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GREENHOUSE FACT SHEET

GREENHOUSE., the fourth postwar atmospheric nuclear weapon test series, was
conducted by the United States during April and May 1951. CROSSROADS took place
at Bilkini in 1946; SANDSTONE was held at Enewetak in 1948: and RANGER was con-
ducted at the Nevada Test Site in early 1951. In GREENHOUSE, four nuclear de-
vices were detonated on the islands of Enjebi, Eleleron. and Runit on Enewetak
Atoll. All four were detonated on towers. These detonations resulted in sig-
nificant downwind fallout.

GREENHOUSE detonations, Enewetak, 1951

Detonation Date Time Location Type Burst
DOG 8 April 0634 Runit 300-foot (91.4-meter) tower shot
EASY 21 Apriil 0627 Enjebt 300-foot (91.4-meter) tower shot
GE ORGE 9 May 0930 Eleleron 200-foot (61.5-meter) tower shot
ITEM 25 May c617 Enjeb? 200-foot (61.5-meter) tower shot

Remarks: Dates and times are local dates and times at Enewetak. Only the
yleld of shot EASY, 47 kilotons (K1), has been announced. One kilo-
ton equals the approximate energy release of the explosion of one
thousand tons of TNT.

Tests were conducted by a joint military-civilian organization designated
Joint Task Force Three (JTF 3). JTF 3 was patterned generally after military
organizations but was made up of mjlitary personnel from the Army, Navy, Alr
Force and Marine Corps. as well as civillans from the Department of Defense
(DOD), Atomic Energy Commission (AEC), and contractors. The commander, an Ailr
Force general, was an appointed representative of the AEC but reported to the
Joint Chlefs of Staff as well as to the AEC. This appolntment was Ilmportant
because, by law, development of atomic weapons was vested in the AEC.

Army, Navy. and Alr Force were about equally represented 1n numbers of
personnel during GREENHOUSE. The Navy had provided the bulk of personnel for
the earlier Pacific nuclear test series. During GREENHOUSZ, the Army provided
an estimated 1,615 men, the Navy 2,952. the Air Force 2,621, and the Marine
Corps 134. cCivilians numbered 2,049. Most of the clvilians were affiliated
with the AEC,

The purpose of the four tests in the GREENHOUSE series was to contlnue
development of nuclear weapons for defense. Work was proceeding at this tlme
on development of thermonuclear weapons. and the GREENHOUSE tests were part of
this process. DOD was Interested in the physical and biological effects of
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nuclear weapons., so its varicus branches participated in several experimental
programs to measure them. One of the important programs used unmanned. radio-

controlled drone alrcraft to measure blast and thermal effects and to collect
radtioactive cloud samples.

A separate o:ganization within JTF 3 providea radiological safety (radsafe)
expertise and services to the task force. This organization was responsible
for defining radioactive areas after each shot, accompanying reentry parties
to radioactive areas to retrieve experlimental data, monitoring removal, pack-
aging, and shipment of radjoactive cloud samples. and other radiation monitor-
ing duties. It also procured all radiation detection film badges, developed
and Interpreted exposed film badges, and kept cumulative radlation exposure
records on each person who was badged.

Fllm badges were 1ssued to individuals who possibly could have been evposed
to radiatlon while performing theilr duties; such as those visiting any of the
islands made radiocactive by the shots, boat pocl crews, radiation monitors,
alrcrews, alrcraft decontamination personnel, and runway crash crews. In addi-
tion, over 75 film badges for each test were distributed among the six partici-
patling ships, to be worn froin the day of the test and 7 days thereafter. Of
the approximately 9.350 men An the test area during all or part of the testing
operations, 2,416 were badged one or more times. Film badges for personnel
entering radioactive areas normally were 1issued and turned in daily. Boat
pool, air crew, and ship badges generally were issued for a week.

The overall average exposure recorded by these badges was less than 0.5
roentgen (R). A number of individuals, however. had recorded exposures between
5 and 8 R. Some, with these higher exposures were affiliated with the AEC and
some were involved with the Alr Force long-range radioactive cloud-tracking
and -sampling program. Most of these Air Force personnel were in the Experi-
mental Alrcraft Unit. This unit flew the B-17s used as drones and drone con-
trollers and operated the personnel and aircraft decontamination stations on

Enewetak Island. The following table summarizes the recorded film badge
eXposures.

GREENHDUSE Badge Exposures (R)

Number

Badged 0 0-1 1-3 Over 3 High (R)
U.S. Army 195 6 143 35 11 5.430
U.S. Navy 813 134 458 187 34 8.080
U.S. Ar force 849 86 516 146 o 8.475
U.S. Marine Corps 8 3 3 0 2 3.805
Other Participants 551 110 325 82 34 8.575




Fallout occurred on the islands of Japtan, Parry, and Enewetak and the six
task force ships after three of the four shots iIn this series. The fallout
from the first two shots was heavlest on Japtan and lightest on Enewetak.
Enewetak was a base island where personnel from JTF 3 lived throughout the
series. Japtan was an 1sland used for recreatlon, but it also had an Army com-
muriication station and a Navy medical research unit. The fallout from shot
ITEM, the last shot 1n this serles, was much heavier than the first two.
Enewetak Island recelved heavier fallout from ITEM than Japtan and Parry. Per-
sonnel who remalned on Enewetak Island for 4 days after ITEM received over
2.45 R. Those who remalned for 14 days recelved over 2.8 R. Most people., how-
ever, departed the test area within a week after the shot.

The amount of fallout received by the six ships varied with thelr locations
and decontamination procedures. Nearly all crewmembers on five of these ships
were assigned a fallout eyposure Immediately after GREENHOUSE, and these expo-
sures were recorded In MMavy medical records. The assighed exposures ranged
from 0.334 R on USS LST-859 to 1.1 R on USS Cablldo (LED-16) and USS Sproston
(DDE-577). Boat pool exposures ranged from 0.700 to 2.1 R. The fallout exposure
was lower aboard ship than on the Islands due to water washdown and decontami -
nation of external surfaces.

The fallout exposure Is In additlon to those film btadge exposure readings
accrued by 1ndividuals during dally missions. Fallout exposure can be calcu-
lated for all 1indlividuals based upon their location and length of stay at
Enewetak Atoll.







PREFACE ®
L]
Between 1945 and 1962, the U.S. Atomic Energy Commisslon (AEC) conducted
235 atmospheric nuclear weapon tests at sites in the United States and in the
Pacific and Atlantic oceans. In all, about 220,000 Department of Defense (DOD) ]
participants, both military and civilian. were present at the tests. Of these, S
approximately 142,000 participated in the Paclific test seriles and approximately _.“___
another 4,000 in the single Atlantlic test series. ®» .
In 1977, 15 years after the last aboveground nuclear weapon test, the Cen- <.
ter for Disease Control (CDC) of the U.S. Department of Health and Human Ser- S
vices noted more leukemla cases than would normally be expected among about .
3.200 scldiers who had been present at shot SMOKY, a test of the 1957 PL.UMBBOB - -
series. Since that initial report by the CDC. the Veterans Administration (VA)

has recelved a number of claims for medical benefits from former military per-
sonnel who believe thelr health may have been affected by thelir participation
in the weapon testing program.

In late 1977, the DOD began a study that provided data to both the CDC and
the VA on potential exposures to lonizing radiation ameng the military and
civilian personnel who participated in the atmospheric testing 15 to 32 years

euarlier. In early 1978, the DOD also organized a Nuclear Test Personnel Review ERARY
(NTPR) to: L.

® Identify DOD personnel who had taken part in the atmo-
spheric nuclear weapon tests

® Determine the extent of the particlpants’' exposure to ion- S
izing radiation

® Provide public disclosure of information concerning par- S

ticipation by DOD personnel in the atmospheric nuclear ,";:-::j
weapon tests. STt

This report on Operation GREENHOUSE is one of many volumes that ara *he
product of the NTPR. The Pefense Nuclear Agency (DNA). whose Director is the
executive agent of the NTPR program. prepared the reports, which are based on
military and technical documents reporting varilous aspects of each of the
tests. Reports of the NTPR provide a public record of the activities and asso-
ciated radlation exposure risks of DOD personnel for interested former partic- ® .
ipants and for use in public health research and Federal pelicy studles.

Information from which this report was compiled was primarily extracted e
from planning and after-action reports of Joint Task Force Three (JTF 3) and
its subordinate organizations. What was deslired were docu.ents that accurately A
laced peisoriel at the test sites so that thelr degree of exposure tro the .;_.--'

ionizing radiatior resulting from the tests could be assessed. The search for
this information was undertaken in archives and librarles of the Federal Gov-
ernment, in special collections supported by the Federal Government and by
some discusslon or review with participants.
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For GREENHOUSE, the most important archival source is the Modern Military
Branch of the National Archives in Washington, D.C. The Naval Archives at the
Washington Naval Yard also were helpful. Other archives searched were those of
the Departmert of Energv (DOE) at Germantown, Maryland, its Nevada Ope.ztions
Office {DOE/NV) at Las Vegas, and the records center at the Los Alamos Natinmnal
Laboratory (LANL).

JTF 3 cxposure rezords were retrieved from LANL and from the Reynolds Elen-
trical and Engineering Company, Inc. (REECc!, Las Vegas, Newvada, support con-
tractor ror DOCE/NV. Those available at REECo are microfilm records of source
documents in archives.

Documentation of individual fallcut exposure during GREENHOUSE is incom-
plete. Each individual's arrival date, ship or island station, and departure
date must be obtained to determine fallout exposures because not all partici-
pants exposed to fallout were wearing film badges.

The work was performed under RDT&E RMSS B3500079464 ("99 QAXMK 506-09 H2599D
for the Defense Nuclear Agency by personnel from Kaman Tempo. Guidance was
provided by Mr. Kenneth W. Kaye of the Defense Nuclear Agency.



GREENHOUSE FACT SHEET
PREFACE

LIST OF ILLUSTRATIONS
LIST OF TABLES
Chapter

1 OVERVIEW
Introduction

Purpose

TABLE OF CONTENTS

Historical Background

Report Organization

Nuclear Tests and Radiation Exposures

Experimental

Program

Weapon Development Experiments

Yield Measurements

Dtagnostic Measurements

Effects Experiments

Environmental Measurements

Systems Response Expertiments

Oceanic Testing Operations

Marshalil

Islands Setting

Physical Conditions Before GREENHOUSE

Radiological Conditions Before GREENHOUSE

Special Problems in Testing in the Marshalls

Joint Task Force Threce

Task Group 3.1 (Scientific)

Task
Task
Task

Untt 3.7.1 - - Leos Alamss
Unit 3.1.2 -- Blomedical
Untt 3.1.3 -- Programs 3

fxnnr fmantc
XLl TETNLS

Experiments

through 8

13

17

19
19
19
21
22
22
24

25
25
21
27
27
28
286
30
31
34
34
36
37
37
a8

D..:

-
i -




TABLE OF CONTENTS (continued)

Chapter Page
1 (conttnued) Task Untit 3.1.4 .- Assembly a8
Tack Unit 3.1.5 -- Radiological Safety 38
Task Untt 3.1.6 -- Photography a8
Task Unit 3.1.7 -- Base fFaciliities 39
Task Group 3.2 (Army) 39
Task Group 3.3 (Navy) 40
Task Group 3.4 (Air Force) 44
Task Unit 3.4.1 .. Headquarters and
Headquar ters Squadron 47
Task Unit 3.4.2 - Experimental Alrcraft 47
Task Unit 3.4.3 -- Communications 43
Task Unit 3.4.4 -- Weather Reconnatssance 49
Task Unit 3.4.5 .- Weather 49
Task Unit 3.4.6 -- Lialson 49
Task Unit 3.4.7 -- Rescue 49
Task Unit 3.4.8 .- Photography 50
2 RADIOLOGICAL SAFETY 51
Radtoclogical Safety Planning 51
Organization and Responsibiiities 52
Task Group 3.1 (Scientific) 54
Task Group 3.2 (Army) 56
Task Group 3.3 (Navy) 87
Task Group 3.4 (Air Force) 57
Tratning 59
Task Group 3.1 (Sclentific) 59
-Vj Task Group 3.2 (Army) 60
Task Group 3.3 (Navy) 60
Task Group 3.4 (A'r Force) 62
Safety Criterla 63
Radlation Exposure Measurement Units 63
Radlological Safety Standards 64
.: Radlation Exposure Walvers 65




. Q TABLE OF CONTENTS (continued)
!; Chapter Page
) f 2 (cont) Radiological Safety Monitoring and Instrumentation 56
K F4Im Badges 70
. Personnel Exposure Records n
¥ . Pre-Event Safety Measures 13
4 Hazard Zones 73
- Fallout Prediction 73
I Weather Reconnaissance, Reporting, and Prediction 76
- Command Briefings 18
3 Radiation Protection Modifications 79
; Evacuation 80
’ Postevent Safety Measures 81
- N Cloud Tracking 82
§: Cloud Sampling 82
5 Sample-Recovery Techniques 83
¥ Personnel Decontamination 85
Naval Vessel Decontamination 87
Equipment Decontamination 8o
K Aircraft Decontamination 92
’ Offsite Monitoring 97
) 3 GREENHQUSE TEST OPERATIONS 98
) Shot DOG 99
Preparattons 99
Experimental Activities 103
The Test 103
- Decontamination Activities 109
B Personnel Exposure 109
' ! Shot EASY 1
Preparations 1
¢ Experimental Activities 111
Y The Test 114
" Decortamination Activities 115
N Personnel Exposure 118

o




TABLE OF CONTENTS (continued)

: Chapter Page
3 (cont) Shot GEORGE 119
Preparations 119
_ Experimental Activittes 119
The Test 120
3 Decontamination Activities 121
T Shot ITEM 124
~ Preparations 124
. Q? Experimental Activities 125
& The Test 125
; Decontamination Activities 128
4 GREENHOUSE EXPERIMENTAL PROGRAM 130

- Program 1 -- Atomic Energy Commission (Phenomena of
Nuclear Detonations) 130
" Program 2 -- Blomedical 151
¥ Shot DOG 151
3 Shot EASY 155
: Shot GEORGE 156
Shot ITEM 187
- Program 3 -- Structures 157
c,; Program 4 -- Cloud Physics 158
' Program 5 -- Radiation Instrument Evaluation 164
i Prog-.m 6 -- Physical Tests and Measurements 168
) Program 7 -- Long Range Detection 176
? P.ogram 8 -- Blast Effects on Aircraft 178
5 U.S. ARMY PARTICIPATION IN OPERATION GREENHOUSE 185
Task Group 3.2 Participation 185
Experimental Participation 190
- Other Army Personnel Participation 191
:: 6 U.S. NAVY PARTICIPATION IN OPERATION GREENHOUSE 192
Naval Task Group (Task Group 3.3) 192

10




TABLE OF CONTENTS (continued)

o Chapter Page
5 6 (cont) Task Unit 3.3.1 -- USS Curtiss (AV-4) 194
3 Task Unit 3.3.2 .- USS Sproston (DDE-577) 198
Task Unit 3.3.2 -- USS Walker (DDE-517) 200
Task Unit 3.3.3 -- Patrol Squadron 931 202
Task Unit 3.3.5 -- USS Cabildo (LSD-16) 203
: Task Unit 3.3.5 -- Mobile Boat Pool 204
T' Task Uni1t 3.3.6 -- Harbor Control Unit 205
if Task Unit 3.3.7 -- USNS Sgt. Charles E. Mower
[« (T-AP-186) 205
? Task Unit 3.3.7 -- USS LST-859 207
(’: Navy Personnel in Other Organizations 208
N Headquarters Joint Task Force 3 209
;i Task Group 3.7 (Scientific) 209
¥ Task Group 3.2 (Army) 211
j: Task Group 3.4 (Air force) 211
Naval Observers 21
Transtent Ships 211
7 U.S. AIR FORCE PARTICIPATION IN OPERATION GREENHOUSE 214
Headquarters Joint Task force 3 214
Task Group 3.1 (Scientific) 214
Task Groun 3.4 (Air Force) 216
Task Unit 3.4.17 (Headquarters and Headguarters
Squadrun) 216
iﬁ Task Unst 3.4.2 (Experimental Aircraft) 219
. Task Unit 3.4.3 (Communications) 219
;’ Task Unit 3.4.4 (Weather Reconnaissance) 220
- Task Unit 3.4.5 (Weather) 220
>! Task Unit 3.4.6 (Llaison) 220
- Task Unit 3.4.7 (Rescue) 221
f Task Unit 3.4.8 (Documentary Photo) 222
) Other Afir force 222
N 1




TABLE OF CONTENTS (continued)

Chapter Page
8 U.S. MARINE CORPS PARTICIPATION IN OPERATION GREENHOUSE 224
Task Unit 3.3.1 -- USS Curtiss (AV-4) 224
Task Unit 3.1.2 -- Blomedical Program 225
Task Unit 3.1.5 -- Radiological Safety Program 225
Kwajalein Atoll 225
Joint Task Force 3 -- Intelligence and Security 225
Observers at Enewetak Atol1} 225
. 9 JOINT DEFENSE, ATOMIC ENERGY COMMISSION, OTHER GOVERNMENT
. AGENCIES AND CONTRACTOR PARTICIPATION IN GREENHOUSE 226
Joint Depertment of Defense Agencies 226
Atomic Energy Commission 226
Other Government Organizations 228
Contractors and Others 229
Incompletely Identified 230
10 PERSONNEL EXPOSURES 232
Fallout Contribution to Exposures 232
_: Mission Contribution to Exposures 2138
i REFERENCES 241
. Appendix
- A RADIOLOGICAL SAFETY DOCUMENTS 263
B GLOSSARY OF TERMS 297

c ENEWETAK TSLAND SYNONYMS 309




Figure

o AW N -

.

o

11
12
13
14
15
16

17

18
19
20

21
22

23
24

LIST OF ILLUSTRATIONS

Frontispiece: Shot GEORGE Cloud

Enewetak Atol1l showing SANDSTOHNE and GREENHOUSE detonation sites.

The Central Pacific.

Aerial view of Dridrilbwi) and Bokatdrikdrik tslands, 1+51.
Coconut stands on Japtan Island, 1951.

Parry Island buildings, 1951.

Enjebl camp.

Organization of Joint Task Force 3.

Organizattion of Task Group 3.1.

Organization of Task Group 3.2.

Organization of Task Group 3.3.

Organization of Task Group 3.4,

Parent commands of Task Group 3.4 task units.

GREENHOUSE drone B-17 atrcraft decontamination monitor points.
GREENHOUSE Danger Area around Enewetak.

Aerial search patterns and surface patrol area.

Motorized, shielded conveyance used to remove sampling
debris beneath nose of drone B-17.

Filter being removed from sampling device by personnel wearing
protective gear and using long-handled tongs.

Removing gas sample from B-17 drone on Enewetak.
Personnel decontamination area at Kwajalein.

Drone B-17 being towed from runway following GREENHOUSE,
GEORGE .

Alrcraft decontamination area, Enewetak.

Drone B-17 be'ng washed at Enewetak 2 days after GREENHOUSE,
EASY.

GREENHOUSE, DOG test device being holsted in 1ts tower.

Radex area and ship locations during GREENHQUSE, DOG.

20
29
32
32
33
35
35
37
41
42
45
46
69
74
15

84

Bs
85
86

93
93

94
101
102




LIST CF ILLUSTRATIONS (continued)

fFlgure Page
25 VIP visttors view GREENHOUSE, DOG from Officer's Beach
Club patto. 103
26 GREENHOUSE, DOG flight patterns. 104
27 Parry Island radiation levels following GREENHOUSE, DOG. 107
28 Runit Island radiological safety survey results following
GREENHOUSE, DOG. 108
29 Estimate of maximum possible exposure at Parry Island
y following GREENHOUSE, DOG. 110
; 30 Surface radex areas and ship positinns during GREENHOUSE, EASY. 112
- a1 View from GREENHOUSE, EASY shot tower looking southeast
» toward Program 3 military structures. 113
32 Aertal view showing Program 3 test structures on islet of
q Mt3ikadrek in foreground and Enjebl with more test structures
3 and GREENHOUSE, EASY tower in background. 113
Zf 33 View of test structure on Mijikadrek, GREENHOUSE, EASY. 114
34 Enjebt Island radiological safety survey results following
” GREENHOUSE, EASY. 116
& 35 GREENHOUSE, EASY flight patterns. 118
. 36 Surface radex area and ship positions during GREENHOUSE,
GEORGE . 120
37 GREENHDUSE, GEORGE flight patterns. 122
38 Eleleron, Aomon, and Bijire Ysland radiological safety
survey results following GREENHOUSE, GEORGE. 123
39 Surface radex area and ship positions during GREENHOUSE, ITEM. 126
40 GREENHOUSE, ITEM flight patterns. 127
§1 GREENHDUSE, ITEM fallout radiation at Parry Island, Enewetak
Atoll. 129
42 Mcnitor checks GREENHOUSE radiocactive sample package for
radiation before loading on C-54. 148
43 Contalners for animal exposure experiments. 153
44 Animal container being loaded on trucks from boat. 153
45 Truck with spectal equipment for handling animal exposure
contatners. 154
46 Animal exposure containers betng placed within test stations. 154

.\ 47 Pickup of animals after exposure,. 165




LIST OF ILLUSTRATIONS (continued)

Figure Page
48 Inspection team on tank 1,500 feet (457 meters) from
GREENHOUSE, EASY surface zero. 171
[ 49 Contaminated panel recovery following GREENHOUSE, GEORGE. 173
- 50 GREENHOUSE Project 8.2A test specimen with Program 3
N structure 1n background on Mi)ikadrek. 180
51 Radsafe monitor checking GREENHOUSE Project 8.2A test
) ,( specimen before inspection by project personnel. 181
;- 52 Cumulative gamma exposure -- Parry Island, maximum possible
- GREENHOUSE, D0G and EASY. 233
S' 53 Cumulative gamma exposure -- Parry Island, maximum possible
- GREENHOUSE, ITEM. 234
- 54 Cumulative dose (rem) for personnel on Parry Island due to
GREENHOUSE fallout. 235
i 5% Cumulative dose (rem) for perscnnel on Enewetak Island due to
GREENHOUSE fallout. 236
56 Cumulative dose (rem) for personnel on Japtan Island due to
. GREENHOUSE fallout. 237
-
N
XS
L
\_t-
NS

15







»

LIST OF TABLES

1=
&
o
-
o
o
‘g
L]

i 1 GREENHOUSE detonations, 1951. 19
N 2 Organizations in Task Group 3.2, March 1950. 39
;? 3 Functions and complements of Task Group 3.3. 43
{- 4 Task Group 3.3 strength. 44
's 5 Personnel distribution Task Group 3.4. 47
6  GREENHOUSE atrcraft. a8
_ 7 Radiac equipment used during GREENHOUSE. 67
53 8 Joint Task Force 3 evacuation assignments for GREENHOUSE, GEORGE. 81
%f 9 Ship and boat decontamination effectiveness. 89
é: 10 Comparison of laundry monitoring instrumentation. 91
f‘ 11 GREENHOUSE, DOG D-day average radlation readings on ships. 106
12 Radiation intensities on various 1slands following GREENHOUSE,
D0G. 107
. 13 Radtation Intensities on various 1slands following GREENHOUSE,
g EASY, 117
- 14 Radlation iIntensities on varlous 1slands following GREENHOUSE,
GEORGE . 124
iz 15 Sources of personnel for Program 2. 152
o 16 Program 8 alrcraft positions relative to GREENHOUSE, shots
ot DOG, EASY, and GEOQRGE. 179
RS 17 Task Group 3.2 population. 186
:. 18 GREENHOUSE personnel exposures, U.S., Army organtzations. 187
- 19 GREENHOUSE personnel exposures, U.S. Navy organizations. 193
ET 20 Ships participating in the preoperational phase. 195
i 21 Arrival and departure dates of Task Group 3.3 ships. 196
;] 22 Transtent ship arrivals, departures, and sightings. 212
_:3 23 GREENHOUSE personnel exposures for U.S. Air Force organizations. 215
;j 24 Task Group 3.4 home organizations. 2117
. ;
.- 25 GREENHOUSE exposures, U.S. Marine Corps organizations. 224
o
A 17




LIST OF TABLES

Table Page

26 GRCENHOUSE personnel exposures for jJoint defense agencies,

Atomic Energy Commission, other guvernment, and contractor
- organizations. 2217
:,' 21 GREENHOUSE exposures by service. 240

st

-

REREN
R ]

L

18




CHAPTER 1
CVERVIEW

INTRODUCTION

Purpose

GREENHOUSE was the fourth serles of nuclear tests conducted by the United
States followling World War II. CROSSROADS, in 1946, was the first., consisting
of an air and an underwater detonatinon at Bikint using an array of target
Ships. SANDSTONE, 1n 1948, consisted of three tower detonations at FEnewetak.*
The third. designated RANGER, consisted of five alrdrops in January and Febru-
ary 1951 at the Nevada Proving Grounds north of Las Vegas. Nevada.

GREENHOUSE consisted of four detonations in April and May 1951 on the
northeast islands of Enewetak Atoll. Task force personnel were stationed either
on the southern 1islands of Enewetak Atoll, on ships, or at Kwajlalein Atoll
about 350 nmi1 (650 km) southeast, depending on theilr mission. Table 1 lists
the four shots, thelr dates, and locations. Flgure 1 shows the locaticns of
the GREENHOUSE shots at Enewetak Atoll and the three earlier SANDSTONE shots.

This report documents the participation of Departmeat of Defense (DOD) ner -
sonnel who were active in this test serles. Its purpose 1s to bring itogether
the availlable information about this atmospheric nuclear test serles pertinent
to the radlation exposure of DOD personnel, both uniformed and clvilian em-
ployees. The report lists the DOD organizations represented and describes their

Table 1. GREENHQUSE detonations, 1951.

Detonation Date Time Location Type Burst
DCG 8 Aprid 0634 Runit 300-foot (91.4-meter) tower shot
EASY 21 Aprii 0627 Enjeb? 300-foot (91.4-meter) tower shot
GEORGE 9 May 0930 Eleleron 200-foot (61 -meter) tower shot
ITEM 25 May 0617 Enjebi 200-foot (61 -meter) tower shot
Remarks:

Dates and times are local dates and times at Enewetak. Only the yleld of shot
EASY, 47 kilotons (KT}, has been announced. One kiloton equals the approximate
energy release of the explosion of one thousand tons of TNT.

* A bhetter understanding of the Marshall Islands language has permitted a more
accurate transliteration ot Marshall Island names into English languaqge
spelling. These newer transliteratlions are used In this report with few ex-
ceptions. Appendix C lists the names and their varifant spelling.
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activities. It discusses the potentlal radliation exposure Involved in these
activitles and the measures taken for the protection of DOD personnel. Tt pre-
sents the exposures recotrded by the participating DOD units.

Historical Background

In 1949, the Soviet Union detonated its first atomic bomb (Reference 1.
p. 114), provliding the impetus for the United States to proceed with develop-
ment of a bomb whose energy would come from the fusion. or Jjoining, of light
elements. These are also callied thermonuclear, or hydrogen, bombs. The Atomic
Enerqy Commission (AEC), the civ!lian executive agency empowered by the Atomic
Enerqgy Act of 1946 to develop nuclear weapons., recelved the go-ahead from the
President in January 1950 after a long, hard debate in high defense circles
over the advisability of developling such weapons.

Although GREENHOUSE nuclear devices wetre not thermonuclear devices, two of
them Involved thermonuclear experiments, and one test, GEORGE, was an important
way statjon on the path to develspment of thermonuclear devices.

According to the published account (Reference 2) of one of the leaders in
nuclear weapon development of the perlod, GEORGE demonstrated the initiation
of a sustalned thermonuclear reactlon by use of a fissicen reactlon. This led
directi; to the first successful thermonuclear test, MIKE (Operaticn IVY), some
16 months iater. The same account notes that the fourth test of the serles,
ITEM, involved boosting the efficlency of fisslon explosicns. Development of
this experiment had been planned before the Soviet test in 1949,

GREENHOUSE was conceived even as the SANDSTONE tests were being completed.
Planning began in the summer of 1948 at the ARC's Los Alamos Scientific Labor-
atory (LASL). In July 1948, LASL created J-Division to assume responsibility
for planning and conducting nuclear tests. The clvilian in charge of this
division would become GREENHOUSE director of scientific activities. An Alr
Force officer was designated as GREENHOUSE Task Force Commander in May 194G,
and a Joint Froof Test Committee (JPTC) was set up In June 1949. JPTC was glven
the missions of determining task force organization, outlining service partic-
ipatlion, and recommending necessary actlons that affected the services. In
July 1949, the test organizatlon was designated Joint Task korce Three (JTF 3).
In August 1949, the name “"Cperation GREENHOUSE" was approved. JTF 3 was actl-
vated iIn November 1949 to coordinate the detailed planning between [.ASIL. and
the armed services. Meetings were held with JPTC members, service representa-
tives, and JTF 3 staff members in late 1949, JPTC was dissolved 7 January 1950,

when the JTF 3 staff took complete control of all activities associated with
GREENHOUSE (Reference 3, pp. 3 through 16).

A major construction program began at Enewetak 1in 1949, and 1t became
necessary for an Army Englneer Construction Battalion to assist the civilian
contractor in preparing the test site. Therefore, Army Task Group (TG) 3.2,
was activated on 12 Januvary 1950. Commander JTF 3 assumed overall milirary
responsibllity for the Enewetak area on 1 February 1951 (Reference 3, p. 39).
The Korean War started in June 1950, and the Army quickly became hard-pressed
to supply troops for action 1n Korea. The Army tentatively planned to move two
units - Hq 7th Engineer Briyade and 79th Fnglineer Construciion Battalion - -
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from Enewetak to Korea, but this was contingent on the tests being moved to a
stateside locatioa (Reference 3, pp. 34 through 37).

Report Organtzation

Subsequent sections of thils chapter discuss the form of experimental nu-
clear weapon test programs with emphasis on the potential radlation exposure
of participating DOD personnel. Experimental activities are considered first
without particular reference to the geographic location of the testing, and
are then related to the geographic limjtaticons at Enewetak Atoll. The portion
of the experimental program of heavlest DOD participation is emphasized. The
chapter concludes with a description of JTF 3, the organization that conducted
Operation GREENHOUSE., and indicates how DOD elements within JTF 3 functioned.

Chapter 2 1s concerned with radiological safety {(radsafe) aspects of the
tests. This chapter documents procedures., training, and equipment used to pro-
tect participants from the radiatlion exposure 1lnherent in the test operations.
It also addresses safety measures that were employed to minimize hazards asso-
cliated with nuclear detonations. Dlscussions 1nclude both predetonation and
postdetonation safety measures that were taken, primarlly to avoild unnecessary
radlation exposure.

Chapter 3 discusses GREENHOUSE test operations. Chapter 4 expands on the
DOD role in the GREENHOUSE experimental program.

Chapters 5 th-ough 8 report on participation by the Army, Navy. Alr Force,
and Marine Corps. respectively. Chapter 9 summarizes participation of other
government agenclies and contractors. Participating units are listed and per -
sonnel exposures are statistically characterized in these chapters. Perscnnel
exposures are discussed in Chapter 10.

NUCLEAR TESTS AND RADIATION EXPOSURES

Nuclear testing befcre 1961 conslisted nostly of the unconfined detonation
of nuclear devices (usually not weapons) in the atmosphere. Devices might be
placed on a piatform or a floating barge. placed atop a tower, supported by a
balloon. dropped from an ailrplane., or flown on a rocket. A few were detonated
undeorwater or burled in urderground tunnels and shafts.

In theory, personnel could be exposed elther by the radiation emitted at
the time of explosion and for about )} minute thereafter - usually referred to
as initial radlation -- or the radiation emitted later (resldual radlation).
Initial radiatlon is part of the violent nuclear explosion process Iitself, and
to be close enough for initlal radiation exposure could place an observer
within the area swept by lethal biast and thermal effects,

The neutrot: component of 1initlal radiation did indirectly contribute to
the possibllity of perscnnel exposure. Neutrons are emitted in large numbers
by nuciear weapon Jdetonations. Neutrons have the propetrty of altering certain
nonradicactive materlals to make them radicactive. This process, called actt-
vation. works on sodium, silicon, calclum., manganese, and iron, as well as
other common materlals. The process affects the metal casing of the device. the

22




test tower, and earth materilals. Actlvation products thus formed are added to
the iInventory of the radioactive products produced in the detonation process.
The radiation emitted by thils inventory 1s referred to as resldual radilation.

The potential for personnel exposure to resldual radlation was much greater
than the potential for exposure to initial radlation. In the nuclear detonation
prrcess, fissioning atoms of the heavy elements, uranium and plutonium, split
into lighter elements, releasing energy. These lighter atoms are themselves
radioactive and decay, forming another generation of descendants from the orig-
inal fissicn products. This process is rapid immediately after the explosion
but slows later and continues for years at very low levels of radloactivity.

The overall radiocactivity of all the fission products formed decays at a
rate that is closely approximated by a rule that states that for each sevenfold
incrzase in time the intenslty of the radiation will decrease by a factor of
ten. Thus, a radiation rate of 1 roentgen per hour (R/hr) at 1 hour after the
burst would be expected to be 0.1 R/hr after 7 hours and 0.0l R/hr after 49
hours. This rule seems to be valid for about 6 months following an explosion,
after which the observed decay 1s somewhat faster than that predicted by this
relationship. Activation products. in general. decay at a faster rate than the
fission products.

Fisslion products and actlvation products, along with unfissioned uranium
or plutonium from the device, constitute the radioactive material in the debris
cloud, and this cloud and its fallout are the primary sources of the potential
exposure to residual radiation.

In a nuclear alrburst 1n which the central core of intensely hot materlal,
or fire! :11, does not touch the surface, the device residues (including the
fisslon products, the actilvation products resulting from neutron interaction
with device materlals, and unfissioned uranlum and/or plutonium) are vaporized.
These vapors condense as the fireball rises and cocls, and the particles formea
by the condensatlion are small and smoke-llke. They are carrled up with the
cloud to the altitude at which its rise stops, usually called the cloud sta-
bilization altitude., The spread of this material then depends on the winds and
weather. If the burst size 1s small. the cloud stabilization altitude will be
in the lower atmosphere and the material will act like dust and return to the
Eerth's surface in a matter of weeks. Essentlally all debris from bursts with
vields equivalent to kilotons of TNT will be down within 2 months. The areas
in which this fallout material will be deposited will appear on maps as bands
following the wind's direction. Larger bursts (ylelds equivalent to megatons
of TNT) will have cloud stabilization altitudes iIn the stratosphere (above
about 10 miles [16 km] in the tropics): the radiocactive material from such
altitudes will not return to Earth for many months and its distributlon will
be much wider. Thus, airbursts contribute little potentlal for radiation expo-
sure to personnel at the testing area, although there may be some residual and
short-1ived radiation coming from activated surface materlals under the burst
1if the burst altitude is sufficliently low for neutrons to reach the surface.

surface and near-surface bursts pose larger potentlial radlation exposure
problems. These bursts create more radioactlive debris because more materlal 1is




available for activation within range of the neutrons generated by the ex-
plosion. In such exploslons the extreme heat vaporizes device materials and
activated earth materlials as well. These materials cool 1n the presence of
additional material gouged out of the burst crater. This extra materlal causes
the particles formed as the fireball cools to be larger in size, with radio-
activity embedded In them or coating thelr surfaces. The rising cloud will lift
these particles to altitudes that will depend on the particle size and shape
and the power of the rising alr currents in the c¢loud, which in turn depend on
the energy of the burst. The largest particles will fall back into the crater
or very near the burst area with the next largest falling nearby. It has been
estimated that as much as 80 percent of the radloactive debris from a land-
surface burst falls out within the first day following the burst.

Bursts on the surface of seawater generate particles consisting mainly of
salt and water droplets that are smaller and lighter than the fallout particles
from a land-surface burst. As a consequence, water-surface bursts produce less
early fallout than similar devices detonated on land. The large-yleld surface
bursts In the Pacific Proving Ground (PPG) over relatively shallow lagoon wa-
ters or on the very little truly dry land probably formed a complex comblnation
of land-surface- and water-surface-burst particle-size characteristics.

Detonations on towers may be considered as low altrbursts or ground bursts,
depending upon the relative height of the detonatlon and I1ts yleld. A larger
burst will create more fallout than a smaller burst on an equal helght tower
not only because of the additional fission products and weapon debris. but also
because 1t will pull up more earth materials, or even form a crater. In addl-
tion., the materials of the tower Jtself are a source of easlly activated mate -
rials. The particles of the tower material may also act as centers for the
debrls vapors to condense on to form the larger particles that lead to heavier
early fallout. Devlices that fission uranium or plutonium inefficliently will
cause more of these radioactive components of the device residue to be
dispersed.

EXPERIMENTAL PROGRAM

Central to the test serlies was the experimental program. Thls program and
its requirements dictated the form of the test organization and the detall of
personnel particlipation. GREENHOUSE's experimental program 1incorporated two
aspects. The more Important aspect was dlagnostic measurements of the detona-
tlons: the secondary experiments Involved the measurement of the explosive and
radilation effects.

These two aspects can serve as a rough measure of differentlation of in-
terest between the major particlpants: the AEC Interest 1n weapon development.
and the DOD interest in the military application of the effects of the detona-
tions. In GREENHOUSE, however, the AEC was Iinterested 1in experiments 1n areas
that later became of DOD interest excluslvely. These were measurements of alr-
blast and thermal radiation, for example. that were termed "field variable”
measurements. These measurements were used to construct the hostile eonvironment
for studles of the response of military systems and have been termed "environ-
mental measurements” in this report.
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The several parts of the weapon development and the effects studles each
had particular features that led to the possibility of radlation exposure.

Weapon Development Experiments

In developing and testing devices, weapon desligners are interested in two
classes of measurements: total energy release of the device, and rate of re-
lease. Total energy release measurements are called yleld measurements, and
rate of release measurements are called dlagnostic measurements.

YIELD MEASUREMENTS. Device yleld was usually determined by several methods,
two of which i1nvolved photo-optical techniques. Growth of the intensely hot
and radlating mass of device debris and air that constitute the nuclear fire-
ball varles with 1its yleld. Very-high-speed cameras were therefore used to
record this growth, and Film rerords were subsequently analyzed to infer yleld.
Duration and Intensity of the energy pulse in the optical-thermal spectral

reglon also vary with vyleld: thus, light detectors coupled to recorders wete
also used to derive yleld.

The best direct measurement of yleld is by collecting and analyzing repre-

sentative samples of device debris. Yield 1s then determined by measuring the
radiocactivity of these samples.

Construction, Instrumentation placement. and data recovery for the photo-
optical yleld determinations did not usually requlre personnel to be in areas
with a high potential for exposure to radlation. Cameras and light detectors
need only a clear fleld of view of the burst polnt and enough breadth of view
to encompass the fireball. Camera placement did not involve personnel actlivi-
ties at times and places of high radlation levels. Film recovery generally did
not 1nvolve high exposure potential, as the photo statlions were usually at
ranges and 1n directions not heavily contaminated by fallout,

Sampling device debrls, however, necessitated exposure to radloactivity.
The technique used In most atmospheric tests was to fly altcraft with collec-
tors directly through portions of the radloactive (or "mushroom") cloud. About
90 percent of the device debris was usually consldered to be in the upper. or
cap, portion of the mushroom cloud. Several altcraft were used to obtaln a
representative sample. For GREFNHOUSE, unmanned drone B-17 ajlrcraft were used
to collect most of the cloud samples. Alrcraft flylng these sampling misslons
picked up significant amounts of radloactlive materlal on their surfaces, and
this was a potential source of radiation exposure to the ground crews who de-
contaminated and maintained the ajrcraft. Manned alrcraft sampled the air under
and very close to the cloud, which created some low-level exposure to ajrcraft
crews., Samples collected were radiologically "hot" and requlired special han-

dling as they were taken from the alrcraft and prepared for shipment to labor -
atories for analysis.

DIAGNOST IC MEASUREMENTS, The explosion of a nuclear device is a progressive
release of increasling amounts of nuclear radlation, some of which directly es-
capes the device. The rest of the radiant enerqy Interacts with the assoclated
material of the device itself and i1s converted into differing forms of radla-
tion and into the kinetic eneray of the remalning materials In a small fractlon
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of a second. The 1intensely hot core then reradjates, heating the surrounding
alr and creating a shock wave that propaqates outward from the burst point.

Weapon diagnosticlans used sophisticated techniques to follow the processes
that occur during the device explosion. Detectors and collectors were run up
to, and sometimes Iinslide, the devlce case so that the radlation being sampled
could be directly channeled some distance away and there be recorded by instru-
mentation designed to survive the ensulng blast. To enhance 1ts transport,
radlation was conducted through plipes (nften evacuated or filled with speclal
gases) from the device to statlions where recording instrumentation was located
or where the information could be retransmitted to a survivable recording
statjon,

Radiation measurements are based upon the effects that result from the
interaction of the radlation with matter. Fluorescence is one such effect.
Materlals that fluoresce when exposed to radlation were placed in view of cam-
eras or light detectors to provide a record of the varilation of Ffluorescent
intensity with time, thereby providing an Indirect measurement of the radiation
environment .

Other methods of detecting radiation 1involve the shielding (attenuation)
properties of scll materlals, water, and other substances. These materials are
also used to baffle or collimate radiation to ensure that radlation Is directed
toward the detecting instrument.

Radlofrequency enerqy produced by the explosion can be detected by radilo
recelvers and, with the additlon of filtering and processing circuitry. can
also provide Information about the energy flow from the explosion. Such mea-
surements permlt remote placement of recelving and recording instruments,

Preshot preparation included hazards normally assoclated with heavy con-
struction. At tlimes workers were exposed to resldual radiation from previous
tests; however, this was not a problem during GREFNHOUSE tests.

The potential for radiation exposure of personnel associated with weapon
diagnostic experiments depended upon the proximity of the measurement or data
recovery polnt to surface zero and the time lapse between detonation and data
collection.

The primary radiatlion source of potential exposure is from fallout and
materlals made radicactive by neutron actlvation of device and soll materlals
in the vicinity of surface zero., Thus, the distance from surface zero is a

principal factor 1n assessing exposure to persons engaged 1in the experimental
program.

Since radlation decays with time, the time Japse between the explosion and
exposure 1s a critical factor In dose assessment. Primary recording media for
these experiments were photographic films from oscllloscope, streak, or framing
cameras located in survivable bunkers near the detonation point. Because radia-
tion fogs Film In time, these films and other time-sensitive data were removed
from the bunkers by helicopter-borne personnel within hours of the detonation
to minimize damage by foqging. This recovery constituted the main potential
for exposure of weapon diagnostics participants.
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Effects Experiments

All four GREFNHOUSE shots tested new weapon developments. Priorities of
time and space and go or no-go considerations on shot day favored weapon de -
velopment experiments over the effects experiments. Although the effects ex-
periments were clearly secondary, they directly involved a relatively large
number of DOD organizations and 1ndividuals and are therefore of prime impor-
tance for this report.

Effects experiments were intended to acquire urgently needed military data,
These experiments may be classed into two general kinds. The first class of
measurements was made to document the hostlle environment created by the nu-
clear detonation. The second class of effects experiments documented the re-
sponse of systems to the hostile environment: these measurements are termed
systems response experiments.

ENVIRONMENTAL MEASUREMENTS. The purpose of environmental effects measure -
ments was to gain a comprehensive view of tiie host ' le environment created by a
nuclear detonation to allow military planners to deslign survivable military
hardware and systems and to train personnel to survlve. Examples of environ-
mental measurements Include static (crushing) and dynamic (blast wind) air
pressures in the blast wave, heat generated by the detonation, and fallout
radiation. Measurement technigues employed for GREENHOUSE varied with the
effect being measured, but usually measuring devices were placed at a variety
of ranges from surface zero and thelr measurement recorded in some way. Many
types of gqauges and data-recording technlques were used. In some cases, mea-
surements were simllar to those being made by the weapon designers, but at
greater distances or longer after the detonation, which simplified the record-
ing of the data, although the recovery problems were by no means trivial,

Rugged, self-recording gauges had been developed for blast and thermal
radlation measurements so that complete loss of data from a project would not
occur if instrument recovery were delayed, for example, by heavy fallout. For
nuclear radlation measurements, however, rapld data recovery was stlll desir-
able as the gauges used might be thin foils of some material that would be made
radiocactive by the burst-time neutrons; hence early observatlion was necessary,
before the radioactivity contained in the induced radlation pattern decayed to
undetectable levels.

The potential for radlaticn exposure of personne]l responsible for environ-
mental measurements In general depended on the proximity of the 1nstruments to
the device and the time that elapsed between detonation and instrument recov -
ery, as was the case for weapon development experimentation; the nearer 1In
space or time to the detonation, the greater the potential for exposure.

SYSTEMS RESPONSE EXPERIMENTS., To document the response of systems to the
hostile environment., mllitary structures and hardware (alrcraft, tanks, etc.)
were exposed to the effects of nuclear detonations.

Techniques used for the systems response experiments were conceptually
simple: exposure of the system of interest and observation of i1ts response.
Actual conduct of the experiments was far more complex. The level of the threat
to which the system was exposed almost always required measurement to properly
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understand the response, necessitating an envirormental experiment along with
the systems response experiment. It was often not enough to know whether the
system sutvived, but rather the response of the component parts and their
interactlions was required, entallirg the placement of sophisticated instru-
mentation and recording devices.

While the potential radlological exposure for these systems response ex-—
periments was governed primarily by the closeness 1n space or time, an addi-
tional prcblem often arose. wWhen the exposed system was recovered for closer
examination, 1t might be contaminated by device debrils or even be radloactlve
because of the activating effects of the device's neutron output.

OCEANIC TESTING OPERATIONS

Nuclear test operations In the Pacific posed problems Iin loglstics and in
the management of radioactlve contamination because of the limited land area
and the remoteness of Enewetak Atoll.

Marshall Islands Sotting

The Marshall Islands are In the easternmost part of the area known as Mi-
croneslg ("tiny 1slands"). The Marshalls cover about 770 thousand mi2 (2 mil- 2
lion km<) of the Earth's surface bhut the total land area 1s only about 70 mi
(180 km?). Two parallel chains of atolls form the 1slands: Ratak (or Sunrise)
to the east, and Ralik (or Sunset) to the west:; Enewetak 1s in the Ralik chain
at its northern extreme. Figure 2 shows these 1slands 1n the Central Pacific.

A typlcal atoll (see Filgure 1), Enewetak 1s a coral cap set on truncated,
submerged volcanic peaks that rise to considerable heights from the ocean
floor. Coral and sand have gradually built up narrow 1slands into a ring-like
formation with open ocean on the outside and a relatively sheltered lagoon on
the inslde. Enewetak has three passages, Southwest Passage, Wide Entrance, and
Deep Entrance, that permit access to 1its lagcon from the sea. All the 1slands
are low-lying, with elevations seldom over 20 feet (6 meters) above high tide.

During huclear testing, the more populated, support-oriented sectlons were
the larger islands 1In the south and southeast areas of the atoll. Devices were
de.onated on the northern 1slands. The western sections of the atoll were not
involved in test activities except for limited use as Instrumentation sites.

Elliptically shaped, Enewetak 1s approximately 550 nmi (1,020 km) southwest
of Wake Island and 2,380 nmi (4,410 km) southwest of Hawall. It encloses a la-
goon 17 by 23 nmi (32 by 43 km) and has a total land area of 2.75 mi2 (7.12
km2), with elevations averaging 1C feet (3 meters) above mean sea level. The
support section of Enewetak Atoll (Enewetak, Parry, and Japtan 1slands) constl-
tutes about 341 percent of its land surface. The string of islands from Runit
to Enjebi. the detonation area, constitutes about 32 percent. The various names
used for the islands of the atoll are listed in Appendix C, "Island Synonyms."

North of Fnewetak 1is open ocean for over a thousand miles, with the only
inhablied island being wWake. Enewetak Atcll's inhabitants had been voluntarilly
moved to Ujelang Atoll in 1948, approximately 110 nmi (200 km) southwest of
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Enewetak., as a precaution against fallout exposure. Fast of Enewetak are sev-
eral atolls including Bilkini, Rongelap, Rongerik, Ailinginae. and Utirik.
Rongelap. the nearest 1inhablited atoll in this direction, 1s a little over 260
nmi (480 km) from Enewetak.

The climate of Enewetak 1s tropical marlne. generally warm and humid. Tem-
perature changes are slight, ranging from 70° to 90°F (21° to 32°C).
Rainfall 1s moderate. and prolonged droughts may occur. Storms are infrequent,
although typhoons sometimes occur. Although possible at any time, most tropical
storms occur from September to December. Both wind and sea are continuous ero-
sional agents.

Much cumulus cloud cover exists in the Enewetak region, which incorporates
three basic wind systems. The northeast trade winds extend from the surface to
25,000 to 30,000 feet (7.6 to 9.1 km), the upper westerllies from the top of
the trades to the base of the tropopause at 55,000 to 60,000 feet (16.8 to 18.3
km), and the Krakatoa easterlies from the tropopause into the stratosphere.
These systems are all baslcally east-to-west or west-to-east currents. Day-to-
day changes reflect the relatively small north-south components, which are
markedly varlable. Greatest varlation occurs in the upper westerlles, particu-
larly during late summer and fall.

Steady northeast trade winds in the lower levels cause the water at the
surface of the lagoon to flow from northeast to southwest, where 1t sinks to
the bottom and returns along the lower levels of the lagoon, rises to the sur-
face along the eastern arc of the reesfs and islands, and 15 moved by the winds
to the southwest agaln. Lagoon waters moving in this closed loop also mix with
those of the open ocean, resulting in a flushing action. The flushing 1s rapid
and has two major routes. The first 1s directly through the eastern reefs to
the western reefs; the second is through Deep Entrance between Japtan and Partry
arnd out Wide Entrance west of Enewetak. These (wo routes keep the water ol the
northern part of the lagcon separate from the southern waters.

Oon 2 December 1947, the United States closed Enewetak in order to test
nuclear weapons there. The land area of Fnewetak Atoll, 1ts lagoon, and the
waters within 3 miles (5 km) of 1its seaward slides constituted the test area.
These islands were part of the Trust Territory of The Pacific Islands, a stra-
tegic area trusteeship of the United Nations, administered by the United
States. The U.S, agency In charge of the test area itself was the AKC (Refer-
ence 4, p. 23).

The Test Divislion of the AEC Division of Military Applications, Santa Fe
Operations Office, administered the test site through 1ts Enewetak Branch Of -
fice. whlch supervised englneering, construction, maintenance, operation, and
management actlvities performed by 1its contracter, Holmes & Narver Tnc. (H&N).

PHYSICAL. CONDITIONS REFORE GREENHOUSE. Fnewetak had heen the site of nu-
clear testing in 1948: the islands in the southeast quadrant served as the base
for the task force, and the 1slands from north through east -northeast were used
for the tests themselves. The principal base 1slands were Enewetak, which
bordered Wide Entrance, and Japtan and Parry, northeast of Enewetak., which bor -
dered Deep Entrance.
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Facilities and structures on the islands were primarily from World War II,
and most were in very poor condition in 1948. Many of the islands had short
stub piers that were in poor repair. There was no deep water pier. There were
six airstrips, of which only the airstrip at Enewetak was in serviceable con-
dition. It was 6,400 feet (2 km) long and paved with crushed coral. There was
underwater communications cable to several islands that was in good shape
{Reference 4, pp. 5 through 7).

In late 1948 H&N was charged with the complete rehabilitation of the oper-
ational islands at Enewetak Atoll. The first half of 1949 was needed for sur-
veys, planning, preparing drawings, and obtaining necessary approvals from the
AEC, By the time the construction program was completed in July 1951, the cost
had reached $25 million. Construction included barracks for 708 men on Parry
and for 600 on Enewetak, mess halls, laboratories, medical areas, theaters,
barber shops, chapels, experimental structures, and many other facilities to
support a semipermanent workforce. All construction on Enewetak Island was done
by the Army's 79th Engineer Construction Battalion, and H&N worked on Parry
and the shot islands. The runway at Enewetak was lengthened to 7,000 feet (2.1
km) and paved. More taxiways and parking areas were added. Three piers were
built, including a deepwater pier at Parry Isliand. Utilities were completely
refurbished, including sewers, saltwater and freshwater systems, telephones,
and electric power (Reference 1, p. 117; Reference 4, p. 16).

The islands in the northeastern section of the atoll had been denuded of
most vegetation during World War II and in 1949 after the SANDSTONE shots,
when extensive grading was done to reduce radioactivity. Japtan, just north of
Parry, had escaped this action and still had a good stand of coconut trees and
other vegetation. The islands in the northwestern section still bore the lower-
growing native trees. Figure 3 shows Dridrilbwij and Bokaidrikdrik mainly cov-
ered with native plants. Figure 4 shows the coconut palms on Japtan, and
Figure 5 shows Parry Island.

A causeway had been built between Aomon and Bijire islands during SAND-
STONE. In preparation for GREENHOUSE, another was built between Eleleron and
Acmon. Temporary camps were constructed on three islands in the shot area in
preparation for GREENHOUSE. A tent camp capable of billeting 610 was con-
structed on Enjebi. Similar camps for 320 men on Bijire and 240 on Runit were
also constructed and used dQuring GREENHOUSE (Reference 4, p. 15).

RADIOLOGICAL CONDITIONS BEFORE GREENHOUSE. The SANDSTONE shots on Enjebi,
Aomon, and Runit were detonated on 200-foot (6l-meter) towers and contaminated
the island surfaces because of the relatively low heights of their bursts. In
July 1948, 2 months after SANDSTONE, a radiobiology team from the Applied
Fisheries Laboratory, University of Washington, visited Enewetak to examine
effects on plant and animal life and returned in August 1949 to further study
these effects. The Korean War forced cancellation of a planned trip in 1950,
Results indicated that radiocactivity was passed up the food chain among fish
in the lagoon and chat some plant life was destroyed or stunted by radioactiv-
ity near the detonations, Radioactivity persisted in plants, particularly in
older, dead tissue (Reference 1, p. 105).
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- figure 3. Aerlal view of Dridrilbwij and Bokaidrikdrik i1slands, 1951.

- Figure 4. Coconut stands on Japtan Island, 1961,
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Figure 5. Parry Island buildings, 1951.

In February 1949, the AFC sent a survey and decontamination team to Enewe-
tak under the command of an Army officer who later headed the Radsafe Unit
during GREENHOUSE. Enjebl was surveyed in detall, while Acmon. Bijire. Runit,
and Lojwa were surveyed in general, Radloactivity was found in most locatlons:
however, the three crater areas on Enjebl., RAomon. and Runit were the most
radiocactive.

Cleanup was begqun 1n March 1949, and all persons wotking on radiocactive
islands wore dosimetry badges. Radioactive metal was gathered up and dumped at
sea. The top 4 to 6 inches (10 to 15 cm) of soll in radloactive areas was bull-
dozed Into the three shot craters and covered with uncontaminated l1ive coral
scooped from the lagoon. This covering was 1 foot (0.3 meter) thick to a radlus
of 1.000 feet (305 meters) and 6 inches (15 c¢m) thick from 1,000 to 1,500 feet
(305 to 457 meters). No radiological cleanup work was considered necessary for
Parry. Enewetak, or Ananlij. Because of the possiblility of inhaling dust con-
taining radicactive material, a sprinkling system to wet down the unstabilized
soll was considered. l.ater research indicated that this system was unncessary.
It was, nevertheless, purchased and used. By 22 November 1949, the shot 1slands
had been regraded to the point that no radiological problem existed on most of
them.

A survey in March 1950 showed that Lojwa had no radicoactivity and Enjebi
and Aomon were down to 0.001 R/hr maximum, whereas Eleleron showed readings as
high as 0.002 to 0.004 R/hr and Runit averaged 0.0015 R/hr. SANDSTONE shot




ZEBRA tower footings on Runit measured between 0.005 and 0.0012 rR/hr, and work
there was limited to 25 hours per week per worker. A final survey from 5 to
11 May 1950, after cleanup was complete, showed no possibility of overexposure
to gamma radiation anywhere on the atoll (Reference 5, p. 42). Use of dosimetry
badges and other radsafe procedures was discontinued on 11 May 1950.

