEMMWUEM
ATTTE L iy

AR TR T LA
Al LSRARAN

SIOUX CITY PUBLIC LIBRARY
ATTH: LIDRASLIAM

& "

EFECGCAL Uiy OF SOUTH CARCLILNA
fes T IPLAL

;:I-. & T 3 | TRy

-'1-r'..-l.'| i

SOUTHLASTERN MUSTIACHUSETTS Lhav LIS
ATTH: DOCURENTS S50 .

UMIVERSITY OF SOUTHERN ALALAMA
ATTH: LIBRARIAM

Uk OF SO0 THIRN CALIFORMIA
ATTH. J GiRAEN
BOUTHERN NL-AMS UHEISITY

# £ DO nNT3CTA

UMY OF SOLTHERN MISSISSIPA
ATTH: LIGRARY

SOUTHERN OREGON COLLEGE
ATTH: LIBRARY




OTHER [CONTENUND)
SOUTHERN UTAH STATE COLLDGE LISRARY

SOUTHWEST MISSOURI STATE COLLEGE
ATTI: REFERENCE DEPT

SPRINGIIELD CITY LiSRARY
ATTH DOCUMENTS SECTION

STANFORD LINIY MEDICAL CENTER
ATTH: J BROWM

STANFORD UNTVERSITY
ATTH: L MOSES

STANFORD UNIVERSITY HOSPTAL
ATTHE D DDRFIAN

STATE LIBR OF MASS
ATTH: LIGRARLAN

TACOMLA, PUSLIC LIS
ATTH: LIDAARLAM

URNIREITY OF TEXNTIIZE
ATTH GNAECTUR OF UISRARIES

TELAS A A H LMNIVERSITY
ATTH: R STONE

LNV OF TIXAS AT RLMTH
ATTE HEITION

TELAS STATE LEDRasY
ATTH: L5 DOC SIC

TENAS TECH UNIVERSITY LIDRARY
ATTM: GONT DOC DOFT

LRNFERSITY OF TEXRS
ATTRE G5 OO0

URIVERSITY OF TEXAS
ATTM: RSTALLOMNES

URIVERSITY OF TEXAS
ATTHE W SUTOW

UNIVERZITY OF TEXAS
ATTH: G TATLOR

TOLEDO PUSLIC LIERARY
ATTH: SOCLAL SCIENCE 0EPT

TRENTON FREE PLEBLEC LIGRART
ATTME LIESRARIAN

bl

67

WTAM STATE LMNVERSITY
ATTH: LIBRARIAN

UMIVERSITY OF UTAH

= KTTHE LIBRARY - PR |y
" 5 i

LVERSITY OF UTAH
ATTRE C MAYS
ATTM: £ WRENN
ATTHE LLYONS
ATTME LUBRARY

WANDERBILT UMNERSITY
ATTH: R QUMM

VIRGIMIA STATE LIBRARY
ATTM: SERLALS SECTIOM

UMPVERSITY OF VIRGIMLA
ATTH: PUBLIC DOCLIMENTS

WASHIMGTON STATE LIBSARY
ATTHE DCCLEAGITS SECTOM

URIVERSITY OF BASHI 070N
ATTM: D THOMPSOM
UNTYRRSITY OF YASHINITON
ATTH: A MOTLASEY
WERT itk OO L O oFAn ETUDEES LD
AT X

UNIVERSITY OF WEST WiRGIHIA
ATTM: MRECTOR OF LIBS REGIOMAL

WESTERM WDl NG COMMUNITY COLLEGE LIS

AT R

LEVE RAITT OF WisoimeaiM

ATTH: ALDUISITIONS DEFT
LINIVERSITY CF WrSCidteM

ATTH: J CROW
WORCESTER PUDLIC LIGRARY

ATTH: LEDAARIAN

YALE UNIVERZITY
AT DIRECTOR OF LIBS

YALE UNIVERSITY 2CH OF MEDICINE
ATTH: JMEIGS
ATTH: LIETART

_——



e

i

L

S AT TR - e

. .
!
-
v

o

LRl e T
L

L SpR—T

A % B

DI PR L,

IRl T XS

’Aﬁ: -
- (|
Croumet '
i
’
¥ .
4 ! ;
. o= !
r e A . r . - _.|"F'.._
o A 4
' e \f' "
T e o o



UNCLASSIFIED

NOTICE

We zre pleased to supply this document ic response lo your request,

The acquisitien of technical reperts, notes, memorandums, etc., 5 an active,
cpgoing program at. the Defeose Technical Information Center (DTIC)
that depends, io part, on the efforts apd interest of users and cootribulors,

Therefore, if you know of the existence of any sigmificant reports, etc., that
are gt in the DTIC collection, we would appreciate receiviog copies or
information related to their zources and availability.

The appropriate regulations are Departmeat of Defense Directive 3200.12,
DoD Scientific and Techaical Information Program; Department of Defense
Drirective 3200.20, Distribution Statgments oo Technical Documsnis
femended by Secretary of Defense Memorandum. 18 Oct 1983, subject.
Control aof Unclorsified TecAnology with Military Application), Military
Standard (MIL-3TD; 8a7-B, Format Requirements for Scientific and Technical
Beports Prepared by or for the Department of Defense; Department of Defense
S200.IR, Information Security Program Repulation.

Our  Acquizsition Seciion, DTIC-FDAB, will assist in resplvieg any
questions you may have. Telephone numbers of that office are: {202) 274-
6347, (202} 274-6874 or Autovon 284.6847, 284-6874.

DO NOT RETURN THIS DOCUMENT TO DTIC

——— e e —

EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF THIS
DOCUMENT ACCORDING TO APPLICABLE REGULATIONS.

UNCLASSIFIED



UNCLASSIFIED
Technical

Report

distributed by

DEFENSE

TECHNICAL

I NFORMATION

Cerres

DTIC
Acquiring Information -
Imparting Knowledge

DEFENSE LOGISTICS AGENCY
Cameron Statlon

Alexandria, Virginla 22304-6145
UNCLASSIFIED




	Report Documentation Page
	Table of Contents
	Section 1
	Section 2
	Section 3
	Section 4
	Section 5
	Section 6
	Section 7
	Section 8
	Distribution List
	Back Cover