Special Problems in Testing in the Marshalls

The remoteness of the Enewetak location posed significant logistic problems
for GREENHOUSE, especially considering the major construction program under-
taken to prepare for GREENHOUSE. The remoteness also required special security
arrangements in transporting the nuclear devices from laboratories in the
United States to the test area. The radioactive cloud samples required expedi-
tious transport by the Military Air Transport Service (MATS) to several U.S.
laboratories for analysis.

The limited land area at Enewetak Atoll was also a problem. The three in-
habited islands at the southern end -- Enewetak, Parry, &nd Japtan -- were
overcrowded auring testing. For example, for shot GEORGE over 3,000 perzonnel
were on Enewetak and over 1,000 on Parry. In addition, 700 men who were evacu-
ated from the tent camps on the northern islands had to be billeted aboard
several ships (Reference 5, p. 89).

The lack of a land bridge *o the northern islands required a major effort
to transport men and material to the test islands. Navy landing craft were
used extensively for this task. Three temporary tent camps were built on the
northern islands to minimize the commuting time. Figure 6 shows the camp at
Enjebi.

There were also some advarntages, however, in testing at Enewetak besides
the iarge open ocean area. The separation between the northern and southern
islands created a natural safety barrier €from the detonations. The separate
islands also made control of personnel movement easier, and the task force
devised a color-coded security badge system to show access authorization to
the several islands.

JOINT TASK FORCE THREE

JTF 3 was formally established by the Joint Chiefs of Staff (JCS) on 23
June 1949, and was organized similarly to the earlier JTF 7 organization used
for SANDSTONE. It incorporated elements of the four military services, other
government agencies including the AEC, and civilian organizations under con-
tract. The AEC, charged with responsibility for nuclear energy development by
the Atomic Energy Act of 1946, designated Commander JTF 3 (CJTF 3) as its rep-
resentative. CJTF 3 was also subordinate to JCS and reported to the Chief of
Staff of the U.S. Air PForce who was the JCS executive agent for the series,
These relationships are illustrated in Figure 7.

The resulting organization, though complex, worked well enough, as it con-
formed with the realities of the situation. The realities were that the tests
were being conducted to develop nuclear weapons, an activity limited by law to
a civilian agency, the AEC, The tests were conducted in the Pacific Proving




figure 6. Enjebt camp, GREENHOUSE
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Ground in an area that came under the jurisdiction of the AEC, PFurther, the
test area was remote from the United States and the special supplv and security
arrangements required military operations., Finally, the organizatisn for which
the weapons were being developed was the Department of Defense.

The joint task force was divided into functional and service-branch ori-
ented task groups. The JTF 3 Scientific Deputy actually directed the testing
and CJTF 3 managed the overall program. TG 3.1, directed by a civilian scien-
tist from LASL, conducted all the experimental programs and managed the fa-
cilities contractor for the test area. TG 3.2, commanded by an Army brigadier
general, provided military security for the test area and logistic support to
Air Porce units. TG 3.3, commanded by a Navy flag officer, provided off=-shore
air patrols and general logistic support, surface defense, local water trans-
port for men and equipment, and floating fuel storage. TG 3.4, commanded by an
Air Porce major general, provided air weather reconnaissance, search and res-
cue (SAR), air taxi service, aircraft flight control, and air Jdefznse. This
task group also operated the drone zircraft used for cloud sampling and mea-
surement of blast effects.

During GREENHOUSE the Army provided 1,615 personnel, the Navy 2,951, the
Air Porce 2,604, and the Marine Corps 134. There were also 2,049 civilians
from DOD, LASL, and various contractor organizations. Not included in chese
totals is the Army's 79th Engineer Construction Battalion, which was employed
in construction work on Enewetak Atoll in preparation for GREENHOUSE but was
transferred from the area before the test period (Reference 6, p. 1). A total
of six shipe and one hundred ten small boats, mostly landing craft and DUKWs,
participated in GREENHOUSE, The Air Force provided 103 aircraft and the Navy
10 to support GREENHOUSE operations (Reference 6, p. 3).

Commander JTF 3 had three principal deputies, one of whas was also the
civilian scientist in charge of TG 3.1. The joint staff was patterned after
other military organizations. The Radsafe Advisor to the commander was also in
charge of Task Unit (TU) 3.l1.% (Radsafe) under TG 3.1l. JTF 3 Headquarters was
located on Parry Island and assigned personnel were billeted there. Evidently
the staff had some duties on Enewetak Island as well, because 60 men from Hg
JTF 3 were there for shot GEQRGE. Total strength of Hg JTF 3 during April and
May was 320 (Reference 5, p. 89).

Task Group 3.1 (Sclentific)

TG 3.1 was the heart of the task force. It was respensible fcr preparing
and firing the four nuclear devices, preparing and conducting almost all the
various experimental programs, executing the entire radsafe program, and oper-
ating and maintaining all atoll base facilitias except those on Enewetak
Isiand, which were managed by TG 3.2 (Army) (Reference 7, p. Bl)., T35 3.1 was
formed at LASL and most of its key people, including its commander, were from
LASL's newly formed J-Division. Figure 8 shows the organization of TG 3.1. De-
scriptions of 1its seven subordinate task units follow. ®ersonnel strength of
™ 3.1 in the test area, not inciuading HaN employees, increased from 99 on
1 Pebruary 1951 to 521 on 1 March, and to 871 on 1 April, decreasing to 817 on
1 May, 67 on 1 June, and 2 on 1 July 1951. H&N employees made up the bulk of
TU 3,.1.7.
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Figure 8. Organization of Task Group 3.1, GREENHQUSE.

TASK UNIT 3.1.1 -- LOS ALPMOS EXPERIMENTS. This task unit was responsible
for all Program 1 experiments, the diagnostic experiments assoclated with the
four nuclear devices. Most of 1ts personnel were from LASL. On 2 February 1951,
335 men in the test area were in TU 3.1.1 (Reference 8).

TASK UNAIT 3.1.2 -- BIOMEDICAL EXPERIMENTS. This task unit was responsible
for Program 2 experiments, which encompassed the entire blomedical program of
18 separate projects. There were 100 men in TU 3.1.2: 23 of them civilians and
77 military personnel. The majority of the Navy personnel were assigned to
BuMed Unit One. This unit was formed specifically for the GREENHOUSE operation
by the Navy Bureau of Mediclne and Surgery. Tests were conducted on dogs, pigs.
mice, corn seed, and mold. The animals were kept and Program 2 personnel were
billeted on Japtan Island (Reference 8: Reference 9, p. 88: Reference 10,
p. 6). Faclllitles on Japtan consisted of a laboratory, a shop, living quarters
for scientific and custodial personnel, a mess hall, storage bunkers, and pens
and cages for dogs, plgs, and mice. The maximum number of personnel on the
island was 145 in mid-April including 52 from BuMed Unit One Iin TU 3.1.2, 47
others In TU 3.1.2, 18 H&N employees, 13 milltary police, 7 monitors from the
Radsafe "nit, 5 consultants or observers, and 3 men from TU 3.1.4 (Reference
11, pp. 1 through 9).
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TASK UNIT 3.1.3 -- PROGRAMS 3 THROUGH 8. This task unit was responsible
for a wlde varlety of service-oriented experiments. Altogether 327 men worked
on the flve various programs in TU 3.1.3 (Reference 12 p. 17; Reference 8).

Program 3 experiments tested nuclear effects on structures, Participants
were the Army Corps of Englneers, Navy Bureau of Yards and Docks, the Air
Force, and the Public Bullding Service, an element of the General Services
Administration. Sandia Corporation measured pressure, acceleration, and dis-
placement on the varlous structures. H&N bullt the structures.

Program 4 experiments investigated nuclear cloud physics. Alr Force air-
craft carried out these experiments.

Program 5 experlments tested the effectiveness of new airborne and ground -
based radiac equipment. Alrborne testing was done with two alrcraft, a P2V and
a B-17, equipped with a varlety of proven and new radlac instruments.

Program 6 experiments were physical tests requiring a varlety of measure -
ments, including cloud sampling, thermal radiation, fallout pattern, testing
of decontamination equipment, and testing of protective clothing. Equipment
such as tanks was also tested.

Although not formally a part of TG 3.1, Program 7 experiments were moni -
tored by TG 3.1. Program 7 experiments were conducted by Hq USAF, whose per -
sonnel were in TG 3.4. These experiments included air conductivity measurements
(Project 7.4) and cloud sampling (Project 7.8), Project 7.4 used two 1.-13s and
two B-50As, and Project 7.8 used several aircraft, including the B-17 drones.
B-50As and B-50Ds, and WB-29s. RAnother project 1n Program 7 was the l.ong Dis-
tance Measurement of Energy Yield of an Atomic Explosion, which used a C-54
alrcraft from the 54th Weather Reconnaissance Squadron oh Guam. This project
took measurements in the Guam area only (Reference 13; Reference 14, p. 15).

Program 8 experiments measured nuclear effects on speclally instrumented
alrcraft. Altogether, 327 personnel worked on the six projects in TU 3.1.3.

TASK UNIT 3.1.4 -- ASSEMBLY. This task unit was reponsible for preparing,
emplacing, and firing the nuclear devices. Fifty-five men were in this task
unit (Reference 43).

TASK UNIT 3.1.5 -- RADIOLOGICAL SAFETY. Radlological safety wuas a command
responsibility for each of the task groups, but thls task unit was responsible
for providing technical assistance to CJTF 3 in radsafe matters. TU 3.1.5 pro-
vided radsafe monlitors to conduct radiation surveys of 1islands. to accompany
reentry teems, to monitor sample removal from alrcraft, and to perform a varl -
ety of other monitoring. TU 3.1.5 also was responsible for procuring all film
badges. developling and interpreting exposed film badges, and keeping updated
exposure records for all badged 1ndividuals (Reference 7, p. H2). As of 2 Feb-
ruary 1951, 77 men were in this unit (Reference 8).

TASK UNIT 3.1.6 -~ PHOTOGRAPHY. This task unit was formed from 1.ASL. em-

ployees. averaglng about 15 people in the test area. TU 3.1.6 had four primary
responsibilities:

38



Taking documentary photographs for sclentific units

Storing and providing security control for sensitized ma-
terial used during tests (spectroscoplc plates, recording
paper, etc., as well as film used in still photos)

® Staffing darkrooms, when needed, to process sclentific
photographic records, and supplyling chemicals, solutions,
and ald to those who wished to process thelr own records

® Providing flle prints during the operation and finlshed
report prints after the operation.

The unit took over 11,000 photographs, 3,500 before the tests began and 7,500
during the tests. The emphasis was on suppotting Programs 2 through 8 (Refer-
ence 15, pp. 87 and 88). Evidently 1ts mission had little overlap in the test
area with that of the Air Force photography unit from the Air Force Lookout
Mountaln Laboratory (TU 3.4.8).

TASK UNIT 3.1.7 -- BASE FACILITIES. The facilities on all islands of Ene-
wetak Atoll except Enewetak Island were managed by H&N. H&N personnel operated
the eloctrical systems, water systems, sewage systems, telephone systems, and
various others.

Task Group 3.2 (Army)

Most Army personnel in JTF 3 were assigned to TG 3.2. TG 3.2 was the first
task group activated by CJTF 3 when General Order #1 was promulgated on 12 Jan-
uary 1950. Composed entirely of service units, the first components of TG 3.2
arrived at Enewetak Atoll on 16 March 1950. Table 2 l1sts units involved and

Table 2. Organizations in Task Group 3.2, March 1950, GREENHOUSE.

Enlisted
Unit Officers Men

Hq and Hg Company 7th Engineering Brigade 4 154
79th Engineering Construction Battalion 29 693
OM Detachment #6, 6135th TSU 4 101
70th Auto Maintenance Ordnance Detachment 1 28
9470th TSU Signal Detachment 2 13
3rd Mobile Surgical Hospital 4 22
Hg 18th Transportation Battalion 2 8
511th Transportation Port Company 4 204
Finance Detachment 2 5
Totals 89 1,228

Source: Reference 3, p. 143.




enumerates the men at Enewetak Iin March 1950. The task group was a self-
sufficlent base development crganization engaged in construction and operation
of base facllitles at Enewetak Island and the atoll. The onset of the Kotrean
War in June 1950 had a large impact upon compositlon and manning levels of TG
7.2. Significant unlit and personnel changes occurred before the first GREEN-
HOUSE detonation in April 1951.

During the operaticnal shot phase, TG 3.2 personnel provided the following
gervices:
® Operation of transient billets

Maintenance and supervislion of all officer quarters and
mess

® Repalr and malntenance services for utllitles and facll-
ities

e Bakery and mess support

® Heavy fileld maintenance for ordnance wheeled vehicles

Operation and maintenance of off-island radio communica-
tions

Medical and dental services

Operation of the port and port headquarters
Financial services

Spaecial services (recreation) facllitles
Counterintelligence

Atoll ground defense and general security

Emergency ground transportation.

In addition. some TG 3.2 personnel participated 1n the operational phase
in support of sclentific prolects of Army Interest. Figure 9 1illustrates the
TG 3.2 organization.

Task Group 3.3 (Navy)

The Navy task gqroup supported scientific programs at Enewetak Atoll and
carried out surface and alr operations in and around the atoll.
The main tasks of TG 3.3 were to:
® Deliver nuclear components to Enewetak Atoll
® Provide mobile faclilities for devices at the test site

e Conduct surface and air security measures in the Enewertak
Danger Area

X e Establish Air Force special project and weather statlons
at outlying atolls

® Conduct radlological surveys of inhabited 1slands
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® Provide interatoll water transport
Plan for evacuation of all personnel from the atoll

Transport personnel and sclentific and naval equipment to
and from the atoll

® Provide living accommodations for task group personnel.

TG 3.3 was organlzed iInto functional task units as shown in Figure 10,
These task units with thelr names, forces assigned, and functions are listed
in Table 3.

Most of the naval vessels stayed at FEnewetak during the test series except
for the two destroyers, which constantly patrolled the area. The flagship., USS
Curtiss (AV-4), was anchored off Parry Island during all the shots. USS Cabildo
(LSD-16) was the mother ship for the boat pool, which provided water transpor-
tation for all task units during GREENHOUSE. L1lving accommodations were pro-
vided by the Military Sea Transportation Service (MSTS) troop transport, USNS
Sgt. Charles E. Mower (T-AP-186). USS_ LST-859 supplied all outlying stations
and, when at Enewetak Atoll, housed TG 3.1 personnel. Security was reinforced
by the Harbor Control Unit. which monitored the entrances to the atoll lagoon.
Most TG 3.3 personnel remained on board ships except for naval personnel in-
volved in the sclentific operations and recreation parties. Table 4 lists task
group strength flgures for three different weeks during the operation.
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Figure 10. Organization of Task Group 3.3, GREENHOUSE.

42

o

L



*/1 PUR Q[ S3JUBUBBY :SAIAROS,

130K

" 12uussaad J1J1IUdL0S JD}
j40dsued) ‘diys |9I0H "SaL43s 3593 burunp
SUOLIP1S @Say3 paL|ddns ‘s|[03e BuLk[ino 12
SUOLIR1S JAYIRBM pue 232404 J41Y PAYSL[Qe]s?

T|auuesJsad 1°¢ g 404 dLys {304
*1043U0D IJURUIUD AOTUIRH

‘SpuR| Sl JO Sdooms

£114N23G " (018 3yl ulyllm suoiiedadu

aNJS3J4 pUR YI.RIS "SPUB|SL WOy |SuUuosuad

40 uoLiendea3l -sucdesm pue ‘S3|DLYsA *julw
-dinb3 *yauuosJdad ;0 3jsodsued} 40Ys-01-dLys

*$720Q JO PSULRIULRWL ‘SIulwaACW
100G |{® P2[|1043u03 ‘udijejsodsue.l
A310M PAPLAOL *L00d je0q JO) dLys 43YJoy

*AjLLqedes a2ue| | L3A4NS
BULJRWGNSLIUE PUB YIUBIS BIRIUNS PIPLAOUY

*3Lu) 34espey

ay3 404 sapdwes u43jem Palua| |02 yy-WEd

BUL  "SME-AZd © PUR SZ-AZd § uit® £3pLLg
—ede> BULJRWGNSLIUR PUB YIURIS JLE PIPLAOY

*L101¢ WRIBMSUF WOU4 pue
03 judwasow Bupanp A{uo pIjRALITR }Lun Siyl

“Jd%|eM pue UO3SOJdS AQ paJOISS SEM $513.4N)
‘107 MPIIMIUY WOL} pue 03 IIN0J UI I 1uM

*sa13LLLoey Al quasse uodeam
POpPLADLd °£°E 91 403 s4didenbpeEay |0
ye1amMauy 01 SIUBU0dWOD 4RA[INL PaJL0dSurRd)

S9 S
8{1 A v
s 4
19 £z

1 gtt 25
98¢ L1
¥9¢ 91

1°€°¢ L @S

{(9B1-gy-L} JaMOy 377 365 SNIA

tufy paubisseun  frEtg

sdrys oN {043U0) 40QU2H  9°E°E

SMINA 8
*SyAy £ “sayoune| £ *snSi £
“SdA31 € 5dJ7 8 “SWO1 OF

(91-0$1) OPLLGE] SSA {oo4 100¢ 3119 SE'E

{£1§-300) 49%A[eM SSN
{££5-300) u0IS04dS SSA

03R4 BIP I t'E°E

¥G-Wdd |
ME-Acd ¥
¢-héd &
1€6-dA uoJpenbg jodied iy £°E°E

(/£15-300) 49%1eM S50

{££5-300) U0IS04dS S5q
{(p-A¥) ssL3and SSN 140283 § AoAUD)  2'f°f

€°8 9137 33°15

{b-Av} SSLIIN] SN diysbery  1°g°¢

SuoE3ounyg

“ISNOHN3IIYY ‘€°¢ dnoug xsel 40 sjuawaidwod pue suoLldung

vy sl
219 ov
SUBL|LALD UBW  SJ3DL440
PRISLLU]

e41busays pajuodsy h

LU 40 SweN Jaquny
auey d1ug

JLun/IvawaLy ysey

‘"t aLgel

43



Table 4. Task Group 3.3 strength, GREENHDUSE.

Enewetak Kwajalein

Date Officers Enlisted Civilians Officers Enlisted Civilians Total

6 Apr 51 123 1,853 177 52 339 1 2,545
20 Apr 51 122 1,856 178 52 336 1 2,545
4 May 51 121 1,833 177 52 133 1 2,517

Source: Reference 17.

Task Group 3.4 (Air Force)

The Alr Force task group mlssion for GREENHOUSE was to provide local ailr
transport, atomlc cloud sampling., weather data, alir operations control, search
and rescue, and photographic support. Speclfic missions were to (Reference 7,
pp. 1 through 9):

® Operate an airbase at Enewetak

® Provide and operate aircraft to conduct experimental pro-
grams and cloud sampling., long-range detection, and air-
borne structural blast tests

® Provlde and operate alrcraft to provide weather data and
detect and track the atomic cloud

@ Provide and operate decontamination facilities for TG 3.4
aircraft and personnel at Enewetak and Kwajalein

® Provide and operate weather observation posts at Kusale,
Nauru, Blkati, and Majuro

® Provide and operate JTF 3 Weather Central at Enewetak

® Provide and operate llalson-type alrcraft for intra-atoll
transportation at Enewetak

@ Provide and operate alrcraft for search and rescue opera-
tions within 300 nmi (556 km) of Enewetak

® Provide documentary motion picture and still photographic
coverage of Operation GREENHOUSE.

To implement these functions TG 3.4 was organized as shown in Figure 11
(Reference 9, p. 4). Headquarters, U.S. Alr Force, tasked 1ts major commands
to provide men and equipment to staff TG 3.4. Figure 12 shows the parent com-
mands of the different elements of TG 3.4 (Reference 9, p. 3). Personnel
strength of TG 3.4 on site increased from 637 on 31 January 1951 to a high of
2,409 on 12 Aprill 1951, slowly decreasing to 1,854 on 24 May 1951. the date of
the last shot (Reference 3. p. 114; Reference 18, p. 3; Reference 19, p. 3).
Table 5 shows TG 3.4 personnel distributlon by task unit (Reference 20, p. 69).
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figure 11. Organization of Task Group 3.4, GREENHOUSE.
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Table 5. Personnel distributton Task Group 3.4, GREENHOUSE.

Parent

Unit Command@ Officers Alrmen Civilians Totals
JU 3.4.1 APG 94 798 0 892
TU 3.4.2 APG 137 512 0 649
T0 3.4.2.1 AMC 18 21 53 98
TU 3.4.3 MATS 4 138 0 139
TU 3.4.4 MATS 69 254 0 323
TJU 3.4.5 MATS 20 99 0 119
TU 3.4.6 TAC 30 117 0 107
TU 3.4.7 MATS 15 37 0 52
TU 3.4.8 APG 9 3 18 30

Total 396 1 942 71 2,409

Note:

a
AMC -- Air Materiel Command; APG -- Air Proving Ground; MATS -
Military Atr Traasport Service; TAC -- Tactical Air Command.

Source: Reference 20, p. 69.

Providing and operating alrcraft in support of GREENHOUSE ras the primary
function of TG 3.4. Table 6 shows the types and numbers of alrcraft used within
TG 3.4 and thelr functions. Chapter 7 discusses the units that supplied per-
sonnel to each of the eight task units in TG 3.4. The F-80C interceptors were
added at the last minute to provide alr defense of Enewetak.

TASK UNIT 3.4.1 -- HEADQUARTERS AND HEADQUARTERS SQUADRON. Stationed on
Enewetak Island with a maximum strength of 660 men during GREENHOUSE (Reference
20, p. 69), TU 3.4.1 operated the alrbase at Enewetak TIsland and maintalned
and supplied all alrcraft located on Enewetak. Personnel from TU 3.4.]1 assisted
TU 3.4.2 in alrcraft decontamination operatlions. The flight of six F-80C inter-
ceptors was a late additlion to TU 3.4.]. TU 3.4.1 established a detachment on
Kwajalein (Task Detachment [TD]} 3.4.1.1) consisting of 232 personnel who main-
tained and supplied aircraft for task force elements on that 1sland (Reference
7. p. 3: Reference 27, p. 40).

TASK UNIT 3.4.2 -- EXPERIMENTAL AIRCRAFT. This task unit, comprised of
personnel from the 3200th Drone Squadron., Eglin AFB, Florida., was stationed on
Enewetak Island and had a maxlmum strength »f 649. TU 3.4.2 operated the B-17
and T-33 drones and B-17 and T-33 controller aircraft. The B-17 drones were
used in cloud sampling, and both types of alrcraft were used in effects test-
ing. TU 3.4.2 also operated alrcraft and personnel deccntamination facllitles
on Enewetak Island for TG 3.4 personnel and equipment, and two alrcraft, a B-17
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(' Table 6. GREENHOUSE aircraft.
- Type Task Tail and
v.. Atrcraft Missien Unit Identification Numbers
2 SA-16  Search and rescue 3.4.7 9087, 9091
SB-176 Search and rescue 3.4.7 83754, BIN
- P2v Radiac 3.4.2 368
S B-17 Radiac 3.4.2 246
: DB-17G Manned controllers for Q8-17 3.4.2 614, 525, 542, 559, 636, 654, 657, 680,
E dranes €683, 684, 687, 689, 690, 694, 715
‘I 0B-17G4  Cloud sampling and effects 3.4.2 537, 549, 565, 566, 617, 644, H49, 552,
g testing (unmanned) 656, 658, 666, 569, 674, 679, 692, 697,
<. 738, (remaining one t3ail number 1s
s unknown )
B WB-29 Weather and sampling 3.4.4 44-27300, 44-27343, 43-27335, 44-27269,
- 44-87740, 44-62202, 44-85399, 44-86399,
Py 44-62220, 45-21816, 45-21819, 45-21872
- R8-20°  Film fogging test 3.4.2 1762
> XB-47 Blast effects 3.4.2 45.066
3 B-50A Tracking/sampling 3.4.2 46-017, 46-023
) B-500 Blast effects 3.4.2 49-230, 49-340
.. C-47 Photography 3.4.1 408 (remaining four tail numbers are
A unknown )
- C-54 Photography 3.4.1 082
j‘ DT_33A Manned controllers for QT-33 3.4.2 920, 930, 950, 951, 959
- drones
= QT-33A¢ Efferts testing, unmanned 3.4.2 927, 928, 929, 939, 940
- drones
N L-5 Ltatson 3.4.6 7 1ight planes
~ L-13 Lialson 3.4.6 15 1ight planes
] H-5 Liaison 3.4.6 4 helicopters
:\ F-80C Interceptors 3.4.1 6 jet fighters
- P2v Ocean surveillance 3.3.3 9 Navy patrol planes
. PBM Radsafe water sampling 3.3.3 1 Navy amphiblous patrol plane
Notes:

40B-176 #666 lost on ITEM shot.

bRB-29 (SAC) arrived in the test area shortiy before shot GEORGE and departed two days
after participating in GEDRGE.
“GT-33A #928 lost on DOG shot and QT-33A #9329 and #940 iost on EASY shot.

Sources: Reference 21, p. 75; Reference 22, p. 17; Reference 23, 16; Reference 24,
p. 37; Reference 25, p. 8; Reference 20, pp. 57 thrcugh 63 and Appendix E;
Reference 26, p. 25.

48




and a P2V, which tested new radlac instrumentation and equipment. The Alr
Materiel Command established a detachment of men on Kwajaleln, designated TD
3.4.2.1, Experimencal Aircraft Detachment, under operational control of TU
3.4.2 for the duration of GREENHOUSE. TD 3.4.2.1 had a maximum of 98 men in
the test area. some of whom moved to Fnewetak Island wher. the two B-50Ds were
transferred there before the first shot of the serles. In addition to the two
B-50Ds. this detachment operated two B-50As and one B-47. The B-50aAs and B-50Ds
collected radioactive ailr samples near the nuclear cloud and conducted other
experiments. The B-47 was used for alrborne structural blast tests.

TASK UNIT 3.4.3 -- COMMUNICATIONS. This task unit provided and operated
the alrways communications facilities at Enewetak. which included the control
tower, alrcraft llalson net, weather reporting net. point-to-point communica-
tions, aircraft homing beacons., and other navigation aids. TU 2.4.3 also had a
detachment at Kwajalein that provided similar services to task force alrcraft
in that area. This task unit had a peak strength of 139 personnel. The specific
breakdown between Enewetak and Kwajaleln 1s not known (Reference 7, p. 6: Ref-
erence 20, p. 69).

TASK UNIT 3.4.4 -- WEATHER RECONNAISSANCE. This task unit provided and
operated 12 wWB-29s that were used for long-range weather reconnalssance and
for sampling and tracking the radilocactive clouds. The unlt had & maximum of
323 personnel 1n early April, of whom all but 6., who remained on Enewetak
Island, were stationed on Kwajalein. TU 3.4.4 also operated alrcraft and per-
sonnel decontamination facilities for TG 3.4 alcrcraft and personnel on Kwaija-
lein (Reference 7, p. 6: Reference 20, p. 69).

TASK UNIT 3.4.5 -- WEATHER. This task unit manned JTF 3 Weather Central on
Parcry Island and operated remote weather stations on Nauru, Bikati. Majuro,
and Kusale islands. This unit had 119 personnel scattered around the Pacific:
70 total on the remote 1slands, 3 on Kwajalein who d1d radiological exclusion
(radex) area plotting for TJ 3.4.4, and 46 who ran the Weather Central on Parry
Island. The 46 men. 12 of whom were Navy personnel, lived on Enewetak Island
and commuted to and from Parry dally. Most of the Alr Force personnel 1in this
task unit were from the 2060th Moblle Weather Squadron at Tinker AFB, Oklahcma.

TASK UNIT 3.4.6 -- LIAISON This task unit operated and majintalined the
light alircraft (L-5s and 1.-13s) of the 4th Liaison Flight and helicoptets
(H-5s) of the 5th Helicopter Flight used for Intra-atoll airlift. These aitr-
craft were also used for security sweeps of the Islands before and after shots
and for spraylng insecticides on the islands. The light aircraft were used to
assist Hq USAF by taking alr conductivity measureiments in conjunction with Pro-
gram 7 experiments. Maximum strength of this unit was 107 in early April, most
of whom were from tihe 2600th Air Base Squadron at Pope AFB. North Carolina.
All TU 3.4.6 personnel were stationed at Enewetak Island (Reference 7, p. 7:
Reference 28, p. 3).

- RS

and 5Sth Alr Rescue Sqguadrons and 4 aircraft (2 SA-16s and 2 SB-17s), served
all task force activities within 300 nml (556 km) of Enewertak Atoll (Reference
7. p. 8). Most of this unit was stationed on Kwajalein; however. at least one
SA-16 and one SR-17 were retalued at Enewetak Island and alrcrews were rotated

TASK UNIT 3.4.7 - RESCUE. This SAR unlt comprised of S2 men from the 4th
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about every 2 weeks (Reference 27, p. 74). At times two SA-16s and one SB-17
were at Enewetak. In addition, at least sne person from this task unit was
assigned to the llth Ailr Rescue Squadron, Hickam AFB, Hawaii.

TASK UNIT 3.4.8 -- PHCTOGRAPHY. This documentary photography unit produced
two fillms as well as a larye collection of »till photographs.
this unit were from Air Force Lookout Mountain Laboratory., California: its

maximum strength was 30, all of whom were statloned on Enewetik Island. A few
worked at Parry lsland, however, and commuted daily.

Personnel 1in
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CHAPTER 2
RADIOLOGICAL SAFETY

During Operation GREENHOUSE, radlological safety (radsafe) was based on
adapting current safety principles and procedures to the field operation. Pro-
tectlve regulations issued by Commander Jolnt Task Force 3 (CJTF 3) were based
on national and 1international advisory bodles' recommendations concerning

radiation exposure limits, and administrative rules and controls implemented
the regulations.

Methods to limit human exposure to radiation included both physical safe-
guards (barrlers to restrict access to radiological exclusion [radex] areas)
and 1indoctrination and tralning to acquaint personnel with the problem of
radiation. This chapter explains the requlations, administrative rules, and

procedures used by JTF 3 to limit exposure and measure the effectiveness of
the controls.

The concept of radicloglcal safety for Cperat?on GREENHOUSE required each
task unit to provide for 1its own safety under directives 1ssued by CJTF 3. Each
task unit was delegated support functions for the beneflit of the task force as
a whole, but task units were basically self-sufficlent in manpower, mainte-
nance, and tralning (Reference 29, Annex D-1). CJTF 3 radsafe directives (Ref-
erence 30) had the following underlying objectives:

® Collect and disseminate information on potential radio-

logical problems that might cause injury and sickness to
personnel

® Ensure the safety of all personnel er o>ved in radioactive
areas

@ Prepare Iinformation detalling nece iry precautlons for
protecting personnel

® Reevaluate the hazards of a radliologicai area as survey
work progressed

& Maintaln records of any 1lllness or Injury resulting from
exposure to radiocactivity.

RADIOLOGICAL SAFETY PLANNING

In autumn 1948, Los Alamos Sclentific Laboratory (LASL) gave serlious con-
silderatlion to radsafe contrcl and organization during the tests planned for
1951. In December 1948, the Sclentific Director of the task force presented
his philosophy regarding conduct of the program, stating that he had a moral
responsibllity for the radliological safety of all personnel engaged in work
under his direction and urging that the radsafe section be placed under the
Sclentific Dlirector rather than the task force commander (Reference S, p. 39).
Throughout spring and early summer of 1949, this i3sue was dlscussed.
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J-Divislon of LASL was directed to establish radsafe regulations and train
monitors to ensure radlological safety of all personnel conducting the tests
under the commander of the sclentific task group (Task Group [TG] 3.1).
J-Division was also willing to assist the task force commander in establishing
radsafe requlations for all personnel and equipment within Enewetak Atoll, and
even outslde the atoll to some reasonable limlit. The great advantage to such a
plan, the Scilentific Director argqued, was that he could authorize the monitors
under his control to stop any operation they considered unsafe. The Sclentific
Director felt that since Enewetak was an Atomic Energy Commission (AEC) 1in-
stallation, monitoring was J-Division's responsibility (Reference 5, p. 39).

To glve the Sclentific Director, who was also commander of TG 3.1, control
over radsafe activitles 1n other task groups, however, was contrary to normal
mllitary operations. The task force commander decided in August 1949 that de-
splte possible duplication of efforts and instruments for tralning and organi-
zational purposes, 1t was critical that he have final radsafe responsibility
(Reference 5, p. 39). This responsibllity would, in turn, be delegated to task
group and task unit commanders through regular command channels. Each commander
was responsible for personnei in hls command (Reference 5, pp. 39 and 40).

In its report to the Joint Chlefs of sStaff (JCS), the Joint Proof Test
Committee (JPTC) set forth provisions for radlologlical safety., Radlologlical
safety was declared to be a command responsibility at all levels in matters
pertaining to hazards that might result in injury or death to personnel
(Reference 5, p. 40). The report defined specific task group missions and
responsibilities,

Preliminary plans for the JTF 3 radsafe program were completed by April
1950. The TG 3.1 Radsafe Offlicer, who would command the Radsafe Unit (Task
Unit {[TU] 3.1.5), was made responsible for the safety of personnel assigned to
TG 3.1. The military task group responsibllities were also assigned. Full-time
task group radsafe officers were assigned only to each task group staff (Ref-
erence 5, p. 40).

The radsafe plan of each task group was based on the JTF 3 radsafe plan.
The most extensive radsafe instructions were detaliled for TG 3.1 and TG 3.4.
The Army task group (TG 3.2) had few detailed instructions concerning radio-
loo.cal safety, and the Navy task group (TG 3.3) had more. JTF Fleld Order 2-50
(1 Dec. 1950) establlshed radsafe command responsibility, regqulations, opera-
tions, handling of radioactive material., and radsafe responsibilities of each
task group and discussed hazards from atomic bomb explosions. Fileld Order 2-50
is reproduced in Appendix A of this report and is cited as Reference 29.

ORGANIZATION AND RESPONSIBILITIES

Overall orgarizational planning and authorlity for racdiological safety
rested with CJTF 3, The commander's staff coordinated radsaf2 Information col-
lected before and during shot operations. EZlements of control existed at all
command levels. and operational control was applied through normal command
channels. A decentrallzed system of operational coritrol employling elements of
the CJTF 3 staff and units within each task group was established for the
operation A Radsafe Sectlon established iIn J-3 ¢of the task force staff had
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ultimate responsibility for advising CJTF 3 regarding the health and safe em-
ployment of all personnel. The Radsafe Section informed CJTF 3 of anticipated
and current radiologlical hazards. It prepared radsafe rules and regulations
pertaining to radiological health examinations and employment of personnel 1n
contaminated areas, prepared tralning standards for monitoring personnel, and
delineated the various task group areas of radsafe responsibility. While CJTF 3
determined whether a shot was go or no-go, CTG 3.] determined at any time after
that whether it should be cancelled or postponed.

Each task group established a self-sufficlent radsafe unlt. In addition to
routine task group radsafe matters, each task group radsafe unit provided some

general support to the Jjoint task force. In summary, these support functions
were:

® Task Group 3.1 (Scientific)

- Perform all monitoring services assoclated wlth experi-
mental projects

-= Conduct all laboratory functions assoclated with radio-
logical safety, except for TG 3.3, including film badge
processing, laboratory se:vices, exposure record main-
tenance, Iinstrument repaics and maintenance, sample
packaging, and ground radex area plotting

- Monitor water supplies on outlying inhabited 1islands
for possible fallout

® Task Group 3.2 (Army)

- - Assume responsibility for the radiological safety of
Enewetak base facllities, except for alr operations
activities

e Task Group 3.3 (Navy) (Reference 31, p. 2)
-- Develop all necessary shipboard radsafe procedures

- Provide radsafe officers. instruments, clothing, moni-
tors, decontamination crews and alrcraft monitors

® Task Group 3.4 (Air Force) (Reference 5, pp. 40 and 41)

-- Assume responsibility for the safety of all military
and civilian personnel assigned to TG 3.4 and instruct
all TG 3.4 personnel 1n radsafe problems

- Provlde necessary radsafe instruments and clothing

- Plot air radex areas

- Provide one radsafe monitor for each manned aircraft
within 20 nmi (37 km) of the test at time of detonation
or collecting radiological information after detonation

- Provide aircraft ground monitors

- Provide decontamination crews.
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With the exception of TU 3.1.5 (Radsafe), radsafe assignment was for most
personnel an additional duty. Permanent positions existed for only a few pri-
mary duty staff and supervisory personnel. Each task group was assigned at
least one fully trained radiological defense engineer who supervised the activ-
itles of the task group. Thus, the Army task group tralned radsafe personnel
from each activitv in its task group: the Navy task group placed radiological
safety under 1its damage control organlzation in accordance with normal ship-
board practices; and the Alr Force task group used flight crewmembers as moni-
tors and ground personnel for aircraft decontamination. The one exception, TU
3.1.5, was designated the majJor radsafe unit for onsite operations and gliven
the responsibllity for specific centralized and highly technical radsafe ser-
vices. Considerable staffing problems had to be resolved before assembling the
necessary TU 3.1.5 primary duty techniclans, most of whom were military per-
sonnel on temporary duty assignments.

Task Group 3.1 (Scientific)

This group, through its radsafe unit, was a technical service group that
asslsted the supervisory personnel of each scientific project by providing the
necessary technical advice and training for project personnel designated as
monitors.

CTG 3.1 was responsilble for radliological protection of TG 3.1, maintalning
operational efficiency for TG 3.1, and technical asslistance to other JTF 3
elements on nonmedical matters pertalning to radiological safety.

Under CTG 3.1 Op Plan 1-51 (Refeience 32, p. L-1), TU 3.1.% provided:

e All ground monitoring services associated with experimental
projects

® Surface radex area plots to operating agencies of JTF 3

® Protective (disposable) clothing and film badges or per-
sonnel dosimetry devices to personnel working in contami-
nated areas or with radloactive materlals

® Protective goggles for individuals of JTF 3 requiring
visual protectien

Records of individual exposure to radloactivity
Radlation detectlon survey instruments for TG 3.1

Instrument repalr and mailntenance for JTF 3

Technical personnel to inspect all samples and radlologi-
cally contaminated objects.

As a service to the task force as a whole, TU 3.1.5 1ssued a safety bulle-
tin to be read by all personnel, 1ncluding visitcrs, at the Pacific Proving
Ground (PPG).

TU 3.1.5 had three sections: Staff, Laboratory and TInstrumentation, and
Monitoring.
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The Monitoring Section provided monitors for missions in radiocactive areas

' and for personnel working with radioactive materials. The assignment of moni-

o tors was handled by the Operations Officer in Staff Sectlon J-3. All operations

were cenerally considered routine except for "speclal" operations specifically

: designated by CJTF 3. Special operations were urgent work missions on shot

islands (Reference 32, pp. 1 and 2). Radiation monitoring units from TG 3.1

were established at Enewetak, Parry., and Japtan islands to monitor the handling
of test materlals (Reference 29, p. D-3).

The Laboratory and Instrumentation Sectlon, termed the Radsafe l.aboratory.
was responsible for procurement and maintenance of an adequate supply of
radsafe instruments, and for repalr, servicing, and callbration of the Instru-
ments to be used by TU 3.1.5. All other groups of JTF 3 procured their own
radsafe instruments and appropriate spare parts used In operations. The Radsafe
Laboratory was responsible for maintenance, repalir, and servicing of all
radsafe 1instruments used by JTF 3. Finally, it maintained the personnel expo-
sure records of all JTF 3 personnel.

L

.
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TU 3.1.5 maintalned a stock of ionization chambers, Gelger-Mueller counter
survey instruments, personnel dosimeters, and pocket lonization chambers at the
Radsafe Laboratory on Parry Island. The laboratory 1ssued survey Iinstruments
" to the monitors, which were retalned throughout the operation as long as the
instruments worked and had an adequate range for the missions in which the
monitors were engaged. The laboratory gave each monitor sufficlent photographic
film badges and personnel dosimeters for all party members before each mission,
which were returned to the Radsafe Laboratory at the end of the mission. Radia-
. tion sources used in instrument calibration were kept at the laboratory. The
- laboratory aiso checked and repalred any broken instrument returned by JTF 3
-, personnel. It processed, read, and maintained all photographic film badges and
S pocket chambers. It also determined radloactive decay curves on crater material

and other samples (Reference 32, p. C-2).

The Radsafe Center was established by TU 3.1.5 on Party Island as an oper-
ations headquarters for all radsafe activitles. All radsafe data were gathered
at the headquarters. and any information needed by other groups was distributed
from the center as memoranda or situation maps.

The center supported CTU 3.1.5 radsafe planning opesratlons. It tracked the
locations of all monitors engaged in operations and maintained an operations
- table detailing all scheduled missions 1into contaminated areas. This table
included the monlitors' names, destinations, kinds of missions, and times of
arrivals and departures. Three officers and six enlisted men handled these
responsibilities,

The Radsafe Center plotted surface radex areas and maintalned radiological
situation data on all islands of the atoll based on monitor and survey data
obtained by specific monitoring misslons (Reference 32, p. C-18). It was tiled
by a communications net to all shot 1slands and other vital installations
throughout the atoll, including CTG 3.1, CJTF 3, Enewetak Island, Parry Island,
and boat dispatchers (Reference 32, p. C-11).
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Radiation control centers were used for radlological protection of person-

nel entering radloactive areas. There were several operations statlons for all

w radsafe activities at the centers. At the statlions, radiological situation

- data were gathered and informatlon requlired by monitors was malntained in mem-

- oranda and sltuation maps. These maps delineated areas cleared by radsafe per-—
y sonnel, as well as areas requiring monitor escort.

Task Group 3.2 (Army)

- TG 3.2 performed all radsafe monitoring and decontamination services for
. Enewetak Island, except air operations and TG 3.1 activities. The TG 3.2
g Radsaf. Officer advised CTG 3.2 of the presence and location of radiatlion areas
on Enewetak Island, the safe employment of personnel in these areas, and the
necessary precautions to minimlize radiation exposures. The radlation areas on
- Enewetak Island were delineated by the TG 3.2 Radsafe Officer and placed off
3 limits to all personnel not authorized to enter them.

The TG 3.2 Radsafe Officer and his staff (Reference 33):

® Rechecked the radioactive areas, submitting to CTPG 3.2
periodic reports on the changing radiclogical conditions

e Advised the task group surgeon of effects of 1lonizing
radiation on personnel

® Supervised all TG 3.2 personnel entering a radiocactive
area and prevented anyone not physically qualified as the
result of previous exposure from entering such areas

e Provided radiological physical examinations by the task
group surgeon for personnel scheduled tc enter radloactive
areas

e Evaluated, analyzed, synthesized, and used information
and equipment from the Special Assistant for Radlological
Safety., CJTF 3

e Monitored personnel in TG 3.2 working in radloactive areas

. ® Reported daily to TG 3.2 surgeon on the daily amount of
radiation recelved by individuals

¢ Submitted individual dosimeters and film badges to the TG
3.1 Radsafe Officer

e Informed the task group surgeon of any personnel who might
" encounter radlioactivity

® Submitted to CTG 3.1 the names of all TG 3.2 personnel who
were to enter a radloactive area 2 weeks before thelr
- entry into the area.




Task Group 3.3 (Navy)

i Responsibility for owverall coordination of TG 3.3 radsafe activities lay
. with the task grcup commander aboard USS_Curtiss (AV-4). In addition. the
Department of Navy was requested to assign six men to the TU 3.1.5 Radsafe
Laboratory and ten men as TU 3.1.5 monitors.

TG 3.3 was responsible for the following (Reference 31, p. 2):

® Designating the TG 3.3 Radsafe Officer, who was responsible
for the safety of all military and civilian personnel as-
slgned or attached to TG 3.3

¢ Procuring and 1ssuing necessary radsafe instruments, equip-
ment, and protective clothing

e Providing monitors and decontamination crews aboard each
ship within the task group

; e Providing alrcraft monitors for alr units of the task group
5 ® Ensuring that all TG 3.3 personnel were instructed in the
- radsafe matters involved in the operation.

Each ship had its own radsafe monitor. The monitors typically were part of
damage control teams and had radsafe responsibilities as additional duties,
Radiac (radloactivity detection, 1dcntifilcation, and computation) instrumenta-
tlon was provided to each ship, Curtlss had radlac 1nstrument repalr facllities
for all TG 3.3 instrument repair.

Task Group 3.4 (Air Force)

Commander TG 3.4 was responsible for the following general radsafe func-
tions (Reference 7, p. H-1):

b ® Procuring and 1ssuing radlac Instruments, protective
clothing, and equipment within TG 3.4

® Tralning radsafe monitors for alrcraft flying within 20
nmi (37 km) cf the detonatlion and for aircraft collecting
radlological data after detonation

e Providing and operating personnel and ailrcraft decontami-
natlon facllitles at Kwajalein and Enewetak for TG 3.4
personnel and alrcraft

e Plotting the alr radex area and controlling all aircraft
in the vicinity of the detonation cloud.

Each of the task units in TG 3.4 had specific radsafe missions.

TU 3.4.1 (Headquarters and Headquarters Squadron) had the following mis-
. sions (Reference 7, H-3):

e Radsafe training

® Alrcraft decontamlnation assistance

.

e Procurement and storage of radlac and decontamination
equipment for TG 3.4.

"—.IL '_-’.: a*
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TU 3.4.2 (Experimental Aircraft) had the following missions (Reference 7,
p. H-3):

® Radsafe training
o, e Ailrborne monitoring in TU 3.4.2 ailrcraft

® Procurement and storage of radiac and decontamination
equipment for TG 3.4 units on Enewetak

¢ Decontamination of assigned alrcraft

- ® Operatlon of the TG 3.4 personnel decontamination center
at Enewetak

1 e Plotting ground and alr radex areas

b e Coordinating the f1lm badge program and radiac equipment
- maintenance with TU 3.1.5

B e Overall responsibility for TG 3.4 radsafe program at
. Enewetak.

) Task Detachment (TD) 3.4.2.1 (Experimental Aircraft) was part of TU 3.4.2
[~ but was located at Kwajalein. Its responsibilities were radsafe training. alr-
borne monitoring, decontamination operations with the aid of TU 3.4.4, assist-
. ing TU 3.4.4 in operating the personnel decontamination center at Kwajalein,

. and obtaining radiac equipment from TU 3.4.4 (Reference 7, p. H-5).

TU 3.4.3 {(Communications) had the mission of providing radsafe training
for its perscnnel (Reference 7, p. H-4).

TU 3.4.4 (Weather Reconnalssance) had the following missions (Reference 7.
p. H-4):
& Radsafe training
® Alrborne monitoring in TU 3.4.4 alrcraft

e Procurement, 1ssuance, and control of radiac and decontam-
ination equipment for TG 3.4 units on Kwajaleiln

¢ Decontaminatlion of assigned alrcraft

e Operation of the TG 3.4 personnel decontamination center
at Kwajaleln

® Plotting ground and alr radex areas

A AL L

® Overall responsibility for TG 3.4 radsafe program at
Kwajalelin.

' TU 3.4.5 (Weather) was responsible for radsate training and decontamination
B operations as required (Reference 7, p. H-4).

TU 3.4.6 (Liaison) was responsible for radsafe training, ailrborne monitor-
ing in 1its alecraft, decontamination operations as requlired, and obtaining
necessary radlac equipment from TU 3.4.2 (Reference 7. p. H-5).




TU 3.4.7 (Rescue) was responsible for radsafe training. obtaining radiac
equipment from 3.4.4 as requitred, and decontamination operations with the aid
of TU 3.4.4 (Reference 7, p. H-5).

TU 3.4.8 (Documentary Photo) was responsible for radsafe training and for
decontamination operations with the aid of TU 3.4.2 (Reference 7, p. H-5).

TRAINING

In Field Order 2-50 (Reference 29), CJTF 3 ordered two levels of training
-~ baslc 1indoctrination and technical -- but allowed each task group to vary
the scope of instruction according to the group's operational requirements.
Basic indoctrination included nontechnical instruction in radilologlcal matters
and techniques. Such Instruction was to be glven to all task force petrsonnel
to encourage efficlent performance of duties within allowable radiological
exposure levels. Technical training was required of all personnel who were to
staff the task force radsafe organlzations and perform monitoring and other
technical operations, such as decontamination and instrument repair. Technical
instruction was to be obtained through existing service courses and training
sessions established at the task group level.

Task Group 2.1 (Scientific)

The technical radsafe group depended on obtalning from AEC, LASL, and the
services personnel who had formai and specialized training. Sources for tech-
nically qualified health vrhysics personnel during the decontamination perloed
were the Health Physics Division of Oak Rldge National Laboratory (ORNL),
LASL, and special military organizations. In the perlod between SANDSTONE and
GREENHOUSE., the need to decontaminate the shot islands became apparent. Early
in 1949, a serles of regulations were 1ssued for Holmes & Narver, Inc. (H&N)
workmen on the shot 4slands (Reference 34). These regulations remalned 1In
effect untll the SANDSTGNE crater on Enjebl had been covered.

In a conference on 17 May 1950 regarding TU 3.1.5 orlientation, 1t was
agreed that TU 3.1.5 monitors, totalling some 30 men, would meet at LASL about
15 3eptember. Orientation was necessary to assure CTG 3.1 of the adequacy of
the radsafe plan, to familiarize monitors with the work of scientific groups
requiring monitor services, and to allow time to adjust monitor plans 1f con-
ditions warranted (Reference 35).

The radsafe informatlion meeting was held at LASIL from 2 to 7 October 1950.
Program directors and project officers briefed the monitors on operatlional
plans of the projects. Monitors were assigned duty with the various sclentific
programs and were brlefed on radsafe 1instruments to be used. At the conference,
it was decided to establish a radsafe center on Parry Island to serve as an
operations headquarters for all radsafe activitlies. All radsafe data were to
be gathered at thls headquarters and information required by other groups would
be distributed in the form of memoranda and/or s!tuation maps (Reference 306,
P. 2). When the radsafe monlitor requlrements had been analyzed, 1t became ob-
vious that additional monitors would be required. TG 3.1 established require-
ments for 11 additional monitors, and replacement was requested for 5 who could
not be used (1 from 1llness., 2 unavailable. 2 unqualified) (Reference 37, pp.
38 and 39).
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. Training of monitors began shortly after their arrival at Enewetak Atoll.
{g Instruments were 1ssued at once. and famlliarization with them was emphasized
in the trailning program. Monitors began to work with the project directors on
thelr assigned projects about 10 March. Assigning monitors well 1in advance of
shot time was an 1innovation and was reported as a definite improvement over
{'_ previous methods (Reference 38, p. 5). Weekly meetings were held for critiques,
‘l: orlentation. and education, and lectures were glven by CTU 3.1.5 and members

of his staff. By 6 April, the TG 3.1 radsafe unit was ready to begin its
GREENHOUSE monltoring tasks.

Task Group 3.2 (Army)

While TG 3.1 was generally composed of scientists, TG 3.2 was manned almost
entirely by personnel whose knowledge of nuclear matters was gained by on-the-
Job trailning (Reference 5, p. 93).

" On 30 June 1950, CJTF 3 sent a letter to CTG 3.2 directing that tralning
“ be conducted in accordance with policies set forth in the training c¢ircular.
- Number 1, Department of the Army, 27 February 1950. The letter declared that
I units assligned or attached to TG 3.2 should be consildered as employed on oper-
ﬂ: atlional dutlies and should conduct maximum training on a balanced program, em-
- phasizing proper physical training, and indoctrination 1in security, hygiene,

. radiological safety, and military courtesy. Plans and training were also re-
.;- quired for physical safety of the atoll area and for emergency evacuation
3 (Reference 5, p. 94).

On 12 December 1950 Aunex H, Tralning, Op Plan 1-50 was issued. The direc-

. tive continued the provisions of the 1 November 1950 Training Memo Number ]

E and expanded the requirements to include such subjects as radiological safety,

'i; supply disclipline, defense against chemical attacks, and recognition of air-

- craft. This program was in effect until 26 January 1951. oOn this date, CTG 3.2

i suspended all training indefinitely. except that related to the GREENHOUSE

) operation and troop information program. This action was necessary because of

continued interference with the increased construction program and logistic
actlvities (Reference 39, p. 4).

Tas': Group 3.3 (Navy)

- Like TG 3.2, TG 3.3 was generally composed of personnel whose knowledge of
k- nuclear matters was gained by on-the-job training (Reference S, p. 93). On
S 9 March 1951 CTG 3.3 sent to TG 3.3 informatlon on radsafe training and organi-
. zation, which included enclosures pertaining to the radsafe training program,

operating procedures for radiac equipment, shipboard radsafe organization

chart., and shipboard radsafe organization and billet descriptions. Radsafe
- training course toplcs covered development of nuclear weapons, detection of
radjation, and decontamination. The detailed tralning syllabus 1s presented in
N Appendix A of this report.

B Trainlng also 1included detalled operating instructions for the AN/PDR-5,
AN/PDR-8B, AN/PDR-T1B, IM-3/PD; general information; range and controls; oper-

ating procedures; calibratlon and checking procedures: and security procedures.
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Each ship and alir unit underwent some basic training before arriving in the
PPG. However., the level of training varied from one organization to another.

pPatrol Squadron 931 (vP-931) had 24 officers and 18 enlisted men trained
in radsafe schools at San Diego, Treasure Island, and Pearl Harbor. This train-
ing provided. in most cases, two trained officers and one trained enlisted man
(the designated monltor) in each crew, and two ground monitoring and decontam-
inatlon teams. These men constituted a nucleus for training within the squadron
through lectures, demonstrations, and operational use of equipment. The com-
manding officer of VP-931 added that 1t would be desirable in future operations
to have at least one AN/PDR-8B, one AN/PDR-T1B, and three pocket dosimeters
assigned to the squadron for training purposes (Reference 40).

The commanding offlcers of USS Walker (DDE-517) and USS Sproston (DDE-577)
(TU 3.3.4) complained of receiving little basic tralning to prepare thelr crews
for participation in GREENHOUSE. Both ships had been recommlissioned 1n Septem-
ber 1950 from the reserve fleet and were manned largely with crews of recalled
reservists. The commanding offlicers generally considered both radiological and
general preoperatlional training lnadequate and that a paucity of tralning aids
and materials existed. They recommended that ships participating in future
operations be deslgnated in sufficlent time to allow for preoperational train-
ing, especlally 1n fleet schools. They maintained that radlolegical training
alds, equipment, and 1information should have been made avallable (Reference
41).,

Iin contrast to Walker and Sproston., Curtiss reported extensive radsafe
training. Before arriving at Enewetak. 32 men attended and satisfactorily com-
pleted the 5-day practical radsafe course at the Fleet Training Center, San
Diego., cCalifornia. In addition, one officer on board was a graduate of the
6-week radsafe course at the Damage Control Training Center, San Francisco,
Californla. Tralning was also conducted at Enewetak. Training 1ir. radsafe and
defense technliques was Integrated into the ship's regular damage control
organizatlon. The tralning program Included exercises at battle stations at
least once weekly. This permitted rehearsals of individual damage control prob-
lems Dby each repalr party. with radlological defense drills and technlques
comprising an important part. All members of the damage control repalr partiles
were Instructed in the use of radiac equipment aboard ship to detect radiologi-
cal hazards, use of various decontamination processes, establishment of 1sodose
ilnes, use of change stations, and personnel decontamination. Aside from the
speclalized instruction of the damage repalr partles, general indoctrinatlon
lectures were glven to all hands on the following subjects:

® Nature of the radiologlcal hazards

® Detecticn of radlation, including capablilitles and limita-
tions of instruments

® Decontamination techniques and procedures,

The training was tested when, during the operation, Curtlss received fall-
out. The commanding officer noted: "Due to the contaminaticn of the ships from
fallout, detectlon of the hazards became more realistic and monitors displayed
a keener interest In determining the extent and intensity of the contamination.
All handas bhecame aware of the hazard and recelved training in the actual
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decontamination of the ship. Errors 1n Radsafe methods and techniques were
discovered and corrected" (Reference 412, p. 2).

wWhile radiological defense training aboard Curtiss was generally satisfac-
tory. the commanding officer felt that insufficient time precluded an efficlent
organization to combat any radiological hazard (Reference 42).

Two members of the naval complement and two members of the ship's crew of
the Military Sea Transportation Service (MSTS) ship. USNS Sgt. Charles E. Mower
(T-AP-186), took indoctrination courses in radiological safety before arrival
at the forward area. The Executive Officer (Military) participated in an indoc-
trination course at Treasure Island, and the medical officer took an indoctri -
natlion course at Edgewood, Maryland. The second officer and the boatswailn
received indoctrinetion at San Diego. The tralning programs were described as
adequate in the theory presented but somewhat lacking in the practical appli-
catlon of shipboard monitoring and decontaminatjon. Before arriving 1in the
forward area, the Commanding Officer (Military) conducted a serles of short
orientatlion lectures for the entire crew. Once in the forward area, a brief and
practical perlod of training was given to the monitoring teams, supplemented
by drills conducted by the radsafe officer and the medical offlcer. This trailn-
ing was considered quite adequate. During the operational period, the ship's
monltoring teams gained experience in monitoring, zonlng contamlnated areas,
marking 1sodose lines, and in conducting simple decontamination procedures. No
persistent radloactivity was encountered, although Mower was Iin slight fallout
following shot DOG, and the ship was effectively decontaminated by hosing with
saltwater spray. Personnel monitoring teams gained limited experience in per-
sonnel monitoring, but effective monitoring., decontaminatlon, and disposal of
contaminated clothing ashore eliminated all personnel contamination. Showers
and sinks installed on the maln topside deck were never used. Embarking per-

sonnel were monitored for a limited perlod. but no contamination was discovered
(Reference 37).

Task Group 3.4 (Air force)

Radsafe tralning procedures for TG 3.1, TG 3.2, and TG 3.3 were not as
extensive or detailed as they were for TG 3.4. Although TG 3.1 expected to
face a certain amount of radloactive contamination, most members of TG 3.1
were sufficlently familiar with radsafe procedures that additional extended
training was not considered necessary. TG 3.4 was operationally involved 1in
shot-day activitiles, for which extensive radsafe tralning was a prerequisite.
TG 3.4 training was therefore undertaken relatively early 1in the preoperational
phase of GREENHOUSE. Indeed, the importance of TG 3.4 training was foreseen by
those who organized the task group.

on 13 March 1950, Chilef of Staff, U.S. Air Force, addressed a directive to
Commanding General., Alr Proving Ground (APG), Eglin AFB, Florida. to organlze,
man, equlp, and traln TG 3.4, Provisional, and its task units for support of
JTF 3 (Reference S5, p. 94). Specifically, he was ordered to thoroughly indoc-
trinate all personnel in radsafe matters. Special instruction, including knowl-
edge 1n and proper use of radsafe I1nstruments, equipment., and protective
clothing, was glven to crews charged with handling and washing down contaml -
nated alccraft. Persornel designated as alirborne radsafe monitors in manned

62




alrcraft and monitors charged with supervising and handling ~ontaminated air-
craft on the ground were requlired to complete a formal course of instruction
at a radsafe school (Reference 30).

A CTG 3.4 directive placed responsibility upon task unit commanders for
training essentlal to success of the operational missicn. Training was to be
directly supervised by the parent command during the initial phase., and di-
rectly supervised by CTG 3.4 during the operational phase. Emphasis was placed
on dissemination of proper instructlions relating to atomic energy information,
radiological safety, security. and personal hyglene. The task group commander
and his staff frequently visited task units to determine the degree of readi-
ness and tralning for the operational role.

Experimental Alrcraft Unit (TU 3.4.2) training was conducted to ensure its
capabllity to deploy 17 drone B-17s, 15 controller B-17s, 5 drone T-33s, and 5
controller T-33s: to man and operate one B-17 radiac ailrcraft for Project 5.2;
and to assume operational control of one B-47, two B-50Ds, and two B-50As of
TD 3.4.2.1 at Kwajalein. TU 3.4.2 also assumed operational control of one B-50D
alrcraft for the Air Force 3Speclial Weapons Center. performed organizational
maintenance., conducted radlological decontamination operations on unit aircraft
as required. and operated a radlological decontamination center for ali unlts
of TG 3.4 located on Enewetak Island (Reference S, p. 97).

After each field exercise at Eglin AFB, radsafe measures were tested by
the radsafe personnel assigned to the unit. BRefore takeoff, airborne monitors
plotted alr radex areas, briefed alrcrews. and 1ssued articles that simulated
radsafe devices. All manned aircraft and crews were monitored immedlately after
landing, and drone recovery crews removed the simulated contamlinated planes
from the runway. Also., personnel decontamination was practiced by all aircraft
crews at Eglin auxillary fleld. who passed through a decontamlnation center
set up for instruction in this portion of the mission (Reference 5, p. 99).

The Weather Reconnaissance Unit (TU 3.4.4) conducted basic training at
Tinker AFB to ensure 1ts capabllity to deploy 12 B-29s for weather reconnals-
sance misslions within a radius of 1,200 nmi (2,224 km) of Enewetak. The unit
was also trailned for radloactive-cloud-tracking and -sampling missions in con-
Junction with an Alr Force experimental program, and for the TG 3.4 radsafe
program at Kwajalein. Training conformed to Military Air Transport Service
(MATS) and Air Weather Service (AWS) standard directives and procedures for
weather reconnaissance squadrons (Reference 5, p. 100).

SAFETY CRITERIA

Commander Jolint Task Force 3 disseminated operational rules for radiologl-
cal situations as an annex to JTF 3 Fileld Order No. 2-50. Each task group sup-
plemented the annex with its own orders or plans.

Radtaticn Exposure Mcasurement Units

Radiation measurement units were the roentgen (R) and the rem. The roent-
gen, a measure of radlation in air. denotes an exposure intensity. The rem ls
a unit of radiation dose, i.e.. a measure of radiation enerqgy deposited within
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the body that takes into account its capability to cause an effect in human
tissue, Both units can be written as fractions. For example, a milliroentger
(mR) is 1/1,000th of a roentgen. For radiation such as X-rays and gamma rays,
the rem dose is somewhat less than the roentgen exposure, for not all of the
energy measurable in air penetrates body tissue. Another unit often used in
discussing radiation dose is the rad. The rad is a measure of radiation energy
deposited in any material. For biological tissue, a rad cf radiation scch as
from gamma- or X-rays essentially equals a rem,

At the time of GREENHOUSE series the distinction was usually not made be-
tween exposure (properly expressed in units of roentgens} and absorbed dose
(properly expressed in units of rem, although at the time often exprsssed in
roentgens). Presumably external whole-body exposure and absorbed dose were
assumed equivalent. This report expresses the measured data in roentgens. Al-
though the original references often referred to dose, there is no evidence
that whole-kody energy deposition was determined, nor that dose was indeed
measured.

In this report all measurements of exposure intensity are given in roentgen
per hour (R/hr) whole units and decimal fractions. This is not the common way
these are reported in the source literature. Lower exposure intensities are
usually reported in milliroentgens per hour and the higher exposure intensities
in roentgens per hour. Some rate-measuring devices could measure both lower
and higher intensities with different dial settings. Personncl reco:ds show
the same sort of differentiation. Lower individual exposures are usually re-
corded in milliroentgens, but the larger allowed or permitted exposures are
given in roentgens. This use of different measuring units for different levels
of radiation could cause gome confusion to readers who are unfamiliar with the
field. Therefore, the whole unit convention was adopted for this report.

Radiological Safety Standards

In accordance with safety criteria established by CJTF 3, a maximum per-
missible exposure level was set, Maximum Permissible Exposure (MPE) for Opera-
tion GREENHOUSE was 0.1 R/day (0.7 R/wk), not to exceed a total of 3.9 R for
13 weeks., CJTP 3 could authorize a total exposure of up to 3 R on any one day
in specific cases. When this authorization was made, exposed individuals were
to be prohibited from further exposure to more than 0.1 R/day during the re-
mainder of the operation (Reference 43, p. 2).

In all cases, exposure records of personnel working in radioactive areas
were scrutinized after each day's operations, and persons who approached or
exceeded established tolerance levels were so informed and cautioned not to
enter radioactive areas for prescribed lengths of time (Reference 38, p. 25).

Por GREENHOUSE a "radiation area” was defined as any area where the level
of radioactivity consistently exceeded 0.005 R per 24 hours. In addition, all
radiation areas were routinely monitored at intervals prescribed by the com-
manding officer on recommendation of the radsafe staft.

Before arrival at Enewetak, each person who was to work in areas containing
radiocactivity or to work with radioactive materials was to have a complete
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radiological physical examination. Enewetak, Parry., and Japtan islands were
not considered to be areas that would contain radiocactivity. The examinations
included chest X-rays. blood counts, and urinalysis. Reports of the examina-
tions were referred to the radsafe office for review before ar 1individual's
departure from the United States (Reference 44).

Because of the duty and Jlocations most Navy personnel were expected to
have ro, or at most a small, potentlal for radiological exposure, BuMed stated
(Reference 45) that before assignment at Enewetak, speclal examinations and
the use of film badges were to be wailved for any individual assigned to duty
irn areas of low-level radiocactivity. where

- - . under normal! working conditions . . . the individual
wlll not recelilve &n cxposure of external r« ilation of more
than 100 milliroentgens per week (beta and/or gamma) provided:

a. Prilor to thls asslgnment, the individual was not engaged
in work i1nvolving routine exposure to jonizing radilation
(working with radiocactive materlals or 1n radiation
flelds).

b. The individual has not received radiation therapy.
The Tour of Duty in such area will not exceed one year.

d. There are no 1nternal radiation hazards present in the
area assigned.

Radiation Exposure Walvers

CJTF 3 recegnizal that instances could arise in a field test in which the
MPE would likely neecd to be exceeded. Provisinn was made for CJTF 3 to author-
ize exceeding the MPE when It was determined that successful completion of the
operation required a departure from normally acceptable safety standards.
Groups for which MPE walvers were 1ssued most frequently were sclentific per-
sonnc]l and TG 3.4 alrcraft crews (Reference 46, p. 1).

A revislon to Fleld Order Number 2 provided that the MpPE (0.7 R/wK) was
applicable f~r a field experimental test of nuclear weapons in peacetime. The
standards were recognlzed as not usable In war or in tactical situations. The
field order also provided that If an air-see rescue occurred within the lagoon
following detenation, a radiation monltor from TG 3.1 would accompany the res-
cue craft (Reference 29, Change Nc. 2).

On 29 March 1651. the commanding officer of the Alr Weather Reconnalssance
task unit (TU 3.4.4) requested that CTG 3.1 permit personnel 1n Program 7 (Long
Range Detection), to accumulate a total exjosure of 3.0 R in any one 24-hour
period. Personnel recelving exposures In excess of 3.0 R were to be restricted
to an exposure of (0.1 R/day for the remalnder of the program (Reference A46).
Permlsslion to exceed 3.0 R for thls program (specifically for B-50A crews) was
granted on 7 May (Reference 47).

Two other walvers were granted to CTG 3.1 for personnel assoclated with

Programs 5 and 6 (Radiatlior Instrument Evaluation, and Physical Tests and
Measurements). A total of 22 persons, including 7 from TG 3.4. were authorized

65



an exposure of 1.5 R on shots EASY and GEORGE. These two walver request letters
indicated that the MPE normally was 0.7 R per week (Reference 48). Walvers of
the 0.7 R limlt were also requested durlng the GEORGE test for the Strategic
Alr Command (SAC) photo crews.

As the serles progressed, 1t was recognized that expressing dally maximum
exposure could cause some confusion. It was concluded that for future opera-
tions only an average weekly maximum should be cited rather than a daily limit.
This was a direct result of some confuslon on the part of the boat pool com-
mander following shot DOG. He took 0.1 R/day as the limit rather than the 0.7
R/week. On the day followlng DOG, most of his men had rteceived exposures 1in
excess of 0.1 R/day. and he refused to permit these men to go out on the boats,
effectlvely tying up &all boat traffic for that day (Reference 49, pp. B-il and
B-12).

Another recommendation made was to raise the one-time exposure of 3.0 R.
Many felt that 1t was too low. CTG 3.3, for example, stated that the one-time
limit could easily be changed to 10 R with no serious health risks (Reference
49, pp B-15 and B-16).

RAGIOLOGICAL SAFETY MONITORING AND INSTRUMENTATION

A varlety of radlac devices were used. Table 7 identifies these instruments
and indicates the numbers avallable.

Two different types of Gelger-Mueller (GM) field survey instruments were
supplied to TU 3.1.5: 75 Victoreen 263B beta-gamma survey meters and 35
El-Tronics SGM-18A beta-gamma meters. TU 3.1.5 also serviced other units' GM
devices ircluding the AN/PDR-8B.

An electronic repalr shop aboard Curtiss was the primary facllity for the
repalr and calibration of TG 3.3 radlac equipment in the Enewetak area. When
demands overloaded Curtiss' repalr shop., a TU 3.1.5 repair facllity on Parry
Island was used. Emergency radlac repalr and calibratlon facilitles for TG 3.3
and TG 3.4 elements on Kwajaleln were avallable through TU 3.4.4.

Alccraft operating within 20 nm! (37 km) of the detonatlion or detecting or
tracking the radloactive cloud were requlired to carry a monitor (Reference 27,
p. 16). These included all manned B-17 alrcraft, all wB-29s, both radiac air-
craft (B-17 and P2V). both B-50As, both B-50Ds, one C-47, both SB-l7s, and
both SA-16s. The monltor issued film badges to all crewmembers, mconitored the
radiation environment in flight, placed the crew on 100-percent oxygen when
radiation was encountered, and 1ssued rubber gloves, dosimeters, and respira-
ters to C-1 filiter box operators.* The monitor normally operated the B/31
bottle-filling equipment on those WB-29s so equlipped (Reference 52, Incl. 3).*

* The C-1 filter system was composed of two rectangular boxes mounted on each
side of a B-29. Each box contalned two filters that could be charged in
flight.

T The B/31 system consisted of J-5 oxygen bottles that were filled to 265 psi
(1,827 kPa) with air iIn the vicinity of the radioactive cloud.
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Table 7. Radiac equipment used during GREENHQUSE.

ID No. or No.
Manufacturer Type/Range Availlable

AN/PDR-5A Geiger-Mueller survey meter, beta-gamma,

0.020 R/hr -
AN/PDR-8B Geiger-Mueller survey meter, beta-gamma,

0.005 R/hr maximum 18
AN/PDR-274 Geiger-Mueller survey meter a
AN/PDR-T1b Ion chamber survey meter, gamma, 0 to 50 R/hr 60b
IM3/PD Ion chamber survey meter, gamma --
IM4/PD Ion chamber survey meter, alpha -
IM50A/PD Pocket dosimeter, 0 to 0.2 R 29
K-135 Radiac detector charger 2
PP-354C/PD Dosimeter charger 4
Beckman Dosimeter charger 8
Beckman Pocket dosimeter, 0 to 0.2 R 100
E1-Tronics SGM-18A  Geiger-Mueller survey meter, beta-gamma 35
Keleket Dosimeter charger 125
Keleket Pocket dosimeter, 0 to 10 R 200
Keleket Pocket dosimeter, 0 to 50 R 144
Kelley-Koett Pocket dosimeter, 0 to 0.2 R 100
Victoreen 2638 Geiger-Mueller survery meter, beta-gamma,

0 to 0.020 R/hr 15
Victoreen 247A Ion chamber field survey meter 417
Victoreen 247C Ion chamber field survey meter 40
Victoreen 247H Ion chamber field survey meter 10
Victoreen Minometer charger-reader 4
Victoreen Pocket dosimeter, O to 100 R 200
Victoreen Pocket dosimeter, 0 to 200 R 25
Notes:

d5ome received late in GREENHOUSE.
bBecause of a battery shortage, only 10 usable for shot DOG (Reference 38,

p. 4).

Sources: Reference 50, Encl. 1; Reference 51, Part I; Reference 38, p. 35;
Reference 43, p. 2.
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He also monitored the crew and their equipment upon landing to determine 1(f
decontamination was necessary (Reference 53, p. 2). Instruments on board each
alrcraft varied with the mission. For example, the WB-29 assigned to fly under
the radiocactive cloud and collect fallout samples had two AN/PDR-T1Bs, one
Victoreen 263B, two 0 to 0.2 R dosimeters, one 0 to 10 R dosimeter. and one
PP-354C/PD dosimeter charger in addition to film badges for all crewmembers
(Reference 54, Part II).

The Alr Force had the followling radlac equipment on hand before the first
shot: 18 AN/PDR-8B radjac meters, 18 AN/PDR-T1B radiac training sets (gamma
survey meters), 3 Victoreen model 638B beta-gamma survey meters., 29 IM-50A/PD
pocket dosimeters (range 0 to 0.2 R), 17 pocket dosimeters (range 0 to 10 R),
4 PP-354C/PD radiac detector chargers, 2 model K-135 radiac detector chargers,
300 film badges, 15 dustproof respirators. 8 X-ray techniclan gloves, 45 4.2-
neutral density goggles, 12 clear-lens goggles., 225 pairs of rubber gloves and
rubberized bootles, and mlscellaneous clothing.

As a result of shot DOG, TU 3.4.4 reached some conclusions about the
radsafe equipment. AN/PPR-8Bs were deemed 1nappropriate for ailr monitoring
because beta radiation in excess of 0.005 R/hr ran the instrument off-scale.
The radiac training set AN/PDR-T1B chamber had to be vented wlth a 1/8-inch
(C.05 cm) hole for use at varlous altitudes. Venting did not harm the irnstru-
ment, but 1lnexplicably caused it to read more accurately. The Victoreen bheta-
gamma survey meter, model 263B, was considered more suitable for the work being
carried on than the AN/PDR-8B because of 1ts 0.020-R/hr beta-gamma range. Be-
cause there were only two operable Victoreen meters on hand, all the demands
placed for them could not be met.

TG 3.4 discovered that the IM-50A/PD pocket dosimeter (0 to 0.2 R range)
sometimes gave alrcraft decontamlnatilon crews Iinconsistent results. Because of
this, fi1lm badges were 1i1ssued to decontamination crewmembers as an additional
precaution. In contrast, the 0 to 10 R pocket dosimeter appeared to work sat-
isfactorily. However, ailrcraft generally encountered few high-intensity read-
ings. In spite of 1ts inconsistency, the IM-50A/PD dosimeter appeared adequate
for most tasks. The PP-354C/PD radliac detector charger, while slightly unwleldy
at times, was generally considered very practical. The mcdel K-135%5 radlac de-
tector charger was sultable for charging pocket dosimeters, but was larger than
the PP-354C/PD and could not conveniently be carried around by alr or ground
menitors.

Aircraft decontamination operatlons required extensive monitoring. Alrcraft
were monitored when they first returned from their misslions to determine if
they were contaminated and to what general extent. Those contaminated were
then glven more detailed monitoring checks before, during, and after decontam-
ination operations. Ground monitors working with aiccraft usually used the AN/
PDR-T1B for the initlal, detaliled contamination surveys and used the Victoreen
263B (GM type) for postdecontamination survey work since it was more sensitive
(Reference 52, Incl. 1). Each ajrcraft had specified locations that were monl-
tored for radlation. An example for the drone B-17 is shown in Figure 12.

Personnel decontamination operations also required extensive monitoring
with radiac esquipment. Two personnel decontamination stations were operated by
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Figure 13, GREENHQOUSE drone B-17 aircraft decontamination monitor points.

TG 3.4, one at Enewetak and one at Kwajalein. In addition to monitoring 1indi-
viduals before, during, and after they were processed through these facllities,
monitors checked clothing and equipment to determlne whether it was contami-
nated. Th: AN/PDR-T1B. AN/PDR-27A, AN/PDR-8B, AN/PDR-5A, and Victoreen 263B
were availlable for this monitoring (Reference 50, Part I).

Rad‘ation on personnel and equlipment was measured with a slde-window type
Gelger counter. These Iinstruments were used with their shield open to permit
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detectlion of beta radiation, holding the surface of the probe from 1 to 6
inches (2.5 to 15 cm) from the item in question. This caused the mica window
on some probes to become contaminated. Thus, the equipment calibration and
repalr service had to decontaminate the radiac instruments. They had varled
success in this effort.

Generally, TG 3.4 found the AN/PDR-T1B ion chamber 1instrument to be the
most useful for 1ts activities. It had a good range (0 to 50 R/hr), and was
described as reliable and superior to the other types of Iinstruments. The
AN/PDR-8B was of little use as 1ts highest beta reading was only 0.005 R/hr.
The AN/PDR-5A instruments (0 to 0.020 R/hr) were useful for personnel monitor-
ing since they monltored a higher range of beta-gamma, but they required ex-
cessive maintenance. The AN/PDR-27A 1nstruments were recelved late in the
program and could not be properly evaluated. The Victoreen 263Bs gave rellable
measurements and were well-received by the monitors (Reference 51, Incl. 1).

Of the pocket dosimeters, the 0.200-R range instruments were more reliable
than those used at SANDSTONE. These were calibrated against a radium reference
source. Of the 200 pocket dosimeters, however, 24 were eventually set aside
because of excessive charge leakage across thelr electrodes. Both callbration
and leakage changed with time as the dosimeters were used, and considerable
differences were noted in readings of fillm badges and doslmeters used by monl-
tors In the fleld. These may have been caused by a variety of factors, includ-
ing defective films, energy dependence, or a monitor's technique. When compared
against a radium source, the results were within normal l1imits of accuracy.
Other dosimeters were plagued with calibration and leakage problems (Reference
38. pp. 33 and 35).

FILM BADGES

Exposure records were kept carefully for all JTF 3 personnel who were
issued film badges based upon the possibility of exposure to radiation. The
permanent record of such exposure for Operatior GREENHOUSE was the photographic
fi1lm badge. Its lmportance for plannlng purposes of future test operations and
as documentation that might be used 1in possible litigation was recognized
(Reference 49). The 15,000 film badges requested were recelved on schedule.
Upon calibration. however, the film packs were found to leak light around the
perforaticns that formed the ldentifying numbers of the badges. Thls was over -
come by wrapping the film badges in black photographic masking tape. Because
large quantities of the tape were required, shortages developed, necessitating
speclial air shipments from the United States (Reference 38, p. 33).

The film badge used at GREENHOUSE was a DuPont 5%3 fllm pack with a range
of 0.1 to 250 R. It had two constltuent parts: the 502 film, which was sens)-
tive between 0.1 R and 10 R, and the 606 film, which was sensitive between 10
and 250 R. Film badges were stored in refrigerators (Reference 55) and were
issued by TU 3.1.5. They were processed in the Radsafe Building at Parry
Island. The TG 3.1 Radsafe Laboratory did all processing and recording and
task group commanders recelved coples of the exposure records, although not
always expedltiously.

CTU 3.4.4, based at Kwajalein, complalned about the radsafe monitoring of
his aircrews. Film badges from shots DOG and EASY were forwarded from Kwalaleln




to the Parry Island Radsafe Center vla Enewetak Island. He stated, "As far as
this unit 1is concerned, the film badge service provided this unit has been
worthless, since no data has been recelved to date."” He was particularly con-
cerned because pocket dosimeters had ylelded inconsistent data. Since CTU 3.4.4
had no 1idea as to the correlation between film badges and pocket dosimeter
data, he was unaware whether crewmembers had exceeded their maximum allowable
exposure during the operation (Reference 56, Incl. V).

In response, the TG 3.4 Radsafe Officer stated (Reference 57):

The processing of film badges 1s accomplished by Task Unit
3.1.5 for the primary purpose of complling permanent records
of exposure of all personnel assigned to Joint Task Force 3.
The policy established by Joint Task Force 3 1is that only
those personnel recelving exposures exceeding the authorilzed
tolerance dosages will be advised of such exposure. Since no
reports have been received from JTF-3, 1t may be assumed that

none of TU 3.4.4 personnel have exceeded their tolerance
dosages. "

Two methods of film badging were used. The first was area badging, which
involved placing film badges in key lilving and working areas to provide cover-
age. Some examples of thls Include the film badges placed outside of Buillding
69 following shot DOG and the placement of various film badges aboard ship.
The second method was personnel badging. Fllm badges were 1lssued only to per-
sons engaged 1In recovery operations on shot 1islands or in aerial sampling and
alrcraft decontamination, and on a representative basils in TG 3.3.

Some types of activitles requlred badging each member of a group. For exam-
ple, film badges were worn by all crewmembers of the boat pool (TU 3.3.3) on
shot days because they transported scientific experiment recovery parties to
the shot islands immediately after detonation.

Badges were 1ssued at the Radsafe Center at Parry Island or Kwajaleiln (for
TU 3.4.4) to partles entering radex areas., or at least this was the intent.
While most members of parties entering radex areas were badged, a cross-check
of badged personnel and names of personnel assigned to experiments and inter-

views with a participant (Reference 127) indicate that some personnel entering
these areas were not badged.

PERSONNEL EXPOSURE RECORDS

All fi1lm badge processing and maintenance of exposure records for all per-
sonnel was done by TU 3.1.5. Personnel Contamination-Decontamination Report
Forms (441) were kept for personnel, particularly those of the boat pool and
other Navy units. This form included the 1individual's name. location and time
when contaminated, the Iintensity (beta and gamma) on his clothing and body,
his fi1lm badge (and pocket dosimeter reading 1f avallable) accumulated expo-
sure, and the methoa by which he was decontaminated.

In addition to this form., a Materlal Contamination-Decontamination Report
Form (442) was developed. This was used when ships or other craft were exposed
to radioactlvity. It gave the ship's location when 1t received contamination,
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the distance from and type of detonation. the time the survey began, amount of
time required to decontaminate the vessel, means and effectiveness of decon-
tamination, and intensity of the contamination on vessel surface areas, and
was accompanied by an exposed area monitoring sheet.

Fllm badge data, including that of special mission badges worn by personnel
entering a radioactive area or handling radiocactive material, were transferred
to 5- x 8-inch cards for each individual. The form had two columns. one for
film badges and another for pocket dosimeters. Each column had headings of
date (presumably of return), badge (or dosimeter) number, reading in milli-
roentgens, and accumulated exposure. At the bottom of the card was the partic-
ipant's name. The person's organization was also usually given, but for some
no organization assignment is noted.

In all cases, e<exposure records of personnel working 1n radiatlon areas
were scrutinized after each day's operation, and those who approached or ex-
ceeded established tolerance levels were so informed and cautioned not to en-
ter radiation areas for prescribed lengths of time. In general, cooperation of
test personnel with radsafe iInstructions was excellent (Reference 38, p. 25).
A notable exception was the problem between CTU 3.4.4 and the TG 3.4 Radsafe
Officer previously discussed.

hpparently no single list, or group of related lists, summarizing andg con-
solidating information from all 5x8 cards was made by the task force, or at
least such a list has not been discovered. In later nuclear test serles in the
Pacilfic, task forces were directed to complle such a list (or related lists)
in their operations orders, and the resulting Consolidated List of Exposures
for each of the subsequent test series can be found in archives.

A list consolidating the exposure information for LASL perscnnel in TG 3.1
was compliled and 1s located in the flles of the Los Alamos National Laboratory
(Reference 58). In this flille also are lists covering personnel from the Naval
Radlological Defense Laboratory (NRDL) and the Naval Research Laboratory (NRL)
who participated in TG 3.1. These lists are apparently based on information
recorded on edge-punched cards. The cards record individual 1identification in-
formation including task force affiliatlion, business and home addresses, next-
of-kin, and date of required pre-GREENHOUSE physical examination. Added to
these cards were dates that each person was at Enewetak and the total exposure
recorded by his film badges.

This file of edge-punched cards has been microfilmed along with the 5x8
cards by the Reynolds Electrical & Englneering Co., Inc. (REECc), the contrac-
tor that operates the Nevada Test Site for the Department of Energy (Reference
56).

A list of GREENHOUSE exposures for all badged GREENHOUSE particlpants does
exist (Reference 60), but this i1s based on the total badge accumulation on the
5x8 cards and additicnal amounts assessed for “fallout." This 11st was recon-
structed some 17 years after the series by REECo, working with the Alr Force
with Tunds supplield to the AEC by the Defense Atomic Support Agency (now the
Defense Nuclear Agency).
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The magnitudes of the assessments were based only on fallout received at
Parry Island and d4id not take into consideration the actual location of a per-
son's duties. For some records, fallout computation did not consider the actual
length of a person's stay in the Pacific Proving Ground. Therefore, that 1list
is no longer considered useful.

Fallout assessments were made for 1,690 Navy personnel serving on the ships
at Enewetak, and these were entered on their medical records in 1951. These
assessments were probably made using representative badging and knrnowledge of

particular personnel assignments and are useful as estimates for fallout expo-
sure for those ships.

The contribution to personnel exposures from GREENHOUSE fallout and esti-
mates of its magnitude are discussed in Chapter 10.

PRE-EVENT SAFETY MEASURES

Hazard Zones

A security zone (Danger Area) was established around Enewetak before GREEN-
HOUSE. It was 200 by 150 nmi (371 by 278 km), bounded by coordinates 160°30'E
to 163°55'E and 10915'N to 12945'N, and is shown in Figure 14 (Reference
49). The area was patrolled by aircraft and two destroyers to direct unauthor-
ized vessels. Two unauthorized vessels entered the Danger Area during GREEN-
Kuroshio Maru was sighted on 5 April and escorted from the area. Eugenia M.

Moran was sighted on 27 April and was escor.ed from the area by Sproston (Ref-
erence 61).

VP-931 flew day and night reconnaissance patrols over the Enewetak Danger
Area, covering a radius of 100 nmi (185 km) from Enewetak. Immediately preced-
ing and following a shot, additional flights were made to increase coverage of
the area (Reference 16, p. 4). Three search planes were emploved, all centered
on a point approximately equidistant from the varicus test sites. An outer
search pattern (Able) was flown about a square 200 nmi (371 km) on a side. An
intermediate search pattern (Baker) followed an octagonal track 66 nmi (122 km)
on each leg at a mean distance of 84 nmi (156 km) from its center., An inner
search pattern (Charlie) comprising paraliel sweeps 10 nmi (18.5 km) apart and
covering a square area 90 nmi (167 km) on a side, had two forms, sweeps running
north-south and east-west. During periods between tests, one Able patrol plus
either a Baker or a Charlie patrol were flown every 24 hours by search units
consisting of a single aircraft. Beginning 5 days before each test, the patrols
were gradually drawn in and search units were increased to two-aircraft teams.
From 24 hours before until 10 hours after each test, only Charlie patterns
were flown, At the end of this critical period, patrols were progressively ex-
panded and single-aircraft searches resumed (Reference 16, p. A-7), Surface
patrols were also conducted immediately preceding and following shots. The
aerial search patterns and the surface patrol area is shown in Figure 15.

fallout Prediction

CTG 3.1 was responsible for plotting surface radex areas and issuing in-
structions to operating agencies of JTF 3, while CTG 3.4 plotted air radex
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-, areas and issued Inscructions to all ailrcraft operating in the vicinity. Fall-
& out predictions were based on weather observations and results of previous
. operations. including information from recently completed Nevada operations.

Two types of analyses of wind-weather data were used }n preparing the fall-
out predictions: hodographs and trajectory forecasts of the paths of particles
- falling from a given altitude through the various wind layers.

A hodograph is a dlagram representing the projection on the Earth's surface

. of the path of a wind-sounding ballcoon risirg in the atmosphere at a constant

ﬁ_ rate. The projection polnts on the surface represent the locations where the

' particles would land 1f they had originated over surface zero at a given
altitude.

L~ Maps of the paths that particles at a given altitude would take due to
y winds were known as particle trajectory forecasts. Cloud trajectory forecasts
were developed from these using Alr Force metecrological data, and the model
R assumed tha. particles descended at a constant veloclty without turbulence.
Fallout particles were assumed to originate from various altitudes over surface
- zero, and the particles were assumed to drop with varying velocities. Using
- these assumptions., a series of points on the ground was obtained, each the

product of an assumed 1nitlal altitude, assumed fall rate, and predicted wind.
-~ These serles were formed into curves representing the path aleng which fallcout
- could occur (Reference 62, p. 17).

Sclentists at GREENHOUSE were satisfied with theilr cloud trajectory and
A fallout forecasting techniques, but the extent and location of the actual fall-
e out sometimes came as a surprise (Reference 38, pp. 6 and 11: Reference 16, p.
' B-1). The forecast rate and amount of fallout had been predicated in part on
results of previous experiments, 1including the 1951 RANGER tests 1in Nevada.
g when the results for DOG and ITEM were not as predicted. one explanation given
was that the soil type at Nevada differed sufficiently from the stabilized
coral soll at Enewetak to have significantly altered particle size, type. and
the rate of fall. Because of the unknown factors of weather and fallout mecha-
nisms, predicting times and locations of fallout was a difficult problem.

Weather Reccnnaissance, Reporting, and Prediction

Weather information was important to radsafe operations and was used to
make accurate predictions of detonation cloud movement and fallout, TG 3.4 was
assigned three weather missions. One was to establish and operate four remote
weather stations on the islands of Majuro. Kusale, Nauru. and .sikati. Another
wae cperation of a fleet of 12 WB-29s to make dally long-range weather flights
starting at D-4 of each shot. The third mission was to operate the Weather
Central at Hg JTF 3, where alr and ground radex areas were forecast before
each detonation (Reference 7, p. 1-9).

TU 3.4.5 (Weather) was responsible for manning and operating the four re-
mote stations amnd JTF 3 weather Central (Reference 7, p. 7). This task unit
was formed at Tinker AFB, Oklahoma. and departed for the Pacific on 20 December
- 1950 (Reference 3, p. 113).
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The four remote-island weather stations were occupled in early February by
TU 3.4.5 detachments. Each remote island weather detachment was authorized one
officer and elghteen airmen (Reference 63, p. 24). A permanent Navy station on
Majuro and a Coast Guard station on Blkatl assisted the detachments on these
islands 1n setting up and operating. These island detachments used balloons
(three per day) for upper air observations and monitored barometric pressure.
wind speed. and wind direction at ground level.

JTF 3 Weather Central was mannhed by 12 officers and 18 enlisted men. Six
officers and 12 enlisted men were from the Navy: the remainder were Air Force
personnel from TU 3.4.5. There were two radex area plotting units, one with 12
personnel located with Weather Central at Enewetak and cone located at Kwaja-
lein. These two units were staffed by personnel from TU 3.4.5 (Reference 64,
App. 14). Alr and ground radex area plots predicting the movement of the cloud
and accompanylng fallout were made before H-hour. After H-hour. new plots were
made at H+6 minutes, H+l, and H+6. Alr radex areas were also plotted by alti-
tude (Reference 27, p. 19). Weather Central had a full complement of communi-
catlons equipment for collecting data. 1including radlo, radioteletype, and
facsimile recelvers. Data were recelved from Tokyo: Townsville (Australia):
Guam, F1j)1, Wake, Ponape, Truk, and Yap lslands; Washington, D.C.: and Hawall
(Reference 5, p. 7: Reference 29, Annex E). Tokyo, Washington., and Honolulu
data included farcsimile weather maps.

One of the Weather Central's more critical functions was weather briefings
for interested JTF 3 organlizations. These organizations included JTF 3 Radsafe,
™G 3.1, TG 3.3, TG 3.4, TU 3.4.2, and the JTF 3 Staff Weather Officer (Refer-
ence 64, p. 1ll). Charts plotted and analyzed daily included (Reference 66, p.
I1):

e Surface weather maps (2 per day)

e 7J00-mB (0.7 MPa) constant pressute charts (2 per day)
e Logs of 3-hourly surface weather at 18 stations

e Upper wind tabulations for 6 stations

e Wind-time sectlon graphs for 4 stations

e Upper alr soundlings for 4 statlons.

The weather Reconnalssance Unit, TU 3.4.4 supported Weather Central with
WB-29 flights to obtain current local weather information. Most of the unit
left Tinker AFB, Oklahoma, on 3 February 1951 and arrived at Kwajalein on
9 February with alrcraft, men. and equipment. The remainder arrived on 21 Feb-
ruary (Reference 21, p. 6). By |l March the unit was flying daily misslions on
predeslignated routes called "gooney tracks." Eleven separate tracks averaged
1.500 to 2,000 nmi{ (2.780 to 3,706 km) each. Normally, Charlie track and George
track were flown dally to the northeast and northwest. respectively. Most
tracks were triangular; however. a few were rectangular. The average flight
time for a track was 12 hours., Nortmally. on each titack one ANAMT-3 1adliosonde
was dropped to obtaln weather data at lower altitudes. The unit flew 158 wea-
ther misslions during GREENHOUSE:; 7 in February. 48 in March, 56 in April. ar
47 1in May 1951 (Reference 67. Incl. 2). In additicn to weather misslions., 1t
flew radiocactive cloud tracking and sampling missions. Other aerial weather
observations were obtained from TG 3.3's patrol squadron (VP-931).
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Waather Information allowed delineation of radex areas. Radex areas were
determined by both TU 3.1.5 (surface radex) and TU 3.4.4 (alr radex). Radex
are:s were usually defined as locatlions where significant fallout would occur
within 6 hours after detonation.

wWeather information was also valuvable for other command-level decisions
concerning the tests., Minimum cloud cover was deslrable for the important
photographic projects, and predictions of heavy cloud cover did cause shot
postponements. Last-minute postponements were undesirable. One experimental
program used small animals as test subljects. They were transported from Japtan
to the shot 1slands anesthetized so they would remain motlonless Juring the
detonation. To return the animals because of a needless detonation delay could
have resulted in thelr loss. Hence, accurate forecasts were lmportant (Refer-
ence 5, p. 6).

Command Briefings

The decision to conduct a test shot was made durlng a series of command
briefings beginning at H-30. Fallout exposure evaiuation was critical to the
shot/no-shot decisions. Evaluatlons were presented by a senlor representative
of the Radsafe Office. The radsafe briefing included:

¢ Forecast winds for H-hour. hodographs, and resultant wind
dlagrams. For each briefing, hodographs were constructed
with the latest wind information at different altitudes 1in
order to show the development of the wind pattern.

e Surface radex areas and_long-range fallout plots. The sur-
face radex area was drawn using the hodograph to forecast
H-hour winds. A long-range (24-hour) fallout plot also was
drawn to show its locatlion relative to Inhablzed atolls
and was presented in conjunction with the surface radex
area.

e Seventy-two hour ailrborne particle trajectory _forecast.
The airborne particle trajectory forecast was used to
evaluate contamination on alr routes and to extend the
surface radex area beyond H+6.

e Alr radex area. The ailr radex area was plotted at Kwala-
lein. primarily for the benefit of the alrcrews there.
Since the alr radex area normally did not affect the shot
declislion, 1t was not directly used at briefings unless
requested.

® Radlation hazard outlooks. Speclific potentlal problems
evaluated at each brilefing were:

- - Enewetak. The outlook was determined from the forecast
hodograph n the shot atoll.

-

-- Inhabited w.clls. Beth the shetr atoll hedsograph and the
long-range fallout plot were used to evaluate the out-

look for these atolls.
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= Alr routes through Wake and Kwajalein. The 1impact on
the alr routes was determined by the 72-hour airborne
particle trajectory forecast and by the alr radex area.
The trajectories at 10,000. 20,000, and 30,000 feet
(3.05, 6.1, and 9.14 kn) were conslidered to have the
major impact on these routes between H-hour and H+24.

-~ Surface routes inside 500 nmil (927 km), or about one
day of cloud travel. A display of all known transient
shlppling was presented in conjunctlion with the surface
radex area and the long-range faliout plot.

-~ Posltion of task force ships. Recommended positioning
of surface ships was based on the surface radex area.

- Cloud-tracking plan. The plan was reviewed as necessary
to adjust Lo changes in forecast wind patterns.

A general overall statement of favorability or unfavorability of the radsafe
shot conditions summarized and concluded the radsafe briefinj.

rRadiation Protection Modifications

Special racdlation protection measures were available to TG 3.4 cloud-
tracking aictcrews. The JTF 3 Radsafe Officer stat d that a vigorous effort
should be made to develop abdominal shielding for crewmembers, since the phys-
iolegical effects of radiation were greater in the abdomen than elsewhere. At
a meeting with the radsafe officers, doctors from the Alr Force and from the
Armed Forces Special Weapons Project (AFSWP) recommended that 50 pounds (22.7
kg) of shlelding per crewmember be used (Refetence 68). Whether the shielding
was available by the beginning of the series 1s uncertain.

Pllots flying toward the cloud were issued 4.0 neutral density goggles to
prevent temporary flashblindness. Other radsafe clothing allotments to cloud
trackers included rubber gloves, booties, and special filtering equipment. The
indlviduals who changed ‘he filters aboard were also required to weatr special
respirators. Alrcraft crewmembers were requited to breathe 100-percent oxygen
during and after sampling missicns to reduce the possibility of inhali‘ng
radioactlive particles.

In 1951, Navy ships were no: equ!pped with washdown system such as these
used 1in later test series. Instead, Navy ships participating in nuclear tests
reifed on firefighting-system hoses. Each sthip participated in an atomic de-
fense inspection at Enewetak. The 1inspection included & drill to simulate
actions to be taken I1f the ship encounterad radioactivity. [uring training
arills, inspectors uncovered some minor problems that were readily corrected.
When ships actually encountered fallout, they were prepared to handle it (Ref-
erence 42).,

washing down ships durlng fallout naturally exposed sone petsonnel to ra-
dioactivity. Personrel were required to hose down and, if necessary. sccub down
exposed sur’aces. Complete water-resistunt decontamination outfits protected
the damage countro? parties who nad %o wo:k on contaminated sections of the
ship. Deccntamination sults conslisted >f waterproof and windproof rubberized
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cotton fabric (Navy foul weather gear). an anti-splash eyeshield, anti-splash
gauntlets, rubber gloves, rubber boots or cvershoes, a standard gas mask or
respirator, and a film badge dosimeter. When possible, hosing was done from
upwind to avoid spray drifting back on the workers (Reference 69, H).

Standard shipboard procedure when radioactivity was encountered was to
shut off all ventilation systems and close appropriate hatches to prevent the
entrance of radioactivity. Nonessentlal personnel went below to minimize the
number exposed. However, the case of USS LST-859 disclosed a problem with this
procedure. When the monltor realized that the ship was passing through radio-
active fallout, all personnel were ordered below deck and the ship sealed, but
it soon bhecame evident that the ship's interior had become contaminated from
personnel. tracking radiocactive particles. Cleaning interlor spaces was a major
problem. This problem was addressed by the commanding officer of Curtiss, who
suggested decontamination areas at entrances to the ships to prevent the spread
of fallout below deck.

CTG 3.3 recommended that ships in the future use a modified Condition Able
setup. This setup requlicres closing all windward doors and hatches during fall-
out and leaving open all interlior hatches not requirad for ordlnary safe steam-
ing. He reasoned that it was nearly impossible to close up a ship tightly for
long periods of time 1n the tropics and stilll maintain below-deck efficlency.
If enough time were avallable, gauze pads over ~ritical wventilater I1ntakes
would allow limited ventilation below decks, improving the general sliltuation,
especlally in engine rooms (Reference 16, p. B-17).

Evacuattion

Light planes (l1.-5 and L-13) were used to survey uninhabited islands of the
atoll 4 days, and again 3 days., before each scheduled shot. The islands north
of Japtan were evacuated, and all task force personnel were mustered and ac-
counted for 2 days before each shot (Reference 70, p. 8). Accountabliity for
all transient alrcraft crews was the responsibility of CTG 3.4. Accountabllity
for all other transient personnel not specifically assigned to a group was Hq
JTF 3's responsibility, On D-1, TG 3.1, as well as TG 3.2 and TG 3.3, were
gilven specific duties in evacuating all personnel from the 1slands north of
Japtan durlng the arfternoon o1 the day before the¢ shot. A second physical mus-
ter was required at 1900 on D-1. Periodic reports were to be mede to CJTF 3
during these shat preparations.

Shot times varied from predawn to midmorniny and all personnel were awak-
ened at least 1 hour before each shot. Task force ships generally remalned in
the lagoon off Enewetak and Parry for the tests. The numbher of men evacuated
from the camps in the northern 1slands was about 700 for shot GEORGE. and this
may be typlcal of the magnitude »f the normal preshot evacuation operati. s,
These men were carried to the lower 1slands or to task force ships in LCMs :nd
other small craft. JIn addition, 429 TG 3.4 personnel were evacuated by alr
from Enewetak to Kwa'lalein before shot GEORGE.

A plan for evacuatlion of the entire atoll eristed for shot GEORGE. Two
contingencies were planned four. On? presumed lim.ted fallout, requiring per-
sonnel to remain under cover unless they had essential duttes outside., The




second was for fallout sufficlently intense to require evacuation from Parry,
Japtan, and Enewetak, except for communications and radiological crews at
Erewetak. If an extreme emergency occurtred, these personnel would have a heli-
copter and a C-47 at thelir disposal for evacuation to Kwajaleiln.

Ships to be used 1n case the evacuation became uecessary and personnel
assignments are listed in Table 8.

Table 8. Joint Task fForce 3 evacuation assignments for GREENHOUSE, GEORGE.

No. of
Ship Location Unit Personnel

USS Curtiss (AV-4) Parry Headquarters 236
USS Curtiss (AV-4) Parry TG 3. 857
USS Curtiss (AV-4) Japtan TG 3.1, TG 3.2 133
USNS Sgt. Charles E. Mower (T-AF-186) Enewetak Headquarters 60
USNS $Sqt. Charles E. Mower (T-AP-186) Enewetak TG 3.1 118
USNS Sgt. Charies E. Mower (T-AP-18€) Enewetak TG 3.2 500
Uss Cabildo (LSD-16) Enewetak TG 3.2 751
USS-1.5T-859 Enewetak TG 3.4 1,172

Source: Reference 71,

POSTEVENT SAFETY MEASURES

Reentry to the shot Islands and tne upper lagoon was controlled by a sche-
dule that assumed, from experieonce at SANDSTONE and RANG%R, that radioactivity
on the shot island would be low enough to permit "qulck reconnalssance partles
landing . . . for short periods of time . . . to rescue . . . data . . . [also]
thet the surface RADEX could be lifted approximately one hour after H-hour*
(Reference 5, p. 118). After the first two shots of the series a "new procedure
was initiated . . . 1n that recovery operations wece delayed until a radlologi-
cal safety survey of the shot island was conducted" (Reference 38, p. 7). This
survey began about 1-1/2 hours after the shot.

Parry Island was the postshot control center. Both Farry and Enewetak
islands had decontamination facllities. Parties recovering sclentific data
soon after the shots operated from Navy craft in the lagoon until early radio-
loqical surveys determined that the atoll environment was safe enough to move
data -recovery operations ashore.

Entry to and exit from radloactlive areas was strictly controlled through
tadsafe chekpolnts. All personnel entering moderarely or highiy radioacrtive
areas were to be badged and accomparied by a radsafe monitor. Cumciative per -
sonnel exposure records were malntained at the checkpoints. Fach ceater main-
tained current radiolegical situation maps of the atoll s¢ the accompanying
monltor conld advise the narty leader of allowable stay -time in any area.
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Fersonnel traveling in a radiocactive area were advised to wear radsafe
protective clothing. The clothing had tight wrist and ankle closures and a
tight neck closure as well if 1t did not cover the head (Reference 72, pp. 7
and 8). The chief function of the clothing was to prevent contamlnation of the
skin, hair, and personal clothing. thus facilitating personnel decontamination.
It also prevented personnel from 1lnadvertently transporting and spreading
radloactive particles to the base islands because 1t was left at decontamina-
tion staticns. Particles less than 10 microns In size were viewed as constl -
tuting an inhalation hazard (Reference 62, p. 10). Personnel who anticipated
working in an environment that might contaln 10-micron or smaller particles
were to wear respirators to minimlze the inhalation hazard (Reference 32).

Cloud Tracking

T™wo B-S50A alrcraft operating out of Kwajalein were used to locate and
track radiocactive clouds.

The flrst B-50A tock off from Kwajalein approximately 2 hours after each
shot and located the radioactive cloud using airborne radiological detection
instruments, since 1t was no longer visible. After finding 1t, a cloverleaf
pattern was flown around the cloud. The cloud trackers headed into the radlo-
active area until the detection instruments indicated a limiting reading, after
which the cloud tracker turned and flew out of the radicactive area. The serles
of successive 1nbound and outbound headings fixed the position of the radio-
active area.

The second B-50A took off from Kwajalein approximately 24 hours after the
detonation to continue tracking the cloud. If the cloud location was not known,
its location was estimated from available meteorological information and an
expanding area search was flown. Once radloactive traces were detected, the
cloverleaf pattern was again flown. Cloud-tracking missions averaged 12 hours
(Reference 20).

As an adjunct to cloud tracking, WB-29 alrcraft were used to obtain air
samples and make air conductivity observations for 36 hours after detonatlon.
The WB-26s operated out of Kwajalein. One WB-29 orbited east of the detonatlon
polnt at 5,000 feet (1.52 km) and after the detonation tracked the radicactive
cloud and collected alr samples for 12 hours.

T™welve hcours after a detonation, two WB-29s took off from Kwalaleln and
flew a 6500-nm1 (1.112-km) north-south tract along the Kwajalein meridian at
altitudes varying from 5,000 to 30,000 feet (1.52 to 9.14 km). when the first
two WB-29s5 landed two more took off and flew the same track. thereby observing
a cloud for up to 36 hours after the detonation. These ajtcraft staged through
Enewetak for 1initial decontamination before returning to Kwajaleiln (Reference
20, p. 18).

Cloud Sampling

Cloud-sampling, sample recovery, and sample return were operations of cri-
ticel importance for radsafe operations. Sampling was undertaken to obtaln
data needed for evaluation of nuclear explosions. Both gas samples and particle
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samples were obtalned from the debris clouds. Thils cloud sampling relied heav-
1ly on unmanned, remotely controlled, drone alrcraft operatlons.

Different kinds of planes were involved in sampling activity. Eight B-17
drones were used to penetrate the radiocactive cloud to obtaln readings and to
make measurements and collect samples for the AEC. Manned wWB-29s, B-50As, and
B-50Ds tracked and sampled around the edges of the cloud in areas of relatively
light radiation.

Airborne monitors and weather observers on the manned sampler alrcraft nor-
mally were responsible for collecting various samples. Monltors were responsi-
ble for the alrcrews' radiological safety. Normal procedure during sampling
operations was for monitors to use the low scale on theilr GM counters during
the flight. This allowed detection of low levels of radlation. Feor fillter sam-
pling missions, before the aircraft reached 2,000 feet (610 meters). two air
filters were installed in the air filter device. The air filter on the right
device was removed and replaced every 10 mlnutes and attached to 1ts data
sheet. Dust-proof respirators were 1ssued to fillter device operators not
breathing l00-percent oxygen while changing filters. Contamination found on
the heads and shoulders of operators indicated that particle fallout occurred
during removal and replacement of filters. Personnel decontaminatlon is dis-
cussed below.

Monitors continued to check the crewmembers' exposure to radioactivity
while samples were being collected. Samplers were scheduled to fly for 12 hours
or until the crew's radiation exposure to radiation approached 3.0 R. At the
3.0 R level. alrcrews. regardless of the time they had been alcrborne., were
ordered to curtall thelr sampling missions and return to Kwajalein. Both sets
of air filters were removed just before the alrcraft descended to 2,000 feet
(610 meters). as the alrcraft returned toc base when the mission was over.

Sample-Recovery Techniques

Responsibility for removing and handling experimental equipment from drones
rested solely with TG 3.1. Drone samples were removed as soon as the aircraft
were parked. Removal time normally was not more than S to 10 minutes per drone.
Figure 16 shows a motorized and shlelded conveyance beilng used to remove one
of the sampling devices from under the nuse of a drone B-17. Figure 17 shows
the filter being removed from the device by personnel with long-sleeves,
gloves, and long-harndled tools. Figure 18 shows the conveyance removing a sam-
ple of gasecus radloactive debhris through a probe.

To minimlze delay in analyzing the samples, TG 3.1 personnel packaged the
samples lmmeclately after tremoval from the varjous alrcraft, and placed them
aboard waiting C-54 aircraft at Enewetak. The radiclogical section monitored
the B/31 bottles before shipment and posted intensity readings and safe dls-
tances (Reference 73). Samples were packaged to keep radiation readings below
1 R/hr., 1 foot from the container. The sample containers were placed in the
aircraft such that no personnel would be exposed to more than 0.1 R/Jday (Ref-
erence 74). Project personnel served as radsafe monitors on sample-return
flights. The iadsafe monitors' advice concerning radiological safety and safe
distances from the samples was final and binding on the courier. Further, all
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- Figure 16. Motorized, shielded conveyance used to remcve sampling debhris
beneath nose of drone B-17, GREENHOUSE.
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Figure 17. FAilter being removed from sampling device by personnel wearing

;‘:- gloves and using long-handled tongs, GREENHOUSE.
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figure 18. Removing gas sample from B-17 drcne on Enewetak during GREFNHOUSE .

passengers ahoard the ajrcraft were to be issued film badges that were sub-
nitted at the point of debarkation to a JTF 3 llaison officer. The badges were
subsequently returned to CTU 3.1.5 (Reference 75).

Courlers were Iinstructed to advise airfield commanders of the time-
sensitive nature of the samples to ensure that the short-lived radionuclides
arrived at appropriate laboratcries (NRDL, Army Chemical Center [ACC}, and
LASL) as soon as possibtile (Reference 75).

Personnel Decontamination

TG 3.1.5 organized operations to protect personnel against the effects of
radiological contamination by reducing the amounts of .udloactive material
carried 1nto nonradloactive areas. Checkpoint personnel controlled all entries

and exlts, and directed personnel leaving radlioactive areas to a decontamina-
tion center if required.

Personnel decontaminatlion areas were established on Kwajalein Atoll (Fig-
ure 19), Enewetak Island., and aboard ships. The description of the personnel
decontamination center at Kwajaleln 1is the most detalled. Located near the
aircraft runway, 1t Included an instrument storage area. "hot" clothing removal
areas, snowers, a drying room, arnd a "clean” dressing room.

Flight crews would leave the aircraft on the advice of the alrborne mont -
tor, who estimated the extent of the contamination on the plane. The crewmen
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figure 19. Personnel decontaminatien area at Kwaj)alein, GREENHOUSE.

brought with them all radiological equipment. including film badges. 1instru-
ments, and filters, which was collected. They then went to the showers where
each was monitored. Personnel with readings well above background were. decon-
taminated to background in the decontamination center and theilr clothing was
held. The showers were planned to drain away from other areas. Similarly, the
floors of any spot where conteéminated 1individuals were likely to walk were
painted to expedite removal of contaminants (Reference 76, Annex H, App. I).
Personnel with lower readings were advised to alr their clothing for 48 hours
before its reuse.

The shower facjlitles accommodated 12 men at a time, approximately 50 men
per day for up to 10 days after each detonation. If a man was contaminated,
the preferred decontamination method was showering and shampoolng. Each man
was monitored in a drying room next to the showers. If he had decontaminated
himself to a safe degree, he was glven a towel.  If he was not sufficiently
decontaminated, he returned to the showers until he was.

A partition was installed to prevent contaminated personnel from needlessly
tracking radioactlivity 1nlo the general lairine facllities. It was near the
contaminated clothing removal area, where personnel entered, had thelr clothing
monitored, and discarded the clothing in large, covered cans,

All groundcrews were required to report to the decontamination shower cen-
ter both before and after alrcraft decontamination activities. On reporting
they were issued protectlve work clothling including footwear covering (boot -
les), fatiques. caps, and rubber gloves. They used the clean dressing rsom of
the center to change into work clothing before attempting to decontaminate
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aircraft. On completion of decontamination operatlons, persohnel were monltored
on the spot. They then removed thelr protective outer clothing, gloves. and
booties and put them into covered containers. They were then remonitored and
sent to the personnel decontamlination center 1f necessary. All contaminated
personnel were monitored at the change house entrance, where they were told
the extent of thelr contamination. They were also advised of where to dispose
of clothing. Some items might require laundering, others permanent disposal.
Other items, such as shoes, might be worn without laundering after natural
decay lowered the amount of radiloactivity. After personnel were monitored
(clothed and unclothed) and personnel dosimeters were collected, they showered
until decontaminated (Reference 77, Incl. V).

Personnel Contamination-Decontamination Form 441, used when Navy personnel
were contaminated, recorded the extent of contamination on hair. armpits,
hands, feet, body., crotch, and ciothing. It alsc recorded the method and amount
of time necessairy to decontamlinate the person. If rcpeated decontamlnation

efforts were necessary, 1t explained why (such as lingering contamlnation on
hailr).

When a TG 3.4 radiological mission alrcraft landed, it was parked adjacent
to the radiologlical personnel decontamination center. The crewmembers Immed!i -
ately left the aircraft and were directed to the personnel monltoring center.
The alrcraft was quickly surveyed by the ailrcraft decontamination crew and
towed away as soon as practicable to avoid increasing the background count in
the personnel monitoring area. Personnel monitors noted that 1t was Ilmpossible
tec obtaln actual beta-plus-gamma-intensity recordings when personnel were con-
taminated 1n excess of 0.005 R/hr. beta plus gamma.

Naval Vessel Decontamination

CTG 3.3 Op Plan 1-51 (Reference 69) prescribed the standard operating pto-
cedure for ship decontamination. It stated that:

e The topside of the ship was to be wetted before unavoldable
exposure to radloactive particles in the fallout area to
minimize the decontamination effort. The 1interior of the
ship was to maintain its clean status by sealing the ship
by closing appropriate hatches and ventilation fittings.

e If the ship required decontamination, damage control par-
ties were to wear complete water-resistant decontamination
outfits. Specific hosing techniques were to be used to
control contaminated spray from hositg cperations. If pos-
sible, hesing was to be done from upwind to minimlze drife-
ing back on crewmembers. If possible, objects were to be
sprayed from 15 to 20 feet (4.6 to 6.1 meters) away. Water
was to be directed to strlke vertical surfaces at an angle
of 30° to 4%5°. If a contamlnated area were large, 1t
was to be hosed down at a rate of 4 fté/min., In all
cases, drainage was to be such that contaminated water
flowed directly over the sldes.

® If hosing was insufficlent, the vessel was to be scrubbed.




o If exposed palinted or metal surfaces of the ship remained
contaminated after hosing and scrubbing, 1f practicable,
surface contamination could be allowed to decay naturally.
Contamination could be sealed in by repainting while 1t
decayed to prescribed tolerances.

o Wooden surfaces, if contaminated, were to be decontaminated
under general boat decontamination procedutes. Lilke ship-
board decontamination, the preferred methed In decontami-
nating boats was prevention by wetting surfaces before
exposure to radioactive particles. Boats, however, had a
greater potential for retaining contamination. If the
boat's interlor became contaminated, it could be hosed down
and the contaminants pumped over the side, but frequent
use of thlis method would concentrate contaminants 1in the
bilge pumps.

Ship commanders discovered, particularly as a result of actual fallout,
that the recommendation they had received in CTG 3.3 Op Plan 1-51 to wet the
topside of the ship before the detonatlion greatly reduced decontamination
efforts.

Contamlination inside the boats could be introduced by contaminated passen-
gers, radioactive fallout, or seepage of contaminated water into the bilges. A
particularly difficult source of shipboard decontamination was unpainted wood.
If the contamination proved to be resistant to hosing, scrubbing, or scrapling.
a coat of varnish, shellac, or paint would ceontain radicactivity and seal the
surface until radioactivity decayed to a permissible level.

Both ships and boats were expected to be deconctaminated in the open sea,
where drainage and dispersal of low-level contamination presented no problem
(Reference 49, Annex H-II, pp. 3 and 4)., Table 9 summarizes the effectiveness
of ship and boat decontamination techniques in GREENHOUSE.

Equipment Decontamination

Decontamination of radioactive clothing was handled by the Army Quarter-
master. Development of special monitoring instruments was found necessary to
measure both initial degree of contamination and effectiveness of the decon-
tamination process. Clothing collected from personnel working in radioective
areas was first monitored by thls system, then wacshed using quartermaster
laundry procedures. The clothing was then remonitored to determine the degree
of contamination remaining., (In some cases, clothing could be decontaminated
simply by airing 1t. In other cases, 1f clothing were too contaminated or
threatened to overtax laundry facllitles, it was disposed of in the ocean.)

Location of contamination on clothing was spotty. Radloactlvity was gener-
ally found on cuffs, trouser legs, and pockets. A monitoring device that could
be easily maneuvered to precisely measure contamination was desirable. Several
instruments used for detection of contamination on clothing are compared in Ta-
ble 10. Because contamination was spotty, 1t was difficult to assess the cver-
all level of contamination an individual encountered (Reference 78, p. 201).
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Table 9. Ship and boat decontamination effectiveness.

B Highest
- Contamination? Effectiveness
::: Vessel Date Hour {R/hr) TechntquesP (percent)
AVR-P-645 8 Apr 1045 0.010-0.022 Fs, S8 50
; 8 Apr 1445  0.006-0.012 Fs, s8 75
n 8 Apr 1800 C.005-0.008 FS, SB 87
e 9 Apr 0900 0.0019-.0.0037 S, SB 95
S 25 May 1530 0.002-0.0036 S, SB 87
- 25 May 1700 0.020-0.047 FS, S8 --
. 26 May 0800 0.014-D.042 fS, SB 30
26 May 0930 0.008-0.022 fS, SB 50
26 May 1100 0.008-0.016 FS, SB 60
- AVR-20987 8 Apr 1230 0.012.0.050C s 85
- 9 Apr 1230 0.002 Fs 98
n 21 Apr 0828 0.002-1.000 FS, S8 96
" 9 May 1520 0.044 96
y 9 May 1800 0.005 99
A 25 May 0717 NA NA
,j; 25 May 1330 0.005-0.016 FS, SB 10
o AVR-20967 25 May 1530 0.012-0.021 FS, SB -
i 26 May 1000 0.003-0.007 FS, SB 75
— AVR-26656 8 Apr 1400 0.040 fS, se 75
9 Apr 1500 0.0021-0.00642 FS, SB 93
o 10 Apr 0800 90.0007-0.0018 S, SB 98
v 21 Apr 0737 0.210 FS, SB 50
X 21 Apr 1300 0.012-.0.060 Fs, se %5
- B 22 Apr 1200 0.038 fs, SB 98
o 25 May 0800 0.009-0.020 FS, S8
e 25 May 1010 0.010-0.020 FS, SB 20
o 25 May 1300 0.0013-0.004 FS, SB 92
gl 26 May 0952 0-0.019 FS, S8 50
USS Cabildo (LSD-16) 8 Apr 1300 0.002-0.026 Fs, SB 70
8 Apr 1800  0.002-0.021 FS, S8 70
9 Apr 0400 0.002-0.018 FS, SB 90
9 Apr 1030 0.0001-0.027 FS, SB 95
Y 9 Apr 1500 0.0005-0.010 fs, S8 36
Tl 10 Apr 1000 0-0.0%0 S, sB 98
- 1t Apr 0900 0-0.0052 FS, SB 99
e 20 Apr 1500 0-0.0003 FS, S8 100
S 25 May 1400 0.002-0.023 Fs 50
N 25 May 1630 0.004-0.130 FS -
'.2 25 May 1900 0.008-0.135% Fs 10
2 25 May 2130 0.004-0.075 FS 50
- 26 May 0415 0.004-0.050 Fs 73
- 26 May 0730 0.002-0.040 Fs 85
:;. 26 May 1700 0.001-0.022 FS, S8 97
S LCm-9 8 Apr 1200 0.003-0.009 Fs 95

(continued)




™
A Table 9. Ship and boat decontamination effectiveness (continued).
o Highest
b - Contamination® Effectiveress
Vessel Date  Hour (R/hr) TechniguesP (percent)
" LCM-10 8 Apr 1200 0.005-0.010 Fs 95
_ LCM-18 21 Apr 1100 0.003-0.008 FsS 36
- LCM-20 8 Apr 1200 0.004-0.015 7S 95
- LCM 23 21 Apr 1200 0.002-0.007 FS 97
r" LSU-1194 8 Apr 1710 0.008-0.028  FS, $B 10
. 9 Apr 1000 0.001-0.009 FS, SB 92
e 10 Apr 1000 0.008-0.028 FS, SB 98
: 25 May 1135 0.006-0.033 FS, SB 10
N 25 May 1730 0.040-0.090 FS, S8 .-
" 25 May 0730 0.007-0.040 FS, SB 80
LSU-1249 8 Apr 1808 0.0012-0.008 FS, $B 2o
9 Apr 1230 0.0001-0.0003 FS, SB 98
® . 21 Apr 1648 0.010-0.092 FS, SB 15
" 21 Apr 1900 ©.004-0.C18 FS, S8 95
- 22 Apr 1200 0.003 FS, S8 98
- 25 May 1125 0.008-0.0Y5  FS, SB 50
- 25 May 1200 0.006-0.012 FS, S8 75
25 May 1910 0.006-0.023 FS, SB 75
26 May 0730 0.008-0.075 FS, SB 50
= LSU-1345 8 Apr 1400 0.008-0.021 FS 0
- B Apr 1600 0.005-0.018 FS 25
= 9 Apr 0800 0.002-0.006 FS 80
L 10 Apr 0800 0.0003-0.0012 FS 37
- 11 May 1715  0.040-0.105 FS, D 100
n 25 May 1158 0.0004-0.015 FS, SB 50
o 25 May 1900 0.037-0.060 FS, S8 10
o 26 May 0658 0.016-0.045 FS, SB --
- USS Sproston (DDE-577) 8 Apr 0630 S&W, FS 30
o 21 Apr 0639 FS, D 33
- USS Walker (DDE-317) 8 Apr 0745 Fs 100
e 26 May 0630 Fs 95
O USS Curtiss (AV-4) 8 Apr 1300 FS., SB, SkM 40-60
= 25 May 1030 FS 75
¥ USNS Charles E. Mower 8 Apr 0945 fs 50
(T-AP-186)
UsSS_LST-859 8 Apr 0649 FS, SB, D 85
By Notes:
- aSources: References 79 through 94,
- bFS -- Flusn witn saitwater; S8 -- scrubbed with scrub prusn; D -- departed

fallout area; S&W -- souap and water.
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Alrcraft Decontamination

In addition to TG 3.4 cloud-tracking and sampler aircraft, P2Vs and drone
aircraft required decontamination. Typically, drone aircraft were exposed to
higher amounts of r.diocactivity than manned Navy and Air Force aircraft. Manned
TG 3.4 aircraft were decontaminated at Kwajalein by TG 3.4 groundcrews. They
were alsc responsibl: for decontaminating TG 3.3 VP-931 aircraft based at
Kwajalein.

TU 3.4.4 constructed a personnel decontamination center and an aircraft
decontamination area at Kwajalein. The hardstand site stored 2,400 gallons
(9,084 liters) of freshwater for washing down the aircraft during decontamina-
tion. The aircraft decontamination area was 110 by 300 feet (33.4 by 91.4 me-
ters), and was marked off with a double line of red and yellow and placards
warning of radiological hazard.

Many subunits of TG 3.4 organized their own radsafe operations personnel.
TU 3.4.2 had 20 monitors (12 ground supervisor monitors and 8 crewmembers
trained as airborne monitors). The 12 ground monitors conducted aircraft and
personnel decontamination operations. Twenty ground maintenance crews (five
men each} decontaminated aircraft. TU 3.4.4 had one crewmember per aircrew who
was trained for airborne monitoring. These monitors also supervised any decon-
tamination operations required by their unit. In addition, the senior monitor
performed additional duty as a staff radsafe officer for the unit. TU 3.4.4
ground maintenance crews alsc decontaminated their own aircraft. TU 3.4.6 had
four persons qualified for airborne monitoring. Monitors supervised decontami-
nation operations of detachments (Reference 70, H).

Typically, except following shot EASY, when an experimental cleaning tech-
nique was used, decontamination techniques closely followed those established
during Operation SANDSTONE. The most common agents used in TG 3.4 decontamina-
tion operations were the water- and kerosene-soluble cleaning compound, "gunk, "
Kerosen=, laundry detergent, and freshwater. The solution used consisted of
gunk and kerosenc in a one-to-three ratio (25 gallons [94.6 liters| of gunk to
75 gallons [284 liters] of kerosene). About 1,200 gallons (4,542 liters) of
water were required to rinse a B-17.

As the radiocactive drones completed their landing rolls, a crew equipped
with a tug and an extended towbar to separate the drones from the tug driver
towed the drones to a restricted parking area (Figure 20). Radiological moni-
tors then removed the radiocactive samples and test equipment from the drones.
If samples and equipment were sufficiently radicactive, samples were removed
using long hooks (Figure 17). After all samples and test equipment had been
removed from the drones, they were towed to the drone decontamination area.

With manned aircraft, once the radsafe monitor deemed it safe, the aircrew
deplaned carrving instruments and equipment. If the aircraft was highly con-
taminated the crew left without the samples and equipment, but the goal was to
retrieve material left aboard in less than 15 minutes.

Once the aircraft were in the decontamination area (Figure 21), the crews

attempted to decontaminate them as safely and expeditiously as possible. The
first step was to thoroughly flush the external surfaces with water under high
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Figure 2C. Drone B8-17 being towed from runway following GREENHOUSE, GEORGE .

Figure 21. Alrcraft decontamination area, Enewetak, GREENHOUSE .
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pressure. This was done to remove as many rad‘ .tive particles In loose con-
tact with the suirface as possible. The alrcratft were then monitored, and the
time required to decontaminate them was estimated. If the aircrafts' radio-
activity exceeded the MPL.,, they were flushed with gunk solutlion under high
pressute. The cleaning solution was allowed to stand as long as possible with-
out drying. The alrcraft were then flushed again with water. Figure 22 shows a
drone B-17 being washed down. The engine cowlings have been remcved.

Following this, the alrcraft were remonitored. Usually the first gunk
treatment removed 50 percent of the? contamlnatlion. If the radiation levels
still exceeded the MPL, they would undergo the gunk treatment a second time,.
The second application usually removed another 12 percent. Further applications
were deemed of negliglble value.

when metal parts were contaminated and there was no danger of damaging a
porous fabric, stralght gunk proved effective. In contrast to flushing the
aircraft with a gunk solution, additional applications of pute gunk were
beneficial.

Initial contaminants sealed in by paint were treated with a solution of
5 pounds (2.27 kg) of lve, S pounds (2.27 kg) of boiler compound, 1 pound
(0.45 kg) of cornstarch, and 10 gallons (37.9 liters) of water. This was ap-
plied to a painted surface using a wire brush and scraping to remove all paint.
After the paint had been stripped and the surface thoroughly scrubbed with gunk
and flushed with water, the alrcraft was remonitored (Reference 7).

Figure 22. Drone B-17 being washed at Enewetak 2 days after GREENHOUSE,
EASY.
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The method of decontamination used for Operation RANGER was tried following
shot EASY. RANGER personnel had indicated a high degree of success using
1 pound (0.45 kg) of trisodium phosphate (TSP) dissolved in 100 gallons (379
liters) of water. The solution was applied until decontamination was complete.
For EASY, WB-29 #202 was decontaminated using the RANGER method. Two engines
were flushed with TSP solutlon. After using 400 gallons (1.514 liters) of the
solution. radiocactivity dropped from 0.060 R/hr to about 0.050 R/hr. In con-
trast, the remaining two engines were treated with the 1:4 gunk-kerosene solu-
tion and rinsed with 200 gallons (757 liters) of freshwater. As a result,
these englines read 0.030 R/hr (down from 0.060 R/hr). wWhile the RANGER method
had worked well in Nevada, 1t was abandoned because of the large amour:ts of
water required.

Although WB-29 #202 had been subjected to two decontaminations at Enewetak
before returning to Kwajalein, the readings r-mained high. Even after three
washings of the aircraft engines and one of 1ts skin, the engines still read
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After the serond shot, gunk-kerosene solution was applied using long-
handled brushes for the initial decontamination instead of simply flushing the
alrcraft. It was generally conceded that this was very effective for loose
parts like engline cowlings. For large-scale operations such as the entire air-
craft, however, three to four times more manhours were used thar flushing with
gunk and kerosene and rinsing with freshwater.

During shot DOG, a decontamination crew consisted of six men and two equip-
ment operators. Equipment used included one chemical decontamlnation truck, a
steam Jenny. a gunk machine, and aircraft-washing brushes. A number of solu-
tions were used. During DOG, the decontamination truck was used primarily for
rinse water. The steam Jenny used a solution of 100 gallons (379 liters) of
water mixed with 1 pound (0.45 kg) of TSP for the initial washing. While the
methed was effective, 1t was extremely slow. It was decided to continue use of
the Jenny in other tests, but not as the primary washing method. The gunk
machine used a mixture of one part gunk to three parts kerosene for greasy or
olly surfaces.

Heavily contaminated WB-29s required about 3,300 gallons (12,492 11t -rs)
of water each for decontamination, B-50s about 2,00C gallons (7,571 liters)
each, and the P2V required 200 gallons (757 liters) of water. Lightly contami-
nated WB-29s required 1,100 gallons (4,164 liters). On the average, eight men
per alrcraft were 1involved 1n decontaminpation. The amount of time needed to
decontaminate the alrcraft had dropped by the second shot, in part due to ex-
perlence galned., but also due to 1initlally scrubbing alrcraft with brushes.

Decontamination procedures used by TG 3.4 were generally very effective.
Nevertheless, a complicating factor arose. While most decontamination measures
reduced radioactivity to within permissible limits for personnel, radiocactivity
of some of the very sensltive debris-sampling equipment and filters still re-
mained high. Standard decontamination methods could not lower the actlvity to
the point desired.

An lon chamber was used to survey the planes before decontamina‘ion began.
Decontamination crews used a GM counter (Victoreen model 263B) as the primary
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instrument for postdecontamination survey work, All decontamination crewmembers
were issued booties, clean overallsg, hats, and rubber gloves. Personnel operat-~
ing spray equipment were also given clean goggles. In almost all cases, decon-
tamination crewmembers accumulated contamination during the course of their
work and required a trip through the personnel decontamination center.

After shot GEOKGE, all aircraft were decontazminated with a mixture of four
parts kerosene to one part gunk, with the exception of RB-29 #1762, which was
partially washed with a mixture of water and TSP. WB-29 #2202 and RB-29 #1762
had been partially decontaminated at Enewetak before returning to EKwajalein.
As usual at Kwajalein, the cowling was removed before washing. Tonsiderable
scrubbing was necessary on some parts of the cowling, particularly the movable
vents around the circumference of the engine, which had strips of rubber
attached, to remove the major portion of the contamination. Highest concentra-
tions of radioactive materials invariably were found on engines, with above-
average intensities on deicer boots, turrets (on the RB-29), and on C-1
airfoils.

Carburetor airscreens were not normally touched during decontamination
operations because of their inaccessibility. The unit did check carburetor air
screens for radioactivity at the time of the next major inspection of the air-
craft when the screens were nrormally removed for cleaning. Even though consid-
erable periods of time elapsed between exposure of the aircraft and the next
major inspection, contamination was invariably found or the screens at the
time of removal after all other radioactivity had decayed.

In a memorandum dated 17 March 1951, CTG 3.3 (Navy) wrote that it was his
understanding that TG 3.4 would furnish personnel and limited material decon-
tamination facilities at Kwajalein. CTU 3.4.4 agreed to furnish personnel and
aircraft decontamination facilities tor both WB-29 and VP-931 aircraft when
required., While the Kwajalein facility was ample ard trained personnel were
available, VP-931 personnel were to assist in decontamin:scion efforts if neces-
sary. CTU 3.4.4 however, did not want to land any of h.s planes at Enewetak,
primarily because of maintenance requirements. Further, Enewetak decontamina-
tion facilities were set up largely to decontaminate drones. Because oi this,
the CTG 3.3 radsafe officer felt that as long as intensity inside any VP-931
aircraft 4id not exceed 0.004 R/hr above background, it should continue normal
patrols and return to Kwajalein on completion. At Kwajalein it would be decon-
taminated if necessary, and the crew checked. Like other aircraft, VP-931 was
routinely checked for contamination upon completing all patrols after shot day
(Reference 96).

CTG 3.3 Op Plan 1-51, Appendix II to Annex H, included general aircraft
decontamination procedures. In general, aircraft decontamination procedures
for Navy aircraft were the same as for Air Force aircraft. However, the Op
Plar did4 state that no aircraft or personnel would be permitted within 4 nmi
(7.4 km) of the rising columr or visible radioactive cloud unless specifically
directed to do so for tactical reasons. TU 31.3.2 aircraft in the air at H-hour
carried radsafe monitors to determine the length of time personnel flying in
an air radex area could remain without exceeding prescribed or tactical tol-
erances. During shots, TU 3.3.3 aircraft at cruising altitude made background
counts with survey meters and continuously wonitured the course during flights

96




in the vicinity of suspected zones of radioactive contamination. The plan
called for each aircrew member to be issued a film badge that was tc be worn
throughout the flights Ffor specific periods. When aircrews cncountered suffi-
ciently intense radiocactivity, the monitor advised the aircraft commandzr who
ordered the crew and passengers to wear standard Navy gjas masks or respirators
to prevent inhalation of airborne radiocactive particles. Masks and respirators
were to be worn until readings returned to normal and until the aircraft was
flushed with clean air.

Standard operating procedure in the event an aircraft entered a highly
radiocactive airspace was to take evasive action by making a 180° turn and
seeking a nonradiocactive flight path.

At the end of any flights the first day after a shot, even though no radio-
activity was reported by the aircraft commander, crews were held until an
engine was monitored. If the engine showed radioactivity, the crew had to be
monitored (Reference 6%, Annex H).

Offsite Monttoring

Detonating a nuclear device posed the possibility of radiocactive fallout
exposure not only to persons in the vicinity of Enewetak Atoll but aigo on in-
habited outlying islands. Surveys were conducted of neighboring atolls. VP-931
had operational control of one Navy PBM-5A aircraft. The PBM was used, among
other things, for post-test collection of water samples at Ujelang, Rongelap,
Rongerik, Ailingae, Lae, Ujae, Wotho, and Ponape (Refereance 49, Annex A). Only
a small amount of documentation has been located that provides results of these
offsite surveys. One survey made during the week of 7 to 14 May (after chot
GEORGE) on Ujelang, Ponape, Bikini, Rongelap, Lae, Ujae, and Kwajalein showed
no significant contamination. Water samples that were collected showed no sig-
nificant activity (Reference 38, p. 7).

Program 7 (Long Range Detection) had three other projects that sought to
collect device debris. One method of doing this was launching balloon-borne
instruments at Johnston Island in the Pacific and Swan Island in the Caribbean
350 nmi (about 650 km) south of Cuba. In addition, debris was collected at
ground level at seventeen staticns by filter papers, rainwater (if possible),
electrostatic precipitation, direct fallout, and ruvof-scrubbing. Finally, seven
aircraft from Kwajalein, seven from Hickam AFB, Hawaii, and four from McClellan
AFB, California, were equipped with instruments for instantanecus debris re-
covery encountered at great distances from the burst (Reference 5, p. 73).




CHAPTER 3
GREENHOUSE TEST CPERATIONS

After the extensive construction program iiad been completed and personnel
assembled and rehearsed, actual test operations could begin. These were divided
into three overlapping phases (Reference 5, p. 89).

The flrst phase begjan 3 days before the planned shot hour and lasted for
48 hours. During this phase aerial and surface survelllance of the Danger Area
was intensified, and task force personnel were withdrawn from the camps near
the shot islands and thelr whereabouts verified.

The second phase began at midnight the day before the shot and continued
through shot day. During this period, the device assembly was finished and 1t
was moved from the workshop aboard USS_curtiss (AV~4) and holsted to the cab
atop the shot tower. Experimental teams made final instrument adjustments and
calibrations and experimental animals were placed at thelr exposure stations.

The third phase began with the first efforts to recover recorded data
following the detonation and lasted through the days immediately following a
shot. During this phase, the predominant activitles were surveylng shot siltes
and recoverling data.

Although all four shots were weapon development experiments, the objec-
tives, assoclated experiments, and requlired Instrumentation for each were 4if-
ferent. Shot EASY had assoclated with it an extensive Department of Defense
(DOD) structures program, which involved building a number of test structiures
at various ranges from the shot point. This required the test to be on the
largest of the upper 1slands. knjebi, which had room for the placement of the
structures. The nearby islet of Mijikadrek also allowed placement of structures
at longer ranges for this program.

Construction for EASY, which began 1n 1950 and was over 75 percent com-
pleted by the end of that year., required the device to be predictably In the
desired yield range. The EASY test array also meant that any tests occurring
before EASY had to be at a range from Enjebi that would not disturb the struc-
tures. Therefore, shot DOG was fired on Runit, which is about as far (10 nmi
[18.5 km]) from Enjebl as it is from Parry. the center of the base islands.

The time of day selected for each shot and 1ts flexlbllity also was a
function of the types of measurements planned. Shot time for DOG was fixed at
30 minutes before dawn. If, for some reason, 1t could not have been fired
then, 1t would have had to be delayed for several days.

Shot EASY could have had one !5-minute delay 1f a ralnshower appeared over
Enjebi., but 1t would have had to be called before H-20 minutes to allow re-
starting the exterstve test Instrumentation: otherwise, the test would have
had to be postponed for several days.
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Shot GEORGE couid have been held up until late afternocen (1730) of the shot
day, but this would have had to be known at least 7 hours before the scheduled
early morning time. If this condition could not have been met. the shot would
have had to be delayed for at least 48 hcurs (Reference 5, p. 89).

For shot ITEM, the acceptable shot-time tclerances are not reported. The
shot was not confirmed as even being 1n the schedule until 28 April 1951, al-
though some preparations had been made for 1t, and it consequently had fewer
experiments with exacting time requirements (Reference S, p. 84).

SHOT DOG
Preparattions

Months of effort, both in the United States and in the proving ground. in-
cluding a rehearsal on 3 April 1951, brought Joint Task Force 3 (JTF 3) to the
point where shot operations could formally begin. Following receipt of read-
iness reports from his four task group commanders and conferences with the
sclentific director and the weather forecasters, Commander JTF 3 (CJTF 3) ini-
tlated shot DOG operations at 0200 on S April 1951 (D-3) (Reference 97, p. 1).
A 24-hour postponement was later approved by CJTF 3 and H-hour was changed
from 7 April at 0634 tc 8 April at 0634 because adverse weather resulting from
typhoon George slowed instrument placement.

A number of important tasks stlll had to be performed before detonation
could take place (Reference 20, p. 57: Reference 98, p. 16):

1. The area around the atoll had to be carefully patrolled
to make sure no unauthorized ships or ailrcraft were pres-
ent., both for theilr own safety and to restrict access to
information on the U.S. nuclear program

2. All personnel and much equipment had to be evacuated from
the northern islands of the atoll

3. The weather had to be monitored to detect any deterlora-
tion in conditions requiring postponement of the test

4. On the basls of the latest weather analysls, radiclogical
exclusion (radex) area boundaries had to be established
and fallout areas predicted for protection of all units
and personnel

5. The device had to be moved from Curtiss and placed on the
shot tower

6. Final preparatlons for the many experiments had to be
made, including positioning of 49 ajccraft and 1,170 mice.

P2v patrol planes from Navy Patrol Squadron 931 (vP-931), based on Kwaja-
lein, searched for unauthorized vessels 1n the ocean around Enewetak Atoll
beginning 1 March 1951, Until 3 April, two misslons were flown each Z24-hour
period, using a single alrcraft for each mission. Beginning on 3 April the
number of misslions was increased and two alrcraft., a P2ZV-3W and a P2v-2, flew
together on each mission. Shortly before 0800 on that day, they slghted an
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unidentified vesse) bearing 2319T, 76 nmi (141 km) from Enewetak Island.
Apparently 1t was directed out of the area. The maximum number of missions
planned for a 24-hour period was five on 7 April., the day before the test. For
DOG D-Jay. 8 April, four misslons were planned. two before the detonation and
two after. Three missions were planned for ¢ April. Single-alrcraft missions
were reilnstituted on 10 April (Reference 61, p. 11-2; Reference 16: Reference
99, pp. CII-I and CII-2: Reference 76).

To prevent unauthorized personnel from viewing the detonation or obtaining
f- lout samples. the atoll's uninhabited islands were periodically inspected.
‘m 5 April, Task Group (TG) 3.4 liailson planes made a final air sweep of the
uninhabited islands. The next day, military police from TG 3.2, in amphibious

DUKWs from Task Unit (TU) 3.3.5. conducted a final ground sweep of these
islands (Reference 97, p. 1).

A complete task force personnel muster was begun at 1900 on D-2. On
6 April., equipment was evacuated from Runit, and the island was declared an
excluslion area that could be entered only by personnel on a speclal access
l1st (Reference 97, p. 3). By midday on 7 April, all personnel left Run!t,
except those responsible for placing the nuclear device on the tower and arm—
ing it, plus a military police (MP) security group and Holmes & Narver, Inc.
(H&N) maintenance men. Figure 23 shows the device being lifted to the cab atop
the tower. Later the same day, all but a small group of MPs and H&N maintenance
men were evacuated from Enjebi and Low]a (Reference 97. p. 5). On D-day at
0530, personnel were mustered on Parry.

At 1100 on D-1, all personnel were evacuated from the northern islands of
the atoll aboard Curtiss, USN3 Sgt. cCharles E. Mower (T-AP-186), and USS
LST-859. These shlps anchored in the lagoon off Parry Island and awalited
H-hour. All tents and aluminum buildings had been removed from Runit. Only the
power plant, instrument stations, a tethered balloon of one experiment, and
the shot tower remained on the i1sland at shot tilme. Even construction debris
and waste of every sort had been gathered and burned to avold scattering by
the explosion.

Several times each day wWB-29s from TU 3.4.4 flew weather reconnalssance
missions. Beginning at midnight on 4 Aprll., the task force commander and his
key staff members received weather briefings twice daily.

Oon the morning of 7 April, the surface radex forecast was issued. From the
DOG surface zero, 1t extended outward for 25 nmi (46.3 km) between 245°T and
275°T, and was in effect until H-1 (Reference 16, p. B-3).

Oon D-day thils radex area was replaced by more detalled ones:

® Ground-alr composite radex areas -- surface to 15,000 feet
(4.6 km) altitude, H+6, beariny from 235°T to 263°T,
radial distance 76 nml (141 km) minimum, 123 nmi (228 km)
maximum (from surface-zero polint)

e Alr radex area -- 20,000 to 60,000 feet (6.1 to 18.3 km).
H+6., bearing from 66°T clockwise to 131°9T, radial dis-
tance55 nmi (102 km) minimum , 147 nmi (272 km) maximum




ENHOJSE, DOG test device being hoisted in 1ts tower.

p.

GR

Fiqure 23.

101




® Ground-alr composite radex areas -- surface to 60.000 feet
(18.3 km), H+l, bearing from 73°T tc 272°T., radial dis-
tance 21 nmi (38.9 km) maximum and 25 nmi1 (46.3 km) minimum
(from surface zero).

Locarions of the sucface ships and the H+6 ground-alr composite radex arei are
shown in Figure 24.
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Figure 24, Radex area and ship locattons during GREENHOUSE, DOG.
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Experimental Activities

The test proqram for DOG included 57 experiments or prolects conducted by
™ 3.1.1. TU 3.1.2. and TU 3.1.3. Twenty-seven of these experiments measured
device performance., airblast, and nuclear radiation output. A biomedical ex-
periment used mice. Six experiments studied nuclear cloud physics, eight eval-
uated nuclear radlation instrumentation. nine studied surface blast effects.
two were on test detection, and four experiments measured blast effects on
aircraft. These experiments were based on instrumentation and test objects
placed on the shot 1sland, on surrounding 1islands, and on manned and radio-
controlled drone alrcraft. For many experiments. recovery of recorded data had
potentlal for radlation exposure. These experimental projects and the part DOD
organizations played in them are discussed in Chapter 4.

The Test

weather conditions were not optimal due to an overcast sky and low cloud
formations from approximately 4,000 to 8,000 feet (1.2 to 2.4 km) (Reference
16, p. B-2). The winds predictec from the surface to 20,000 feet (6.1 km) were
from the east and east-northeast with velocities greater than 15 knots (28
km/hr). Above 20,000 feet (6.1 km), winds gradually shifted from north to west.
Basad on SANDSTONE experience, no fallout problem was foreseen (Reference 38,
pP. 35).

At 0634, on 8 April, the device was detonated at the north end of Runit
atop the 300-foot (91.4-meter) tower. All ships, except USS_Sproston (DDE-577).
Uss Walker (DDE-S517), and USNS Lt. Robert Cralag (T-AK-25Z) were anchored off
Parry and Enewetuk 1I1slands, with Curtiss closest to surface zero. bearing
354° to the shot point at a distance of 8.8 nmi (16.3 km). Sproston was on
station bearing 1879T at a distance of 30 nmi (56 km) to surface zero. Walker
was on station bearing 270°T 15 nmi (28 km) to surface zero. Craig was abhout
100 nmi (185 km) east of surface zero 2n route to Enewetak Atoll.

At Parry Island where a group of VIPs observed the shot from the Officer's
Beach Club patio (Figure 25), the shock wave arrived abcut 45 seconds after

Figure 25. VIP visitars view GREENHOUSE, DOG from Officer's Beach Club Patio.




the explosion. At H¢] minute, B-17 drone alrcraft began sampling runs through
the radiocactive cloud at various altltudes. At approximately 0730. the drones
began landing, some having been aloft since about 0130. The drones and thelr
controller planes were down by 0900. Cloud samples were transferred to special
flights scheduled to return to various laboratories in the United States (Ref-
erence 16, p. B-3). In all, 32 alrcraft took part in DOG. Thelr flight patterns
are shown in Figure 26. One of the two QT-33 drone alrcraft, used to measure
blast and thermal effects, crashed at sea when control was lost.

N

Figure 26. GREEMHOUSE, DOG flight patterns (source: Reference 5).
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At 0640 a helicopter and aa L-5 took off from Parcry to check for radio-
activity on the northern part of the atoll (Reference 16, p. B-3). The helicop-
ter alsc carried a radioman who was to reestablish communications between Parry
and Runit. Communications were reestablished at 0706 (Reference 5, p. 118).

At 0700. a radsafe escort boat with & monitoring team departed for the
Enjebi anchorage. By 0710 initlal survey reports for TG 3.3 indicated negative
readings. At 0810, after the surface radex requirement had been 1ifted, Mower
and LST-859 proce. ed to thelr assigned berths at Enjebl and Lojwa cartrying
construction personnel to complete work for shots EASY and GEORGE. At first 1t
appeared that the expected patterns of radioactivity had been found. The shot
site was 1Intensely radiocactive, but this decreased toward the southern end of
the island. The other i1slands showed only slight radioactivity (Reference 5,
p.- 118).

By 0823, the senlor monitor of the escort boat reported radiation levels
ranging from 0.010 to 0.025 R/hr. At 0907, the escort brat was directed to
return to Curtlss because the crew, monitors, and instruments had become con-
taminated. This contamlnation apparently came from radlioact: = lagoon water
and airborne radioactivity. RAll pocket dosimeters 1indicated readings from
0.180 R to off-scale (0.2 R) when they returned by 1030. At the same time or
shortly thereafter, Japtan, Parry, and Curtiss recorded fallout varying 1in
intensity from 0.020 to 0.070 R/hr.

There was evidence of two alstinct waves of fallout. The first occurred
between (0900 and 1100 and the second between 1200 and 1400. Apparently the
actual shot-time winds were somewhat different than predicted. Winds below
17,000 feet (5.2 km) altitude were from the east, but at higher altitudes were
from the west. The lower winds moved the cloud west. but the upper winds
brought 1t back a short time later (Reference 16, p. B2). All trips to the
norihern 1slands were cancelled except for small parties of monitors and scl-
entists who continued reconnalssance in radioactive areas. Conditlons began to
approach normal by noon of 9 April (Reference 5, p. 118).

Table 11 indicates radiation intensities on the task force ships at various
times and positions.

The average radlation intenslity was probably low because of a continuous
film of water flowing on all weather decks, washing the particles overboard
and preventing @ bulldup of radlation (Reference 16, p. B-S).

At 1400, the following readings were renorted from several ships (Reference
100, p. 2):

Curtiss -~ Maximum levels at belt height on horlzontal sir-
faces 0.100 R/hr (topside readings ranged from 0.010 R/hr to
0.100 R/hr). Boat deck and fantail isolated with decontamina-
tion in progress.

cabildo - From 0.010 to 0.040 R/hr topside.

LST-859 -- At anchor (Lojwa), mean level 0.050 R/hr with a
maximum of 0.380 R/hr. Most personnel exceeded 0.100 R/hr
(maximum permissible exposure).
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Table 11. GREENHOUSE, DQ0G D-day average radiation readings on saips.

- Intencity
B Shin (R/h -} Time Position
USS Walker (DDE-517) 2.010 1010 2,000 yards (1.83 km),
090° Runit
LSU-134542 2.500 1010 1,000 yards (914 meters),
270° Runit
USS Curtiss (AV-4) 0.035 1010 Parry anchorage
USS Sproston (DDE-577) 0.005 1015 2,500 yards (2.29 km),
southwest of Enewetak
Isiand
USNS Sgt. Charles E. Mower (T-AP-186) 0.020 1215 Enjebi anchorage
Uss_Cabildo (LSD-16) 0.020 1315 Enewetak Island anchorage
UsS LST-B859 0.050 1328 Lolwa anchorage

Note:

a
Reading taken over lagoon waters, not on the LSU.

Source: Reference 16, p. B-5.

sproston -- Average 0.005 R/hr readings. Decontamination began
at 1600.

Mower --- 0.010 to 0.040 R/hr and decontaminating.

A midafte.noon (1500) survey of the 1slands was made: the results are glven
in Table 12. This table also shows the levels on successive ¢ays. The situation
at Parry Island 1s shown in Figure 27. Intensity readlings for Parry are not
available for the DOG fallout perlod except for a few times and the available
information (Figure 27) is in units of cadiocactive disintegrations counted per
minute. How this relates to intensity units of roentgens per hour 1z not
straightforward and Figure 27 1i1s presented to show only the relative shape of
the fallout bulldup and decay with time. The radsafe organlzation reports that
a survey at 1000 showed a few small areas of "relatively high activity (1 R/hr)
[but] the 1island as a whole showed a rather uniform level of contamination®
(Reference 38, p. 13). The fallout project reports 0.1 R/hr at 1410 and 0.018
R/7hr 24 hours later (Refetence 62, p. 7). The radiological sjituation at Runit
for D+1 and D+2 is shown on Flgure 28.

A D+1 ship radiation survey report indicated the following levels:

curtiss -- 1130, all areas below 0.0125 R/hr except an 1iso-
lated area on fantall at 0.025 R/hr

wWalker -- 1208, 0.010 R/hr in spots only
Cablldo -- 1238, 0.00% R/hr average
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Table 12. Radiation intensities (R/hr) on various islands
following GREENHOUSE, DOG.

8 April 9 April 10 Apri 11 April 12 Apritl 13 Apri)

Enewetak 0.025 0.007 0.002 0.002 0.001
Parry 0.060 0.015 0.006 0.005 0.003
Anant} 0.050 0.015 0.005 0.003 0.002 0.001
Enjebi 0.002 0.0002 0.0001 0.0001 0.00003 0.00003
Bokoluo .00 0.0002 0.0001 0.0001 0.00003 0.00003
Biken 0.400 6.180 0.080 0.045 0.030 0.024
Kidrenen 0.500 C¢.160 0.048 0.029 0.018 0.01¢
Ikuren 0.150 0.040 0.012 0.007 0.009 0.005

Source: Reference 38, p. 6.
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- tigure 27. Parry Island radtation levels following GREENHOUSE, DOG
. (source: HReference 38).
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Mower ~-- 1330, 0.002 R/hr average
LST-859 -- 1757, all areas below 0.005 R/hr.

All other units and subunits showed barely significant levels at the close of
D+1 (Reference 16, p. B-4-4).

Decontamination Activities

At 1415 on D-day all ships were directed to carry out thorough decontami-
nation, and all personnel not required topside were directed to remaln under
cover with all doors and hatches closed. Contamination levels decreased rapidly
toward the end of the day (Reference 16. p. B-4-6).

Two WB-29 ailrcrews requlred decontamination, as did the personnel who
decontaminated the aircraft. Also requiring decontamination at Kwajlaleln were
two B-50As of TU 3.4.4 and one Navy P2V patrol plane. Initial readings (R/hr)
taken on these aircraft 12 hours after they landed and final readings after
decontamination were (Reference 14):

Initial Final
wB-29 0.300 0.018
WwB-29 0.150 0.010
B-50A 0.150 0.020
B-50A 0.150 0.018
p2v 0.040 0.005.

The ten QB-17 drones were heavily contaminated from flylng through the radio-
active cloud soon after the burst. Four days of decontamination effort were
required before aircraft maintenance could be safely conducted.

Personnel Exposure

Information on activities of base-1sland personnel not directly 1involved
with the tests 1s mixed. A GREENHOUSE radsafe monitor recalls that "non-test
personnel"” were "supposed to be confined to their quarters" (Reference 55),
which would have had the effect of lowering their exposure. However, the former
Radsafe Operations Officer 1s quite definite 1in his recollection that at a
meeting held after DOG fallout began the Radsafe Task Unit (TU 3.1.5) decided
- that "there would be no disrcuption of living island routine,"” and personnel
- not on duty were not restricted in thelr activities (Reference 103). An attempt
'g was made to estimate the maximum radiological exposure possible from DOG fall-
out. When fallout was detected, f1lm badges were exposed outside of bulldings
on Parry: these were replaced dally and were supplemented by information from
porket dosimeters. Results are shown 1n Flgure 29.

Badges were also 1ssued to TU 3.1.5 personnel that were not to be worn on
e missions but only during activities on the base 1sland. After 3 days and 10
-j- hours the badges showed a mean exposure of 0.8¢ R, with a minimum of 0.56 R
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Figure 29. &tstimate of maximum possible exposure at Parry Island fcllowing
GREENHOUSE, DOG (source: Reference 38).

and a maximum of 1.4 R, versus the 1.19 R predicted In Figure 29. Badges worn
by Japtan-based personnel during the same experiment showed a low of 0.825 R,
a high of 1.6 R, and a mean of 1.04 R. The estimate made by the radsafe author-
itles who plotted Filgure 29 was about 1.3 R for Japtan. The same authoritles
stated that the intensity on Enewetak was about two-thirds of that on Party
(Reference 38, p. 25).

Shipboard personnel would, of course, have had lower cumulative exposures
because decontamination activitles removed the radioactive particles from the
ships, washing them overboard. Medlical record entries 1ndicated fallout doses
ranging from 0.334 R on LST-859 to 1.1 R on USS Cabildo (LSD-16). Personnel in
buildings were shielded by the builldings. levels 1inside the bulldings were
observed to be one-~third to one-half those outside (Reference 38, p. 25).
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SHOT EASY
Preparations

A typhoon, which caused the postponement of DOG, also delayed EASY. A
one-day rehearsal was held on 17 Aprll. The rehearsal conslsted of a modified
partial aircraft schedule, one destroyer proceeding to shot station, and one
boat evacuation trip scheduled for training. Previous midnight and noon brief-
ings., 5 days before D-day, were eliminated. After receiving reports from all
task groups indicating complete readiness on 17 April, CJTF 3 formally declared
21 April at 0627 as H-hour after favorable meteorological conditions developed.
By 1800 on D-1. air and ground security sweeps of the atoll were completed
with negative results. Scheduled weather conferences confirmed earlier fore-
casts of weather conditions at H-hour and no modification of the shot schedule
was necessary (Reference 5, p. 121).

The first formal weather briefing was held on 20 April at H-3:25. Rain-
shower activity near Enjebl was of particular concern. Speclal air and surface
weather reconnalssance determined that H-hour readjustments would be necessary.
At H-25 minutes, all weather conditions seemed favorable and the original
schedule was observed (Reference 5, p. 123),

Approximately 22 hours before H-hour, the TG 3.1 Arming Party had departed
Party for Enjebl Island to prepare for the detonation. The device was removed
from Curtiss and taken to the tower. By 1430 on D-1, personnel were evacuated
from Enjebl to Curtiss and Mower and persornel musters were completed at 2225.
MPs made a fi1 : security sweep of the 1slands, and by 0300 on D-day they and
the Arming Party departed for Parry. By 0430, the Arming Party returned to the
control station on Parry (Reference 5, p. 125).

Debris from the lower levels of the detonation cloud stem (0 to 15,000
feet [4.6 km]l) was predicted to fall in a surface radex area, with a drift
sector of 200°T to 260°T and a radlial distance 20 nmi (37 km). Significant
fallout was also predicted for islands west of Enjebl, and possible fallout
for Parry and Japtan islands.

Radex area and locatlons of the task force ships are shown in Figure 30.

Experimental Activities

The test program for EASY Included 69 experiments or projects conducted by
TU 3.1.1, TU 3.1.2, and TU 3.1.3. These repeated most, if not all, of the
experiments conducted for DOG, but 1n addition the heavily Iinstrumented exper-
iments of the structural response program were 1included. These experiments
involved full-size and scaled down structures bullt at varlous ranges from the
shot tower on Enjebi. The nearby island of Mijikadrek also had test structures.
Dridrilbwij. at greater range to the west, was used for lower-level blast test-
ing of aircraft structures. Flgures 31, 32, and 33 show varlous aspects of
this test array.

Chapter 4 contalns a detalled description of these projects, as well as a
description of DOD participation in GREENHOUSE experimental programs.
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o Figure 31. View from GREENHOUSE, EASY shot tower looking southeast toward

o Program 3 military structures. Tents and other temporary
structures are also shown.

o Figure 32. Aerial view showing Program 3 test structures on islet of
A Mijikadrek in foreground and Enjebt with more test structures
. and GREENHOUSE, EASY tower in background.
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.j Figure 33. View of test structure on Mijlkadrek, GREENHOUSE, FASY.

The Test

Because of instrumentatlon requirements for structures response, biologi-
cal. and radlation experiments, the Scientific Director required that Enjebi
Island be free of precipitation at shot time. Best weather conditions (little
cloud precipitatlion) accompanied typical trade winds (westerly over north-
easterly) and 1deal fallout conditions existed with a southerly component in
the winds aloft. Fortunately, all weather requirements were realized. The final
forecast from 2300, 20 April, to 1000, 21 April, was (Reference 101, pp. 38
and 44):

. N
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® One-tenth to three-tenths cumulus base at 2,000 feet (0.6
km), at 3,500 feet (1.1 km), with a few tops to 5,000 feet
(1.5 km)

Filve-tenths c¢irrus at 40,000 feet (12.2 km)
No showers or precipitation
Visibility 12 nmi (22 km)

Surface winds from northeast, 12 to 18 knots (22 to 33
km/hr)

® A height of tropopause 53,000 feet (16.2 km).

R . Detonation occurred on 21 April at 0627 as planned, with a yield of 47 KT.
Faliout was essentially as forecast: however, some light fallout reached in-

o habited 1slands. Some radiation was detected on Blllae Island to the south.
- The top of the mushroom cloud reached 41,000 feet (12.5 km), the bottom 30,000
. feet (9.1 km). with wind shearing the stem at approximately 15,000 feet (4.6
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km). The cloud moved 1n an westerlv direction. At approximately H+15 minutes,
recovery groups departed Parry for resntry of Enjebi. By 08!5 Project 1.5.2
recovery crews reached Enjebl Pler. The iadsafe group reported 2 R/hr radiation
readings at Enjebi Pier. and 30 R‘hr at Rokoluo as of 0825. At 0830, the radia-
tion level 400 yards (366 meters) from surface zero on Eniebl was 35 R/hr (Ref-
erence 71). Results of later surveys on D+1 through D+3 ar= shown in Figure 34.
Radiation on the other islands 1s shown in Table 13 for 6 days following the
shot.

Immedliately after the detonation, drone alrcraft started sampling missions.
Two QT-33 drone alrcraft, measuring blast and heat effects. were lost; one
crashed into the sea and one crash-landed on Bokoluo. The QOB-17 drones landed
at Enewetak by 0925 (Reference S, p. 127). Flight patterns during the test
period are shown in Flgure 35.

Experimental animals exposed on Enjebi had to be recovered on shot day.
This was apparently finished by 1700. Preliminary damage surveys of the test
structures on Enjebl were also done on shot day. However, detalled damage sur-
veys were conducted for over 2 weeks followlng the test. During thils pcst—-test
activity on Enjebi, H&N personnel watered the roadways and work areas to elim-
inate dust-borne radioactivity (Reference 5, p. 172).

Decontamination Activities

Sixteen crewmembers of the WB-29s were contamlnated above background, with
readings varying between 0.002 R/hr and 0.008 R/hr. Persons with readings of
0.005 R/hr or more were decontaminated and monitored again. Two TU 3.4.4 B-50As
as well as two Navy P2vVs had to be decontaminated at Kwajalein. Initial and
final readings (R/hr) of alrcraft at Kwajaleln were:

Alrcraft Initial Final
wR-29 0.070 0.012
wB-29 0.065* G.018
wB-29 0.015 0.012
B-S0A 0.050 0.01%
B-50A 0.080 0.015
rav 0.020 0.010
B2V 0.040 0.012

The B-17 drones that penetrated the radiocactive cloud shortly after detonation
had gamma intensity readings on the alrcraft in excess of 100 R/hr.

While on patrol at 2300 on EASY day. Sproston reported a 0.01275 R/hr
reading on a bearing of 32°T. 25 nmi (46 km) from surface zero. The maximum

* This reading was taken 24 hours after the misslon and after two decontamina-
tion washings at Enewetak. Other initlial readings were taken 12 hours after
missions were completed (Reference 54).
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Table 13. Radlation intensities (R/hr) on various ‘Yslands
following GREENHOUSE, EASY.

21 April 22 April 23 April 24 April 25 April 26 April 27 Apriil

Enewetak 0.0005 0.0
Parry 0.0005 0.0 c.0008 0.0006 0.0006
Ananij 0.0005 0.001 0.001 0.0006 0.0005 0.0005 0.0005
Runit 0.00003 0.004 0.0028 0.0016 0.0011 0.0005 0.0005
Bi1lae 0.0M 0.029 0.015 0.007 0.003 g.oM 0.00¢2
Bijtre 0.00005 0.040 0.020 0.0.2 0.007 0.005 0.004
Eleleron 0.00005 0.060 0.030 0.015 0.012
Bokenelab 2.00 0.080 0.040 0.025 0.017 0.30 0.12
Kidrinen 1.00 0.050 0.028 0.014 0.010 0.006 0.007
Mijtkadrek 1.10 0.032 0.018 0.010 0.006 0.001 0.003
Dridrilbwl) 3.20 0.100 0.050 0.028 0.016 0.009 0.010
Bokombako 25.0 0.900 0.450 0.320 0.220 0.180
Bokoluo 32.0 1.00 0.900 0.630 0.350 0.200 0.150

_ Biken 0.001 0.0 0.0016

\ - -

mfi Source: Reference 38, p. 6.
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Figure 35. GREENHOUSE, EASY fiight patterns {(source: Reference 5).

contamination picked up by TG 3.3 unlts was that reported by AVR-20987 and
LSU-1249 whiie in close proximity to Enjebil Island (Reference 17).

Personnel Exposure

One boat pool crew., consicting of four men operating from Cablldo, wore
f1lm badges that showed a cumulative beta exposure range of 12 to 32 R and a
gamma range of 8.5 to 20 R. All other radiation intenslty and cumulative ex-
posure measurement methods, 1including readings from Gelger-Mueller counters
and pocket doslimerers., fatled to support exposures of the magnitude 1ndicated
by the boat crew's film radges. The four men were glven complete radiolsgical
physical examinations with negative findings (Reference 16, p. B-9).




SHOT GEORGE
Preparations

A rehearsal on 5 May 1951 tested ailrborne and ground electronic eqﬁipment
of TU 3.4.2. Alcrcraft from Kwajalein did not particlipate. TG 3.3 conducted an
intensive ailr search and a simulated evacuation of MPs from Enjebl by the boat
pool.

The flirst formal weather bhriefing was held at H-30, on 8 May. A tropical
storm, north of Enewetak Atoll, was of great concern; however, favorable upper
winds from the south were forecast and 12 hours later surface wind direction
was 180° from the normal trade f ow. These favorable winds, however, were
usually accompanied by showers at Enewetak. Because of the deslre to ensure
that the cloud and any radlocactive fallout be carried away from the populated
islands of the atoll, it was decided to forego the usual requlrements for min-
imum cloud cover to take advantage of the faverable upper wind direction for
alrborne detonation debris dispersal.

H-hocur was postponed until 0930, a delay of 3 hours and 11 minutes from
the original schedule to allow more daylight for drone alrcraft operations to
compensate for the probable cloud cover.

The third and fourth formal weather briefings were held at 2230 on 8 May
and at 0145 on 9 May. Previous forecasts were reaffirmed. The greatest fallout
was predicted for the northeast quadrant, clear of populated areas. Fallout
was forecast in a 50-nmi (93-km) area., bearing 015°T to 085°T from surface
zero. Delayed fallout was also predicted between 2 and 4 hours after detona-
tion, which would cover the sector from surface zero between the same bearlngs
at a radial distance up to 120 nmi (222 km).

The device was removed from Curtiss by 0615 eon D-1. At 0800, the Firlng
Party began inspecting the control station on Partry, and after completing the
inspection by 1040, the group departed for Eleleron, the shot 1sland. Later 1in
the afternoon Curtiss. LST-859, and Mower left their berths and anchored off
Parry Island. A personnel muster was coumpleted by 2310, with all personnel
accounted for. Mllitary personnel of TG 3.2 made a filnal sweep of the atoll
and four PZVs patrolled the danger area. Sproston and Walker patrolled the
waters approximateiy 15 nmil (28 km) east of the shot island. On D-day, the
firing party arrived at the control statlon by 0820 (Reference 5, pp. 135
through 142). Locations of the ships an1 radex area are shown in Figure 36,

Experimental Activities

The test program for GEORGE 1ncluded 47 experiments or projects by TU
3.1.1, TU 3.1.2, and TU 3.1.3. The experimencs were many of tha same that had
been conducted for shot DOG. Chapter 4 contains a detalled description of these
projects, as well as a description of DOD particlipation 1n other poriions of
GREENHOUSE experimental programs,
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Figure 36. Surface radex area and ship positions during GREENHOUSE, GEORGE.

The Test

The expected yleld of shot GEORGE demanded absolutely safe fallout condl-
tions -- southerly winds aloft at all levels, the stronger the better. Typhoon
Joan developed and moved as 1f it were part of the operation. Excellent local
weather conditions prevalled with strong., southerly winds at all levels to
50,000 feet (15.2 km). Weather conditlions from 0400 through 1200 on 9 May were
(Refererice 101, pp. 38 and 46):
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Broken low clouds at 1,800 feet with broken to overcast middle
clouds at 1,400 feet prevailed. After 0700 low and middle
clouds became scattered and a high overcast was clearly visi-
ble. Light rain showers occurred after 0500. Visibility aver-
aged 8 miles except in rain showers and then was reduced to
5 miles and 1 mile depending on the shower. The surface winds
blew between south-southwest and west-southwest at 17 knots.

The detonation occurred on 9 May at 0930 as planned. The top of the mush-
room cloud reached 56,000 feet (l7.1 km), with a bottom of 41,000 feet (12.5
km). Wind conditions were ideal for the shot, eliminating any immediate down-
wind fallout on the atoll. No secondary fallout on the atoll occurred.

A new procedure was used for recovery operaticns. At 1120 a radiological
sucvey helicopter took off to survey the islands in the vicinity of the shot
island. By 1315, recovery operations were authorized and reentry hour was
declared. All possible recovery operations on D-day were completed by 1745
(Reference 5, p. 140).

At H-hour, project aircraft began their missions. Figure 37 shows preshot
and shot-time flight paths. The B-47 mission was cancelled at 0808 because of
steady rain at Kwajalein and extensive shower activity in the local area. One
B-50 (blast acceleration measurement aircraft at 33,000 feet [10.1 km]) navi-
gational radar became inoperative en route to the target area from Kwajalein,
and it flew to the target under guidance from ground-based radars. The aircraft
lost one engine at H-30 minutes and landed at Enewetak. Control of a QT-33
drone was lost at 29,000 feet (8.8 km) and its mission was aborted before

H-hour, although a successful landing was made after the detonation (Reference
102).

Decontamination Activities

Eighteen personnel from the WB-29s were contaminated beyond 0.620 R/hr.
All were decontaminated and their clothing disposed of. Initial readings (R/hr)
taken on these aircraft 12 hours after they landed and final readings after
decontamination were:

gggtial Final
wWB-29 0.200 0.015
WB-29 0.250 0.090
WB-29 0.600 0.040.

Data for decontamination of the B-17 drones at Enewetak are not available. Fig-
ure 38 shows radiological survey results on the shot island and those nearby.

Table 14 gives radiation levels throughout the atoll for nearly 2 weeks follow-
ing the shot.
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Table 14. Radiation intensities (R/hr) on various islands
following GREENHOUSE, GEORGE.

9 May 10 May 11 May 12 May 15 May 22 May

Anant) 0.00cC2 0.0002 0.0002 0.0002 0.0c02 0.0002
Runit 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Billae 0.00003 0.0003 0.0004
Bokenelab 0.0032 0.006 0.0001
Enjebi 0.0004 0.0004 0.0003 0.0003 0.0004 0.0004
Oridrilbwi} 0.0024 0.010 0.001

Bokoluo 0.030 0.030 0.029 0.028 0.026 0.014

Kidrinen 0.001 0.0017 0.0008
Ikuren 0.0004 0.0002 0.0003

Source: Reference 38, p. 9.

SHOT ITEM

Preparations

As soon as the radsafe monitors cleared Enjebl after shot EASY on 23 April,
Mower moved into the anchorage to provide living quarters for H&N construction
crews to erect the shot tower for ITEM. This arrangement lasted about 2 days
since the radloactivity levels were low enough to set up a new construction
camp within 1,100 yards (1 km) of the EASY surface zero (Reference 103). This
job began before shot ITEM was actually approved for inclusion in the schedule
by CJTF 3 on 28 April. The tower foundations and a run of coaxlal cable that
were expected to, and did, survive the EASY test were completed in March In
anticipation of ITEM. The tower was completed on 16 May, 9 days before the
scheduled detonation (Reference 3, p. 174).

Following recelpt of readiness reports from the four task group commanders
and conferences with his staff weather officer. CTG 3.1. for technical reasons,
selected 0930 on 25 May 1951 as H-hour. A modifled rehearsal was conducted on
20 May by the Weapon Assembly Team and Firing Party. TG 3.3 participation was
reduced to intensified aerial searches (Reference 5, pp. 143 ff).

The first formal weather briefing was at 2330 on 2% May 1951. and normal
trade winds were forecast. During the second formal weather briefing at 1205
on 24 May, it was decided that the upper winds were not as favorable for avoid-
ing fallout as forecast. Due to the rapid deterioration of the weather, the
weather officer sugqggested that H-hour be moved up to 0617, which was approved
by CT¢ 3.1 and CJTF 3. The final weather brlefing was 0002 on 25 May. Although
the upper winds were changing, H-hour would not be affected (Reference 5, pp.
143 f£f).
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Meanwhlle, the usual security precautions were continued on the atoll. TG
3.2 conducted land sweeps. TG 3.3 performed alr and security searches, and TG
3.4 carrlied out air and radar searches. Negative reports were submitted on all
searches.

Tne MP strength at the shot tower was doubled by 0600 on 23 May., and 30
minutes later the device was removed from Curtiss. The Arming Team command
post was opened bty 1125,

Curtlss and Mower were underway by 1400 on D-1 day to thelr stations off
Parry Island. Enewetak ailr facilitles were closed to translient aircraft at
1630, and at 1900 control of all intra-atoll movement of boats and alrcraft
was shifted to CJTF 3. By 1600 all TG 3.1 personnel from all islands north of
Japtan, except Enljebi. were evacuated.

At 0315 on D-day the MPs, the Arming Team, and four H&N utility personnel
were cvacuated from the shot 1sland by two AVRs. At 0445, the Flring Team took
posltlion and personnel began to gather along the beaches of the lagoon at 0605
to watch the detconation.

Fallout was forecast downwind 1n a sector 220°T to 280°T to a radial
distance of 40 nmmi (74 km), with the heavlest concentration from the upper
level. southwest from surface zero. The surface radex area and locations of
fleec units at burst time are shown in Flgure 39.

Experima2ntal Activities

The test program for ITEM included 19 experiments and projects by TU 3.1.1,
TU 3.1.2. .nd TU 3.1.3. Most of the experimental projects were concerned with
weapon development, although a few biomedical, cloud physics, and test detec-
tlon erperiments were 1ncluded. Chapter 4 contains a detalled description of
these experiments and a descriptior of DOD participation in other portions of
the GREENHOUSE experimgntal programs.

Because the drones In the blast effects program were not flown, the total
number of aircraft was only 26. fewer than for the earlier shots. Flight pat-
terns of the altcraft involved are shown In Flgure 10. Control was lost on one
PB-17 drone and it crashed at sea.

The Test

Speclial requlirements for ITEM did not approach the stringent demands for
the previous two shots. Very light fallout on inhabited islands was predicted
(Reference 101, p. 38). However, as discussed below, slignificant fallout was
recelved on all the inhabited islands.

weather conditions from 0000 through 1000 on 25 May were as follows (Ref
erence p. 12):

Prevalling cloud cover was scattered low clouds at 1,800 feet
with a few scattered middle clouds at 16,000 feet and scat -
tered to broken high clouds about 30.000 feet. One l1ght
shower occurred at the start of the period, giving only a
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trace of precipitation. Visibillity averaged 12 miles. The
surface winds averaged east-northeasterly at 16 knots.

JTEM was detonated as scheduled at 0617 on 25 May 1951. The mushroom cloud
reached 40,000 feet (12.2 km). At 0645, a radsafe party left to survey thre
islands in the vicinity of the shot. Initial reports from the radsafe team
arriving at the site by helicopter about 1 nour after the detonatlon indicated
relatively high radloactivity. These reports were confirmed by the team on an
AVR anchored 1 nmi (1.85 km) southwest of Enjebl about one-half hour later.
Particles from this fallout were large enough to be felt on the hands and faces
of personnel. Fallout on the populated 1slands of the atoll and anchorages in
the soutrhern portion of the lagoon was detected on radsafe Instruments begin-
ning between 3 to 4 hours after the detonation. Rates rose to 0.40 R/hr before
noon and began to decay unti] a second wave of fallout began in the afternoon,
which peaked 1n the evening. The possibility of this had been indicated earlier
by an analysis of the wind. It was the reason for the declsicn on D-1 to ad-
vance H-hour. Had the shot been fired at 0930 as originally planned, higher
fallout readings would have rec._lted. Spot readings on Enewetak Island reached

0.100 R/hr. but a general level of 0.040 R/hr prevalled (References 17 and
104).

Recovery operatlions were authorized at 0950, and by 1618 all operations
were closed out on Enjebi. By 1310. the radiological situation stabilized, and
most of the 1islands from Enewetak to Bokenlab were cleared (including all of
the populated ones) for unrestricted movement by authorized personnel, al-
though unmonltored vessels continued to be limited to trips In the Japtan-
Parry -Enewetak area. By 2000. the second wave of fallout had stopped (Reference
105; Reference S5, pp. 143 ff). The gamma dose rate at the Radsafe Bullding at
Parry 1s shown in Figure 41.

Deposited fallcout contlinued to decay, exposing personn2sl on the base
islands untl]l heavy ralns set in at the end of May. These rains apparently
effectively scoured the islands of the fallout particles and ended the episode
(Reference 38, p. 10).

Decontamination Activities

The following survey reports indicated the time and readlings of the ships:

Curtiss H+3.5 Fallout detected

1045 0.004 to 0.006 R/hr

1200 Readings normal

1530-1900 0.025 R/hr

D+1, 1200 Readlngs at acceptable levels
Cabildo inas 0.001 o ©.006 R/hT

Mower 1045 0.004 to 0.006 R/LT.
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Figure 41. GREENHOUSE, ITEM fallout radiatton at Parry Island, Enewetak
Atoll (plotted In local time).

Decontamination procedures were initiated. BAll unnecessary personnel were
cleared from decks, ports, and doors, and hatches were closed (Reference 17).

Presumably B-17 drones were contaminated during ITEM and had to be decon-
taminated at Enewetak, but details are lacking. Two or three WB-29s were par-
tially decontaminated at Enewetak, when they landed to have filter and gas
samples removed. At Kwajaleln., wWB-29s vere decontaminated., but no information
1s avallable on what other alrcraft may have been decontaminated there after
ITEM.
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CHAPTER 4
GREENHOUSE EXPERIMENTAL PROGRAM

Sclentific experiments during GREENHOUSE were organized into elght
programs:

Program 1 -- Atomic Energy Commission (Phenomena of Nuclear
Detonations)

Program 2 -- Biomedical Experiments

Program ) -- Structures

Program 4 - - Cloud Physics

Program 5 - - Radlation Instrument Evaluation
Program 6 -- Physical Tests and Measurements
Program 7 -- Long Range Detection

Program 8 -- Blast Effects on Alrcraft.

Experiments for GREENHOUSE had been proposed by Army, Navy, Alr Force,
Atomic Energy Commlssion (AEC)., and Armed Forces Speclali Weapons Project
(AFSWP) personnel. By November 1949, the Working Group of the Joint Proof Test
Committee had arranged them, as projects. into eilght programs. Although the
AEC projects were grouped in a single program, the elght programs were seen by
the erd of 1949 as a unified whcle, in which the Department of Defense (DOD)
and the AEC had equal interest (Reference S, p. 59).

Task Group (TG) 3.1 of the joint task force was charged with conducting
the overall experimental program. Task Unit (TU) 3.1.1 and TU 3.1.2 were re-
sponsible for Programs 1 and 2, respectively, and TU 3.1.3 was responsible for
the remalining six. Commander TG (CTG) 3.1 appointed a director for each program
(Reference 5, p. 61).

The programs were of three types: those dealing with the chemistry and
physics of atomic explosions: those dealing with the effects of such exploslons
on the natural environment., on manmade objects, and on variocus plants and ani-
mals; and those (Program 7) designed to help develop means to detect nuclear
detonations at great distances so that U.S. authorities could monitor nuclear
developments in other countries (Reference 5. p. 61).

PROGRAM 1 -- ATOMIC ENERGY COMMISSION (PHENOMENA
OF NUCLEAR DETONATIONS)

The numercus ptojects and subprojects making up this program were designed
primarily to increase understanding of the process of nuclear exploslons. In
addition., however., data gathered were needed to assist in interpreting results
of the other programs. The program was headed by a sclentist from Los Alamos
Scientific Laboratory (LASL).
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Project 1.1 - Prompt Gamma Ray Measurements

Project 1.1.1 -- The Measurement of Alpha by Prompt Gamma Rays
Agency: Naval Research Laboratory, Group H (NRL)

Operations: Detectors mounted on the shot tower and along a radial line
outward from surface zero for each shot were conhected to a buried cable
terminating in one of two bunkered recording stations. The recording sta-
tions were located 3,975 feet (l1.21 km) southeast of DOG tower on Runit:
4,000 feet (1.22 km) southeast of EASY tower on Enjebi: 6.000 feet (1.83
km) from GEORG! tower on Bijire; and 3,975 feet (1.21 km) south of ITEM
tower on Enjebl (Reference 106, pp. 19 and 20; Reference 107, pp. 134
through 137; Reference 108, pp. 44 and 53).

Shortly after each shot Group H. NRL.(H) personnel recovered the data
on films and tape from the recording bunkers. Departure times from Parcy
were H+1:45 for shot DOG, H+0:30 for shot EASY. and, H*7 for shot GEORGE.
For ITEM. departure was scheduled for H+3 (Reference 97. No. 45:; Reference
109, p. E-I-25: Reference 102, p. G-I -22; Reference 110, p. I-I-12).

Project 1.1.1 shared 1ts recording and data-recovery operations with
Projects 1.1.2 and 1.1.3.

Estimated radiation Intensity in the vicinity of Project l1.1.1 record-
ing stations 1 hour after each shot was (Reference 111, pp. 28, 34. 40,
and 45):

e DOG -~ 0.17 R/hr

® EASY - Between 3.0 and 1.0 R/hr
® GEORGE -— 0.1 R/hr

e ITEM -- Between 1.0 and 0.5 R/hr.

0
DR

Staffing: Counting the apparent project leader. 13 men were assigned to
thls project, 12 from NRL(H) and 1 €rom NRL. Group K (NRL[K]). They were
assisted by 21 others. It is not ciear, however. if all those assisting
were from NRL (Reference 112, p. v). Nine personnel asslgiled to or assist-
ing with the project were not badged. Some of the unbadged may no: have
been at the proving ground. The highsst badge exposure among the 13 as-
signed to the project was 3.970 R, for a NRL(H) man.

+
[l

]

.

it
}"

r

;j: Project Report: WT-66 (Reference 112).

44

- Project 1.1.2 -- Prompt Gamma Ray Intensity as a Function of Time
i Agency: Naval Research Lakoratorv, Group H (NRL)

Operations: 3Same as for Project 1.1.1.
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staffing: Thicteen men, tweive of whom came from the same group thet worked
on Project 1.1.1 (above). Some unnamed LASL personnel also assisted (Ref-
erence 113. p. v).

Project Report: WTr-36 (Reference 113).

Project 1.1.3 -- Measurement of Transit Time
Agency: Naval Research Laboratory. Group H (NRL)

Operations: Same as for Project 1.1.1.

staffing: Thirteen NRL(H) personnel from the same group that conducted
Project 1.1.1 (Reference 114, p. v). All were badged. Highest reco:rded
exposure was 3.970 R.

Project Report: WT-14 {(Reference 114).

Project 1.2 -~ Delayed Gamma-Ray Measurements
Project 1.2.1 -- Gamma-Ray Spectrum Measurements
Agency: Radiation Physics Laboratory. National Bureau of Standards
(RPL/NBS)

Ooperations: Detector stations were bullt at 610 and 2.185 feet (186 and
666 meters) from DOG and EASY surface zeroes, respectively (Refercnce 115,
P. 2). Apparently the recording scations were about 3,600 feet (1.10 km)
from DOG tower and about 4,800 feet (1.46 km) from EASY tower (Reference
115, pp.- 5 and 36). The distanccs from GEORGE tower to both the detectors
and recording stations are not explicitly stated in the avallable docu-
ments, but the recording statlions probably were on Bljlre, The project did
not participate in ITEM.

e DOG. One hour and forty-five minutes after the detonation,
s1x RPL/NBS personnel went by boat to Runit to recover
records and equipment from the recording statlcns. Recovery
was expected to take 6 hours. Five hours after the detona-
tion, twc of the RPL/NBS persornel recurned to Parry. At
1530, the other four left Runit for Enjebl with equipment,
presumably to prepare for EASY (Reference 97. Nos. 46, 56,
and 68).

® EASY. At 0800 on the shot day, a 4-man RPL/NBS recovery
team left Parry by LSU for Enjebi, departing at 1230 for
Parry (Reference 109, pp. E-T-28 and £-I1-33).

® GEORGE. hn RPL/NBS recovery team left Parc¢, by boat for

Biltre ar 1300

ara _j A

...... . ooy e A
on Dtl. Recovery took aboul 2 hours (Ref-

erence 102, p. G-I-.6).

Radlatilon levels in the probable Jocations of the recording stations
) . I on Runit and En‘ebil used for Project 1.2.1 were estimated to be 0.3 R/hr
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and 3 R/hr, respectively, 1 bour after the shot (Reference 111, pp. 28 and
36). The radiation level 1in the center of Biljire at 10C0 the day after
GEORGE was hetwecn 0.002 and 0.003 R/hr (Reference 38, p. 63).

Staffing: The project report for this ewperiment was authored by five
RPL/NBS personnel and mentlons eleven other participants, Of tlids latter
group, five were military (Reference 115. pp. v and vii). One of the
authors and five of the group of eleven were not badged. An RPL/NBS civil-
lan had the highest badge exposure (2.750 R).

Project Report: WT-76 (Reference 115).

Project 1.2.2 -- Measurement of Tota! Gamma-Ray Intensity vs. Time
After oOne Millisecond

Agency: Radlation Physlcs Laboratory, National Bureau of Standards
(RPL./NBS)

Operations: Varlious types of Instruments were set up 600, 610, 1,200,
2,185, and 3,900 feet (0.183. 0.]36, 0.366, 0.666, and 1.19 km) from each
of the three surface zeroes and near the NRL(H) recerding stations (Ref -
erence 130. pp. 2 and 60). ALpparenily there were no remote recording sta-
tions; thus data had to be retrieved from the Instrument locations after
the shots. The project did not particlpate in ITENX.

Some Project 1.2.2 recovery cvould have been done by the RPL/NBS groups.
Radiation levels «<lose to the three surface zerces were too high, however,

to allow recovery of close-1n instrument:s on DOG- or EASY-day or on GEORGE
D+1.

Staffing: The project report was authored by five personnel, and at least
two others., Includirg one military officer, were acknowledged to have
assisted. All were badged (Reference 116, pp. 111 and v). The highest badge
exposure - 5.600 R - was for one of the civilians.

Project Report: WT-77 (Reference 116).

Project 1.2.3 - Flim Dosimeter Measurements

Agency: Radlatlon Physics Labecratory, National Bureau of Standards
(RPL/NRZ)

Operations: Film badges were set out at varlous distances from the four
surface zerces. The badge station nearest to surface zero (distance ap-
proximate) 1n each case was:

DOG - 2,250 feet (686 meters) GECRGE - 4.500 feet (1.37 km)
EASY -- 1,950 feet (594 meters) ITEM - - 3,000 feet (914 meters)

Badqges were also placed inslide Bullding 311 on Enjebl, presumably fo:
EASY and 1TEM only. The building was about 2,900 feet (884 meters) from
both EKASY and ITEM surface zeroes (Reference 117, pp. 4% and 48). To be
read, the badges had to be recovered.
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m Availlable records do not specify when these badges were retrleved.
. But, as already noted, RPL/NBS teams returned to the DOG and EASY shot
islands on the respective shot days. Initial RPL/NBS reentry following
GEURGE was at 1300 on D+l1. The operatlon order does not mention RPL/NBS
R reentry following ITEM.

i sStaffing: Presumably the four authors of the project report were clvilian
employees of RPL/NBS. Four other persons are acknowledged as having as-
\ n; sisted, one of whom was a I[.ASL employee. The LASL employee and four of the
. others were badged. The recorded exposure of the LASL employee was 2.262 R,
and the highest among the others was 1.260 R,

Project Report: WT-81 (Reference 117).

A if Project 1.2.4 -- Measurements under Collimated Conditions
f - Agency: Radiation Physics Laboratory, Natlonal Bureau of Standards
i (RPL/NBS)

Operations: Two Instrument stations and a recording statlon were built on
) both Runlt and Enjebi. The instrument stations were connected to thelr
7 S respective recording stations by buried cable (Reference 118, pp. 2B and
g‘“:“} 29). Station 55 on Runlt was about 4,800 feet (1.46 km) from DOC surface
. zero (Reference 110, p. P-I-15). Station 55 on Enjebi was about 3,%70 feet

- (1.09 km) from EASY surface zero (Reference 119, p. 69). Data had to be
recovered from both recording stations.

R At DOG H+l., the estimated exposure rate in the vicinity of Station 55
. was less than 0.17 R/hr (Reference 111, p. 28). The estimated exposure
o rate 1n the viclnlty of Statlon %5 on Fnjebl at EASY H+l was between 1.0
TN and 3.0 R/hr (Reference 111, p. 34).

}g Staffing: The project report was authored by five persons and acknowledges
- slx others, including one from LASL. One author and one of the others were
) not badged. Presumably all but the LASL staff wmember were civilians from
,{Q RPL/NBS. Highest recorded exposure was 2.750 R.

Project Report: wT-41 (Reference 118).

Project 1.3 -- Thermal Radiation Measurements
. - Agency: Radiometry Branch, Optics Division, Naval Research
- r @, Laboratory (NRL)
Operations: A light source was mounted on the DOG shot cab, and a trans-
. missometer -- a device measuring the amount of light recelved from the
j? source -- was mounted 10 feet (2 meters) above lagoon level on an artifi-
.?] clal 1sland on the reef south-southeast of Runit. The distarce between the

soutrce at the shot point and transmissometer was 2.27 nml (4.21 km). Ap-
parently data had to be recovered from the transmissometer site.

For shot EASY, the transmissometer was placed on Bokenelab, 3.17 nmi
(5.88 km) from the source, which was mounted in the cab of the shot tower.
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Data from the transmissometer were relayed by cable back to Parry (Refer-
ence 120, p. 18).

Thermal radlation measurements were made at the DOG and EASY transmis-
someter sites and at Billae and Bokenelab for GEORGE and [TEM. Additional
thermal instrumentation was located at Parry for all four shots. Data and
equipment had to be recovered from the artificlal island, Bokenelab, and
Billae. The project was under the general direction of the leader of the
NRL(H) group, and 1t appears that project recovery was scheduled as part
of NRL(H) recovery operations,

e DOG. A recovery party left Parry for Runit and the arti-
ficlal 1island at 0900 on D+1. At 1300 it left Runit for
Bokenelab with a spectrograph and other equipment (Refer -
ence 97, Nos. 5 and 10).

® EASY. A mixed Edgerton, Germeshausen & Grier, Inc. (EG&G)
and NRL(H) recovety party left Parry at 0700 on D-day. Ten
NRL(H) personnel were dropped off at Bokenelab. At 0730 on
D+2, an NRL.(H) party was to go to Bokenelab to retrleve
equipment, including a spectrograph for transfer to Blllae
(Reference 109, pp. E-I-25 and E-I-45).

® GEORGE. At H+7, an NRL(H) recovery team visited Billae and
Bokenelab for tecovery of records. There 1s no Indication
when the spectrograph was moved (Reference 110, p. G-I-22),

® ITEM. At H+6. the chief of Project 1.3 was to helicopter
to Bokenelab to recover data (Reference 110, p. 1-1-14).

Project personnel manning Instruments on Parry were not exposed to
radicactivity from the tests except that from the fallout on these islands
following DOG, EASY, and ITEM. Radlation levels on the artificlal 1island,
Bokenelab, and Billae, as measured at the times closest to data recovery
or equipment movement., were as follows (Reference 38, pp. 8 through 10;
Reference 111, p. 28;:

e Artificlal island. No reading 1s avallable, but the radia-
tion level probably was low, consldering the low level on
the nearest portion of Runit.

e Bokenelab. At 0730 on EARSY day, the exposure rate was
2 R/hr, decreasing to 0.040 R/hr at 0900 on D+2. No post-
ITEM radiation reading 1s availlable.

e Blllae. At 1400 on GEORGE day, about 3-1/2 hours after the
detonation, the radiation level was 0.0003 R/hr.

Staffing: Seven personnel mentioned in the project report appear to have
been badged. Cne was an Army Signal Corps officer and the rest were pro-
bably civilian employees of NRL. The highest badge reading was 2.115 R.
(Reference 120, pp. 12 and 32). Project personnel operating equipment on
Enewetak and Perry were not badged.

Project Rerort: WT-120 (Reference 120).
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Project 1.4 -- Ball of Fire Observations
Agency: Edgerton, Germeshausen, and Griler, Inc. (EG&G)

Operations: Cameras were mounted on photographic towers to record fireball
development. Towers were located as follows for each shot (Reference 121,
pp. 145 through 148):

DOG -- Billae EASY -~ Dridrilbwij )
- Artificial island on Bokenelab j
> reef south-southeast GEORGE - - Bokenelab '
. of Runit Billae .

ITEM -- Bokenelab. ’ :

Film was recovered and cameras moved after each shot. The recovery
schedule does not mention this project by name: nevertheless, the record

. shows various activities planned or carried out by EGSG crews following
) the shots:
e DOG. At H+4, slx EG&G personnel went by boat to the arti- }

- ficlal 1sland and Bjillae for film recovery (Reference 97,
No. 52). The next day at 0745, six EG&G personnel were to
begin moving cameras to Dridrilbwilj (Reference 97. No. 52;
Reference 110, pp. D-I-17 and D-I-20),

® FEAsSY. At 0700 on the shot day, two EG&G personnel went to
Bokenelab by boat. At 0730, an ll-man EG&G party left Parrcy

- for Dridrilbwilj and other 1islands (Reference 109, pp.
E-I1-25 and E-1-27).

® GEORGE. AT H+5:45, EG&G teams helicoptered to Billae and
Bokenelab. Two other EG&G recovery groups helicoptered to
Bokenelab, one at H+12, and another on D+2 (Reference 102,
pp. G-I-21, G-I-23, and G-I-28).

. ETN.

) ® ITEM, If radiation safety permitted, two EG&G personnel
. were to go to Bokenelab by helicopter at H+3 to recover
- fllm. A second mission was to be flown at 1800 (Reference

110, pp. I-I-13 and I-I-14). Dismantling of the photo sta- K
tions was to begin on D+1. ]

Staffing: At least 11 EG&G personnel were present.

DI R i R

Project Report: WT-101 (Reference 121).

. Project 1.5 -- Neutron Measurements
? Project 1.5.1 -- Diagnostic Neutron Experiments (Sectlions 1 and 2)
Agency: Naval Research lLaboratory, Group K (NRL) o

) Operations: Varlous neutron detectors were placed within 465 feet (142
N meters) or less of the EASY, ITEM, and GEORGE shot towers. For EASY and




ITEM, detectors were connected by buried cable with the NRL(K) recording

station on Enjebi. 2,400 feet (732 meters) from the EASY surface zero and
e 2,780 feet (848 meters) from the ITEM surface zero. For GEORGE., detectors
[ were connected by buried cable to the NRL(K)-University of cCalifornia
Radiation Laboratory (UCRL) recording statlion on Aomon, 2,400 feet (732
meters) from surface zero (Reference 108, pp. 46 and 53). Recovery was as
follows:

. e EASY. At 0800 on shot day the project leader and three men
- went by boat to Enjebl to recover film from the NRL(K)
o recording station. At 1230 they started back to Parry. on
D+2, an NRL(K) crew moved equipment from the recording
statlon on Enjebl to the NRL(K)-UCRL recording station on
Aomon (Reference 109, pp. E-I-28, E~I-33, and E-I-44).

® GEORGE. The detonation threw a great deal of water on the
area around the recording station. Flowing into low spots.
the water concentrated widely scattered radiocactive mate-
rial, leading to high radiation rates. Recovery was delayed
untll H+30 (Reference 108, p. 29). On D+2, an NRL{(K) crew
left Parry, apparently to move equipment back to Enjebl

“ for ITEM, although the record does not specify that the
- equipment was for this experiment (Reference 102, p.
G-I-28).

e ITEM. AT H+3, si1x NRL(K) personnel were to leave Parrcy by
boat for recovery on Enjeb! and return 4 heours later. The

next day an NRL(K) crew of ten was to retrieve the equlp-
ment (Reference 110, p. I-I-14 and I-I-15).

Radlatlon levels near recording stations were as follows (Reference

108, p. 23):
Maximum Radliation Intensity Residual Radiatilon
o near Station (R/hr) Intensity (R/hr) .
- Shot At H+6 At H+30 At H#6 At H+30
= EASY 0.3 0.150
GEORGE 50 20 6-10 0.5-2
ITEM 0.5 0.3

Staffing: Twenty-two NRIL. civilian employees and one LASL civillan employee

appear to have worked on this experiment in the field (Reference 122, pp.

v and wvi1). Nineteen NRIL. employees and the LASL employee were badged.
- Highest expcsure was 3.880 R.

- Project Reports: WT-96 (Reference 122), WT-97 (Reference 108).

Project 1.5.2.1 - - External Neutron and Gamma Flux Measurements by Sample
Activation

Agency: lLos Alamos Sclentific Laboratory (LASL)
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Operations: For all shots, sanwples of four elements were attached to one
or two cables beginning 300 or 600 feet (92 or 183 meters) from surface
zero and extending for over 4,500 feet (1.37 km). The cable was to be
recovered by winch and the samples removed for analysils. Apparently, each
detonation broke the cable near the winch, and a tractor had to be used to
draw 1n the cable (Reference 38, p. 9). The location of this activity 1is
not specifically mentioned. but it probably was somewhere beyond the sample
most distant from each surface zero. At each of the four shots, the most
distant sample was (Reference 123, pp. 12 through 15):

® DOG -- 5,400 feet (1.65 km) southeast of surface zero

@ EASY -- 4.500 feet (1.37 km) southeast of surface zero

® GEORGE -- 6,300 feet (1.92 km) from surface zero on Bijire
® ITEM -- 4,500 feet (1.37 km) south of surface zero.

In addition, the same types of samples were attached to the cables of one
or more balloons anchored 4.500 feet (1.37 km) from the EASY surface zero
(Reference 108, p. 26; Reference 123, p. 19). Biological samples were set
out in stations for DOG, EASY, and GEORGE at about the same ranges.

Ten minutes after DOG, the recovery party left Parry for Runit by AVR,
In the group were one military policeman (MP), six H&N employees, and
fourteen other personnel of whom thirteen were listed by name. Among the
13 named were the 2 authors of the project report. The group left Runit
2 hours later (Reference 97, Nos. 33 and 46).

At EASY H+2 minutes, several boats left Parry for Enjebil via Japtan.
Apparently this activity was associated in past with the sample activation
experiment, but the assoclation 1s not described. At H+10 minutes, three
recovery parties 1n two AVRs left Parry for Enjebl. Upon arriving there,
the monitors ordered the boats to lay off Enjebl for an hour, and the par-
ties went ashore about 0755. One group recovered activated samples and
equipment not related to this experiment. Some personnel from the original
group left Enjebl about 1200. Departure times for the others are unknown
(Reference 109, pp. E-I-22, E-1-23, E-I-31),

Post-GEORGE recovery began 5-1/2 hours after the detonation when nine
sclentific personnel., accompanied by MPs, monitors, and H&MN employees,
left Parry for Enjebi by boat. Information on their time of departure from
Enjeb! is unavallable (Reference 102, p. G-I-19).

Recovery after ITEM was scheduled to begin at H+3 and probably began
only about 5 minutes late (Reference 110, p. I-I-13; Reference 104, p. 3).
Several recovery parties are mentioned, but 1t 1s not clear which one
retrieved samples for this exceriment.

At H+l on the respective shot days., the estimated radlation rate at
the sample attached to the cable at the farthest polnt from surface zero
was less than 0.17 R/hr for DOG., less than 1.0 R/hr for EASY, less than
0.1 R/hr for GEORGE, and less than 0.5 R/hr for ITEM. At the 1individual
sample station nearest to surface zero, the radiation rate was between 60
and 600 R/hr for DOG, about 600 R/hr for EASY, and about 200 R/hr for ITEM.
Attempts at recovery from these stations untll some later date seems un-
likely. At the blcological station nearest surface zero, the radiation rate
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was between 1 and 3 R/hr for DOG, between 3 and 6 R/hr for EASY, and be-
LY tween 25 and 106 R/hr for GEORGE (Reference 111, pp.- 28, 34, 40, and 45).

~ Staffinqg: The highest recorded exposure among the 13 personnel listed by
:: name as part of the recovery team was 6.280 R for a member of TU 3.1.5. He
33 was probably the radsafe monitor. Among the other 12 men, who probably were

- LASL employees, the highest exposure was 5.710 R.

Project Report: WT-114 (Reference 123).

Project 1.5.2.2 —-- Spectrun and Air Attenuation Static Measurements
(Neutron Spectra Measurements)

o Agency: Los Alamos Sclentific Laboratory (LASL)

Operations: For each shot the Instruments were placed at distances of 600,

: l,200. 1,800, 2,400, 3,000, and 3,600 feet (0.183, 0.366, 90.549, 0,732,

Y 0.914, and 1.10 km) from surface zero (Reference 107. p. 9). Photographic
» plates had to be recovered from each instrumentation station.

l;- DOG recovery began at about H+10 or 15 minutes when a reccvery party
= of nine left Parry by LCM for Runlt. They were divided into two teams. one

© BEN of which stayed by the winch house, while the other attempted to recover
the photographic plates. The lccation of the winch house is not known.

Maximum exposure rate was set at 2 R/hr. Fi-st recovery was from the 2.400-

foot (732-meter) station at about 0830. The corher crew recovered the plates

from the 3,000-foot (9l4-meter) station. In both <ases, the tcip from the

N winch house to the instrument station, removal of the photographic plates,

S and return to the winch house took about 15 minutes (Reference 107, p. 64).
) The entire group probably left the i1sland by AVR promptly after the recov-
ery from the 3,000-foot (914-meter) station (Reference 97. No. 46). At
1415 the same group left Parry for another recovery effort. At 1515 one
crew went to the 1,800-foot (549-meter) station, where the exposure rate
was between 1 and 1.5 R/hr. The other crew retrieved the plates from the
3,600-foot (1.10-km) station. With the radiation level at 0.020 R/hr. the
recovery party left for Runlit (Reference 107, p. 64). Recovery from the
1,200-foot (366-meter) statlion took place the next day. Recovery from the
600~foot (183-meter) statlion was onn D+2 (Reference 97, Nos. 3, 9 and 13),

&8 EASY recovery began at H+10 minutes, but ‘anding on Enjebl was delayed

- until 0755 due to high radiation. Photographic plates were recovered from

i the 1.200- and 600-foot (366- and 183-meter) stations on the next 2 days,
respectively (Reference 106, pp. E-I-40 and E-I-45).

GEORGE recovery started at H+5:45, with later efforts not mentioned in
the record (Reference 102, p. G-1-20). ITEM recovery was to begin at H+3
(Reference 110, p. I-I-13). For these shots, recoverles near surface zero
were probably 48 hours after the shot at the 1,800-foot (549-meter) sta-
tion, and about 10 days after the shot at the 1,200- and 600-foot (366- and
i183-meter) station (Reference 107, p. 64).

-:E staffing: The DOG recovery party consisted of three LASL civilian sclen-
o tists, four H&N personnel, and two Army radlation monitors. One of the H&N
-“"l
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personnel was not badged. Highest recorded exposure in the group was
5.840 R for one of the LASL scientists.

Project Report: WT-68 (Reference 107).

Project 1.5.3 -- Hlgh-Energy Spectrum
Agency: Naval Research Laboratory, Group H (NRL)

Operations: For GEORGE and ITEM, two detector stations were used, one 600
feet (183 meters) and the other 3,000 feet (914 meters) from surface zero.
Apparently, the detector statlons were connected by buried cable to the
approprlate NRL(H) recording statlion. The NRL(H) recording stations on
Bijire used for shot GEORGE were about 6,000 feet (1.8 km) from surface
zero. The NRL(H) recording stations on Enjebl used for ITEM were about
3,975 feet (1.2 km) south of surface zero. Thils project did not participate
in DOG and EASY. See ProjJect 1.1.1 for the recovery schedule from these
stations.

staffing: The project report indicates that 11 NRL(H) civilian personnel
worked on this project (Reference 124, p. v). All were badged and also
participated in Project 1.1.

Proiect Report: WT-37 (Reference 124).

Project 1.6 -- Blast Measurements

At least 45 personnel worked on this project, which consisted of several
subprojects: 17 from Naval Ordnance Laboratory (NOL)., 9 from Ballistic
Research Laboratories (BRL), 6 from LASL, and 13 from the Armed Forces
Special Weapons Prcject (AFSWP). Of this group., 18 were members of the
armed services (Reference 125, pp. 174 and 175: Reference 126, pp. vil and

69).
Project 1.6.1.1 --- Free-Alr Peak-Pressure Measurements Using Smoke
Rocket Photography
Agency: Naval Ordnance Laboratory (NOL)

Operations: A vertical grid was established with rocket smoke trails a few
seconds before each shot. The shock front caused a change 1n air density
and refraction of 1light as 1t spread outward from the blast. The result
was distortion of the grid's 1mage when photographed. Rocket--launching
tubes were located several thousand feet from each surface zero. Cameras
were mounted on one or more of the photography towers. Fllm from the cam-
eras had to be recovered. Rocket-launch tubes and timing equilpment for
firing the launchers were also recovered (Reference 127). Locations of the
towers and the launching tubes were (Reference 128, pp. 10, 14 and 15):

® DOG: Photography towers on Billae

Rocket launchers on Runit between 5,879 and 8,210
feet (1.79 and 2.50 km) from surface zero
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e EASY: Photngraphy towers on Dridrilbwil )

Rocket launchers on Enjebl between 2,937 and
4,600 feet (0,896 and 1.40 km) from surface zero

® GEORGF: Photography tower on Bokenelab

Rocket launchers on Bijire between 5.897 and
6,724 feet (1.79 and 2.05 km) from surface zero.

Location of the bunkers that held the timing equipment and the times of
attempted recovery cannct be determined from the available documents,

staffing: Three NOL personnel from the Project 1.6 group were assigned
primarily to this experiment. Only one was badged, and this badge recorded
zero exposure. The project leader recollects, however, also belng badged
and reentering to retrieve equipment (Reference 127).

Project Repcrts: WT-54 (rReference 128); WT-64 (Reference 125).

Project 1.6.1.2 - Free-alr Peak-pressure Measurements: Telemetering from
Moored Balloons

Agencles: Armed Forces Speclal weapons Project (AFSWP)

Applied Physics Laboratory, Johns Hopkins University (APL/JHU)

Operations: One or more balloons were tethered within several hundred feet
of the base of the sl.ot towers. vVarlous instruments and flash bulbs were
attached along the balloon mooring cables to measure blast pressure and
facilitate photography. Signals from the pressure gauges were transmitted
back to Parry Island. For DOG, one balloon was used. The anchor point ap-
pears to have been about 600 feet (183 meters) from the base of the shot
tower. The camera tower on the artificlal 1sland and one of the camera
towers on Billae were used for photography. Two balloons were tethered for
ERSY, one anchored about 400 feet (122 meters) west of surface zero and
the other 600 feet (183 meters) scutheast of surface zero. A camera tower
on Dridrilbwilj and one on Bokenelab were used for photography (Reference
129, pp. 94 through 95, 117 through 118, 132, and 142). No information 1is
avallable on recovery of thils experliment. The project was not included 1in
GEORGE and ITEM.

staffing: Thirteen personnel can be Ildentified by name as having worked on
this experiment. All but one were military personnel from AFSWP. The lone
civilian was from APL/JHU (Reference 125, pp. 174 and 175). Only four were
badged., with the highest exposure being 0.345 R.

Proiecl Reports: WT-20 (Reference 129): WT-64 (Reference 125).

Project 1.6.3.1 - Pressure Near Ground Level from Shock-Veloclty Measurements
Agency: Ballistic Research Laboratorles (BRL)
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Operations: For DOG and GEORGE a line of 1instrument stations extended a
few hundred yards from sucface zero and outward to a blast hut. Varlous
e instrumen®s were connected by cable to experiment data recorders inside
:: the blast hut. Apparently. recovery was from the huts. The distance of
each from surface zero was {(Reference 130, pp. 38. 44 and 45):

= ® DOG -- 5,340 feet (1.63 km)

& EASY - about 3,750 feet and 5,100 feet (1.14 and 1.55 km)
Ll ® GEORGE -- 6,600 feet (2.01 km).

Avajlable records give no indication of when recoveries for this experiment
were conducted.

o staffing: BRL supplied all six personnel assigned to thls experiment. One
of the team was from the Alr Force (Reference 125, p. 174). They were aided
by an advance party of other Project 1.6 personnel (Reference 130, p. 3).
Hlghest recorded exposure among the BRL personnel was 0.378 R.

A Project Reports: WT-55 (Reference 130); WT-64 (Reference 125).

Project 1.6.3.2 --- Pressure Near Ground Level with Foll Meters
Agency: Ballistic¢ Research Laboratories (BRL)

- Operations: The foll meters for DOG were set out in stations roughly ln a
- - line from the surface zero, southeast along Runit Island. Distances from
> S surface zero were from 1.950 to 6,000 feet (0.594 to 1.83 km). Two lines
~ :j of foll meter stations were established on Enjebi for EASY. One, with six
g - stations, ran southeast from surface zero from 1.380 to 4.650 feet (0.421
;_,J' to 1.42 km). and the other, with three stations, ran roughly eastward from
v surface zero from 2,700 to 3,700 feet (0.822 tc 1.13 km). Meters had to be

B read at the stations after the shots., but no information is available on
N when this was done.

- staffing: One BRL civililan employee is the only person named as asslgned
to this experiment (Reference 125, pp. 174 and 175). Hils recorded exposure
; s was 0.438 R,

Project Reports: wT-55 (Reference 130); WT-64 (Reference 125).

! rﬁ' Projlect 1.6.3.3 ~- Pressure Near Ground Level by Means of
=, Copper Indenter Gauges
Agency: Naval Ordnance Laboratory (NOL)

; Operations: For shot DOG gauges were placed on Runlt In statlcens between
. 1,650 and 7,500 feet (0.503 and 2.29 km) from surface zero. Billae and
i Alembel or Lojwa also had statlions.

Most gauges used for shot EASY were in stations on Enjebi. Three sta-
tions along an easterly line were between 1,800 and 3,699 feet (0.549 and
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I 1.12 km) from the center. and six stations along a southeasterly line were

- between 1,380 and 4.650 feer {0.42! and 1.42 km) from the center. In addi-
" tion, Mijikadrek and Kidrinen each had a station (Reference 131, p. 10).

- The gauges had to be recovered for reading but did not require prompt
) retrieval.

Staffing: Only the author of the project report, an NOL civilian, can be
positively assoclated with experimental work at the testing ground (Refer-

™~ o ence 125, p. 174). He was badged and showed a reading of 2.450 R.
‘;: Project Report: WT-78 (Reference 131).
T Project 1.6.3.4 -- Pressure Near Ground Level: Blast Asymmetry from

Aerilal Photographs

Agencles: Naval Ordnance Laboratory (NOL)

Edgerton, Germeshausen & Grier, Inc. (EG&G)

Operations: Cameras on several TG 3.4 aircraft were used in an effort to

record asymmnetries in the fireball and blast wave. Photography was started

a few seconds before and continued a few seconds after the shots. The

Planes used were manned B-30Ds and drone B-17s. The diones were used to

L study blast effects. The B-5IDs also participated in Projects 8.3A (Radar

. Scope Photography), 8.3C (Ph.tographic Bomb Damage Assessment). and 8.1

(Blast Effects on Alrcraft in Flight). Once these activitles were com-

pleted, both B-52D alrcraft flew counterclockwise around the nuclear c¢loud

for about 2 hours taking pictures for Project 4.1B, Development of Atomic

N Clouds. Finally, both particlipated in an atmospheric conductivity experi-
- ment for Project 7.8.

The work of the B-50Ds in all projects, except possibly Project 7.8,
should not have exposed the aircraft or crews to much radlation. Moreover,

" there 1s no record of them belng contaminated. The drones collecting sam-

A ples were heavily contaminated, as described under Project 1.7. The drones

o used in Project 1.6.3.4, however, probably had little chance for contami-

“ nation., and hence posed no potential exposure to ground crews or scientific
personnel.

Staffing: The project report had two authors, one the senlor EG&G man at
the test range and the other an NOL civilian technical assistant to the
Project 1.6 director (Reference 132, p. 1: Reference 125, p. 174). Informa-
tion is lacking on whether EG&G or NOL personnel were aboard the alccraft.

”! The B-50Ds were part of Task Detachment (TD) 3.4.2.1. Although the task
detachment was stationed on Kwajalein, the B-50Ds were moved to Enewetak
on 27 March and remained there until shortly after GEORGE.

Project Report: WT-58 (Reference 132).

. ProjJect 1.6.3.5 —- Pressure Near Ground Level: Ball-Crusher-Gauge Measurements
.}f Agency: Naval Ordnaunce Laboratory (NOL)
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Operations: For shot DOG, the gauges were set out in stations along two

segments of a line through surface zero and oriented ahout B8C9T. Along

- the segment in the southwest quadrant, gauges were between 12 and 400 feet

(3.7 and 122 meters) from the tower's base: along the segment in the north-

- east quadrant gauges were between about 275 and 369 feet (84 and 112

o meters) from the tower (Reference 132, p. 47). Fcr EASY, gauges were on

: both land and water. The most distant water station was 737 feet (225 |
meters) from surface zero. Land statlons were in two lines toughly south- '

5 east of the tower's base. The closest was 12 feet (3.7 meters) from sur-

: face zero and the farthest 429 feet (131 meters) (Reference 132, pp. 42

. and 48). The gauges had to be recovered for analysis. Because of hilgh

N radjation levels, recovery was delayed for about 2 weeks ln each case.

The party recovering DOG gauges consisted of one each from NOL and H&N
. and a monitor, all travellng on a weapons carrler. Recovery took about 30
- minutes. Gauges In the area of the EASY detconation were first lccated by
- an observer flying over the area In a helicopter at an altitude of about
- 10 feet (3 meters). Then a recovery party of two NOL personnel, two moni -
tors, and four H&N personnel entered the radloactive area, probably by
truck, for recovery. They were there for about 30 minutes (Reference 132,

p. 44).

2 o

. Two weeks after shot DOG, the radiation level in the tower area pro-
AN bably was between 0.5 and 1 R/hr. Two weeks after shot EASY, the radiatlon

. level in the tower area probably was less than 1 R/hr (Reference 38, p. 49 -
through 50, 59). 1

Staffing: The project report has two authors, both NOL civilians. one with :
. an exposure of 1.43% R and the other with an exposure of 2.450 R. The per- -

. sonnel who formed the recovery teams cannot be identified by name.

Project Report: WT-58 (Reference 132).

ST AAR e s

Q Project 1.6.4.1 -- Pressure-Time Measurements in the Mach Reglon:
Measurement with Diaphragm-Type Variable-Inductance Gauge

»
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Agency: Naval Ordnance Laboratory (NOL)

operations: For DOG., gauges were set out in sl1x stations on Runit between
3 1.950 and 6,000 feet (0.594 and 1.83 km) from surface zero. For EASY. two
N lines of gauges were established on Enjebl between 1,300 and 4.650 feet
N (0.396 and 1.42 km) (Reference 128, pp. 96 and 97). Each line of stations
- apparently had an assoclated blast hut containing data recorders. Data

were transmitted from the stations to the blast hut by cable (Reference J
] 133, p. 26). Data recovery was from the blast huts. The Runit blast hut ;
- was 5.450 feet (1.66 km) from surface zero. On Enjebi. blast huts were
A 3.490 and 4,715 fee: (1.06 and 1.44 km} from surface zero. Information on
g the time of recovery 1s lacking. )
Staffing: Six NOL personnel were assigned to this project 1In the fleld L]

(Reference 125, p. 174), one of whom was a Navy officer. One appears not
to have been badged., Highest exposure was 2.640 R.

Proiect Report: WT-53 (Reference 1313).

144 )




N Project 1.6.4.2 - Pressure-Time Measurements in the Mach Reglon:
Measurement with Spring-Plston Gauge

- Agency: Naval Ordnance Laboratory (NOL)

-; Operations: Gauges were placed in the same stations used for Project
) 1.6.3.2 (Reference 130, pp. 92 and 93; Reference 133, pp. 5! through 53).
The recording devices were with the gauges and they had to be recovered
for analysis. There is no Indlication of when the jauges were recovered.

’

PR P O S B
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Staffing: Four NOL. employees., one of them a Navy officer. appear to have
been assoclated wlth this experiment (Reference 133, pp. v and 27). Two
apparently were not badged. The Navy officer's exposure was 0.41% [. The
T badged civilian's exposure was 0.118 R.

Project Report: WT-53 (Reference 133).

- Project 1.6.5 -- Measurement of Density, Temperature, and Material Velocity
- in an Air Shock Produced by a Nuclear Explosion
- Agency: Los Alamos Sclentific Laboratory (LASL)

V.
e

Operatlons: Instruments were set out as follows (Reference 126, p. 104):

- Distance From
, Ground Zero

oF Shot L.ocation in feet (km)
g DOG Runit 7.500 (2.29)
g EASY £njebi 2.850 (0.869)

EABY Mi jikadrek 6.783 (2.07).

A recovery team wlith a monitor went to the Runit station at 1200 on DOG
at D-day (Reference 97, D-Day. No. 60), Between D+2 and D+5, fi!ms were to be
' recovered from the Runlt station and its equipment moved to the two sta-
- tions on Enjebl. A monitor was to accompany the group and recovery time
~ was estimated at 2 hours (Reference 97, D+2, No, 12). At 1230 on EASY
D-day. a 41-man team with a monitor and a Jeep went from Parcy te Enjebd
and M1 Jikadrek by boat to recover recording film from the two stations.
Two days later, dismantling of the experimental apparatus was to start
(Reference 109, pp. E-T-33 and K -I-48).

Radioactivity !n the vicinity of Lhe station on Runit appears to have
been nil. One hour after the shot KFASY the radlation level in the vicinity
of the Enjebl station was about 3 R/hr (Reference 111, p. 34), and on
Mijikadrek !t was 1.1 R/hr (Reference 38, pp. 54 and 8).

staffing: The project report had two authors. and the report acknowledqges
another filve pcople who took part. All apparently were LASL personnel, one
of whom was a naval officer. All were badged, with the highest exposure
recorded being 0.365% R.

Project Report: WT-110 (Reference 126).
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Projeci 1.6.6.1 -- Ground Shock Measurements: Measurements of Ground Motion.

Agency: Balliistic Research labcratortes

Operations: For EASY. ground motion gauges were mounted in slx statlions
- roughly southveast of the shot site between 1,080 and 4,501 feet (0.329 and
- 1.37 km) from surface zero (Reference 134, pp. 16 and 28). Cables conveyed
- data from the gauges tc a blast hut near the extreme southern end of
i Enjebi. about 5,100 feet (1.5 km) from surface zero (Reference 4, p. 69:
Reference 134, p. 7). For CSEORGE, five Iinstrument staticns were spaced
: between 1.860 and 6,474 feet (N.567 and 1.97 km) southeast of surface zero.
‘o The assoclated blast hut was 6,600 feet (2.01 km) from surface zero hear
r the southern tip of Rijire (Reference 134, pp. 8 and 31). Data were recov-
ered from the plast huts, but no recovery information is availlable,

= Staffing: Two men, one a civilian and the other an 2Army reservist, can be
identi1fied with this project. The civilian's exposure was 3.085 R and the
reservist's was 2.775 R.

Project Repor:: Wr-69 (Reference 134).

{2 Project 1.6.6.2 -~ Ground-Shock Measurements: Crater Survey

A Agency: los Alamos Sclentific Laboratory (LASL.)

Operaticas: Before DOG. EASY. and possibly GEORGE, steel stakes were driven
flush with the ground at various locations near the surface zeroes. For
" DOG and EASY the stakes were driven between 25 and 500 feet (7.6 and 152
meters) from the base of each tower. Plans called for the GEORGE stakes to
be between 300 and 1,150 feet (91 and 351 meters) from surface zero., Five

' to ten days after each shot., two to four H&N personnel with monitors were
.Fﬂ to work 1n relays marking stakes at the point where they were exposed by
2 the blast. This was expected to take 1-1/2 hours in each case. Complete
ﬁﬂ crater surveys were expected to require 5 days work by a 4-man H&N survey

team accompanied by monitors and laborers (Reference 135, pp. 23 through
25). The surveylng was done on 17 July 1951, and the stakes were removed
'\ in March 1952 ‘Reference 135, p. 26). Information does not appear to be
o avajlable on radlation levels at the three shol sltes as late as July 1951.

0 Staffing: Although the sclertific report was authored by a LASL. employee,
. the postshot work apparently was dcone entirely by H&N personnel and radla-

tion monitors of unknown afftiliation.

Project Report: WT-103 (Reference 135).

> b kA

Project 1.7 -- Radlochemical Yleld and Ffficlency Measurements
Agency: los Alamos Sclentific Laboratory (LASL.)

- Operations: Radlo-contrclled B-17 drones were flown through all the shot
clouds to collect samples for analysis. Some or all of ths drones also
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particlipated in Projects 4.1, 6.1, 6.5, 6.8, and 8.1. Each drone was con-
trolled by personnel aboard a B-17 controller ajrcraft. One or more of the
drones and thelr controllers were supervised by personnel aboard another
B-17, the master-controller. For this experiment each drone was to make
. one pass through the shot cloud. Each drone entered the cloud at a differ-
. - ent altitude. The manned B-17s --- the controllers and master controllers
' -~ did not enter the cloud. After each shot, drones, controllers, and mas-
ter controllers returned to Enewetak airfield. Samples were removed from
the alrcraft (Figure 17) and they were decontaminated as required,

Readings of gamma intensity in drones penetrating the cloud were over
1,000 R/hr. Tn drones penetrating the cloud stem, gamma readings exceeded
100 R/hr. The average contamination on the drones Immediately after passing
through the cloud was between 10 and 20 R/hr (Reference 136, p. 1). The
highest reading recorded on the outslide of a drone after landing was 20
. R/hr beta plus gamma. the gamma being only 6 R/hr (Reference 137, p. 106).
Several days of waliting for contamination levels to decay naturally and
- vigorous decontamination efforts were required before the drones were safe

- to service. Drones were not conslidered safe for malntenance until 4 days
' after shot DOG. Available records do not indicate radiation levels encoun-
tered by the controllers and master controllers or the degree to which
they may have been contaminated. Alrcrews, gqround crews, and personnel re-
trieving samples were all in positions for possible radiation exposure in
this experiment, as were personnel accompanying samples back to the United
States (Reference 97, D-Day, No. 50). Samples were packaged to keep radila-
u tion readings below 1 R/hr measured 1 foot from the container (Fiqure 42)
) and were placed in the C-54 air transports so that no personnel in the
plane would be exposed to more than 0.1 R/day (Reference 5, p. 90).
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AR Staffing: The project report was authored by two LASL civilian sclentists,
5 who acknowledged the work of twenty-six other LASL civilians. The work
’ described. however, appears to have been done at LASL. in New Mexico. The
report does not indicate which of the personnel actuc!'y were at Enewetak

helping with the experiment. Both authors and four ner personnel were

- o badged, with the highest exposure beilng 3.78% R. Dre 3, controllers, and
) jﬁ master-controllers and thelr respective alrcrews and >und crews were patt
o of TU 3.4.2, based on Enewetak Island and formed . m the 3200th Drone

Squadron from Eglin AFB, Florida. The unit's peak stre Jth was 649, and
42] men were badged at one time or another. Fifty-two had badge exposures

ri of over 3 R. However, since most of the exposures were received just after
“p - fu: ITFM, between 25 and 29 May, they may have been recelved from fallout
- ;x rather than from test operations.
l! Project Report: WT-113 (Reference 138).
N o Project 1.8 - Measurement of X-Rays
s E'é Agency: University of California Radlation Laboratory (UCRL}
.

Operations: Detectors for the EASY portion of this experiment were in a
bBlockhouse near the base of the tower and were jolned by cable to a record-
o ing station 2,400 feet (732 meters) southeast of surface zero. For GEORGE
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Figure 42. Monitor checks GREENHOUSE radioactive sample package for radiation
before loading on C-54.

- the detectors were at the base of the shot tower. Burled cable carried the
B signals from them to a recording station that UCRL shared with NRL on Aomon
) about 2,400 feet (732 meters) southeast of the tower (Reference 139, pp.
o) 18 through 19: Reference 108, pp. 46 and 53).

. Following shot EARSY, flve UCRL personnel left Parry at 0800 by LSU to
- recover film from recording stations. At 1230 they left Enjebl by LSU to
go to Bljire. The purpose of this latter activity is unknown (Reference
- 109, pp. E-I-28 and E-T-33). Six hours after the shot a UCRIL party of seven
- men accompanied by a monitor started for lLojwa from Parry by LCM. There
they boarded a weapons carrler to retrieve the film from the recording
station on Aomon. Apparently they were to stay at least 30 minutes (Refer-
ence 102, p. G-I-21). At EASY H+l the estimated radiation level In the
vicinity of the recording station on Enjebl was between 3 and 6 R/hr. On
- Blijire 1t was 0.00005 R/hr (Reference 38, p. 8: Reference 111, p. 34).

-, At GEORGE H+l, the estimated radiation level was between 25 and 100
R/hr in the vicinlty of the recording station on Aomon (Reference 111, p.
40). By 1000 the next day the radlation level was down to between 0.5 and
2 R/hr (Reference 38, p. 63).

. The project did not participate in DOG and ITEM.

Staffing: The project report lists %4 UCRL personnel as having bad a role
in planning and executing the experiment (Reference 139, p. vil). Forty-
- nine personnel were clvilians and the rest were military -- three Navy,
K one Alr Force, and one Army (Reference 110, p. E-I-28). Sixteen civilians
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and two Navy personnel were badged. Highest exposure was 3.330 R recorded
by a UCRL staff member mentioned in the TG 3.1 Operation Order as a member
of the EASY recovery party.

Project Reports: WT-79 (Reference 139); WT-80 (Reference 140): and WT-51
(Reference 141).

Project 1.9 -- Alr Drop Instrumentation

The three parts of this project were designed to furthe:r development of
instruments that could be used in alrcraft for quick estimation of nuclear
weapon yleld. None of the test instruments were mounted in aircraft.

Prtoject 1.9.1 -- Bhangmeter Measurements

Adgency: Edgerton, Germeshausen & Grler (EG&G)

Operations: Devices were set out at Parcy for all shots, with additional
devices at Ananlj for DOG and at Blllae for EASY. Recorders were attached
to the bhangmeters; thus recovery teams were sent to Ananij and Billae to
retrieve the data (Reference 142, pp. 17 and 19). No information is avail-
able, however, on when recovery occutted,

Staffing: The number and affiliation of persons working on this experiment
are unavajlable although they probably were EGSG civilians. The author of
the project report was the only person who can be identified by name. He
apparently was the senior EG&G representative at the test range. Hlis expo-
sure was 0.100 R.

Project Report: WT-92 (Reference 142).

Project 1.9.2 -- Measurement of Teller-Alpha

Agency: Edgerton, Germeshausen & Grier

Operations: For DOG, equlipment was placed on the Ananij photo tower, 34,590
feet (10.54 km) from surface zerc. Equipment for EASY was mounted on the
Billae photo tower, 44,560 feet (13.58 km) from surface zero (Reference
143, p. 20). The equipment location for shot GEORGE may have been Parry.
The project did not participate in ITEM. Because recording devices were
attached directly to the detectors, recovery parties had to visit the photo
towers to recover the data., but no information on recovery 1s available.

Staffing: Same as Project 1.9.1.

Project Report: WwT-108 (keference 143).

Project 1.9.3 .- Disc Camera
Agency: Edgertcon, Germeshausen & Grier (EGEG)
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Operations: Disc cameras were placed on the Ananij and Billae photo towers
for the same shots (DOG. EASY, and GEORGE) as used in Project 1.9.2. Film
had to be recovered from the cameras., but information on recovery is not
available.

staffing: The project probably was staffed by EG&G c¢ivilians, but their
number cannot be determined. None can be identified by name.

Project Report: WT-1ll2 (Reference 144).

?roject 1.10 -- Cryogenics

Agency: Los Alamos Scientific Laboratories (LASL)

Operatlong: Work on this speclal project was done before shots GEORGE and
ITEM, mostly on Parry Island and around the respective shot towers. loca-
tions and times of project activity were such that personnel should have
been exposed to little radiation.

Staffing: The project report lists 17 men as having worked on the project
in the field. Their affiliations were as follows: LASL, 1ll: UCRL, 2: Atmy,
l; H&N, 3. One of the LASL personnel was also an Army officer. One UCRL
employee, three LASL employees, and all of the H&N employees appear to

have been unbadged. Highest exposure in the group was 2.200 R for a LASL
clvilian.

Project Report: WT-50 (Reference 145).

Project 1.11 -- Timing and Firing and Fiducial Markers

Agency: Edgerton, Germeshausen & Grier (EGAG)

Operatlons: A central station on Parry sent signals via submarine cables
to a timer station on the shot 1sland for all shots. The timer station
contrelled signals to the test device and to experimental equipment on the
shot 1sland and elsewhere. In some applications., light-sensitive triggering
devices (called "blue boxes") provided the signal to start experimental
equlpnment.

Staffing: This project was manned entirely by EG&G personnel,

Project Report: WT-99 (Reference 146).

Project 1.12 -- Long-distance Measurement of Energy Yield of an Atomic
Explosion
Agency: Universlty of Californla Radiation Laboratory

Operations: Devices for detccting light from DOG were set out on Wake and
Saipan islands. For EASY, detectors on Saipan were used again, and others
were carrled aloft by a Guam-based C-54 of the 2143rd Air Wing. At shot
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time the plane was about 63C nmi (1.168 km) northeast of Enewetak. The
detectors were so far from the detonations that personnel operating them
and the crew of the alrcraft could not have been exposed to radlation.

Staffing: A number of men are listed in the project report. but it is not
Clear how many were at the detector locations,

Project Report: WT-106 (Reference l4),

PROGRAM 2 -- BIOMEDICAL

Projects making up this program can be divided into two groups: first,
those investigating effects of nuclear detonations on mice, dogs, and swine;
and, second, those investigating the characteristics of various organisms and
substances (blological dosimeters) that were believed to have the capability
to measure radlation exposure. Results of the animal experiments were used to
estimate 1njuries that might be caused in a human population exposed to a
nuclear detonation, At each shot animals often played a role in several proj-
ects. Moreover. animals often were In the same experimental stations with the
biological dosimeters. The bilomedical program 1s described as a whole on a
shot-by-shot basis, rather than on a project-by-project basls as was done for
Program 1.

The program was based on Japtan Island, where HS&N had built staff living
quarters, laboratories, and animal pens. To ensure that the test animals were
acclimated, adult animals were shipped from the United States well in advance,
and the animals used in the test were bred on Japtan. Tradescantia, a flower-
ing plant used in the experiments, was grown on Japtan.

The program was headed by a LASL consultant, and his deputy was a LASL em-
ployee. Program 2 was staffed by 99 personnel drawn from various organizations
as shown in Table 15.

Project reports for Program 2 are WT-8 (Reference 147), WT--9 (Reference
148), WTr-13 (Reference 149), Wr-21 (Reference 10). WT-22 (Reference 150), and
WT-43 (Reference 151).

Test animals were removed from thelr pens and placed in cylindrical con-
tainers on Japtan. These containers (Figure 43) Ffacilitated easy handling and
quick retrieval from radiocactive areas. The animals were taken by small boat
and then by truck (Figures 44 and 45) to test statlons at various ranges from
surface zero and the carrying containers placed inside the pipe-like test sta-
tions (Figure 46), which offered protection agalnst overpressure and thermal
effects. After the shot, the contalners with the test animals were retrieved
and returned to Japtan. Fiqure 47 shows recovery of contalners after shot EASY.

Shot DOG

Mice were placed In 16 stations between 2,700 and 6,300 feet (0.823 and
1.92 km) from surface zero on Runit. Tradescantia flowers were added in eight
of the stations. They were also put aboard each of three B-17 drones that flew
twice through the shot cloud at altitudes of 16,000, 18,000, and 20,000 feet
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Table 15. Sources of personnel for Program 2, GREENHOUSE.

Organization Enlisted Men Officers Civilians

Un1t One, Navy Bureau of Medicine 50 1 0
Other Navy 7 12 2
Army 0 4 0
Alr Force 0 4 0
Marine Corps 1 0 0
Los Alamos Scientific Laboratory 0 0 7
Oak Ridge National Laboratory 0 0 2
Brookhaven National Laboratory 0 0 1
University of Rochester 0 0 6

University of Califarnta,
Los Angeles?

o
o
-

2 Northwestern University? 0 0 1
(5
~% Note:

Ja1s0 affiliated with the Veterans' Administration.

Source: Reference 98,
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Figure 43. Contalners for animal exposure experiments in GREENHOUSE.
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- Figure 44,
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\i: - Figure 45. Truck with speclal equipment for handiing animal exposure

g containers, GREENHOUSE.
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Figure 46. Animal exposure contaliners being placed within test stattions,
GREENHOUSE .
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Figure 47. Pickup of animals after exposure, GREENHOUSE.

(4.88, 5.49, and 6.10 km), respectively (Reference 10, p. 48; Reference 151,
pp. 17, 57, 93, and 139). Recovery crews of TU 3.1.2 left for Runit at about
H+30 minutes and returned to Japtan about 2 hours later. Cther personnel from
the task unit collected the specimeis from the drones when they were landed
(Reference 97, D-Day, Nos. 38a, 43, and 69).

The animal stations nearest surface zero were in an area with a radiation
level estimated between 1 and 3 R/hr at H+1l (Reference 111, p. 28). Drone con-
tamination and radiation exposure potential are discussed under Project 1.7.

Shot EASY

Mice, dogs. and swine were set out in stations roughly along the zero llne
southeast of surface zero on Enjebil. Beglining 2,025 feet (617 meters) from
surface zero, the line of stations stretched to the 1lsland's southeastern shore
(Reference 151, p. 57). Additional stations were on Mijikadrek, Kidrinen, and
Bokenelab. The most distant station, on Bokenelab, was 16,992 feet (5.18 km)
from surface zero (Reference 10, p. 50),

Phantoms were set out 1n various stations. These were plastic or Masonlte
devices constructed to simulate radlation absorption characterlistics of human
beings and experimental animals. The human phantoms, simulating tank crews,
were placed in tanks, the closest 2,250 feet (686 meters) from surface zero,
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As before, Tradescantia was placed at many of the stations (Reference 151, pp.
114 and 140 through 142).

Various materlals considered as dosimeters were exposed to radlation from
the blast. A specles of mold, corn kernels, and glass samples were put in sta-
tions between 900 and 2,400 feet (274 and 732 meters) from the tower along the
zero line. Potassium bromide crystals and luminescent glass were placed 1n
some of the more distant Enjebi stations (Reference 149, pp. 1. 14, and 21).
Mice and Tradescantia were placed aboard drones and exposed in the same way as
for DOG (Reference 151, p. 139).

EASY recovery for the biomedical program started a few minutes after the
shot when two LSUs, five LCMs. and a water taxl left Parry for Enjebl via Jap-
tan. The recovery teams, at least those after the dogs. arrived at Enjebl at
0900 (Reference 150, p. 90). At about 0830 a group from TU 3.1.2 retrieved the
specimens from the three drone B-17s (Reference 109, p. E-I-29). Dogs and their
handlers were back at Japtan by 1700, and probably the other personnel, animals
and samples were also. Two days after the shot, TU 3.1.2 partles visited
Enjebl, Miljikadrek, Kidrinen, and Bokenelab to recover batteries (Reference
109, p. E-I-43).

In the area of the station 900 feet (274 meters) from surface zero, the
estimated radliation level at EASY H+l was 1,400 R/hr. The animal station clos-
est to surface zero was in an area with a radiation level of between 16 and 29
R/hr (Referénce 111, p. 28). D~-day recovery attempts appeared doubtful 1n view
of the high radlation levels, yet the project reports give the impression that
all animals were recovered the first day. Recovery from the stations with the
dosimetry material between 900 and 2,400 feet (274 and 732 meters) from surface
zero 1s not specifically mentioned in the avallable records. Two days after
the shot. radiation levels were as low as 0.005 R/hr on the western edge of
Enjebl and were 0.018 R/hr on Mijikadrek, 0.028 R/hr on Kidrinen. and 0.040
R/hr on Bokenelab (Reference 38, p. 6). Drone contamination is discussed under
Project 1.7.

Shot GEORGE

Mice, dogs, swine, and Tradescantia were used for the GEORGE bilomedical
exoeriments. They were placed in stations along the zero line between 3,000
feet and 14,355 feet (0.914 and 4.38 km) southeast of surface zero. Stations
were on Aomon, Bijire., Lojwa, Alembel, and Billae (Reference 10, p. 52: Refer-
ence 147, pp. 9 and 16; Reference 151, pp. 20, 57, and 141). Phantoms were
placed in one station. As with DOG and EASY. mice and Tradescantia were placed
aboard three drones that penetrated the cloud twice (Reference 151, pp. 93 and
117).

Recovery began at about H+5:45 when a part of TU 3.1.2, consisting of one
LSU and three LCMs, departed Japtan for Lojwa. Alembel, and Billae. They were
expected to return about 3-1/2 hours later (Reference 102, p. G-I-21). Ne
information is available on when the mice and plants were removed from the
drones. but they were returned to Japtan about 10 hours after the shot (Refer-
ence 102, p. G-I-23).
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At H+l, the estimated radiation level on Romon in the neighborhoed of ani-
mal statlons nearest to surface zero was between 25 and 100 R/hr. On the por-
tion of BPijire farthest from surface zero, 1t was estimated at less than 0.10
R/hr (Reference 111, p. 40). The levels on Lojwa and Alembel ate not available.
The level on Billae at 1400 on GEORGE day was 0.0003 R/hr (Reference 38, p. 9).
Drone contamination is discussed under Project 1.7.

Shot ITEM

Dogs were put in nine foxholes between 1,200 and 4,500 feet (0.366 and
1.37 km), roughly south of the ITEM surface zero on Enjebi. They were recovered
at about H+6:30 (Reference 147, pp. 1, 7. and 29). Two foxholes 1,200 feet
(366 meters) from surface zero were In an area where the estimated exposure
rate 1 hour after the detonatlon was about 200 R/hr (Reference 111, p. 45).

PROGRAM 3 -. STRUCTURES

This program. sponsored by AFSWP, Iinvestigated nuclear blast effects on
various types of civilian and military structures. The AEC and the services
all had an interest in the program, which was headed by a clvilian from AFSWE.
The program participated in shot EASY only.

Twenty-seven structures were erected, two for the Rrmy., twelve for the
Navy, twelve for the Alr Force, and one for the Public Bullding Service of the
Government Services Administratlion (GSA) (Reference 5, p. 66). Varlous lnstru-
ment stations were near the test structures. Project 3.1 was responsible for
the two Army structures, which were on Enjebi., one 1,710 feet (521 meters) and
the other 2,970 feet (905 meters) from surface zero. Project 3.2 was responsi-
ble for the 12 Navy structures. Eleven were on Enjebl: two only 250 feet (76
meters) from surface zero and the rest hetween 2,400 and 3,630 feet (0.732 and
1.11 km) from surface zero. One was on Mijlkadrek. The 12 Alr Force structures
were the responsibllity of Project 3.3, Seven of these structures were on
Enjebl, between 3,520 and 4.200 feet (1.07 and 1.28 km) from surface zero, and
the rest were on Mijlikadrek. Sandia Corporation was in charge of instrumenting
the bulldings, and the personnel working on this part of the program were
organized as Project 3.4. A representative of the Public Bullding Service,
operating as Project 3.5, used a structure on Kidrinen for that organization's
portion of the program (Reference 152, pp. 26 and 27, 60 through 62).

At 1230 on shot day, two groups of program personnel left Parry by boat to
begin recovery operatlons. Aboard an LSU bound for Enjebl were one person each
from Projects 3.1, 3.2, and 3.3, accompanied by radlation monitors and H&N
personnel. They did a preliminary damage survey. Three Project 3.4 personnel
with radiation monitors and a photographer were aboard an I.CM bound for Mi1ji-
kadrek and Enjebl. They recovered instruments on Mijlkadrek. One Project 3.3
man, accompanied by a photographer, a radlation monitor, and an H&N supervisor.
made a preliminary damage survey on Mljlkadrek. The program dilrector and his
deputy inspected both 1islands. The various groups returned to Parry at about
1700 (Reference 109, p. E-I-35%). A detalled examination of blast damage was
bequn 2 days after the detonation. At that time radsafe requirements allowed
only brief entry into the Army structure 1,710 feet (521 meters) from surface
zero. The date when this building was studied is not avallable. The two Navy

157




structures 250 feet (76 meters) from surface zero could n~* be inspected until
a week after the shot. Photographing and documenting the damage took 16 working
days. Photographers from TU 3.1.6 played a major role in this work (Reference
152, p. 68).

Estimated radiation levels on Enjebi at H+l were from one to several hun-
dred roentgens per hour (Reference 111, p. 34). By 1300 on D+2, they had de-
creased considerably so that only the two Navy bulldings 250 feet (76 meters)
from surface zero were within the 1 R/hr zone. Exposure rates on Mi jikadrek
and Kidrinen were about 1 R/hr on shot day and about 0.5 R/hr on D+l.

Just before the start of testing, 125 personnel were assigned to Program 3
as follows (Reference 152, pp. 61 through 63; Reference 153):

Program Headquarters Project 3.3
1l AFSWP clvillian 1 Alr Force officer
1 Navy officer assigned to LASL 1 Air Force civilian
1 AFSWP colonel (unspecified service) 2 Atmour Research Foundation
ilians
1 Air Force clvilian civ
1 c¢ivilian of unspecified
1 government civilian affiliation
1 Massachusetts Institute of Technology
9 other persons
civilian
1 Army corpecral Project 3.4

Project 3.1 Sandia civillans

Holmes & Narver civilian
1 government civilian

1 MIT civilian Navy officers assigned to LASL

[ . R B - ¥

University of California
8 civilians of unspecified affillation Y

civilian
Project 3.2 1 Princeton University civilian
3 Navy officers 1 sStanford University cilvilian
1 Navy civilian 1 University of Illinoils
civilian

42 enlisted men

37 civilians of unspecified
affiliation.

PROGRAM 4 -- CLOUD PHYSICS

This program was designed to gather information on tropical meteorology
and on various properties of nuclear clouds: slze, appearance, electrical and
radloactive characteristics, temperature, turbulence., moisture content. wind
velocity. vertical and horizontal mixing, rate of growth, and dlsperslion char-
acteristics (Reference 111, p. 6). It was headed by a civilian from Air Force
Cambridge Research Center (AFCRC) (Reference 5, p. 61). Apparently he was not
badged.
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Project 4.1 -- Atomic Cloud Documentation

This project was headed by an unbadged civilian from AFCRC. The project
consisted of three experiments: Projects 4.1A, 4.1B, and 4.1C.

Project 4.1A -- Cloud physics

Agency: Alr Force Cambridge Research Center. Atmospheric Physics
Laboratory (AFCRC)

- Operations: Instruments measuring pressure, temperature, and relatlve
- humidity were installed in drones. and data were recorded as the drones

1 flew through three shot clouds. Eight drones participated in each shot and
X attempted two penetrations of the cloud. Nominal penetration helghts were
- every 2,000 feet (610 meters) from 16,000 through 30,000 feet (4.88 through

- 9.14 km). Data were recovered from the recoriders on each drone after land-
3 ing. The project d4id not participate in ITEM.

staffing: The two authors of the portion of the project report dealing
with this experiment were AFCRC clvililans. Both appear on an early roster
" of TG 3.1, but neither appear to have been badged. A third AFCRC employee
- who was badged was associated with this experiment. On Enewetak the instru-—
ments carried by the drones were maintained by a group of one officer and
',i: four enlisted men from the 3200th Drone Squadron, 550th G.M. Wing. Eglin

; AFB, Florida, assigned to TU 3.4.2. One of the enlisted men had an exposure
of 4.170 R. An unbadged field representative of the Kollsman Instrument
Corporation assisted in maintaining the instruments (Reference 154, pp. 2

_ and 3).
,fQ Project Report: WT-115, Part I (Reference 154).

Project 4.1B -- Develcpment of Atomic Clouds

Agency: Institute of Geophysics, University of California
at Los Angeles

Operations: For the first three shots, data were collected from four ground

. stations:

} e Bilken -- Unmanned but with an automatic camera

; ® Japtan -- Two observers
i e Enewetak Island -- Two stations, one at each end of the
X island with observers.

i- Also for the first three shots. a man aboard each of the two B-50Ds (49-340

':; and 49-290) took pictures of the shot cloud with a hand-held camera. The
- activities of the B-50Ds are discussed under Project 1.6.3.4. For ITEM,
- one of the ground stations on Enewetak Island was manned by two observers
L ] (Reference 154, pp. 73 through 76: Reference 20, pp. 57. 59, and 61). No

record 1s avallable of when fillm was recovered from the camera on Bilken.
The camera and related equipment were recovered from the island on GEORGE
D+2 (Reference 102, p. G-I-17).
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Staffing: An Alr Force officer attached to TU 3.1.3 supervised the photog-

raphly. An Air Force enlisted man and a civilian, also attached to TU 3.1.3,

are named as helping with the photography from Enewetak. EG&G personnel
7\ may have made up the rest of the crew manning the Enewetak cameras. Two
) Alr Force officers., one from TU 3.4.2 and the other of unspecified affil-
iation, are named as the B-50Ds photographers. The Ailr Force enlisted man
was not badged, and EG&G persconnel cannot be identified. A civilian and
two Alr Force officers authored the portion of the project report dealing
with this experiment (Reference 154, pp. 65 and 67). The affiliation of
one of the Air Force offlcers is unknown, and nelther was badged. The other
- Alr Force author was attached to TU 3.4.2. He had the highest listed expo-
- sure -— 3.525 R —- of any person identified with this experiment.

Project Report: WwTr-115, Part II (Reference 154).

Project 4.1C -- Cloud Tracking
Agency: Edgerton. Germeshausen & Grier

Operations: Apparently data for this experiment consisted of photographs
taken between about 20 minutes and 1 hour after the detonation by cameras
“, at the two camera stations on Enewetak and the one on Biken. Thils project
- did not participate in ITEM.

For the camera crews and those recovering film and photographic equ -
ment from Biken, the exposure potential was the same as for Project 4.lb.

Staffing: It probably was the same as for Project 4.1B, except that the
personnel in B-50Ds were not involved.

Project Report: WwWT-115, Part III (Reference 154).

fﬁ Project 4.2 -- Measurement of Surface-Alr Movements Associated with
- Atomic Blasts
. Agency: Alr Force Cambridge Research Center. Atmespheric Physics

Laboratory (APL/AFCRC)

- Operations: DOG instrument statlons were located on Runit (8 stations from
B 2.400 to 4,500 feet [0.732 to 1.37 km] from surface zero). Billae (1 sta-
- tion), Alembel (1 station), Eleleron (6 stations), Bokenelab (1 station),
o Kidrinen (1 station), Mijikadrek (4 stations), Enjebi (3 stations), and on
'! Dridrilbwij (2 stations) (Reference 4. p. 64: Reference 155. p. 16). For
N EASY. the stations were on Enjebl (8 stations ! ,500 to 4,568 feet [0.457

to 1.42 km)} from surface zero). Mijlkadrek (4 stations). Kidrinen (1 sta-
. tion), Dridrilbwi] (2 stations). Bokenelab (1 station). Eleleron (6 sta-

tions), Alembel (1 station). and Bililae (1 station) (Reference 4, p. 64;

Reference 1%55%. p. 19). For SEORGE., rhe stations were on Eleleron (1 station
q 1.950 feet [594 meters] from surface zero), Aomon (2 stations 2,400 to
i 3,780 feet [0.732 to 1.15 km] from surface zerc), Bljire (4 stations 5,700
. feet [1.74 km] from surface zero), Alembel (1 station), Bokenelab (1 sta-
- tion). Billae (1 station). Kidrinen (1 station)., Mijikadrek (3 statlons),
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Enjebi (2 stations), and Runit (2 stations) (Reference 4, p. 64; Reference
155, p. 22). Data recordings had to be recovered from each station. At
shot DOG H+€, two teams returned to Runit and cecovered records from the
elght stations. Recovery took about 12 mlnutes per station. Records from
the other statlons were retrieved on D+2 (Reference 155, p. 15). At EisY
H+6., three teams recovered records from stations on Enjebl and M1jlkadrek,
except for the Enjebi statiocn 1,500 feet (457 meters) from surface zero,
which was too radiocactive. Records from that station and from those on the
other lslands were recovered on D+2 (Reference 155, p. 18). One project
team recovered records from stations on Eleleron, Aomon, and Bijire at
» GEORGE H+10. Three days later records were recovered from the other sta-
- tions. At the same time, all equipment from the stations was recovered,
- axcept that from the two stations on Eleleron 1,950 and 2,400 feet (594
and 732 meters) from surface zero .cspectively. Equipment from the second
N statlon was recovered 5 days postshot, and from the first 10 days postshot
. (Reference 155, p. 21).

W Staffing: Ten men manned thils project. One was a civilian engineer from
N the Bendix-Friez Corporation, and the other nilne appear to have been at-
tached to APL/AFCRC. One., the project leader. was a civilian: the others

= were Alr Force personnel, two offlcers and slx enlisted men (Reference

i - 155, p. 14). All were badged: the highest recorded exposure was 1.555 R,

Project Report: WT-105 (Reference 155).

Project 4.5 -- The Precipitation and Formatlon Movement of Clouds
in the Central Pacific

Agency: Institute of Gewphysics, Unilversity of California
at Los Angeles (UCLA)

Operations: An elaborate system was organized for collecting and analyzing
wecather data to produce needed forecasts. The core of the forecasting ef-
fort was Joiat Task Force 3 (JTF 3) Weather Central, part of TU 3.4.5 and
located on Enewetak TIsland. Informatlion entered the system from several
sources:

1. wWeather statlions 1in the Paclfic reglon not under opera-
tional control of Commander JTF 3 (CJTF 3) {(Reference 156,
p- 26).

2. Weather statlions under control of TU 3.4.5. These Included

- existing stations on Kwajaleln and Enewetak and others

'_- established for GREENHOUSE on Majuro, Bikati, Kusale, and
o Nauru (Reference 156, pp. 19 and 20).

3. The Kwajaleln-based 57th Strategic Reconnaissance Squadron
(Medium), Weather. assigned to TU 3.4.4 and flying varlious
tracks out of Kwajalein. Alrcrews recorded and transmitted
data to Weather Central.

4. Patrol Squadron (VP-931), a Navy P2V patrol squadron based
= on Kwajaleln, was glven the additional duty of transmit-
- ting weather data whlle on patrol (Reference 101, p. 17).
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Data supplied from these sources were used not only for weather forecasting
but also for Program 4.5. Moreover, personnel at the weather stations,
except Enewetak and Bikati, and personnel on the WB-29s of TU 3.4.4 took
photographs of weather conditions, which were used in the Program 4.5 ana-
lytical effort (Reference 156, pp. 58, 59).

Personnel at Weather Central, personnel at the weather stations, WB-29
aircrews, and P2V aircrews participated in this project as part of their
work providing the weather forecasts required for testing.

Both WB-29s and P2Vs were contaminated. The potential radiation expo-
sure arising from the wo:k of the WB-29s is described under Project 7.4.
R During DOG operations one P2V was contaminated, and two were contaminated

: during EASY operations. Twelve hours after DOG, radiation on the engines

" of the contaminated P2V was measured at 0,040 R/hr. Twelve hours after
BASY, engine radiation on the two contaminated P2Vs was 0.020 and 0.040
L R/hr, respectively.

The project staff, the aircrews, and Weather Central personnel could
have been exposed as the result of their work (Reference 156, p. 5). For
- example, staff members flew aboard the WB-29s, taking weather photographs
for the project (Reference 155, p. 59). The weather tracks flown by the
WB-23s were such that they probably encountered no radiation, and no
record of such an encounter was found ({(Reference 156, pp. 23 through 26).

Staffing: Project 4.5 staff had at least three personnel, a civilian and
two Air Force officers, all apparently associated with UCLA (Reference
156, p. 5; Reference 110). None of them was badged. TU 3,4.4 was made up
of personnel from the 55th and 57th Strategic Reconnaissance Squadrons. At
peak strength it had 323 personnel, 162 of whom were badged at one time or
another. Highest recorded exposure was 7.030 R.

Weather Central on Enewetak Island (TU 3.4.5) had about 32 personnel,
including 12 Navy personnel from TG 3.3, and 3 Air Force personnel from TU
. - 3.4.4. Other members of TU 3.4.5 were all Air Force personnel assigned to
.. weather stations on Majuro, Bikati, Kusaie, Nauru, and Kwajalein. Appar-
. ently, none of these was badged. Chapter 7 discusses the parent units of
Air Force personnel in TU 3.4.5. VP-931 had 386 personnel, of whom 102
were badged (Reference 157).

Project Reports: WI-40 (Reference 156).

Project 4.6 -~ Atmospheric Conductivity
t Agency: Air Force Cambridge Research Center (AFCRC)

Operations: Four aircraft were assigned to this experiment: two B-50As
(nos. 023 and 017) and two L-13s. The B-5CAs were equipped to measure the
atmospheric conductivity and to collect particulate and gaseous samples in
or near the radiocactive cloud. During daylight hours, one B-504 followed
the cloud, taking conductivity readings and collecting samples. Its purpose
was to get information on cloud composition and movements, and on the
effectiveness of the two sample-collecting systems. After DOG, one B-50A
followed and sampled the cloud from H+2 to H+1ll; the cther took up the
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task from H+24 to H+30; and the first returned to duty from H+52 to H+60.
After EASY the alrcraft again followed the cloud during daylight hours,
one from H+2 to H+9, and the other from H+26 to H+32. The same pattern was
followed after GEORGE, but the exact tracking times are not available. The
project did not particlipate in ITEM. The B-50As also participated in Pro-
grams 7.4 and 7.8.

The L-13s flew over the atoll's 1slands beginning at about DOG H+10.
Succeeding flights were made on D+1 through D+4 and on D+10 and D+12. Most
flights were at 1,000 feet (305 meters), but some were at 200 and 500 feet
(61 and 152 meters). The first flight over the crater area on Runit was
made at 500 feet (152 meters) on D+3. Islands for which readings are avail-
able are Biken, Kl .renen, Ribewon, Boken, Mut., Ikuren, Parry. Japtan. and
Runit. The L-13 resumed conductivity studles at EASY H+10, with flights at
S00 and 1,000 feet (152 and 305 meters). Flights apparently were made more
or less daily for 10 days. The flrst L-13 conductivity flights for GEORGE
began at H+6 and 1ncluded passes over the shot 1sland initially at 3,000
feet (914 meters) and dropping to 1.000 feet (305 meters). Flights were
made dally until the seventh day after GEORGE.

The B-50As were not to penetrate cloud reglons of high radiation, but
information 1s lacking on the radlation level that was to prompt evasive
action. Fllters on the B-50As particle collection systems had to be changed
every 30 minutes by personnel aboard the alrcraft. Twelve hours after DOG,
engine contamination was 0.150 R/hr. Twelve hours after EASY one aircraft's
engines were contaminated to a level of 0.080 R/hr and those of the other
to a level of 0.050 R/hr. Aircraft skin contamination was about one-tenth
of the englne contaminatilon.

There is no record of the L-13s belng contaminated, hut as they sur-
veyed the atoll’'s 1slands, they passed over some areas of relatively high
radloactivity. Readings of the conductivity instruments probably were not
readily convertible to radlation readings, and they may not have been
available to the flight crews. Apparently, concern developed that the L-13s
might be exposed to unacceptable levels of radlation. Data were collected
after GEORGE by alrcraft fitted with standard radiation detectors.

Staffing: The project report had three principal authors, and they acknowl-
edged the assistance of four others. Two of the principal authors were
assoclated with the Geophysics Reseatch Dlvision of AFCRC. Nelther was
badged. The third principal author was assoclated with Carnegle Institute.
Hls recorded exposure was 0.030 R. Two civilians and two military officers
who assisted the principal authors were from the Atmospheric Electricity
Section, Atmospheric Physics Laboratory, AFCRC. All four were badged: the
highest reading was 1,640 R,

The two B-50As were from TD 3.4.2.1. The detachment's personnel and
alrcraft had come from the 3151st Electronic Group and 3171st Electronlc
R&D Group at Griffiss AFB, New York. All flight crewmen should have been
badged when tracking a cloud but some were not (for example, the pilot of
the B-50A flight that tracked the DOG cloud on 8 and 10 April) (Reference
24. pp. 32-33).

The two 1.-13s were from the Lialson Unit, TU 3.4.6. This task unit in
turn was made up of personnel from the 2600th Air Base Squadron, the 4th
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Liaison Flight, and the Sth Hellcopter Flight, all from Pope AFB. North
: Carolina. A few personnel were from the 4910th Ailr Base Group at Kirtland
A AFB, New Mexico. Only one person in TU 3.4.6 recelved more than 1 R (Ref-
e erence 59)

N Project Report: WT-71 (Reference 158).

)
if PROGRAM 5 -- RADIATION INSTRUMENT EVALUATION
".::'.'_ Program 5 was designed to test newly developed equipment tc detect and
:: measure radlation, under conditions not too different than what right be en-
.j{ countered during combat. It was headed by a naval officer assigned to LASL.
T . Hls exposure was glven as 0.990 R,
Y.
M Project 5.1 -- Evaluation of Ground Radiac

N The Army Signal Ccrps Engineering Laboratories {SCEL) had the leading role
in this effort. Work was organized as follows:

\ Project 5.1.1 -- Doslmeters
; Project 5.1.2 -—- Survey Meters
Qig Project 5.1.2.1 -- shot Island Survey
e Project 5.1.2.2 -~ Drone Survey
;. Project 5.1.2.3 -- Rerial Survey
f:: Project 5.1.2.4 -- Personnel Monitoring

:; Project 5.1.3 -~ Moblle Radiclogical Laboratory

'if Project 5.1.4 -- Landing Monitors.

) Project 5.1 staff and their exposures (in roentgens) were (Reference
o 137, p. 209: Reference 59):

% . SCEL personnel:

E:- Officers Ccivilians Enlisted
Y Project Officer 0.430 Project Scientist 0.310 Clerk 1.360
Supply Officer 0.200 Dosimeter Unit 0.570 Fleld Lab
Unit 1.100
Dosimeter Unit 0.400 Dnslilmeter Unit 1.410
- Survey MMeter Survey Meter
@, Engineer 2.590 Maintenance 0.540
L Field Lab Survey Meter
S unit 1.230 Maintenance 0.040
‘;T Fleld Lab Survey Meter
e Unit 1.880 Maintenance 1.285
!! Fileld Lab Unit 2.035
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Chemical Corp Personnel:

Enlisted Civilian

Fleld Lab Unit 1.45%0 Dosimeter Unit 1.660

Other c¢ivilian participants 1in Project 5.1 were from Federal Civil
Defense Agency (Survey Meter Unit) (2.174 R) and TracerLab. an SCEL con-
tractor that participated In the Field Lab Unit. Highest TracerLab exposure
was 1.180 R. The amount of assistance by Project 5.1 to the subprojects 1is
not clear. At a minimum, however, the dosimeter personnel probably re-
trieved samples of drone contamlnation for the field laboratory. and the
survey meter group had to be supplemented by other members of the preoject
staff for shot-island surveys (for example, see Reference 97, D-Day. No.
43b and D+1 Day., No. 1). Project reports are contained in WT-3 (Reference
159), wT-62 (Reference 78), and WT-63 (Reference 137).

Project 5.1.1 -- Dosimeters

During DOG and EASY. dosimeters were carrled by each of the eight B-17
drones I1nvolved. During EASY, dosimeters were set out in 23 ground sta-
tions. The location of stations is not clear from avallable information.
Those closest to surface zero, however, were placed so as to recelve an
expected exposure of 2,000 R. Some fiqures in the project report show the
closest station about 3,000 feet (914 meters) from surface zero and the
farthest somewhat more than 8,000 feet (2.44 km). Besides Enjebl, stations
were on Mijilkadrek and Boken. Dosimeters were also placed in the Program 6
tanks "close to ground zero." Apparently, at least the tanks 1,500 and
2,250 feet (457 and 686 meters) from surface zero had Project 5.1 dosime-
ters in them (Reference 137, pp. 23, 27; Reference 5, p. 70). At 0900 on
EASY day a group of four project personnel left Parry by LCM to recover
dosimeters from stations on Enjebi, Mijlkadrek, and Boken. On D+2, a 4-man
party from Project 5.1 agaln visited Enjebl, Mljikadrek, and Boken (Refer-
ence 109, pp. E~-I-29, E-T-38, and E-I-45). The record 1s silent on recovery
of Project 5.1 dosimeters from Project & tanks. On DOG D+l, a 6-man party
went from Parry to Enewetak to retrieve the dosimeters from the B-17
drones, and on EASY D+]1 a 2-man party went on the same misslon. Project
6.1 personnel, however, may have actually boarded the alrcraft to get the
dosimeters (Reference 97, D+1 Day, No. 6a:; Relerence 109, pp. E-I-39; Ref-
erence 74, p. 83), The project dild not participate in GEORGE and ITEM.

Highest reading observed on shot day by a Project 5.1 team surveylng
the drones was 6 R/hr, so radlation levels when the Project 5.1 dosimeter
group was 1n or near them must have been less (Reference 137, p. 106). One
source glives the radiatlion level as 0.3 R/wk or less (Reference 74, p. 83).
Dosimeters ahoard the drone were in canvas cases, which in turn were in
plastic envelopes. At least some of ihe plastic envelopes became radloac-
tive, although the level of this radiocactivity 1is not recorded (Reference
137, p. 16).
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Project 5.1.2 -- Survey Meters

Project 5.1.2.1 -- Shot Island Survey

Radsafe monitors from TU 3.1i.5 were scheduled to conduct a detailed
radiation survey of the shot island the day after each of the first two
shots. The day after GEORGE, they were to survey the Eleleron-Aomon-~Bijire
island chain (Reference 137, p. 104). Each TU 3.1.5 monitor was accompanied
by at least one person from Project 5.1 or from among the TG 3.3 monitors
asslgned to assist wlth Project 5.1, Each of these personnel carrled one
of the survey meters beilng tested and took readings as simultaneously as
possible with those taken by his TU 3.1.5 companion.

High radtation levels may have prevented a survey of Eleleron, the
GEORGE shot 1sland, on the day following the detonation, but apparently
the Project 5.1 group took radlation readings on Acomon. The project report
also carrlies readings for Runit and Enjebi for DOG and EASY shot days,
respectively (Reference 137, p. 109).

Working 1n a 4-man team independently of TU 3.1.5, personnel testing
survey meters made additional radiation surveys of shot islands as follows:
Runit, 19 days after DOG: Enjebi, 3, 4, and 13 days after EASY: and Bijire.
3 days after GEORGE. Apparently they also surveyed Aocmon 13 days after
GEORGE. Because of decreased radiation, the men were able to go closer to
surface zero than during surveys conducted with TU 3.1.5. Some readings
were taken in the detonation craters (Reference 137, pp. 104 and 110).
There was no ITEM participation.

Project 5.1.2.2 -- Drone Survey

On the shot days except for ITEM, a 4-man team from Project 5.1 went
to the airfield on Enewetak. Using the survey meters being tested, the
team took readings from the most contaminated drones. The highest reading
was 20 R/ht (beta plus gamma) (Reference 137. p. 106).

Project 5.1.2.3 —-- RAerlal Survey

On 1 May. 23 days after DOG and 10 days after EASY, Project 5.1 per-
sonnel conducted an aerlal survey of the atoll. Because the Iinstruments
used were quite sensitive, the survey alrcraft flew relatively high to
avoid driving the instruments off-scale. Readings were taken from altitudes
between 100 and 2,500 feet (30 and 762 meters), depending on the amount of
reslidual radiation on the island being surveyed. Given the length of time
elapsed since the two shots and the fact that measurements were taken from
100-foot (30-meter) or higher altitudes, the potential radlological expo-
sure to Project 5.1 personnel and the survey alccraft crew probably was
minimal (Reference 137, pp. 106 and 114).

Project 5.1.2.4 - Personnel Monitoring

Personnel monitoring was not part of the plan for Program 5.1, but
unexpected fallout from DOG offered an opportunity to further test some of
the survey meters. One of the Project 5.1 personnel, with several of the
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test meters, worked alongside the reqular radiation monitors to check per-
sonnel for contamlnation. Durling this work, personnel from Project 5.1
observed readings of from 0.070 to 0.250 R/hr.

Project 5.1.3 -- Mobile Radiological Laboratory

A small laboratory for testing radloactive samples was Iinstalled in a
military traller. Project 5.1 personnel working in the laboratory analyzed
radloactive samples from a wlde range of sources in the proving ground to
test the laboratory. 1ts equipment, and the then accepted analytical pro-
cedures under field conditions. Samples were collected in filters at the
traller and from the skins of contaminated drone B-17s. Soll samples were
collected from the shot islands. ProjJects 6.1, 6.4, and 6.9 also collected
samples used in this experiment (Reference 137, p. 175).

Collection of samples from drone skins apparently lasted for 2 days.
At 0800 on DOG D-day a 2-man party of project personnel departed Parry for
Enewetak to pick up samples. The next morning one person went on the same
mission (Reference 97, D Day, No. 43b, D+1 Day., No. 2a). The pattern for
EASY was the same, except that the initial party had six people (Reference
109, p. E-I-28 and E-I-39). For GEORGE, the first trip for samples was
made the afternoon of the shot day by one person, with the second trip the
morning of the next day (Reference 102, pp. G-I-22 and G-1-24).

The exposure potential in laboratory work was high. Many samples had
to be analyzed and many of the procedures were very time-consuming. How-
ever. the hilghest reading among Project 5,1.3 personnel was 2.035 R (Ref-
erence 137, p. 209, Reference 59).

Project 5.1.4 -- Laundry Monitors

Four devices for measuring radioactive contamlnation of clothing were
bullt and tested on clothing collected by Projlect 6.9 personnel as part of
that project. Highest levels of con amlnation encountered were somewhat 1in
excess of 0.020 R/hr, beta plus gamma, on bootlies worn on the shot islands.
For other clothing, highest level was 0.065 R/hr on test raln sulits worn
by aircraft decontaminatlon crews (Reference 72, pp. 73 and 74).

Project 5.2 —- Evaluation of Air-Borne Radiac Equipment

Agencies: Navy, Bureau of Reronautics (BuRer)

Air Force Alr Research and Development Command

Operations: A Navy P2v-2 (No. 368) and Alr Force B-17 (No. 339246) were
similarly equipped with equipment to track radloactive clouds, to map sur-
face radicactivity from the alr, and to recelve data on surface radiation
transmitted by detectors on the ground (Reference 160, pp. 1, 6, and 8).
The project did not particlpate In ITEM. Before H-hour, the P2V-2 was onh
station at about 8,000 feet (2.44 km) and about 20 nmi (37 km) from surface
zero. Immediately following the detonation, 1t began to fly toward the
radiocactive cloud. The pllot was under orders not to penetrate the cloud
to any slqgnificant degree. The P2V-2 followed the cloud for about 2 hours
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after each shot. Next, 1t attempted to take measurements of radiation
intensity at varlous altitudes over surface zero. Passes were made at 500-
foot (l52-meter) 1intervals, beginning at about 6,000 feet (1.83 km) and
working down to about 500 feet (152 meters). Finally, radiation distribu-

j tion In the area of surface zero was surveyed. Starting at about H+4 after

N DOG and EASY, the aircraft flew a pattern of four passes over surface zero,
with passes separated from each other by about 45°. The pattern was flown
at both 1,000 and 500 feet (305 and 152 meters). In addition, about eight
radiation detection units were dropped to transmit readings by radlo. For
shot GEORGE, the same pattern was flown and the radiation detection units
dropped, but these activitles were not started until D+1.

At H-hour, the B-17 was on station at about 18,000 feet (5.49 km) and

20 nmi (37 km) from surface zero. Immedlately after the shot, the plane

. flew gradually toward the c¢loud, and tracked 1t untll its instruments no

. longer gave good readings. The next day 1t measured radlation intensity

versus altitude and surveyed the distribution of radiation on the ground

around surface zero in the same way as the P2v-2. The B-17 also recorded

signals from the radiation detectors dropped by the P2V-2 (Reference 160,
PpP. 37 and 38).

Cloud tracking had potential for exposure to radiation, but data are
lacking on radiation levels encountered during that activity. Available
records do not indicate that either of the Project 5.2 alrcraft was contam-
inated. During the survey of radiation on the shot 1sland, the aircraft's
instruments Indicated radiation levels of more than 1,000 R/hr on the
ground. The radiation levels at their operating altitudes are not indicated
in the records (Reference 160, pp. 76 and 78) but would be much lower.

The operations detalled above enabled the test and evaluation of newly
designed airborne radiac equipment.

Staffing: The authors of the project report were a civilian and a Navy of-
. ficer, both probably from BuAer. Theilr exposures were recorded as 2.150 R
o) and 1.170 R, respectively. The P2v-2 and the B-17 were based on Enewetak
and attached to TU 3.4.2. The B-17's parent unit probably was the 3200tk
o Drone Squadron from Eglin AFB 1In Florida. Avallable records do not indicate
. the parent unit of the P2v-2, but 1t may have been from the Johnsville Alr
: Development Center at Johnsville, Pennsylvania (Reference 160, p. 6). A
crew of five manned the B-17. Filve men also crewed the P2V-2. Highest
recorded alrcrew exposure was 1.630 R. For shot GEORGE, four additional
personnel were aboard one of the planes: the two authors of the project
report, a Navy officer, and an unbadged person. The Navy officer, who was
from AFSWP, had the highest exposure, 2.140 R.

Proiect Report: WT-104 (Reference 160j.

; PROGRAM 6 -- PHYSICAL TESTS AND MEASUREMENTS

N Program 6 was designed to study a wide range of blast effects and to ald
: in devising defensive measures. The program was headed by the naval officer
who headed Program 5,




3
- Project 6.1 ~- Cloud Phenomena: Study of Particulate and Gaseous Matter
E: Agencies: Army Chemical Corps (Chemical Corps)

. Army Chemical and Radiological Laboratories (CRL)
e Army Chemical Center (ACC)
Naval Radiological Defense Laboratory (NRDL)

Operations: Four types of sampling devices were installed in twelve of the
drone B-17s. Eight B-17s were airborne for each shot except ITEM, passing
through the shot cloud at 16,000, 18,000, 20,000, 22,000, 24,000, 26,000,
28,000, and 30,000 feet (4.88, 5.49, 6.10, 6.71, 7.32, 7.92, 8.53, and
9.14 km). They collected these samples while participating in Projects
4.1, 6.5, 6.8 and 8.1. Samples were removed after the drones were landed.
Sample removal from some of the devices required entering the B-17 drone.
Information is lacking on removal of samples from all four types of col-
lectors, but samples from two types were removed by two-man teams, each
consisting of a person from Project 6.1 and a radiation monitor. Two teams
were used on each shot and each team entered an average of four B-17s.
These teams also removed Project 6.6 filter material samples and badged
dosimeters for Project 5.1. Removal times were between H+28 and H+36 for
shots DOG and EASY, and between H+5 and H+9 for GEORGE (Reference 74, p.
B2). The project did not participate in ITEM.

Highest shot-day drone radiation level for which there is 2 record was
20 R/hr (beta plus gamma) (Reference 137, p. 106).

Staffing: The project staff included personnel from the Chemical Corps,
CRL, ACC, NRDL, and TracerLab, Inc. Highest radiation exposure of the two-
man removal teams was less than 0.3 R/wk (Reference 74, p. 83). Highest
exposure recorded among the personnel from the Army organizations, all
civilians, was 2.525 R; one person was not badged. The NRDL group consisted
of five civilians and one naval officer. Highest exposure recorded was
0.944 R, with one person not badged. Four civilians represented TracerLab,
Inc. One was not badged, and highest exposure recorded was 1.360 R. sStaff-
ing and exposures of the drone group are discussed under Program 1.7,

Project Report: WI-72 (Reference 74).

Project 6.2 —- Effect of Thermal Radiation on Material

Agencies: Naval Radiological Defense Laboratory {NRDL)
Naval Material Laboratory (NML)

Operations: Samples were placed in ten stations: five on Mijikadrek, four
on Kidrinen, and one probably on Bokenelab. These stations were near the
Program 3 structures. In addition, two camera stations on Mijikadrek and
four camera stations on Kidrinen were set up to record the response of
test materials to shot EASY. Recovery was as follows (Reference 109, pp.
E-I-32, E~-I-38, and E-I-44):
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® EASY Day at 1000

-- Two Project 6.2 personnel, one TU 3.1.6 photographer,
and one radsafe monitor left Parry by boat for Mijika-
drek, Kidrinen, and Bokenelab to inspect and photograph
sample stations

-~ A group of seven project personnel left for the three
. islands, probably to recover samples

e EASY D+l at 0730

-~ Ten project personnel departed Parry for the islands
and stayed until about 1330

e EASY D+2 at 0730

-~ Twelve project personnel departed Parcy for the three
islands and stayed until about 1430.

N Staffing: The project staff consisted of seven NRDL personnel and two NML
A personnel. Highest recorded exposure for the group was 0.890 R (Reference
e 161, p. 97). Camera stations were the responsibility of EG&G. The photogra-
- pher from TU 3.1.6 and the radiation monitor cannot be identified.

; Project Report: WT-70 (Reference 161).

Projlect 6.3 -- Combat Vehicle Exposure
e Agency: Army Ballistic Research Laboratories (BRL)

o Operations: Palrs of tanks were placed 1,500, 2,250, 3,000, 3.699, and
- 4.200 feet (0.457. 0.686, 0.914, 1.13, and 1.28 km) from the EASY surface
zero (Reference 162, p. l). Recovery preparations began at 0800 on shot
e day with the transportation of two vehlclas to Enjebil for later use by
- Project 6.3 personnel. Later the same morning, two project personnel and a
i radsafe monitor surveyed Enjebi from an L-13. On D+2. at 0815, six project
personnel went to Enjebl by boat. At 0930 they were followed by a party of
ten with two moriitors. Apparently these two groups went to the tanks to
'l recover gauges. Figure 48 shows two men inspecting a tank, which had lost
- its turret, at the 1,500-foot (457-meter) station (Reference 109, PP.
E-I-28, E-I-32, and €-T-47).

Staffing:
. ® One mllitary officer. probably from the Army but attached
\ !! to the Supply Divislon, Headquarters Alr Material Command,
o wright-Patterson AFB
- ® Four civilians from BRL
1}2 e One civilian from the Department of Physics, Ohio Srate
‘!- University
AN ® One clvilian and two enlisted men from the Automotive
-{\ Divislon. Development and Proof Services, Aberdeen Proving
s Ground
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- Figure 48. Inspection team on tank 1,500 feet (457 meters) from GREENHOUSE,
EASY surface zero.

® One civilian from Melpar. Inc.

® One civilian from NOL

S ® One Army officer from Fort Richardson, Alaska
- ® One civilian from Sandia Corporation.

- Highest exposure recorded for this group was 0.662 R.

Project Report: WT-90 (Reference 162).

o\ Project 6.4 -- Fallout Phenomenoclogy
- Agency: Naval Radiclogical Defense Laboratory (NRDL)

Operations: Ten holders for greased sample-collecting plates were set out
on each of the following 1slands: Bokoluo, Kidrinen, Billae. Ananij. Parrcry,
Enewetak, Ikuren, Kidrenen. and Blken. The day before each shot, sample-
collecting plates were placed in the holders. A few hours after shot DOG,
project personnel visited each 1sland and removed plates that had received
fallout. For the next 6 days, staff members checked plates on Bokoluo,
Parry. and Enewetak for indications of secondary fallout. Probably the same
procedure was followed for EASY and GEORGE. but available records mention
recovery efforts only for the first 2 days after these shots. The project
did not participate in ITEM. Staff members traveled to the islands other
than Enewetak and Party by helicopter or L-13 alrcraft.

. Staffing: Two clvilians from NRDL and a naval officer, probably from Sandla
‘- Corporation, comprised the proving ground staff. Highest recorded exposure
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-t among the three was 1.110 R. Helicopters and L-13s were supplied by 7TU
: 3.4.6.
4 (

Project Report: WT-4 (Reference 62),

"
A
‘f Prolect 6.5 —-- Interpretation of Survey-meter Data
Agency- Naval Radiclogical Defense Laboratory (NRDL)

Operations: Fission products were ccllected on plates carried through the
shot clouds by the drones. After the drones were landed, plates were re-
. moved, and at about H+40 they were flown back tc NRDL for analysis (Ref-
i erence 163, p. 7). In addition, residual radiation was measured near DOG
I and EASY surface zeroes (Reference 163, p. 1). At 1200 on DOG day. one of
the project personnel, accompanied by a radsafe monitor, left Parry for
Runit by boat. The plan was to place dosimeters 2.100 feet (640 meters)
from surface zero 1f radlological conditions permitted (Reference 97.
D-Day, No. 60). On D+2, one project staff member with a monitor visited
Runit to place a second set of dosimeters (Reference 97, D+2, No. 3a). At
0800 on EASY day. two staff members left Partry by boat for Enjebl, probably
.l to set out dosimeters. On D+2, two members of the project staff went to
o Enjebi to set out dosimeters (Reference 109, pp. E-I-28 and E-I-46).
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ol Staffing: Three personnel can be 1identifled by name with this program, a
; naval officer from BuShips, a civilian from AEC, and a naval officer of

unknown affiliation who recorded the highest exposure of the three ---
. 3.280 R. Staffing of the drone unit 1s discussed under Project 1.7.

Project Report: WT-26 (Reference 163).

Project 6.6 --— Evaluatlon of Fillter Material

Agencies: Army Chemical and Radlological Laboratories (CRL)

vl P
..l.l‘ .‘

Army Chemical Center (ACC)

-'..l

.l

Operations: Following the first three shots. filter materials were carried
through the shot clouds by B-17 drones. The Project 6.6 samples were re-
moved by Project 6.1 personnel from the drones at DOG D+6 and on the morn-
ing of GEORGE D+l (Reference 97, D-Day, No. 62; Reference 102, p. G-I-25).
No information on removal after EASY 1s avallable. Extensive sample analy-
sls was conducted at the test site following DOG. more limited analysis
followed EASY, and none followed GEORGE. Samples were returned to CRL/ACC
for further analysis (Reference 165. p. 14). .

R - -

KR

Staffing: Several 1individuals are named In the project report, but some
probably were not at the proving ground (Reference 165, pp. 111-1v). Four
men were badged: the highest exposure was 2.525 R. All were clvilian em-
ployees of CRL/ACC.

» .
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Project Report: WT-19 (Reference 165).
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Project 6.7 -- Contamination-Decontamination Studies

Agencies: Naval Radlological Defense Laboratory (NRDL)
Army Chemical Center (ACC)

- Operations: Forty panels coated with various materials were taped to the
. wings and horizontal stabilizers of several B-17 drones and then carried
through the shot clouds. For DOG and EASY. all eight drones carried panels;
for GEORGE, four drones carried panels, but one of the drones had to be
landed before 1t went through the cloud; and for ITEM, seven drones carried
test panels (Reference 166, pp. 7. 123 through 126). A few hours after the
- shots, panels were removed from the drones. To remove the panels, a man
;f carrylng a hooked pole walked to the drone from a truck positioned about
100 feet (30 meters) upwind. He used the hook to engage a loop hanging
- from each panel and pulled the panel off of the plane. Figure 49 shows
s such a recovery after GEORGE. Other panels are taped to the underside of
the wing just behind the leading edge. Holding the panel at the end of the
S pole, he returned to the truck, where a second man grasped the panel with
-ﬂ tongs and put it in a box. After a number of panels were collected. they
were taken by truck to another location where a crew of four men with

- tongs and poles tipped with scalpels stripped off the remaining tape. They
- then re-boxed the panels. Some panels were flown to NRDL and ACC about 10
- hours after the shots; others were kept in the proving ground for initilal

o study and flown to the laboratories 2 days after the shot (Reference 166,
< pp. 7 and 8).

Fallout on Enewetak offered an unexpected opportunity to study con-
- - tamination of bullding materials. Beginning on DOG D+l1. project personnel,
-~ using radlation survey Iinstruments, measured contaminhation on varlous

Q' bulldings, in the soll. in the drone decontamination area, and on the
roads,

Handling of the samples and the project staff's initial study of them
- also presented some potentlal for exposure, but there 1s no avallable rec-
o ord of the radiation levels involved.

figure 49. Contaminated panel recovery following GREENHOUSE, GEORGE. Arrow
. points to test panels taped on the underside of the wing.
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" Staffing: The project staff in the proving ground consisted of nine civil-
3 lans working for NRDL and three Army officers assigned to ACC (Reference
T 166, pp. 119 and 120). Highest recorded exnosure among the NRDL personnel
;:f was 2.105 R; among the ACC personnel it was 2.31% R.
"\I
'\tf Profect Report: WT-27 (Reference 166).
Project 6.8 ~-- Cloud Radiation Field
N Agency: Naval Radiclogical Defense Laboratory
N Operations: The B-l17 drones were used to carry radiation intensity meters
I'5 through the shot cloud after each of the first three detonations. For both

. DOG and EASY. data rerusrds were removed from the drones beginning about
.. 0800 on D+1. No information 1s available on when data recovery for this
. experiuent was conducted after GEORGE (Reference 97, D+l, Nc. 3; Reference
109, p. E-I-39). The project did not participate 1n ITEM.

-, Staffing: A number of personnel are named In the project report, but 1t is
not clear which of them were in the proving ground. Of those listed, five

were badged., with the highest exposure -~ 1.550 R -- belonging to the
:7 author of the project report. TU 3.4.2 supplied the drones and their sup-
- porting personnel.

Project Report: WT-1l1 (Reference 136),.

rAOAGRY

Project 6.9 ~~ Protective Clothing, Clothing Decontamination and
Personnel Decantamination

s
e e
o

- Agency: Ary, Office of the Quartermaster General

Staffing: Fliteen men were on the project staff: two Army officers from
the Office of the Quartermaster General, washington, D.C.; five Army offi-
cers and five enlisted men from Quartermastet Detachment 7, 9135th Tacti -
cal Support Unit, Fort Lee, Virglinla: one clvilian from the Quartermaster
Research and Development Laboratories., Fhiladelphla Quartermaster Depot,
Philadelphlia., Pennsylvania: and two enlisted men from Evans Signal Labora-
tory. Belmar, New Jersey. Hlghest recorded exposure -- 1.955 R -- was that
of an enlisted man from the 9i35th TSU who worked in the laundry.

AT

'
L,
e
PR

Project Report: WT-12 (Reference 72).

{3

froject 6.9.1 -- Protective Clothing

- Protective <clothing was ‘l11berately contaminated 1in various ways.
N Test trousers and bootles were issued to radsafe monitors and program per-
sonnel entering contaminated areas after DOC and EASY. Test srousers and
rainsults were issued to drone decontamination crews of TU 3.4.2 after at
- lezst the first three shots (Reference 72. pp. 9 and 10). On FASY D+6, 13
personnel from Project 6.9 and 17 personnel from TG 3.2 went by boat to
Bokombako. These teams made filve trips across the island and back, mostly

.
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walking but crawling some of the way. Each round trip took about 15 minutes
and was made in a different set of test trousers {(Reference 72, p. 10).

Th: experiment also included effortz to contaminate cloth samples. On
D03 D+3, swatches of test cloth were dragged along the ground on Runit and
Blken. The degree of contamination was not high enough for project programs
and varlied a great deal. Moreover, the dragging operation required a number
of persons to be in the contaminated area for an extended period. Conse-
quently, 1t was decided to tumble the cloth samples in a drum with contam-
inated soil from Runit and Biken, but information is lacking on when the
soll was collected. Thirty swatches were sewn together and staked out on
Bokoluo. They wera recovered cn EASY D+1. Cloth samples wele also tumbled
with contaminated soll collected from Bokombako on EASY D+6 (Reference 72,
pp- 11 and 12). The project did not participate in ITEJ.

Six days after EASY, the general background on Bckombaks, where the
groups from Project €.9 and TS 3.2 went to contaminate test crousers, was
0.200 Rs/hr. Tre highest skin contamination was 0.010 R/hr. The effort on
Runit to contaminate swatches of test cloth by dragging was conducted in
an area where the rad.ation level was about 0.060 R/hr. Turing ¢ similar
effort on Biken, the radiation level was about 0.025 R/hr (Reference 72,
pp. 10. 11, and 75). The planket of cloth swatches retrieved from Bokoluo
could not be handled until 4 days after ER3Y because of 1ts high radlatilon
level (keference 72, p. 20).

Project 6.9.2 -- Clothing Decontamination

The test clothing and the test swatches were washed In a standard,
World-War-II-type mobile fileld laundry. using various cleaning agents and
laundry procedures. Test swatches exposed for EASY were laundered 8 and 9
daye posishot (Reference 72, p 12). In addition, program personnel! used
the moblle laundry to wash hundreds of contaminated garments worn by TU
3.1.5 radsafe personnel and TU 3.4.2 deconctamination crews to establish
p.ocedures for efficlient, large-scale operations and determine the laun-
dry s capacity (Reference 72, p. 52).

Handling contaminated clothing probably expossed project personnel to
scme tadiation. Although rz2cords of radlation levels encountered in the
washing operation are not avallable, some clothing checked as patt of
Proloct 6.9 was contaminated to a level of 0.010 R/hr (Reference 72, ».
4y .

Proj~ct 6.9.3 -- Persornel Decontamination

The project report gilves a detalled wvescription of how perconnel re-
turniig from the shot islands and the TU 3.4.2 decontamination crews were
checked for corntaminaticn. Only one ps.rson from Project 6.9 can clearly be
identified with that worlk: however, the number of teturning perscanel
checked leads to the conclusion that several Project 6.9 perschnel were
taking readings follow'rnig DOG and "ASY .Reference 72. pp. 70 thrcugh 71.
73, 75, and 87). With the appcoval or the commancver of the sclentific task
group (TG 3.1) snc the commander of the radsafe task unit (TU 3.1.5;. all
project personnel took part in a controllea decontamination effort: the
men rubred contaninatea so!' on thelr hands and forearms, then tried to
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wash off the contamination using various cleaning agents (Reference 72,
pp. 85 through 86).

In the radsafe bullding on Parry where personnel returning from the
shot islands were checked., the background radiation level at DOG H+4 was
about 0.100 R/hr. The level may have been higher after EASY (Reference 72,
pp. 70 through 74). Project personnel participating in the controlled de-
contaminatlon effort contaminated their hands and forearms to a level of
about 0.015 R/hr (Reference 72, pp. 70 through 74).

Project 6.10 -- Evaluation of Collective Protector Equipment
Agency: Army Chemical Center (ACC)

Operations: A telnforced concrete blast shelter was installed 1,710 feet
(52] meters) from EASY surface zero on Enjebi. The shelter contained equip-
ment to fllter air and collect samples. In addition. instrument stations
were placed at distances of 904, 1,710, 2,400, 3,450, and 7,500 feet
(0.274, 0.521, 0.732, 1.05, and 2.29 km) from surface zero. The last sta-
tion probably was on Mijikadrek. No information 1s avallable on recovery.

staffing: The staff consisted of two civilians from ACC with recorded ex-
posures of 0.625 and 0.955 R.

Prclect Report: WT-42 (Reference 167).

PROGRAM 7 -- LONG RANGE DETECTION

Sponsored by the Air Force. thls program was designed for developing means
to detect and measure atomlc explosions at great distances. To supply required
data, infrascnic (low-frequency) and seismic signals were recorded and radio-
active samples were collected. An Alr Force civiiian sclentist headed the pro-
gram, but he does not appear to have been badged (Reference 5, pp. 61, 72
through 74). Infrasonic and selsmic detectlon statlons were remote and did not
involve personnel at the test slite. Part of the program did involve test site
operations and are dlscussed subsequently.

No Wrs were 1ssued for Program 7 projects.

Project 7.4 -- Collection of Bomb Debr!s by Alrborne Fillters
Agency: Hq USAF

operations: Two B-50As and filve WB-29: tracked the shov clouds and col-
lected samples. Flights of the B-50As are described under Project 4.6. The
B-50As returned to the United States before ITEM. In addition to their
weather dutles, five WB-29s tracked the nuclear clouds and collected sam-
ples. For the first three shots, one of these alrcraft performed this ac-
tivity from H-hour to H+12, two others tock over from H+12 to H+24, and
two more from H+24 to 4+36 {Reference S, p. 25:; Reference 20, p. 18). For
ITEM, four WR-29s tracked the cloud and collected samples during the first
i2 hours ot so of the shot day. and another WB-29 performed that function
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at unspecified times between H+12 and H+36 (Reference 22, p. 30). Appar-
ently alrcraft from Hickam AFB, Hawail. and McClellan AFB, cCalifornia,
also took part in this project, but detalls of their participation are
lacking (Reference 5, p. 73).

WB-29s were contaminated following the first three shots. The highest
reading at each atrcraft's engines 12 hours after 1its mission were (R/hr):

DOG 0.300 GEORGE 0.200 EASY 0.070
0.150 0.250 0.150
0.600

A third WB-29 also was contaminated during EASY operaticns. Twenty-four
hours after the end of 1ts mission and following two decontamination wash-
ings. the highest reading on 1its engines was 0.650 R/hr.

WB-29 crews became contaminated. After DOG, members of two crews had
to be deccontamlnated. Following EASY, 16 crewmembers from five ailrcraft
were contamlinated between 0.0002 and 0.008 R/hr above background. Following
GEORGE., 18 men from four crews were contaminated above 0.020 R/hr. Records
are lacking for the situation after ITEM. (Reference 52, Incl. 5; Reference
54, Part I; Reference 51, Part I).

All of the WB-29s carried the C-1 box filter sys*em for samnple collec-
tion. One of the system's two filters was to be changed every 10 minutes
when the alrcraft was above 2,000 feet (610 meters). Figures are lacking
on the radioactivity of the filters, but the person changing the filters
wore yloves, a resplrator or oxygen mask, a dosimeter. and a film badae
(Reference 73, p. 1). Although the WB-29s were stationed at Kwajalein,
they stopped flrst at Enewetak to have fllters and gaseous samples removed.
Preliminary decontamination work was done i1f needed., and on all four shots
1t was required on two or three of the aircraft.

staffing: A civilian sclentist headed the prnject, but nhe was not badged
and his afflliation cannot be determined. Affiliation and badging of the
B-50A crew 1s dlscussed under Project 4.6.

The WB-29s were part of TU 3.4.4 (wWeather Reconnailssance), made up of
personnel from the 55th and 57th Strateglc Reconnalssance Squadrons., the
former from McClellan AFB, California, and the latter from Hickam AFB,
Hawajit.

Oon Enewetak, samples were removed by personnel from TU 3.1, including
personnel assiqned to Project 1.7. Preliminary decontamination of the
WB-29s while they were on the ground at Enewetak was performed by personnel
from TU 3.4.2, assisted by 18 to 24 men from TJU 3.4.}1.

Bomb debrls also was collected at ground level in filter papers, rain-
water collecters., electrostatic precipitators, and by roof scrubbing.
Seventeen stations participated in thils portion of the program, but no
in{ormaticn ie avatlable on the locarion (Reference S, p. 73). The filter
papers. however, may have been at the mohbile fileld laboratory used in
Project 5.1.3,
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Project 7.8 -- Detection of Bomb Debris by Atmospherilc Conductivity
Agency: Hg. USAF

Operations: Two B-50As tracked the clouds of the first three detonations
using devices measuring atmospheric conductivity caused by bomo debris.
Five WB-29s performed the same task following all four shots. Two B-50Ds
also participated in this experiment following DOG, EASY, and GECRGE. but
detalls of their activitles are lacking. For Project 1.6.3.4, these same
B~-50Ds took aerial photographs for study of asymmetries in the propagation
of the bombs’' blast waves, and for Project 4.1B, they photographed the
development of the nuclear clouds. The B-50As participated in Prolject 7.8
simultaneously with their participation in Projects 4.6 and 7.4. The WB-29s
participated in both Project 7.8 and Project 7.4. Seven alrcraft from
Hickam AFB, Hawalil, and four from McClellan AFB, California, may have par-
ticlpated in this project (Reference 5, p. 73).

PROGRAM 8 -- BLAST EFFECTS ON AIRCRAFT

The three projects 1in this program were designed to collect data for the
study of effects of nuclear blasts on alrcraft and alrcraft components. In
addition, there were radar, radio. and photographic studles of weapon effects.
The program was headed by an Alr Force colonel, wWith a recorded exposure of
1.534 R.

Project 8.1 -- Blast Eifecis on Alrcraft in Fiight
Adency: Alr Force Wright Air Development Center, Alrcraft Laboratory,

Aeronautical Divislcen (WADC)

Operations: Both drones and manned alrcraft were used to collect data. For
the first two shots, two T-33 drones., two B-17 drones, one B-47, and two
B-50Ds carried equipment to detert and record blast loading, heat, and
alrcraft position when struck by the heat and shock waves. For GEORGE a
third B-17 was used, and all of the B-17s and the two T-33s were operated
as manned aircraft (Peference 168, pp. 104 and 110). Aircraft positions at
shot times are given in Table 16,

Drones used for Project 8.1 should have received little or no con-
tamination. There 1s no record of the T-33 drones or the B-47 beconmling
contaminated. The B-S50Ds also participated in Projects 4.1B, 7.8, and 8.3.
Radiological problems assoclated with of the B-50D missions are discussed
under Project 1.6.3.4.

staffing: Drones were from TU 3.4.2; manning and badglag of that unit are
discussed under Project 1.7. The B-50Ds and the B-47 were from Task Detach-
ment (TD) 3.4.2.1. The B-50Ds were based on Enewetak and the B-47 on Kwaja -
lein. Manning and badging of this unit are discussed under Project 4.1B.

The project report mentions 16 individuals. Four were Alr Force offl-
cers, two of whom were badged with exposures of 0.160 and 0.100 R. Four ci-
villans were from WADC, three of whom were badged with a high exposure of
2.845 R. Five civilians were from MIT, with the only one badged recording
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Table 16. Program 8 aircraft positions relative to GREENHOUSE,
shots DCG, EASY, and GEORGE.

. True Horizontal S$lant Range
2 Atrcraft Altitude Range from Blast from Blast
iy Type in feet (km) in feet (km) in feet (km)
- 006G
< T-332 7.800 (2.38) 4,980 (1.52) 9,260 (2.82)
}t T-332 10,700 (3.26) 15,260 (4.65) 18,700 (5.70)
?. B-172 15,000 (4.57) 6,690 (2.04) 16,150 (4.92)
8-172 23,000 (7.01) 5,750 (1.75) 23,700 (7.22)
?; B-47 24,800 (7.59) 6,800 (2.07) 25,700 (7.83)
o B-500D 29,000 (8.84) 43,600 (13.29) 52,100 (15.88)
‘{; B-50D 29,000 (8.84) 32,450 (9.89) 43,500 (13.26)
o EASY
; T-334 6,500 (1.98) 866 (0.26) 6,540 (1.99)
}; T-334 7,500 (2.29) 1.006 (0,30) 7,530 (2.30)
'}- B-172 11,000 (3.35) 1,949 (0.59) 11,160 (3.40)
;{: B-174 12,000 {3.66) 15,400 (4.69) 19,510 (5.95)
i; B-47 33,000 {10.06) 18,810 (5.73) 38,000 (11.58)
}f B-50D 25,000 {7.62) 7,940 (2.42) 26,210 (7.99)
- B-50D 19,000 (5.79) 20,500 (6.25) 28,000 (8.53)
- GE ORGE
k{ T-.33 29,000 (8.84) §8,500 (17.83) 65,300 (19.90)
. e T-33 32,000 (9.75) 59,580 (18.16) 67,600 (20.50)
R B-17 25,000 (7.62) 23,440 (7.14) 34,300 (10.45)
‘_ 8-17 27,000 (8.23) 21,340 (6.50) 34,500 (10.52)
_\ B-47 35,000 (10.67) 45,500 (13.87) 57,400 (17.49)
;{ B-50D 31,000 (9.45) 59,420 (18.11) 67,000 (20.42)
T B-50D 33,000 (10.06) 37,750 (11.51) 50,200 (15.30)
3 - B-17 14,000 (4.27) 74,970 (22.85) 75,400 (22.98)
- . :ote:
i Unmanned drones.
“:h, Sources: Reference 168, pp. 102, 103, and 108.
*
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0.050 R. Two clivilians designated "TG 3.1" (one of whom was badged) and
another civilian designated "TG 3.4" (not badged) completed the acknowl-
edged project personnel (Reference 168, p. vii; Reference 169, p. vil).

. Project Reports: WT-31 (Reference 168); WT-34 (Reference 169).

Project 8.2A -- Effects of an Atomic Bomb Burst on Alrcraft Structures
on the Ground

.- Agency: Alrc Force Wright Air Development Center, Aircraft Laboratory,
i~ Aeronautical Division (WANC)

Operations: Instrumented sections of various aircraft were set out at four
stations at various distances from surface zero: on Enjebi 4.020 feet
(1.23 km), on Mijikadrek 6.878 feet (2.10 km) (Figure 50), on Dridrilbwi)j
- 12,000 feet (3.66 km), and on Bokenelab 16,614 feet (5.06 km). The project
- recovery party left Parry at 0730 on EASY day and arrived at Bokenelab at
- about 1000. It was not accompanied by a radsafe monitor because monitors
with Program 2 personnel had already visited the island and declared it
safe for reentry. Rbout 1045 the Project 8.2A recovery party left Bokenelab
K- for Mijlkadrek., again reentering on the basis of reports of Program 2 mon-
. itors. Figure 5] shows a monitor taking a reading on one of the project
test specimens on Miljlkadrek before the return of project personnel. By
. 12i5 the party was on Enjebl. At 1300 the men went to Dridrilbwij, starting
their 1inspectlion of that station at about 1330 (Reference 170, p. 32).
Presumably they returned later to study the test structures in detaill.
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Figure 50. GREENHOUSE Project 8.2A test specimen with Program 3
structure in background on MY)ikadrek.
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Figure 51. Radsafe monitor checking GREENHOUSE Prolect B.2A tast specimen
before inspection by project persornel.

The monltors with Program 2 personnel reported the radiation level on
Mijikadrek to ke 0.3 R/hr. The radiation level where the Project 8.2A team
reentered Enjebl was 1.0 R/hr: however, at the project station., it was C.1
R/hr. The radlation level encountered by the Project B.2A recovery tzam on
Dridrilbwil] was 1.2 R/hr (Reference 170, p. 32 and 33).

staffing: See Project 8.2B,

Project Report: WwWT-65 (Reference 170).

Project 8.2 -- Interferometer Gauge Pressure-Time Measurements
Agency: i.os Alamos Sclentific Laboratory (LASL)

Operations: For DOG. gauges were set out in ten stations: eight on Runit
between 2.250 and 5,400 feet (0.686 and 1.65 km) from sucface zerc, and
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two on Parry. For EASY, ten gauge statlions were on Enjebi between 2,850
and 3,945 feet (0.869 and 1.20 km) from surface zero. In addition, stations
were on Mljikadrek, Bokenelab, and Dridrilbwij. Finally. four stations
were grouped on Lojwa about 6,000 feet (1.83 km) from the GEORGE surface
zero (Reference 164, p. 8 through 10).
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Two recovery teams of four men each were used on all four shots. One
team with a radsafe monitor recovered records from about half the stations:
a second team completed recovery. For DOG, EARSY and ITEM, records were
recovered on shot day. GEORGE reccovery was on D+1 (Reference 164, p. 10).

gtaffing: The men working on Projects 8.2A and 8.2B were considered as cne
staff., consisting of seven clvillans, three officers, and elghteen enlisted
men. In addition, itwo offlcers and one clivilian were acknowledged as as-
sisting. Most of the personac! probably were from WADC, hut one naval offi -
cer and two civilians were from LASL (Reference 164, pp. v and 5). Highest
exposure was 1.875 R, belonging to a LASL civliian. The three LASL person-
nel. assisted half-time by four of the enlisted men, worked on Project 8.2B
(Reference 164, p. 7).

Project Report: WT-5 (Reference 164).

Project 8.3A -- Radar-Scope Photography

Agency: Air Force Wright Air Development Center, Alrcraft
Radiaticn Laboratory

Operations: At shot time radacs aboard both B-50Ds were almed at surface
zero. Signals recelved from shots DOG., FASY, and GEORGE were displayed on
oscilliscopes and photographed. The prcject did not participate in ITEM.
The B-50Ds also participated in Projects 1.6.3.4, 4.1B, 7.4, 7.8 and 8.1.
Thelr activities are described under Project 1.6.3.4.

staffing: The portion of the project report dealing with this experiment
was written by an unbadged civilian and an Air Force officer with a listed
exposure of 1.575 R.

Project Report: WwT-33 (Reference 171).

Project 8.3B -- Effects of Atomlic Detonation on Radio Propagatioen

Agency: Army Signal Corps

. QOperations: Data for this experiment were from three sources (Reference
171, p. 59 and 91):
ﬂQ 1. Ionospheric measurements from Enewetak both before and
N after the shots,
[ | 2. Transmissions from remote locations through the ionosphere
- . over Enewetak to locations beyond the atol! from 5 minutes

before to 5 minutes after each of cue first three shets.
Fropagation paths were Oklinawa to Kwajlaleln and Majuro,
Yap to Bikini, and Truk to Hawall.
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3. UHF, VHF, HF., and perhaps radar transmlssions by USS
Sproston (DDE-577) over the surface zero area toward Ene-
wetak Island from 5 minutes before to 5 minutes after
each of the first three shots.

Staffing: Personnel from TG 3.2, TG 3.3, and TG 3.4 helped with this exper-
iment 1n addition to personnel at several stations outside of the proving
ground. The project report was written by a Signal Corps officer; he 1is
the only man who can be identifled with the project by name. He was not
badged.

Project Report: WT-33 (Reference 171).

Project 8.3C -- Photographlc Assessment of Bomb Damage

Agency: Alr Force Wright Alr Development Center, Technical
Photographic Service Section

Operations: On 16 and 22 Aprill vertlical and oblique photographs of the Ailr
Force Structures on Enjebl were talzen from a B-17 at altitudes of S00 feet
<. (152 meters) or higher. On April 21, strike photographs of the same struc-
tures were taken from one of the B-50Ds ar an altitude of about 25,000
. feet (7.62 km), only moments after shot EASY.

The B-17 and B-50D were apparently not exposed to significant radiation
from this experiment. The various project activities of the B-50Ds are
- discussed under Project 1.6.3.4.

- staffing: The E-17 probably was from TU 3.4.2 and the B-50D was from TD
N 3.4.2.1. A hand-held camera was used for the pictures taken from the B-17,
b but the photographer 1s not identified. The author of the section of the
it project report dealing with thils project prcbably was a civilian employee
- of the Technical Photographic Service. His exposure 1s listed as 0.330 R.

o Project Report: WT-33 (Reference 171).

Project 8.3D -~ Film Fogging Studiles
Agency: Los Alamos Sclentific Laboratory

Operations: For EASY and GEORGE., film strips were put aboard six of the
B-17 drones used in sample collection. For GEORGE, fiim strips were also
put In ground stations, aboard two WB-29s, and abcard an RB-29 from the
Strategic Air Command (SAC). flown In specifically to particlipate 1in this
experiment. The film was removed from the drones following EASY and GEORGE
shortly after the alrcraft were on the ground and cleared by the radsafe
S officer in charge. The WB-29s and the RB-29 were flown through portlons of
S the radicactive cloud during the period from GFORGE H+45 minutes to GEORGE
- H+3 and then landed on Enewetak Island. The film samples were removed

within 2 hours of landing. Samples in the ground stations were not removed
oS until GEORGE D+1 because of high radlaiion levels (Reference 171, p. 373).
Locatlions of the ground statlons are not given, but they probably were on
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Aomon or Bijire. Apparently, neither of the WR-29s participating in this
experiment was the same one that tracked the nuclear cloud for the first
12 hours after GEORGE as part of Projects 7.4 and 7.8. Flying into the
nuclear cloud could have exposed both WB-29s and the RB-29 to signifilcant
radiation levels. There 1s no record of the RB-29 being contaminated. After

GEORGE, three WB-29s were found contaminated, as discussed under Project
7T.4.

Staffing: Staffing of TU 3.4.2, which operated the drones. 1is dilscussed
under Project 1.7. Staffing of TU 3.4.4, which operated the WB-29s, |is
discussed under Project 7.4. Further information 1s unavailable on the SAC
RB~29. The author of the repert describing this experiment was an Rir Force
officer with a recorded exposure of 1.854 R.

Project Report: WwT-33 (Reference 171).
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CHAPTER 5
U.S. ARMY PARTICIPATION IN OPERATION GREENHOUSE

TASK GROUP 3.2 PARTICIPATION

Most Army personnel in the task force were in Task Group (TG) 3.2, TG 3.2
was composed entirely of service units. TG 3.2 was the first task group acti-
vated by Headquarters Joint Task Force 3 General Order #1 on 12 January 1950.
The first units of this task group arrived at the atoll on 16 March 1950. Their
original mission was to construct facilities on Enewetak Island and the atoll.
The task group was a self-sufficient base development organization engaged in
construction and operation of base facilities at Enewetak and originally con-
sisted of the followirg units (Reference 172):

e Hg and Hg Campany, 7th Engineer Brigade (parent unit of TG
3.2 and replaced by 7126th Army Unit [AU})

® 79th Engineer Construction Battalion —-- replaced by 7126th
AU

e OQuartermaster Dctachment (OM Det) #6, 9135th Tactical Sup-
port Unit — later redesignated QM Det 7128th AU

e 70th Automotive HMaintenance Ordnance Detachment

e 9470th TSU Signal Detachment -- later redesignated the
7127th AO

3rd Mobile Army Surgical Hospital
Hq, 18th Transportation Corps Port Battalion
511th Transportation Corps Port Company

Finance Detachment, Joint Task Force 3 (JTF 3) -- redesig-
nated Finance Detachment, 712%th AU.

An Army Garrison Force, Enewetak -- B8287th AU, composed of approximately
100 personnel, was administratively ciosed out on 1 July 1950. It had performed
Post Exchange (PX) and postal services. An Air Detachment, Army Garrison Force,
was also inactivated on the same date (Reference 172).

Composition and manning levels of TG 3.2 changed significantly before the
first detonation of GREENHOUSE on 8 April 1951. Many of the original task group
were transferred to the Far Eastern Command on 19 October 1950 for service in
Korea. None of these personnel was badged and none was exposed to radiation.

During July and August 1950, Hg 7th Engineer Brigade and 79th Engineer
Construction Battalion were relieved for service in Korea. At this time the
7126th AU was activated and designated as the parent unit for TG 3.2. On 10

October 1950 three additional units were assigned to TG 3.2, They arrived at
the atoll on 13 October 1950:




LN

® 516th Military Police Service Company
® 506th Counterintelligence Corps (CIC) Detachment

e 4th Transportation Truck Company.

Table 17 shows total TG 3.2 population figures for selected weeks from
1 February to 27 April 1952.

Table 17. Task Group 3.2 population, GREENHOUSE.

Task Group 3.2

Total Task Group 3.2 on Eneweiak
Week Ending Enltsted Enlisted
1951 Men Officers Men Officers

1 February 1,222 117 1,125 62
31 March 1,311 a9 1,061 74
1 April 1,272 86 1,032 70
B April 1,270 86 1,064 57
13 April 1,087 91 1,070 70
27 Apr it 1,240 84 1,086 70
27 Apr1l 1,140 108 1,091 12

Sources: References 173, 174, and 175.

The unlits at Enewetak during the operational phase and their personnel
exposures as reccrded by film badges are summarized in Table 18. The majority
of all unlis operated exclusively on Enewetak Island except for the Military
Police (MP). the Engineer Construction Battalion, and the Communications De-
tachment, 7127th AU. Almost all TG 3.2 personnel were affected by the fallout
orn the base islands during GREENHOUSE and those exposures would not be re-
flected 1in the badge readings summarized below. The largest group of Army
personnel badged in GREENHOUSE was simply noted as “"Task Group 3.2" on their
dosimetry records. The hlgh recorded in this group was 2.845 R. Other men were
badged as being members of the several TG 3.2 organizations.

Hq and Hq Company. 7th Engineer Briqade. This was the parent unit of TG 3.2.
Small units were assigned to the task group and augmented it as work pro-
grams progressed. The brigade's mission was to function as Hg TG 3.2. The
operational strength called for 41 officers and 154 enlisted men. This
unit was replaced by the 7126th AU in late September or early October 1950
because of the Korean war. The 7th Engineer Brigade departed 1% January
1951 with 21 officers and no enlisted men. Enlisted personnel of Hq & Hg
Company., 7th Engineer Brigade, were reassigned to the 7126th AU, Five men
were badged:; the high exposure was 0.845 R (Reference 176).
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Hg Commandant. This unit operated transient blllets and malntained and super-
vised all officers’ quarters and mess. The unit was also charged with
island police, trash and garbage disposal, security. and internal admini-
stratlon and supply for headquarters. It consisted of 1 officer and 23
enlisted men for bllleting. 10 enlisted men for police, and 1 officer and
4 enlisted men for messing activities for a total of 39 personnel. The
number of personnel badged in the unit is unknown (Reference 39).

19th Enqineer Construction Battalion. This unlt performed all construction on
Enewetak Island such as housing, plers. roads. rehabilitation of existing
structures, runway reorlentation and extenslons, airfield expansion. and
utility systems Iincluding electricity generation and distribution, cold
storage facllities, freshwater distillation and distribution, saltwater
pumping and distribution, and sewage. On 19 October 1950, 30 officers and
666 enliisted personnel departed for the Far Eastern Command and a new con-
struction force was organized out of the remaining troops. All but 27
enlisted men departed the island before any detonation. A maintenance
engineering section organized I1mmediately upon the depacture of the 79th
Engineer Construction Battalion included 3 officers and 61 enlisted per-
sonnel for repalr and malntenance of utilities and facilitles. Only one
man was badged, with a zero reading (Reference 39).

Quartermaster Detachment, 7128th Army uUnit. Thls unit provided bakery., mess
personnel, and food supervision for central mess. It also procured, ware-—
housed. and iscued OM rattons, and requisitioned proeperty regquired by TC
3.2. It ran laundry facilities for all personnel on Enewetak Island. Before
May 1950 thils unit was designated as DM Detachment #6., 9135th TSU. Opera-
tional strength called for 4 officers and 101 enlisted men. This unit

operated exclusively on Enewetak Island:; none was badged (Reference 39).

70th Automotive Maintenance Ordnance Detachment. This unit supported the 7th
Engineer Brigade with heavy fteld maintenance on all ordnance wheeled ve-
hicles and quartermaster materials on Enewetak Island. The unit also pro-
cured, stored, and 1ssued all ordnance supplies. In addition, it performed
field malntenance on all Air Force general purpose and technlcal vehicles
and furnished units of JTF 3 with ordnance supplies. The unit consisted of
2 officers and 50 enlisted men. It operated exclusively on Enewetak Island;
no personnel were badged (Reference 39).

1127th Army Unit Communication Detachment. This detachment operated and maln-
tained the telephone system on Enewetak Island. the Signal Center facili-
ties on Enewetak and Parry islands, and the communication facilities for
Hq JTF 3. Before 1 May 1950, it was the 9470th TSU Signal Detachment.
Through April and May 1951 unit strength consisted of 8 officers and 138
enlisted men. By tha day of the last shot unlt strength had decreased to 3
officers and 71 enlisted men. During the rollup phase the unit operated
with two c¢fficers and 28 enlisted men (Reference 39). Only two men were
badged., with a high of 0.35%0 R.

3rd Mobile Army Surgical Hospital (MASH). This MASH unit operated the hospital
and provided medical and dental services to all units on the 1island as
well as sanitation and hyglenic supervision. The hospital was originally
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staffed with 4 officers and 22 enlisted men, but duritg the series its
ﬂ strength was 7 officers and 36 enlisted men. Three officers and thirteen
- enlisted men departed the atoll on 29 May 1951 and the remainder of the
}: unit left by 17 June. This unit operated exclusiv<ly on Enewetak and only
= two members were badged. The high badge read 0.520 R (Reference 39).
s
- Hg_18th Transportation Corps Port Company. This company operated and adminl-
stered the headquarters for the port at Enewetak Atoll. The original) orga-
e nlzarion of the Transportation 8Bection, 7th Engineer Brigade, TG 3.2 was
composed of the Hqg 18th Transportation Port Battalion {two officers and
eight enllsted men). Two men were badged. with a high of 05.080 and a low
of 0.035 R (Reference 39).

5l1lth Transportation Corps_Port Company. This unit was responsible to the port

commander for administration and operation of the port. Tt loaded and

unloaded all cargo except that on Holmes & Narver. Inc. (H&N) boats and

barges. Its operational strength was 4 officers and 204 enlisted men (Ref-

- - erence 174, p. 7). Only three people were baidged. with a high exposure of
> 0.770 R and a low of 0.380 R.

"‘:' 7129th Army Unit. This detachment provided financial services on Enewetak

1}; htoll and operated as the central disbhuising untit for Army, Alr Force, and
Navy personnel except those afloat. It was also responsible tor providing
money to naval disbursing officers afloat and to civilian contractor ac-
tivitiles. Before 1 May 1950 this detachment was designated the Finunce De-
s tachment. It originally consisted of two officers and four enlisted men and
- was later Increased to eight enlisted men (Reference 39). None was badged,

,Q; 7153th Army Unit Special Service Datachment. Thls detachment arrived at the
. }{ atoll at the end of October i950. It provided recreational equipment and
i staffed and operated the library, motlon picture theatre, hobby shop and
\ service clubs and organized athletic activities. Its operational strength

. called for twe offlicers and eight enlisted men. None was badged (Reference
> 39).

306th Counterintelligence Corps Detachment. This detachment atrived at Enewetak
on 13 October 1950 and was assigned to TG 3.2. It assumed counterintelli-

gence responsibllities in the atoll area. It had the following duties:
® Security checks 1n cooperaticn with the military police

& Cooperation with the military police 1n controlling alr
and water travel

e Security recommendations against sabotage

® Asslstance in the discovery of contraband (e.g., weapons,
cameras, signalling devices)

® Indoctrination of military personnel in counterintelligence
and security.

This detachment consisted of one officer and nine enlisted men, three of
whom were badged with readings of 0.960, 0.338, and 0.025 R (Reference
173, Annex D).
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516th Military Police Service Company. This company served as the nucleus of

the atoll defense, and had the following security missions:

o Enforcerent of military laws and regulations

& Securlty for classified information and c¢ritical areas on
Enewetak Atoll

& Securlity patrols of unoccupled islands

® Cooperation and coordinatlon with H&N and AEC security
police

e Coordination of interior guard activities.

It consisted of a provost marshal sectlon, trafflc section, criminal in-
vestigation section, company headquarters. five platoon headquarters and
guard and patrol personnel totaling 14 officers and 214 enlisted men. It
was responsible for security forces on Enewetak, Parry. Japtan, Runlit,
Aomon-Eleleron, Bijire-Lojwa, and Enjebi-Mljikadrek 1islands. On 13 May
1951, an advance detachment of 2 officers and 41 enlisted men departed for
the United States. Twenty-five men were badged, with a high readling of
1.230 R (Reference 39).

4th Transportation Truck Company. this company provided emergency ground trans-
portation during the operational phase. It was responsible for operating
the Enewetak Motor Pool. This company began to operate as a unit of TG 3.2
on 13 October 1950 with 4 officers and 109 enlisted men. None appear to
have been badged (Reference 39).

EXPERTMENTAL PARTICIPATION

Personnel from the following Army organlzations participated in the scien-
tific projects of TG 3.1. Their functions are listed 1n terms of scientific
project activity. The projlects are further described 1in Chapter 4. Personnel
exposures recorded by film badges for Army participants in the experimental
program are presented in Table 18.

Army Chemical Center, Army Chemical and Radiologicsl Laboratories, Edgewood
Arsenal, Maryland. Personnel from the Chemical Center participated in
Projlects 6.1, 6.6, 6.7, and 6.10. Twenty-five were badged and the highest
exposure recorded was 5.430 R (References 74, 165, 166, and 167).

Ballistic Research Laboratories (BRL), Aberdeen, Maryland. Nilne personnel par -
ticipated in Project 1.6. All were badged, with a high recorded exposure
of 3.085. One cilvilian who participated in Project 1.6.3.2 had a 0.483 R
reading. One civilian and one reservist who participated in Project 1.6.6.1
were not badged. Six men participated in Project 1.6.3.1; the highest re-
corded exposure was 0.328 R. They were aided by an advance party of three:
the highest exposure was 2.640 R. Many of the same personnel from BRL par-—
ticipated in all projects of Project 1.6. Five civilians and two enlisted
men participated in Project 6.3; all were badged with a high exposure of
0.622 R (References 125, 126, 130, and 162).
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Office of guartermaster General. Fifteen personnel (five officers from the
Quartermaster General, two additional army officers, filve enlisted men from
9135th TSU. and one civilian from the Quartermaster Research & Development
Laboratory, and two enlisted men from Evans Signal Laboratory)., partici-
pated 1n Project 6.9. Eleven persons were badged; the highest exposure
recorded was 3.505 R for a man from the 7128th AU (Reference 72, p. 10).

Signal Corps Engineering Laboratories (SCEL), Ft. Monmouth, New Jersey. Eigh-
teen personnel (sixteen from SCEL and two from Army Chemical Center) par-
ticipated in Project 5.1 -—- Evaluation of Ground Radiac. All but one wete
badged. The highest recorded exposure was 4.135 R for a survey-meter engl-
neer (Reference 137, p. 209). Four also participated in Project 8.3B -
Effects of Atomic Detonation on Radio Propagation: none appear to have
been badged (Reference 171).

OTHER ARMY PERSONNEL PARTICIPATION

In addition to Army personnel in the Army task group and the experimental
program, an undetermined number served in Hg JTF 3. One of these was badged
with a reading of 0.030 R. Four otier Army personnel were badged as simply
"Joint Task Force 3." High badge reading of this group was 3.390 R.
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CHAPTER 6
U.S. NAVY PARTICIPATION IN OPERATION GREENHOUSE

Naval units, naval personnel, and civilians employed by Navy organizations
particlpated 1in Operation GREENHOUSE 1n Headquarters Joint Task Force Three
(JTF 3), in Task Group (TG) 3.1 (Sclentific), in TG 3.3 (Navy). and in TG 3.4
(Alr Force). These units and individuals had missions that tookx them to or
near Enewetak Atoll during GREENHOUSE. Most Navy participation was ir. TG 3.3

operations that were primarily support functicns 1n carrying out the nuclear
tests.

Activities of Navy unlts participating 1n GREENHOUSE and Navy organlzations
represented by individuals are discussed in thls chapter and personnel involved
are enumerated. Most individual participants were not expected to particlpate
in operations 1involving likelihood of a significant radiation exposure and

they were not badged. Table 19 summarlizes the exposures recorded by badged
Navy personnel.

Task group units were trained for the contingency of fallout, and all six
of the major TG 3.3 ships and some of the small craft did receive fallout from
shots DOG and EASY. While conducting a recovery mission for TG 3.1 personnel
from Enjebi and Lujor i1slands, USS_LST-859. USNS Sqt. Charles E. Mower (T-AP-
186), L3SU-1345, and LCM-20 recelved fallout at approximately 0835 or the day
of shot DOG. LST-859 had a reading of 0.1 R/hr on its fantall and later, while
anchored at Lujor Island, the reading increased to 0.380 R/hr. LSU-1345 re-
ported radiation intensity of 2.5 R/hr. Decontamination procedures were started
and were effective. The ships were directed to proceed to and anchor 1in the
northern part of the lagoon (Reference 17, DOG-2; Reference 100).

Fallout from shot ITEM was reported twilce. once in the morning at about
H+3.5 by USS curtiss (AvV-4), USS cCabildo (LSD-16), USS Sproston (DDE-577). USS
Walker (DDE-517), and Mower, and later by the same units in the afternoon. Ra-
diation levels were not as high as those from shot DOG (Reference 17, ITEM-2).

Radiological exposures from these fallout incidents 1s discussed in Chap-
ter 10.

NAVAL TASK GROUP (TASK GROUP 3.3)

TG 3.3 was the nomlnal Navy task force organization and contained all the
naval units and most Navy personnel involved ir GREENHOUSE. The formal organi-
zation of TG 3.3 1s described In Chapter 1, and its organization 1s shown 1in
Figure 10. TG 3.3 missions and the un’ts assigned to perform them are discussed
below.

The filrst mission of TG 3.3 was to deliver nuclear device components to
Enewetak Atoll and provide moblle facilities at the site for thelr assembly.
This misslon was assigned to Curtiss.
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Surface, antisubmarine, and alr securlty were also misslons of forces
assigned to TG 3.3. Two escort destroyers. Sproston and Walker., and Patrol
Squadron 931 (vP-931), operating cut of Naval Operating Base (NOB) Kwalaleln,
carried out search patrols around the atoll! and 1., the surrounding danger area,
seeking out unauthorized surface vessels and submarines close enough for visual
or photographic observation of the operations (Reference 179, p. B-2).

Speclal project and weather stations on outlying atolls were also estab-
1ished by TG 3.3 and the Ailr Force. TG 3.3 supplied these statlons throughout
the tests (Reference 99, p. 2).

Radiological surveys of inhabited islands in the area were cattried out Ly
the Navy in coordination with the Air Force task group (TG 3.4) (Reference 99,
p. 2).

A TG 3.3 boat pool supplied all task groups with interisland water trauns-
port (Reference 179, p. 3). This unit was based on Cabildo.

TG 3.3 was responsible for the entry, reentry., and evacuatlon of all per-
sonnel to and from the 1slands north of Japtan before and after H-hour. In
case of total evacuation of the atoll, TG 3.3 would have been responsible for
the safe evacuation of all personnel on the islands (Reference 196, Annex A).
The units supplying this capability were Mower and LST-850.

A forward echelon unit was established on 24 July 1950 before the boat
pool unit arrived at Enewetak Atoll. It consisted of a Forwatd Echelon Repre-
sentative, 27 enlisted men, 1 alrcraft rescue vessel (AVR), 5 landing craft
(LCMs) and a floating drydock. and an auxiliary floating drydock (ARD-28) that
provided docking facllities for the small craft. The Forward Echelon Unit was
to provide small boat services and safe movement of vessels within the lagoon.
USS Deliver (ARS-23), a salvage ship, and USS Elder (AN-20), a net ‘aying ship,
were involved in laying a sonobuoy system to detect attempts to enter Enewetak
Lagoon. When Cabildo arrived on 23 February, Task Unit (TU) 3.3.5 (Moblle Boat
Pool) was established and Forward Echelon Unit 3.33 was dissolved into TU 3.3.6
(Harbor Contreol) and the Forward Echelon Representative became the Port Direc-
tor (Reference l€. Annex A).

Preoperational activities of participating ships are summarized 1n Table
20.

Arrivals and departures of TG 3.3 units during the operational phase of
GREENHOUSE are summarlized In Table 21. Activities of the individual ships or
other Navy units that comprise each unit, largely extracted from the ships
logs, are discussed below. Personnel exposures from the film badge informatlon
for the units 1s summarized 1in Table 19.

Task Unit 3.3.1 -- USS Curtis (AV-4)

The seaplane tender Curtiss participated in TU 3.3.1 as flagship for all
shots at Enewetak Atoll and in TU 3.3.2 (Convoy and Escort). The normal comple-
ment of Curtiss was 1,195 (References 16, 17, 100, and 180). The flrst misslon
of curtiss was to transport the device elements and personnel from TU 3.1.4
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Table 20.

Ships participating In the preoperational phase of GREENHOUSE.

3 Ship Name

Type

Function and Date

USS Alstede (AF-48)

1 APL-27
7 ARD-28
; Brewster

USC&GSS Buttonwood

o e
ata .

SS Deliver

(ARS-23)

USS Elder (AN-20)

i}
I‘l\:

USS Elkhorn (A0G-7)

- USNS LST-1010

USNS Joseph F.
(T-AKV-4)

Merrell

USNS Sqt. Andrew
Miller (T-AK-242)

Store Ship

Labor transport or
barracks ship
Auxiliary floating
dry dock

No data available

u.S. Coast and
Geodetic Survey ship

Salvage ship

Net laying ship

Gasoline tanker

Tank landing ship

Military Sea Trans-
portation Service ship

Military Sea Trans-
por tation Service ship

Refrigerattion and general sup-
plies, 24-25 March 1951

Housed TG 3.2 construction
personnel

Provided docking facilities
for small craft; departed
24 february 1951.

Housed T6 3.2 construction
personnel and equipment, 16-20
March 1951.

Buoyage systems for repair and
replacement of navigational
alds

Lald 10 sonobuoys; departed
24 February 1951.

Assisted in laying the sono-
buoy detection screens; re-
leased 23 February 1951.

Petroleum supply, 26-28 March
1951.

Delivered heavy equipment,
14-25 March 1951.

Delivered animal food

Delivered heavy equipment and
general supplies, 17 March to
1 April 1951

USS Tortuga (LSD-26) Dock landing ship Delivered small craft and
sonototys
Sources: References 3, 16, and 17.
;.
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. Table 21. Arrival and departure dates of Task Group 3.3
g ships GREENHQUSE.

Arrival Departure
e Ship in PPG from PPG
- USS Curtlss (AV-4) 8 March 27 May
g USS Sproston (DDE-577) 8 March 27 May
USS Walker (DDE-517) 8 March 27 May
a USS Cabilde (LSD-16) 23 February 30 May
I' 16 June 18 June
:- USNS Sgt. Charles E. Mower (T-AP-186) 26 March 5 June
UsSS LST-859 31 January 12 suned

- Note:
a
Underway for Kwajalein Atocll.

- Sources: References 180 through 185.

(Weapons Assembly) from San Francisco to Enewetak Atoll. Two destroyers and
¥ alr coverage escorted Curtiss as TU 3.3.2. The oller USS Cacapon (A0-52) re-
. fueled this task unit off Hawail on 1 March 1951. Upon arrival at Enewetak, TU
- 3.3.2 was dissolved and Curtiss became the flagship under TU 3.3.1 (Flag Ship),
- Curtiss provided weapon assembly faclilities and, along with Cebildo, provided
. maintenance facilitles for small craft. Curtiss was in the atoll for all four

- shots. Thirty-eight men were badged on Curtiss, and their exposures are listed
p in Table 19. In 1951, Navy medical authoritles assigned a dose of 1.043 R to
- most Curtiss crewnen who were not badged to account for the fallout exposure
:K the ship received. A CTG 3.3 letter (reproduced in Appendix AR of this report)

specified that twenty men were to be badged to record exposure in various parts

of the ship. Badges were to be worn from just before shot time and for 1 week
- thereafter.

. Curtilss activities for the GREENHOUSE shots, summarlzed from log entrles,
- follow.

= e DOG {Runit Island, Enewetak Atoll, 8 April. 0634)

On 8 March 1951 arrived at Enewetak Atoll and became TU 3.3.1
- (Flagship). Mcored to buoy 568 north of Japtan Island. At 0615 on
e 7 April movement of the weapon from Curtiss to the tower began. At
- 1359 underway for berth B-i1 off Parry., 9 nmdl (16.7 km) south of
.ﬁ' shot DOG. Mustered persconnel at 204C on 8 Aprill: all personnel
g were awake at H-1. At 0600 went to general quarters. At H+45 sec-

onds., shock waves arrived at Parry Island. At 0720 secured from
- general quarters. At 0730 radiation was detected. A reading of
0.001 R/hr was measured on the island, and at the pler readings
were 0.017 to 0.02 R/hr. One-quarter mile (0.4 km) from the piler,
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the lagoon read 0.01 R/hr. At 0B25 the staff radsafe officer was
notified of contamination levels between 0.001 and 0.004 R/hr. The
crew closed all ventllatlon systems and washed down all weather
decks. At 1010 surveyed the ship. Contamination levels of € to
0.035 R/hr were detected. At 1100 the radiological survey reported
a high of 0.100 R/hr. Personnel were directed to remain inside the
ship (Reference 17, LJXG-3). Contamination aboard Curtiss on D-day
and D+l was (References 16 and 80):

:f- Day Time Readings (R/hr)

D-Day 0825 0.001-0.004

1010 0.035

- 1100 0.100

j:. 1300 Began decontamination: average
‘:: reading 0.016, maximum 0.057
= 1400 0.010-0.100, 0.040 mean

A A

}}t D+1 Day 1000 0.0125-0.025

o 1130 Below 0.0125 with isolated area

- 0.025 on fantail

.f'f On 9 April at 1400 underway for new anchorage and at 1602 moored
: at berth 768 off Enjebi Island.

L & EASY (Enjeb) Island, Enewetak Atoll. 21 April, 0627)

On 20 April at 1410 underway to berth B-1 off Parry. At 1558 moored
at B-i. On 2] April at 0600 went to general quarters and set con-
dition Able. At 0659 set condition Baker. At 0708 secured from
general quarters.*

P R
PRI

. .
« s te

- ® GEORGE (Aomon Island, Enewetak Atcoll, 9 May, 0930)

. 1
%
.

On 8 May at 1403 underway for new anchorage. At 1727 anchored at
berth C-1 coff Parry. On 9 May at 0821 set condition Baket. At 0845
i%é went to general quarters. At 0853 set condition Able. At 1017 se-
N cured from general quarters. At 1207 set condition Baker throughout
S ship. At 1257 underway to improve anchorage. At 1305 anchored at
- berth C-1. No fallout occurced on Curtiss.

ij e ITEM (Enjebi Island., Enewetak Atoll, 25 May, 0617)

- On 24 May at 1358 underway Sor new anchorage. At 1535 moored at
berth B-' off Parry. On 25 May at 0510 set condition Able. At 0530
- went to general quarters. At 0657 set condition Baker. Ar 0704 se-
i} cured from general quarters (Reference 17, LlTEM-2). Contamination
) aboard Curtiss on D-day and D+] was as follcws ‘Reference 80):

.}ir * A smail amount of falluut occurred the night of 21 April and early morning
. of 22 April. It was either undecected or teoo light to report.
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Day Time Readings (R/hr)

! :

D-day 0940 Fallcut detected

. 1030 Began decontamination: average
- 0.065. maximum 0.025

1045 0.004-0.006
1200 Readings at background
1230 Decontamination stopped;

readings below 0.001
1530-1930 0.025

D+1 1200 Readings reduced to 0.012.

on 27 May at 1528 underway for Pearl Harbor after loading remainder
of weapon elements and personnel from TU 3.1.4 (Weapons Assembly).

At 1610 formed TU 3.3.2 (Convoy and Escort) for the trlp back to
- the United States.

5 Task Unit 3.3.2 .. YSS Sproston (DDE-577)

o The escort destroyer Sproston participated in TU 3.3.2 (Convoy and Escort)
- and TU 3.3.4 (Surface Patrol) for all shots (References 16. 17, 99, 100, 183,
and 186). As part cf TU 3.3.2 (Convoy and Escort Unit)., Sproston escorted
Curtiss with device componeants to Enewetak Atoll. Upon arrcival, TU 3.3.2 was
. dissolved and Sproston began operating under TU 3.3.4 (Surface Patrol). Its
- mission was to maintain an antisubmarine survelllance patro. off the atoll at
- all times, with one of the twn destroyers on duty 1n the outer atoll area.
; This patrol was to Kkeep unauthorized vessels from entering the area and to
search for any vessels in position to observe the shot sites visually or photo-
. graphically. Maximum periods for patrolling were four days before the shot and
o two days after the shot. The patrol area covered by the two destroyers during
. GREENHOUSE are shown In Figure 15 (Reference 99, p. B-I-1-4). Investlgation of
I contacts made by the sonobuoys in the harbor entrance were alsc a responsibil-
- ity of this unit. Sproston participated in Project 8.3. a radar scope photogra-
phy project under TG 3.1 (Reference 138). At the completion of the test serles,
Sproston and Walker escorted Curtiss back to the United States. Sproston was
X in close proximity to the atoll fur all shots. Ten men on Sptoston were badged,
as specified In a CTG 3.3 letter (reproduced in Appendix A of this report).
Badges were to be worn from just before shot time and for 1 weck thereafter.
o In 1951, Navy medical authorities assigned most Sproston crewmembers who were
- not badged a dose of 1.000 R to account for thelr fallout exposute. Sproston
shot activiiles, summarized from log entries. follow.

® DOG (Runit Island, Enewetak Atoll, 8 April, 0634)
X on 3 March 195). arrived at Enewetak Atoll and berthed in L-3 off

+ 3 Enewetak Island. On 1 April at 0758 underway for patrol station
' off Enewetak Atoli. On 2z Aprii ar 0815 commenced patrolling atound
X atoll. On 8 April at 0430 proceeded independently to polnu Able,
+ 8 30 nmi (56 km) north of Runit Island. At 0600 wen: to general
- 198
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quar. rs. At 0634 observed the detonation bearing 187°T. distance
30 nmi (56 km) from Runit Island. At 0704 secured from general
quarters. At 0740 resumed normal patrol. At 1045 changed course to
investigate surface contact. At 1142 identified surface contact as
USNS Lt. Robert Craig (T-AK-252). a Military Sea Transportation
Service (MSTS) vessel. Ship encountered fallout 2,500 yards (2.3
km) southwest of Enewetak JIsland, between 1230 and 1300. Began
decontamination at 1600. On 10 April at 1320. anchored at berth
L-3 off Enewetak Island (Reference 94).

EASY (Enjebl Island, Enewetak Atoll. 21 april. 0627)

Oon 16 April at 0744 underway for patrol station off atoll. On 18
Aprill at 0852 anchored at berth L-3. On 19 April at 0748 underway
for patrol station off atoll. On 21 April at 0558 went to general
quarters. At 0627 observed shot EASY bearing 164.5°T, distance
30 nmi (56 km). Ar 0644 secured from general quarters. At 0833
changed course to investigate an o1l slick. At 100C resumed patrol
station. Began decontamination at 2200. At 2300 radiological con-
tamination measured at 0.01275 R/hr while on station (Reference
17. EASY-4). By 1600. 22 April, intensity level reduced to normal.
Oon 23 April at 0715 anchored at berth L-3. On 24 April at 1110
underway for patrol station off atoll. Sproston sighted a tug,
Eugenia M. Moran. on 27 April in the danger area. At 0734 on 28
April, Sproston anchored at berth M-3 off Enewetak Island.

GEORGE (Romon Island, Enewetak Atoll, 9 May. 0930)

On 1 May at 0748 underway for patcol station off atoll. On 4 May
at 0949 anchored at berth L-3. On 7 May at 0758 underway for patrol
station around the atoll. On 9 May at 0855 went to general quar-
ters. At 093G observed shot GEORGE bearing 270°T. distance 15 nmi
(21.2 km). At 1043 secured from general quarters and continued pa-
trol of Wide Entrance. On 12 May at 1012 anchored at berth L-3. On
14 May at 0755 underway for patrol station. At 1438 approaching
Deep Entrance and anchorage of Walker. At 1531, LCM-22 cast off
with an enlisted man to transfer film badges. At 1555 picked up a
motor whale boat with 211 personnel. At 1556 returned to sea
through Deep Entrance. At 1621 commenced patrol off atoll. Sproston
was not exposed to GEORGE fallout.

ITEM (Enjebl Island. Enewetak Atoll, 25 May. 0617)

Maintaining patrol off atoll. On 15 May at 0940 anchoted at berth
L-3. On 22 May at 1834 underway for patrol statlion. On 25 May at
0545 exercised crew at general Quarters. Observed ITEM at 0617. At
0704 secured from general quarters and set condition of readiness
ITI. normal cruising. At 0852 continued patrol of atoll. From 1900
to 2300, recelved minor fallout from ITEM. On 26 May at 1557 an-
choted in berth L-3. At the completion of GREENHOUSE, Sproston and
Walker reformed with Curtiss as TU 3.3.2 (Convoy and Fscort). On
27 May at 1200 departed for Pearl Harbor.
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Task Unit 3.3.2 -- USS Walker (DDE-517)

The escort destroyer Walker participated in TU 3.3.2 (Convey and Escort)
and TU 3.3.4 (Surface Pattol) for all shots at Enewetak Atoll (References 5,
37. 28, 99. 100, 184, and 186). Walker participated in TU 3.3.2 (Convoy and
Escort) with Sproston by escorting Curtiss with the weapons elements on board
to Enewetak Atoll from San Francisco. The unit was dissolved upon arrival and
TU 3.3.4 (Surface Patrol) activated. Patrolling artound the atoll begar 1mmed)-
ately on 11 March. Functions of Waiker were basically the same as Sproston
with only a few exceptions. While Sproston tcok part in Project 8.3, Walker
was equipped with air sampling equipment. In the 50 days spent at sea., each
ship iIntercepted one ship not authorized to be in the test area. wWhen the tests
were terminated, Walker and Sproston reformed as TU 3.3.2 and escorted Curtiss
back to the United States. Walker. l1ke Sproston. was in the immediate vicinity
of the atoll for each shot. Eighteen men were badged on Walker, and their expo-
sures are shown in Table 19. In 1951, Navy medical authorities assigned most
crewmembetrs who were not badged an exposure of 0.433 R to account for the
fallout the shlp recelved. Walker shot-time activities, summarized from log
entries. follow.

® DOG (Runit Island. Enewetak Atoll, 8 April. 0634)

On B March 1951 arrived at Enewetak Aroll! and dissolved TU 3.3.2
(Convoy and Escort). TU 3.3.4 (Surface Patrol) was activated and
on 1l March at 1829 the ship was underway for antisubmarine warfare
(ASW) patrol off the atoll. For the next 3 weeks the ship was in
and out of the atoll. On 3 April at 0514 departed for assigned
station for rehearsal of shot DOG. which was completed at 0640. At
0816 returned to patrolling the atoll. On S5 April a: 0629 changed
course to investigate radar contact bearing 219°T, distance 62
nmi (115 km). At 0859 went to general quarters. At 0906 sighted
surface target bearing 237°T, distance 7 nmi. At 0934 identified
target as Kuroshlo Maru No. 7. Tokyo, a fishing ccaft with side
markings K-290 (Reference 184). At 1037 secured from general quar-
ters. At 110] escorted the Japanese ship out of the danger area.
At 1507 released the ship and returned to the security patrol area.
At 2140 entered the patrcl area and resumed patrolling. On 7 April
at 0900 went to general quarters to conduct a contamination drill.
At 0954 secured from general quarters and returned to ASW patrol.
On 8 April at 0500 changed course and proceeded to assigned sta-
tion. At 0600 went to general quarters and set condltion Able. At
0615 ship was on station. At shot time Walker was 15 nmi (28 km:
bearing 090°T from surface zero. At 0642 secured from general
quarters and set antisubmarine condition of readiness I1]I and con-
dition Baker throughout ship. At this time ship commenced irreqular
random securlity patrol. At 0745 received minor fallout. At 0930
radiological survey of the ship showed highest level at 0,010 R/hr
(Reference 17, DOG-3). Radioloalcal siurveys continued and showed
the following:
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Day Time Reading (R/hr)
D-day 0830 Began decontamination
1010 0.010
1400 0.010
D+1 1000 0.010, maximum
1208 0.010.

At 1130 surface contact bearing 120°T, distance 10 nmi (18.5 km)
was identified as Cralg., an MSTS vessel. At 1132 commenced secur-
ity patrol off atoll. On 9 April at 0812 anchored at berth O-4 off

Enewetak TIsland. On 12 April at 0758 underway for ASW patrol
station.

ERSY (Enjebi Island, Enewetak Atoll, 21 April, 0627)

On 16 April at 1843 underway for security patrol. At 2230 changed
course to take station 15 nmi (28 km) off Enjebl Island for cehear-
sal of shot EARSY. On 17 April at 0115 completed rehearsal of shot
EASY and cesumed patrol off-shore atoll. On 18 April from 1620 to
1645 ceased ASW patrol and commenced search and rescue (SAR) oper-
ations, then resumed ASW patrol. On 20 April at 1457 civilian ob-
servers came on board. At 1504 resumed ASW patrol. On 21 April at
0420 changed course to take weather station 10 nmi (18.5 km) upwind
bearing 70°T from Enjebi. Maneuvered to remain within 2 nmi (3.7
km) of shot station. At 0600 went to general quarters. At 0627 ob-
served shc: EASY bearing 270°T. distance 15 nml (28 km). At 0640
secured from general quarters and set ASW watch. At 1130 light
fallout detected: average readings were 0.004 to 0.005 R/hr. At
1852 maneuvered to 1nvestigate disappearing radar contact. At 1934
cempleted investigation with negative results. At 2010 resumed
security patrol. On 22 Aprll at 0343 anchored at berth M-3, By
1206 on 22 April, radioactivity had decayed to 0.001 R/hr. On 28
April at 0800 underway for securlty natrocl. Cn 29 Aprll at 1700
anchored at berth M-2 off Enewetak Island.

GEORGE (Aomon Island, Enewetak Atoll, 9 May., 0930)

on 7 May at U800 underway for securlty patrol. On 9 May at 0730
proceeded to shot station 30 nmi (56 km) from Eieleron Island. At
0900 went to general quarters. At 0908 set condition Able. At 0915
arrived on station. At 0930 observed shot GEORGE. At 0936 secured
from general quarters and set ASW watch and condition Baker. At
1325 resumed ASW patrol. On 13 May at 0530 sighted surface contact
bearing 120°T, distance 15 nml (28 km). At 1616 contact 1identi-
filed as USS Kio Grande (A0G-3) (Reference 184). On 14 May at 1145
anchored at berth M-2. Walker recelved no GEORGE fallout.

ITEM (Enjebl Island., Enewetak Atoll, 25 May, 0617)

on 22 May at 1757 underway for routine security patrol. On 25 May
at 0523 went to general quarters. At 0602 on statlon. At 0604 set
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condition Able throughout ship. At 0617 observed shot L[TEM bearing
270°T, distance 15 nmi (28 km). At 0629 secured from general
quarters and set the regular condition III ASW watch and set con-
dition Baker. At 0850 resumed security patrol neai Enjeb! Island.
From 1600 to 1900 encountered fallout. At 1900 cevzrage intensity
was 0.030 R/hr. Decontamlnation was 95 percent effactive. On 26 May
at 1406 anchored at berth M-2. On 27 May reformed with TU 3.3.2
(Convoy and Escort uUnit).,

Task Unit 3.3.3 -- Patrol Squadran 931

vP-931 arrived on 19 February 1951 at Kwajalein Atoll where it remained
throughout GREENHCUSE as TU 3.3.3 (Alr Patrol Unit). According to a weekly
roster report the squadron averaged 52 officers, 336 enlisted men, and 1
civilian. The squadron was equipped with nine antisubmarine alrcraft, five
P2v-2s and four P2V-3Ws. One PBM-5A was also assigned to the squadron and was
used to support TU 3.1.5 (Radsafe Unit) by collecting water samples from out -
lying atolls and supplying weather and speclal project stations on outlying
islands. The mission of TU 3.3.3 was defense of an area within a radius of 100
nmi (185 km) from Enewetak Atoll. This area was surveyed day and night with
double coverage at night. Flight misslions started on 1 March and continued
throughout the test series, totaling 264 missions and 2,656.5 hours flown. On
6 March the squadron flew an antisubmarine escort for the incoming TU 3.3.2

(Convoy and Escort) comprised of Curtiss, Sproston and Walker. A two-alircraft
team escorted them into the atoll.

All decontamination washdown procedures were done ai Kwajaleln as well as
all maincenance. Critical periods for alr patrols were 5 days before each shot
and the day after (Reference 17). Specific flight patterns are shown in Figure
15 (Reference 187, p. C-I-1-5).

Oon 12 May the PBM-5A, while on a water sampling misslion for TU 3.1.5,
beached at Ponape Island 370 nmi (686 %¥m) southwest of Enewetak Atoll. Assis-
tance arrived and the damaged aircraft was repalired enough to fly back to
Kwajalein on 29 May.

Nonflyable squadron equipment departed Kwajalein on 28 May by MSTS. Four
ships aided 1n the rollup of the task unit: USNS David C. sShanks (T-AP-180;,.
USNS General D.E. Aultman (T-AP-156), Mower, and USNS Sqt. Andrew Miller
(T-AK-242). The last ship departed on 14 June with the squadron's equipment
(Reference 188, p. 1).

VP-931 had 102 personnel badged. A CTG 3.3 letter (reproduced in Appendix A
of thils report) specified that 150 badges were to be provided VvP-931 for each
test. They were to be worn by all crewmembers on all flights alrborne from
shot time and for one week thereafter. Dosimetry records indicate this was
done. The hlighest exposure received by the squadron was 2.410 R. This was an
electronics officer frcm the Armed Forces Speclal Weapons Project (AFSWP) at

Sandia Base, Albuquerque, New Mexlco. AFSWP had speclial equipment installed on
one of the aircraft.
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Task Unit 3.3.5 -- USS Cabildo (LSD-16)

The dock landing ship Cabildo participated in TU 3.3.5 (Mobile Boat Pool)
for all shots at Enewetak Atoll (Reference 182; Reference 16, p. 5). cabildo
arrived at Enewetak Atoll on 23 February 1951. At the time of arrival TU 3.3.5
was established (Reference 189, p. 1). Cablldo was the mother ship to %5 boat
pool craft consisting of 30 LCMs, 3 LSUs, 3 AVRs, 8 DUKwWs, 8 LCPs, 3 ICVPs,
and 3 launches. These are further described under "Mobile Boat Pool (Task Unit
3.3.9)." The mission of Cablldo and the boat pool was to provide water trans-
port for each of the task groups. All boats were maintalned by Cabildo, and
the ship also was the center for operating a voice signal system in the lagoon
for TU 3.3.6 (Harbor Control Unit). Cablido was in the lagoon for each of the
four shots. There were 84 personnel badged on Cabildo. In 1951, Navy medical
authorities assignred a 1.1 R dose to most Cabildo crewmen who were not badqged

to account for fallout during GREENHOUSE. Cabildo's shot-time activities, sum-
marized from log entries, are as follows:

¢ DOG (Runit Island, Erewetak Atoll., 8 April 0634)

On 23 February arrived at Enewetak Atoll and established TU 3.3.5
(Mobile Boat Pcol) and moored to buoy N-2 off Enewetak Island. On
8 April at 0600 exercised crew at general quarters. At 0634 ob-
served atomic weapon test. At 0643 secured from general quarters
and set speclal sea detall. At 0745 secured from speclial sea de-
tail. At 1014 fallout was detected and material condition Able was
set. At 1Gl15 all unauthorized persons were ordered below deck as a
protection against radioactive fallout; ventilation secured and

washdown started (Reference 17, DOG-3). The 2-day summary of DOG
fallout readings indicate:

Day Time Readings (R/hr)
D-day 1100 0.025 average reading; maximum, 0.040
1315 0.020
1400 0.010-0.040, with 0.025 mean topside
D+] 1000 0.020 maximum with 0.005 topsilde
1238 0.005
1500 0.003 average

On 9 April at 1246 secured from radiocactivity precautions, opened
topside hatches, ports, and vents, and all hands were allowed top-
side. Only contaminated areas were off limits.

® EASY (Enjebl Island, Enewetak Atoil, 21 April, 0627)

Moored to N-2. On 2! April at 0600 went to general quarters. At
0627 observed shot EASY. At 0700 secured from general quarters,

Very light fallout recelved on night of 21 April, less than 0.001
R/hr.




o

® GEORGE (Aomon Island, Enewetak Atoll, 9 May, 0930)

Moored to N-2, On 9 May at 0900 went to general gquarters and scot
material condition Able. At 0930 observed shot GEORGE. At 0933
secured from general quarters and set special sea detall. At 1130
secured from speclal sea detail. At 1303 secured from material
condition Able. Cabildo received no GEORGE fallout.

e ITEM (Enjebl Island, Enewetak Atoll, 25 May, 0617)

Moored to N-2. On 25 May at 09539 exercised crew at general quarters
and set material condition Able. At 0617 observed shot ITEM. At
0656 secured from general quarters and set condition Baker. At
1028 set material condition Able and all persons were ordered
below deck. Radliation was detected at 1045 with a reading of 0.004
to 0.006 R/hr (Reference 17, ITEM-2). At 1130, reading was 0.012
R/hr. Decontamination started at 1230. At 1245 secured from mate-
rial condition Able and set material condition Baker. At 1400,
reading was 0.007 R/hr. At 1620 set condition Able and all persons
were ordered below deck. At 1815 set modified material condition
Able. At 1830 set condition Able, At 2140 secured from material
condition Able and set condition Baker. On 25 May at 1620 fallout
detected again., By 1630, readings were 0.040 R/hr. At 2130, read-
ings were 0.027 R/hr. On 26 May, readings at 0415 were 0.020 R/hr,
and at 1700, 0.007 R/hr.

on 30 May, Cabilldo started its rollup operation by departing for Pearl
Harbor with a load of boat pool personnel and equipment. It later returned
with USS cCatamount (LSD-17) to transport the remaining boat pool craft and
equipment,

Task Unit 3.3.5 -~ Mobile Boat Pool

The Moblle Boat Pool was established upon the arrival of cabildo on 23
February 1951. The pool consisted of 30 LCMs (mechanized landing craft) for
ship-to-shore transport of equipment, 3 LSUs (utility landing shilps) for wea-
pons transport, 3 AVR (air rescue vessels) to evacuate personnel from islands
and to perform SAR operations within the atoll, 8 DUKWs (troop amphilbious
trucks) to conduct securlty sweeps of 1slands., plus 8 LCPs (personnel landing
craft), 3 LCVPs (vehicle and personnel landing craft), and 3 launches. A total
of 58 boats 1In this puol were operated by TU 3.3 (Reference 3, v, 123). The
boat pool provided ship-to-shore transportation and emergency transportation
for speclal security missions. Schedules were made out principally in view of
TG 3.1 needs.

Contamination was reported on some of the boats following shot DOG. On
8 April at 0820 an LSU reported a reading of 0.010 to 0.025 R/hr when it was
jJust north of anchorage N-9 off Enewetak Island. LSU-1345 reported a reading
of 2.500 R/hr at 0830 when it was just north of Runit Island (Reference 17,
DOG-3). LCM-20 also had radlological contamination while 1in movement with
LST-859 and Mower. On 9 April the boat pool had a reading of below 0.004 R/hr.
For shot EASY, AVR-20987 and LSU-1249 were contaminated while near Enjebl
Island, but no readings are available.




PRENEN

A

s

A MR

4
inte Y v ls

]
[

I8

A group of three boat pool members had very high readings on their film
badges of 8.5 to 20 R gamma and 12 to 32 R beta exposutes between 21 and 23
April following shot EASY. Another enlisted man in the same boat crew did not
wear a film badge. The boat was on a run that included Parry, Enjebi, Mijika-
drek. Boken, and Dridrilbwij islands. All four men were glven radiological
physical examinations including chest X-rays, blood counts, urinalysis, and a
red blood cell count. Blood counts and urlnalysis were done weekly and a
followup examination was conducted. These men were not allowed to enter any
contaminated area for the rest of the operation. These men were suspected of
obtalining high exposure readings on their badges by dellberately leaving them
on the shot 1island. The men did not admit this, however. No other boat pool
member operating under the same conditions recelved an exposure of such magni-
tude. The crew party monitor reported that at no time during the trip did the
meter read more than 0.040 R/hr. Two civilians on the trip had readings of
0.170 R and 0.185 R. The c¢lothing worn by the four men supported the suspicion
as 1t read only 0.003 R/hr. No evidence to support these high exposures was
found following an investigation of the incident (Reference 38, p. 6).

on 30 May, Cabildo started the rollup phase of GREENHOUSE, and TU 3.3.%
organization was dissolved.

There were 129 men badged in the boat pool. A CTG 3.3 letter (reproduced
in Appendix A of this report) specified that 215 film badges per test were to
be available. Badges were to be worn from just before shot time and for 1 week
thereafter. In 1951, Navy medical authorities assigned a dose ranging from
0.7 R to 2,1 R for most personnel who were not badged to account for fallout.

Task Unit 3.3.6 -- Harbor Control Unit

This task unit consisted of two officers and fifty-seven enlisted men
(Reference !7). No ships were assigned. The unit . operated a Harbor Entrance
Control Post and provided Port Director facilities. Control over unauthorized
entry was monitored by sonobuoys placed in Wide Entrance and Deep Entrance.
Regulations controlling boat movement and personnel were issued upon arrival
of each ship into the lagoon (Reference 16, p. 6: Reference 189).

Task Untt 3.3.7 -- USNS Sgt. Charles E. Mower (T-AP-186)

An MSTS vessel, Mower participated In TU 3.3.7 (Loglstics) for all shots
at Enewetak Atoll (References 16, 17, 100, and 185). Mower arrived on 26 March
1951 at Enewetak Atoll. It was used as a hotel ship anchored off Enjebi Island.
The ship provided moblle living accommodations for a large number of personnel.
The ship remalned anchored near Enewetak or Parry 1sland inside the lagoon at
shot time. After H-hour, 1t headed north to elther Enjeb! or Lujor Island to
support sclentific recovery operations. Mower was within the lagoon for all
shots. Ten men were badged on Mower. A CTG 3.3 letter (reproduced in Appendix A
of this report) specified that 10 men were to be badged to record exposure in

varlous parts -f the shlp. Badges were to be worn from just before shot time
for 1 week.

Shot-time activities for Mower., summarized from log entries. were as
follows:
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® DOG (Runit Island, Enewetak Atoll, 8 April, 0634)

n 26 March the ship arrived for duty in TU 3.3.7 at Enewetak Atoll

and anchored at berth C-1 off Parry Island. On 30 March at 1415 it

departed for Enjebl Island. On 2 April at 1515, during a trial run,
~ passengers embarked from Enjebil to Enewetak Island. On 3 April at
1136 they debarked from Enewetak to Enjebi. One day before shot
DOG, passengers were removed from Enjebl at 1315. Oon 8 April at
0757 underway to northern end of lagoon while carrying out radsafe
N precautions. At varlous times during shot day and the day after,
- this ship received fallout (Reference 17, DOG-3). The following 1is
. a summary of contamination reports:

Day Time Readings (R/hr)
; D-Day 0858 0.015 average
- 1215 0.020
1400 0.010-0.040; began saltwater washdown and
decontamination procedures

N D+1 1000 0.002-0.0041
N 1330 0.002.
: Even though the ship was receiving fallout, it was ordered to pro-

ceed to the anchorage position. At 1G37 the ship anchored at berth
-. 765 off Enjebi.
N e EASY (Enjebl Island, Enewetak Atoll, 21 April, 0627)

. Oon 20 April at 1410 the ship was underway to anchorage C-1 off
2 Parry Island, where it anchored at 1%50. Fallout occurtring on

Mower 1s not mentioned, but Parry Island, 1,500 yards (1.4 km)
) east recelved a small amount. If Mower received this fallout, the
x average peak 1intensity would have been approxlmately 0.0015 R/hr.

® GEORGE (Romon Island., Enewetak Atoll, 9 May, 0930)

On 8 May at 1420 started embarking passengers from anchorage near
Enjebl. At 1940 anchored 1in southern area., berth MB off Enewetak

; Island. On 9 May at 1030 shifted anchorage bearings. On 10 May at
2 0647 underway and at 0927 anchored at berth 765 off Enjebi. No
Q GEORGE fallout occurred on Mower.

® ITEM, En)ebl Island, Enewetak Atoll, 25 May, 0617)

On 24 May at 1410 underway from anchorage and at 1605 anchored off
Enewetak Island. On 25 May at 0530 closed all portholes and set
condition Able. At 0659 secured from condition Able. At 1045 re-
ported radiation level at 0.004 to 0.006 R/hr (Reference 17,
ITEM-2;. On 5 June departed for Kwajalein Atoll, No fallout data
are avallable. Since Mower was only 700 yards (640 meters) from
Cabildo., however, nearly ldentical fallout aboard the twu ships
was likely.

SR

206




Task Uni1t 3.3.7 -- USS LST-859

~. This tank landing ship participated in TU 3.3.7 (Loglstics) for three of
e the four shots at Enewetak Atoll (References 16, 17, 100, and 181). Its func-
:} tion hefore arriving at Enewetak Atoll was to establish the Alr Force special
oo project and weather stations for sclientific research. These stations were lo-
N cated at Majuro and Bikini atolls, and Bjkati, Nauru. and Kausie 3slands.

LST-859 reported to TG 3.3 on 24 February 1951. It was used as a barracks ship
for TG 3.1 personnel who could not be quartered on shore. During the first
three shots, LST-859 functioned the same as Mower. It anchored south of the
shot sites at H-hour, then took personnel north to Enjebl and Lujor 1slands
for project recovery operations. There were 37 personnel badged on LST-859,
although a CTG 3.3 letter (reproduced in Appendix A of thils report) specified
T that only 5 men were required to be badged to record exposure 1n varilous parts
: of the ship. Badges were to be worn from just before shot time and for 1 week
thereafter. In 1951, Navy medical authoritles assigned most unbadged LST-B859
e crewmen a dose of 0.33 R to account for GREENHOUSE fallout. Shot-time activi-
N tles, summarized from log entries, were as follows:

a & DOG (Runit Island, Enewetak Atoll, 8 April, 0634)

v Oon 7 April at 1831, anchored at berth C-2. On 8 Apcil at 0530 pre-

) pared to get underway. At 0600 went to general quarters and set
o condition Able. At 0735 underway for station. As the ship proceeded
o toward the northern islands with LCM-20 and Mower, levels of up to
0.025 R/hr were reported on the LCM between 0820 and 0857. At 0835
- all engines stopped on station. Readings ranged from 0.180 R/hr to
ND off-scale readings. A reading of 0.100 R/hr was reported on the
. fantail. All hands were ordered below deck and the ship was sealed
- (Reference 17, DOG-2, pp. 3 and 4). This procedure brought contam-~
ination inside the ship. Decontamination began below decks so that
personnel with the highest exposure level could retreat to this
) area for further decontamination. Decontamination washdown started
i inside the ship working aft and downwards into the crew's compart-
e ment. On topside areas the washdown technique used was scrubbing
with hard-bristle brushes using soap, saltwater, and 100 psi of
water pressure. The ship was ordered to continue 1ts course to the
assigned anchorage position and at 1156 anchored southwest of Lujor
,f“ﬁ Island (Reference 190). The following summarizes contamination
' reports (Reference 17, p. B-7; Reference 214, p. 34):

,tl: Day Time Readings (R/hr)
e D-day 0820-0857 0.025 (on LCM-20)
.!% 0835 0.100 on LST-859's fantail
. 1130 Half the interior reduced
T 1325 0.050
g 1400 0.050 mean; 0.380, maximum; majority of
NS personnel exceaded 0.100 on deck
1630 0.004
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( Day Time Readings (R/hr)
3

D+1 0730 All readings removed
1757 0.003.

e EASY (Enjebl Island, Enewetak Atoll, 21 April, 0627)

On 20 April at 1500 commenced embarking Holmes & Narver Inc. (H&N)
. and Robertson employees and 43 TU 3.3.1 personnel. At 1530 com-
pleted embarkation. At 1649 underway to new anchorage. At 1820
anchored at berth C-2. On 21 April at 0545 went to general quac-
ters. At 0704 secured from general quarters. On 22 April at 0620
7 underway for new anchorage. At 0802 anchored southwest of Lujor
. Island. On 23 April at 1418 commenced disembarking H&N and Robert-
son employees and 43 TU 3.3.1 personnel. Fallout occurring on board
o LST-859 is not mentioned. However., 3,000 yards (3.1 km) east, Parry
Island recorded a small amount of fallout. If LST-859 received the
same fallout, the average peak intensity would have been approxi-
mately 0.0015 R/hr.

® GEORGE (Aomon Island. Enewetak Atoll, 9 May., 0930)

Oon 3 and 7 May around 0900 conducted radsafe drills. on 8 May at
1500 commenced embarking H&N employees. At 2002 anchored at berth
P-2 off Enewetak Island. On 9 May at 0903 went to general quarters.
_ At 1013 secured from general quarters. On 10 May at 1105 commenced
disembarking H&N employees and offloading personnel gear and mis-
cellaneocus items. At 1455 underway to new berth. At 1527 anchored
at berth B-2 off Parry Island. Ship received no GEORGE fallout.

® ITEM (Enjebi Island. Enewetak Atoll, 25 May. 0617)

On 13 May at 1355 underway for Ponape Island. Caroline Islands. to
retrieve a PBM-5A that had grounded on a coral head., On 15 May at

_..-:: 0851 moored in Ponape Island harbor. On 19 May at 1202 underway
a for Enewetak Atoll. On 21 May at 1241 anchored in berth K-3, Ene-
wetak Lagoon. On 23 May at 0745 underway for Bikinl Atoll, on 24

May at 1346 anchored 1n Bikini Lagoon. At 1730 underway for Kwaja-
lein Atoll. On 25 May at 1748 anchored at berth K-15 at Kwajalein
Atoll. On 27 May at 1453 underway for Enewetak Atoll. On 29 May at
7208 anchored . -4, Enewetak Lagoon. At 0812 beached at Enewetak
' Island o unle~d cargoe then at 1253 anchored at berth R-3 off Ene-
R wetak Island. * 2055 underway for Kusale Island, Caroline Islands.
g On 3: May at 1i33 »eached at Lele Island 1in Kusale Harbor to unload
o cargoe. Stayed in ihe area until 12 June to disestablish the Ailr

Force special pioject and weather stations. On 12 June departed
- for Pearl Harbor. The ship received no ITEM fallout.

. NAVY PERSONNEL IN OTHER ORGANIZATIONS

Navy personnel also served 1n elements of the task force c*her than tha
Navy task gqroup. These other elements 1included Headquarters, TG 3.1 (Sclen-
tific). TG 3.2 (Army), and TG 3.4 (Alr Force)., In addition, there were Navy
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observers and ship units that visited Enewetak during the serles on support
missions.
Headquarters Joint Task Force 3

According to planning documents, 36 Navy personnel were assigned to this
unit. They were distributed as follows:

Enlisted
Officers Men Total Badged
Command 2 2 4 1
Administration (J-1) 4 4 8 1
Intelligence (J-2) 4 2 6 1
Operations (J-3) 5 4 9 4
Logistics (J-4) 4 4 8 3
Comptroller 1 1 1

The personnel from the organlzations listed above participated in the
experimental program as part of TU 3.1.3, except those from Naval Medical
Records Institute (NMRI) in the biomedical program (TU 3.1.2) and those from
Naval Ordnance Laboratory (NOL) and Naval Research Laboratory {(NRL). The NOL
and NRL personnel particlpated as part of TU 3.1.1.

Task Group 3.1 (Scilentific)
Bureau of Aeronautics (BuRer). Two personnel, a civilian and a Navy officer.

were involved (Reference 153). Both were badged. BuAer participated In
Project 5.2.

Bureau of Medicine and Surgery (BuMed). BuMed personncl were invelved 1in con-
ducting blological experiments. Seventy personnel are listed, including
one as an observer. Forty-elght of these personnel were badged, with the
highest reading 4.93 R (References 213 and 58).

Bureau of Yards and Docks (BuDocks). Four BubDocks personnel participated 1in

Froject 3.2. One of them appears to have been a consultant to BuDocks.
Three personnel were badged.

Naval Alr Development Center (NADC). Six personnel from NADC participated in
Project 5.2 at Enewetak Atoll: all were balgad.

Naval Materials Laboratory (NML). Two civilian NML personnel participated in
Project 6.2. Both were badged.

Naval Medical Research Institute (NMRI). Seventeen military and civilian per-
sonnel from NMRI participated in the blomedical program and Project 3.1.2,

Prolect 3.1.5, and Project 5.2. Fourteen were badged, and two had readings
of over 5 R.
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Naval Ordnance Laboratory (NOL). Twenty-two military and civilian personnel

from NOL have been identified. Most of these were involved in Project 1.5.
Sixteen NOL personnel were badged.

Naval Radiological Defense Laboratory (NRDL). The NRDL team had 55 civilian and

military personnel working in Prearam 6. Thirty-five were badged.

Naval Research Laboratory (NRL). One hundred ten military and civilian person-

Air

nel from NRL or assigned to NRL {four Army and one Air Porce) participated
in Program 1. Of the 110, 82 were badged. The highest reading was 3.970 R.

Transport Squadron 3 (VR-3). VR-3, based at NAS Moffett Field, California,

was part of the Military Air Transport Service (MATS). VR-3 provided three
or four aircraft for each of the four tests, and the aircraft arrived at
Enewetak Island before shot day. Their function was to carry the radio-
active samples collected by the B-17 drones to the United States so that
they could be analyzed at Los Alamos Scientific Laboratory (LASL) and
other U.S. laboratories.

Immediately after filter papers were removed from the B-17 drone cloud
samplers, they were transferred to two of the VR-3 aircraft. These would
carry the duplicate radicactive samples retrieved from the drones to Hickam
AFB, Hawaii, where the samples were transferred to waiting aircraft. The
samples were then flown nonstop to Albuguerque, New ‘Mexico.

The remaining aircraft would depart Enewetak 3 to 4 days later with
radicactive samples that had been obtained from the ground. Since there
was less time sensitivity with these samples, the original aircraft would
normally take the samples to the final destination, with crew rest stops
en route.

VR-3 had 119 men badged, which includes all flight crewmembers. It
appears that film badges were issued upon arrival at Enewetak and then
turned in at Hickam AFB or the final destination. The two highest VR-3
exposures, 1.679 R gamma and 3.150 R gamma, were for two radic operators.
These exposures appear to include exposures while these radiomen were fly-
ing with VP-931 acting as TU 3.3.3. Excluding these two individuals, the
next highest exposure was 1.490 R gamma.

Other Naval Personnel Participating in TG 3.1. Fifteen naval personnel were

badged as part of TG 3.1 projects. These were as follows:

Naval
Per sonnel
Project Badged Indicated Affiliation
1.1 1 Amphibious Base, Coronado, California
1.5 1 USS Amphion (AR-13)
1.5 1 USS5 Roanoke (CL-145)
1.5 3 Naval Base, Norfolk, Virginia
1.5 2 Naval Base, Treasure Island, California
1.5 1 Maval Base, San Juan, Puerto PRico
1.5 2 Naval Receiving Station, San francisco
1.5 1l Reserve Fleet PAC, San Francisco
1.6 1 "APO 187 (HOW)"
D-3 1 "Representative from AEC”
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An additional 14 Navy personnel with unknown affiliation appear in a LASL
document (Reference 56). However, their names, ranks, and project numbers
are listed. Only two of “hese we-e badged.

Task Group 3.2 (Army)

One Navy officer was assigned to TG 3.2 in tie Property Accounting Branch.
He was not badged (Reference 191, Navy).
Task Group 3.4 (Alr Force)

Twenty Navy personnel were assigned to TU 3.4.5 (Weather Squadron). None
were badged (Reference 192, p. B-4; Reference 193).

Naval Observers

Observer lists are available for the first three shots of the series. DOG
had 13 naval officer observers. Two of these were frcm the AEC Military Liaison

Committee. No organizational affiliation is shown for the remaining eleven.
One of the latter was badged.

Shot EASY had nine naval officer observers., Seven were badged. There are
no organizational affiliations noted.

GEORGE had two naval officer observers. One was frowm the AEC Division of
Military Applications. Neither was badged.

Transient Ships

Twenty transients appeared at Enewetak Atoll during GREENHOUSE. These ships
were not a part of TG 3.3. Their mission was to bring food, fuel and other

supplies to the atoll or in other ways support the operation (References 181
through 185 and 194). They were:

USNS Bald Eagle (T-AP-50) USS Nemasket (AOG-10)

USOGC Planetree (WAGL-307) PC-1546

USS Cimarron (AO-22) USNS Pvt. F.J. Petrarca (T-A¥-250)
USS Faribault (AK-179) USS Pictor (AF-54)

USNS Fred C. Ainsworth (T-AP-181) USNS Pvt. Joe E. Mann (T-AK-253)
USNS General D,E. Aultman (T-AP-156) USS Rio Grande (AOG-3)

USS General Daniel I. Sultan (AP-120) USNS Sgt. Truman Kimbro (T-AK-254)
USNS General Edwin D. Patrick (T-AP-124) USS Sussex (AK-213)

USS _Genesee (ADG-8) USS Warrick (AKA-89)
ULNS Lt. Robert Craig (T-AK-252) USS Zelima (AF-49)

Table 22 shows transient arrival and departure dates from Enewetak Atoll.
The information was extracted from other ships' logs and some data are missing.
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Table 22. Transtent ship arrivais, departures, and sightings
during GREENHOUSE.

Date Remar¥s

1 Aprtl USS Marrick (AKA-B9) stood in harbor, USNS Gen. Edwin D. Patrick
(T-AP-124) stood in and out of harbor, USS Gennessee (A0G-8) stood
out of harbor

5 Aprii Japanese ship Kuroshio Maru No. 7 was sighted in danger area and
- escorted out of area
‘t 6 Aprid Warrick stood out of harbor
- 8 Aprid Shot DOG: USNS Lt. Robert Craig (T-AK-252) stood in harbor at 1212
; 10 April USCGC Planetree was identtified steaming outside the harbor
\3 11 Apriil USNS O®vt. F.J. Petrarca (T-AK-250) stood out of harbor
: 12 April Planetree stood %n harbor, USNS Fred C. Ainsworth (T-AP-181) stood
in and out of harbor, Craig stood out of harbor at 816
4 ; ) 14 Aprid USNS Gen. Danftel Sultan (T-AP-124) stood in harbor
3 16 Apriil USS Nemasket (AOG-10) stood in harbor, USS Zelima (AF-49) stood
- in harbor
17 Aprii Nemasket and USS Cimarron (A0-22) stoed out of harbor, Zelima
. stood out of harbor
; 24 April USNS Gen. D.E. Aultman (T-AP-156) stood in harbor
- 26 April Cimarron stood in harbor
& 27 Aprid Cimmarron stood out of harbor, fugenia M. Moran was sighted in
X danger area
: 29 Apriti USNS Bald Eagle (T-AF-50) stood in harbor, Ainsworth stood tn and
- out of harbor
» 30 Aprti Nemasket <tood in harbor
. 1 May Bald Eagle and Nemasket stood out of harbor
- ; 13 May Aultman stood in and out of harbor, USS Rilo Grande (AGO-3) stood
o tn harbor
%i 14 May USNS Pvt Joe E. Mann (T-AK-253) stood in harbor
- 16 May USS Sussex (AK-213) stood in harbor
y 19 May Gennessee stood in harbor
X 20 May USS Pictor (AF-54) stood in harber, Mann stood cut of harbor
21 May UsSS Faribault (AK-179) stood in harbor, Pictor stood out of harbor
22 May faribault stood out of harbor

212

-

T AT A T N B T 0 N T BT S b P S




RPN S

There 1s no information on whether these ships received radlological contami-
nation. Due to the scheduled arrivals and departures. the likelihood of eny
exposure 1s small.

Two ships were sighted in the danger area during GREENHOUSE. One was the
Japanese ship. Kuroshio Maru. sighted on S April then later escorted out of
the area on the same day (Reference 184). The other was Eugenia M. Moran, a
tug. sighted on 27 April (Reference 182). There 1s no information concerning
escort of this ship out of the danger area.
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CHAPTER 7
U.S. AIR FORCE PARTICIPATION IN OPERATION GREENHOUSE

The Alr Force played a major role in Operation GREENHOUSE, performing
radiological cloud sampling, weather reconnaissance. alr control. weather re-
porting, radiological exlusion (radex) area plotting, and search and rescue
(SAR) operations. Peak strength of Air Force personnel, both military and
civilian, was over 2,600. This included 2.436 1n Task Group (TG) 3.4, 126 in
TG 3.1, the scientific task group (Reference 8, p. 1-32), and 59 in Headquar-
ters. Joint Task Force 3 (JTF 3).

This chapter summarizes the number and scurces of the Air Force personnel
and their activities. where avallable, radiation exposurtes for these men, re-
corded by their film badges. are also summarized (see Table 23). The exposures
in Table 23 do not include a fallout component. Such assignments can be made
using both generalized graphs developed by the JTF 3 radiologlical safety (rad-
safe) personnel and more recent work. These general approaches are further
discussed in Chapter 10, Personnel Exposutes,

Alr Force personnel badged during GREENHOUSE included scientific personnel
in TG 3.1 who performed missions where exposures were possible. Within TG 3.4,
badged personne}l included ailrcrews, decontamination crews, radlation monitors.
runway crash crews. and photographers who accompanied scientific recovery mis-
sions to contaminated 1islands. About one-third of TG 3.4 was badged at one
time or another during GREENHOUSE.

HEADQUARTERS JOINT TASK FORCE 3

Fifty-nine Air Force personnel were assigned to Hq JTF 3, including Com-
mander JTF 3, an Rir Force officer. They worked in all areas of the JTF 3 statf
(References 191 and 195 through 197). Eleven of these fifty-nine men had one
or more film badges (Reference 59). Cne person received more than 3 R. His
specific duties are unknown, but almost all of of his exposure was accrued on
29 May 1951 (Reference 59, p. 733).

Almost all personnel]l assigned to JTF 3 Headquarters lived and worked on
Parry Island and thus were subject to the fallout from shots DOG., EASY, and
ITEM.

fASK GROUP 3.1 (SCIENTIFIC)

One hundred twenty-six Alr Force men who were ascsigned to TG 3.1 have been
identified (Reference 8). Most TG 3.1 personnel were from Los Alamos Sclentific
Laboratory (LASL): however. Army, Navy, Alc Force. and Marine Corps personnel
were assigned within TG 3.1 as well. TG 3.1 had several major responsibilities
including nuclear device preparation, all experimental programs except Pro-
gram 7. photography. radiologica)l safety, and operating the base facilitles.
Of the 126 Ailr Force men in TG 3.1. 94 were badged at one time or anothet
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during GREENHOUSE. Nine of these badged Alr Force personnel received more than
3 R. The highest exposure was recorded by an officer working in Task Unit (TU)
3.1.5 (Radsafe) who accumulated 7.570 R (Reference 59). He may have been a
monitor accompanyling reentry parties. He was badged for eight different days
and on four occaslions had two badges in 1 day: no single badge reading exceeded
1 R. Of the other eight Air Force personnel whose exposures exceeded 3 R, all
but one were in the radsafe unit. The exception was in TU 3.1.1, the LASL unit
working with Program 1 experiments (Reference 8). 3ince all these TG 3.1 per-
sonnel were stationed on Parry Islard, they were exposed to fallout from shots

DOG, EASY, and ITEM. Most of the TG 3.1 personnel left the test area between
26 May and 2 June.

TASK GROUP 3.4 (AIR FORCE)

Table 24 shows the varlous Air Force units that sent personnel to the test
area for GREENHOUSE TG 3.4 operations (Reference 178). The 5x8 exposure cards
maintained for GREENHOUSE personnel only identified the individual with his
task unit, not with his home organization or statlon. Thus, 1t is not possible
to relate exposures of personnel to thelr home organizations from that source.

Task Unit 3.4.1 (Headquarters and Headquarters Squadron)

TU 3.4.1 was made up of persons from a varlety of Alrcraft Control and
warning (AC&W) squadrons, the 158th Fighter Bomber Squadron, the 3204th Medical
Group, and the 3200th Drone Squadron. The task unit personnel operated the
airbase at Enewetak, which included the base operations facilities and main-
tenance and supply support for alrcraft and alrcraft-related equipment (Ref-
erence 7, p. 2). The 158th Fighter Bomber Squadron consisted of six F-80C
fighter interceptors with 28 crewmembers and supporting personnel whose func-
tion was alr defense of the Pacific Preving Ground (PPG) 1if required (Reference
198, p. 6). The 3204th Medical Group provided medical personnel for the task
group. The 3200th Droune Squadron formed the experimental aircraft unit (TU
3.4.2), but a few of these men worked in HqQ TG 3.4, probably 1n staff dutles,
Of the 892 persons in TU 3.4.1, only 60 were badged during GREENHOUSE (Refer-
ence 59), 25 of whom recelved between 1 and 1.53 R. For these 25 personnel

almost all exposutres were recelved on 26 May, the day after shot ITEM (Refer-
ence 59).

TU 3.4.1 had approximately 495 personnel stationed on Enewetak Island as
of 26 May (Reference 199, p. 8). Four in the unit had departed for the United
States between 20 and 26 May 1951 (Reference 19, p. 1: Reference 200). Of the
495, 34 were scheduled to depart by 2 June, another 117 were scheduled to de-
part by 9 June, and another 20 by 16 June 1951.

Task Detachment (TD) 3.4.1.1 was formed on Kwajalein to provide maintenance
and supply support to TG 3.4 elements on that island. This detachment had 232
persons assigned to 1t as of 31 March, 1951 (RrReference 27, p. 40), none of
whom was subjected to the fallout from shots DOG, ERSY, and ITEM. Apparently
everyone 1n TD 3.4.1.1 left Kwajalein by 2 June (Reference 200).
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Table 24, Task Group 3.4 home organizations, GREENHOUSE.
Element Home Organizations Home Station

Tu 3.4.1 158th Fighter Bomber Squadron George AFB, CA
634th AC&W Squadron Everett, WA
645th AC&W Squadron Roslyn, NY
646th AC&W Squadron Twin Lights, NJ
647th AC&W Squadron Ft. George G. Meade, MD
648th AC&W Squadron Indiantown Gap, PA
653th AC&W Squadron Stewart AFB8, NY
654th AC&W Squadron Grenler AFB, NH
664th AC&W Squadron (Det. 1) Otts AFB, MD
655th AC&W Squadron Seneca Ord Depot, NY
656th AC&W Sguadron Ft. Ethan Allen, VT
658th AC&W Squadron Michel AFB, NY
660th ACAW Squadron Selfridge AFB, M]
661th AC&W Squadron Selfridge AFB, MI
667th AC&W Squadron Hamilton AfFB, CA
669th AC&W Squadron Ft. MacArthur, CA
670th AC&W Squadron Camp Cook, CA
677th AC&W Squadron Hamilton AFB, CA
3204th Medical Group Eglin AFB, FL
3200th Drone Squadron Eglin AFB, FL

TU 3.4.2 3200th Drone Squadron Eglin AFB, FL

70 3.4.2.1 3151st Electronics Group Gr1iffiss AfB, NY
3171st Electronics R&D Group Griffiss AFB, NY

TU 3.4.3 1810th AACS Group Hickam AB, H1
190%th AACS Squadron Andrews AFB, MD
1960th AACS Squadron Kwajalein, MI

TU 3.4.4 57th Strat. Recon Sguadron Hickam AB, HI
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Table 24. Task Group 3.4 home organizations, GREENHOUSE (continued).

t lement Home Organizations Home Station

TU 3.4.5 26th Weather Squadron Brookley AFB, AL
2060th Mobile Weather Squadron Tinker AFB, OK
1600th food Service Squadron Westover AFB, MA
1701st Food Serwvice Squadron Great Falls AFB, MT
1801t AACS Group Hami1ton AFB, CA
1814st AACS Group Robins AFB, GA
1901st AACS Squadron Travis AFB, CA
1905st AACS Squadron McChord AFB, WA
1907st AACS Sqaudron March AFB, CA
1909st AACS Squadron Andrews AFB, MD
1922nd AACS Squadran Maxwell AFB, AL
1923rd AACS Squadron Kelly AFB, TX
1928th AACS Squadron MacDi711 AFB, FL
1921-1 AACS Detachment Perrin AFB, TX
1921-2 AACS Detachment Goodfellow AfB, TX
1921-4 AACS Detachment Tinker AFB, OK
1921-6 AACS Detachment vance AFB, 0K
1921-9 AACS Detachment Lowry AfB, CO

TU 3.4.6 2600th AiYr Base Squadron Pope AFB, NC
4415th Air Base Group Pcpe AFB, NC
4910th Atr Base Group Kirtland AFB, NM
4th LYalson Flight Pope AFB, NC
5th Helicopter Flight Pope AFB, NC

TU 3.4.7 4th Air Rescue Squadron, F1t A Hamilton AFB, CA
4th AAr Rescue Squadron, F1t D towry AFB, CO
5th Air Rescue Squadron Westover AFB, MA
5th Air Rescue Squadron, F1t 8 E1lington AFB, TX
5th Air Rescue Squadron, F1t C Maxwell AFB, AL
5th Air Rescue Squadron, F1t D Selfridge AFB, MI
11th Air Rescue Squadron, Fl1t A Hickam AB, HI

Tu 3.4.8 Lookout Mountain Laboratory

Los Angeles, CA

§ource: Reference 178,
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Task Unit 3.4.2 (Experimental Ailrcraft)

This task unlt, comprised of the 3200th Drone Squadron, was organized and
trained at Eglin AFB., Florida, before deploying to Enewetak Island. Tts primary
function was to control the drone B-17s and T-33s used for huclear cloud sam-
pling and nuclear effects testing. At peak strength this task unit had 649
men, all of whom were stationed on Enewetak Island. Of these 649, 421 were
issued one or more film badges during the test serles. Sixty-nine persons in
TU 3.4.2 received over 3 R from badge totals. Most of this exposure was re-
celved between 25 and 29 May, Just after shot ITEM (Reference 59). TU 3.4.2
had 415 men left on Enewetak as of 26 May and 98 as of 2 June 1951.

A Strategic Alr Command (SAC) RB-29, under the operational control of TU
3.4.2, flew to Enewetak just before shot GEORGE and departed 11 May. Just
after shot GEORGE. It conducted film-fogging tests during GEORGE, so the crew
should have been badged; however, they were not on Enewetak long enough to
accumulate any exposure from fallout (Reference 24, D. 25).

TD 3.4.2.1 was part of the Experimental Aircraft Unit and was located on
Kwajalein. This task detachment was compcsed of elements of the 3151st Elec-
tronlcs Group and the 3171st Electronics R&D Group., both assigned to the Alr
Materlel Command. Personnel from this task detachment flew the two B-50As, the
two B-50Ds, and the B-47. Since crews of the B-50As and B-50Ds tracked and
sampled the nuclear cloud, they should have been badged for thelr misslions.
The pilot of a B-S0A on 8 April and 10 April in connection with shot DOG mis-
slon activities (Reference 24, pp. 32 and 33) 1s not listed in film badge rec-
ords at all, but his radsafe monitor for 8 April 1s; he received 0.060 R on
that date (Reference 59). The two B-50Ds with crews and supporting personnel
were moved from Kwajaleln to Enewetak Island on 27 March and remained there
through GEORGE (Reference 27, p. 47). After GEORGE all but five unit members
departed the test area. These five (three were civilians) were evidently sta-
tioned at Enewetak and did not depart there until sometime between 3 and 9 June
1951 (Reference 200). Maximum strength of TD 3.4.2.1 was 98, of whom only 23
were badged (Reference 18, p. 2; Reference 44). All but one exposure from mis-
slon work (badge readings) were less than 1 R. One person who was badged on 29
May recelved 2.5 R that day (Reference 59). This 29 May badge reading could
include a fallout contribution. The only men in this task detachment subjected
to fallout were the crews and support personnel of the two B-50Ds that were
moved to Enewetak Eor DOG, EASY, and GEORGE and the five persons who were sta-
tioned on Enewetak until early June.

Task Unit 3.4.3 (Communications)

This unit was made up of personnel from the 1810th Ajrways and Air Communi -
cations Service (AACS) Group, the 1909th AACS Squadron, and the 1960th AACS
Squadron, The task unit was organized in September 1950 at Kwajalein (Reference
63, p. 10) to operate communications facllities and networks for aircraft.
weather, and point-to-point communications. They also operated homing beacons
and ground-controlled approach (GCA) equipment at Enewetak. Thils task unit had
a4 detachment on Kwajalein of unknown strength (Reference 7, p. 6). TU 3.4.3
totalled 139 men at peak strength: none was ever badged (Reference 18, p. 3:
Reference 59). On 26 May 1951, 135 persons in this task unit remained in the
test area, some possibly still on Kwajalein (Reference 19, p. 2). Fifty-one
left between 27 May and 2 June and fifty-one more left between 10 and 16 June,
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Task Unit 3.4.4 (Weather Reconnailssance)

This unit was made up of personnel from the 57th Strategic Reconnaissance
Squadron who flew the WB-29s that supported weather reconnaissance, cioud
tracking, and cloud sampling. TU 3.4.4 also operated a personnel decontamina-
tion facility for TG 3.4 personnel on Kwajalein. At peak strength this unit
had 323 persons, 162 of whom were issued one or more film badges. This task
unit was stationed on Kwajalein for the duration of GREENHOUSE. Personnel of
the unit who did not leave Kwajalein should have had no fallout contribution
included in total GREENHOUSE exposure. Twenty men in TU 3.4.4 had badge read-
ings exceeding 3 R, some as high as 7 R, All 20 were badged morz than once.
All were badged on 26 May and all received most of their exposure {ranging
from 2 to over 5 R) on that date (Reference 59). Since ITEM was detonated on
25 May and personnel in this task unit flew cloud-tracking and -sampling mis-
sions lasting from 6 to 12 hours, most of the radiation probably was received
on shot day (25 May); the badges were turned in for processing the following
day.

Six men in this unit were stationed on Enewetak. Three noncommissioned
officers were placed on temporary duty at JTF 3 Weather Central on Enewetak on
15 March 1951 (Reference 21, p. 31), and three officers were placed on tempo-
rary duty to TG 3.4 the first week of April (Reference 24, p. 2). These six
would have been exposed to fallout radioactivity as long as they remained on
Enewetak.

Apparently all TU 3.4.4 personnel left the test area by 2 June 1951 as
forecast departures after 2 June 1951 did not include any personnel from this
task unit (Reference 200).

Task Unit 3.4.5 (Weather)

The mission of the weather unit was to operate the JTF 3 Weather Central
and to operate remote weather stations on the islands of Kusaie, Nauru, Bikati.,
and Majuro. This unit contained personnel from a variety of U.S.-based units
{see Table 24). However, the majority were from the 2060th Mobile Weather
Squadron, Tinker AFB, Oklahoma. Personnel from the food service and AACS units
provided food service and communications support to the remote weather sites.
Thr: strength of TU 3.4.5 averaged 105 Air Force personnel in April and May
1951. Twelve Navy personnel from TG 3.3 and three Air Force personnel from TU
3.4.4 were also attached to TU 3.4.5 for duty at JTF 3 Weather Central (Refer-
ence 65, p. 1). Seventy TU 3.4.5 men were located on the four remote weather
islands, which had no significant fallout during GREENHOUSE (Reference 64, p.
12). Three from this task unit prepared radex plots on Kwajalein for TU 3.4.4
aircrews, again in an area where no fallout occurred (Reference 64, App. 14) .
The remainder of TU 3.4.5, about 32 Air Force personnel, was located on Enewe-
tak Island; these men were exposed to GREENHOUSE fallout.

Task Unit 3.4.6 (Liaison)

TU 3.4.6 personnel were from the 4910th Air Base Group at Kirtland AFB,
New Mexico, the 4th Liaison Flight and 5th Helicopter Flight at Pope AFB,
North Carolina. Very few were sent by the 4910th Air Base Group at Kirtland
AFB; TU 3.4.6 was made up almost entirely of personnel from Fope AFB. Duties
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of this task unit included alr transport of personnel to the varlous islands
at Enewetak Atoll, close-in alr search and rescue (SAR), aerial insecticlde
spraying, and participation in atmospheric conductivity tests for Pregram 7
using 22 light planes and 4 helicopters. Of the 107 persons In this unit at
peak strength, only 8 had one or more badges during the period of testing. Only
one man, an L-13 pllot, recelved more than 1 R. He accummulated 3.16 R, most
of which was recelved on 25 and 27 May 1951, just after shot I[TEM (Reference
59). No one else in this task unlt was badged during or after ITEM. Everyone
in this task unit was stationed on Enewetak Island and thus exposed to GREEN-
HOUSE fallout radioactivity. On 12 May., 35 men from TU 3.4.6 returned to Pope
AFB (Reference 26, p. 30). By 26 May 1951 (]l day after ITEM). the strength of
this task unit was down to 73 personnel (Reference 19, p. 3). By 2 June 55 per-
sons were left and by 9 June only 21 remalned {(Reference 200, pp. 1 through 3).

Task Unit 3.4.7 (Rescue)

This unit was made up of personnel from two U,S.-based units: the 4th Alr
Rescue Squadron, which provided two B-17s modified for SAR ard 27 men, and the
Sth A1r Rescue Squadron, which provided two SA-16 aircraft and 25 men, and at
least 1 1ndlividual from the llth Alr Rescue Squadron, Hickam AFB, Hawail. By
18 March 1951 all 52 personnel were present 1n the test area (Reference 27, p.
73). The mission of TU 3.4.7 during GREENHOUSE was to provide SAR coverage
within 300 nmi (556 km) of Enewetak (Reference 7, p. 8). Initially, TU 3.4.7
was based entirely on Kwajalein: however., 1n March 195] an SA-i6 and a B-17
were placed on Enewetak for better SAR response. Crews and alrcraft were to
rotate every 15 days. During rehearsals and on shot days, two SA-165 and one
B-17 were positioned at Enewetak (Reference 27, p. 74). Both B-17s (one from
Enewetak and one from Kwajaleln) were airborne for all four shots while both
3A-16s were on ground alert at Enewetak (Reference 20, p. 1). The 20 mailnte-
nance and administrative personnel in this task unit remained on Kwajalein for
the duration of the test series (Reference 27, p. 75: Reference 201. p. 1:
Reference 202, p. Bl3). The four 8-man alrcrews alternately stood alert on
Enewetak. At times two crews were on Enewetak and at other times three. For
example, the following schedule was maintalined between shots DOG and EASY
(Reference 203, p. 31: Reference 201, p. 2):

7 - 9 April Both SA-16s and one B-17 on Enewetak
10 April SA-16 #9091 departed for Fwajaleln
10 April SB-17 crews traded locations

16 April SA-16 #9091 returned to Enewetak

16 Aprll Rehearsal for EASY shot

17 - 22 April Both SA-16s and one B-17 on Enewetak.

Twenty-six of the fifty-two men In thils task unit were badged at least once
during GREENHOUSE (Reference 60, p. 841), and all twenty-six recelved less
than 1 R (Reference 59). The 32 crewmembers who flew the two SA-16s and the
two B-l17s, however, spent roughiy 65 percent of their time on Enewetak and
thus were subjected to DOG, EASY, and ITEM fallout (Reference 201, p. 2). On
26 May, 41 men from TU 3.4.7 were still in the test area. Since the two SA-16
ailrcraft at Enewetak were on alert for ITEM shot through 1800, 25 May (local
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time), they probably did not return to Kwajalein until the next day. The B-17
that flew from Enewetak during shot ITEM on 25 May may have returned to Enewe-
tak or may have returned to Kwajalein after 1ts orbiting mission. In any event,
it 1s probable that by the evening of 26 May all remalning rescue unit person-
nel were back on Kwajalein, where they remaired until they leflt the test area.

Only one person in TU 3.4.7 1s shown 1n film-badge records as being badged
on or after 25 May. He was issued ors badge on 9 April (0.180 R) and a second
on 26 May (0.360 R) (Reference 59). Not listed on 25 and 26 May are the crew-
members of the SA-16s and B-17s. In fact, only 12 TU 3.4.7 personnel who were
not B-17 crewmembers were badged during GREENHOUSE, and 10 of these had only
one badge: issued on 9 April 1951 (Reference 60, p. 84!). This seems to indi-
cate that SA-16 crewmembers were not badged, except possilbly for shot DOG.

Task Unit 3.4.8 (Documentary Photo)

This unit contained personnel from the U.S. Air Force Lookout Mountaln
Laboratory at Lus Angeles, Californla. Its mission was documentary motion plc-
ture and sti1ll photographic coverage of the serlies (Reference 7, p. 8). At peak
strength TU 3.4.8 had 30 men in the test area (Reference 20, p. 69). All 30
were billeted on Enewetak Island; however, Ffour unit writers and animators
commuted dally to Parcy Island where a traller had been set up. Cameras were
installed 1n several different locaticns: emplaced on the water towers on Parry
and Enewetak 1slands, on the island of Anani), and onboard a C-47 ailrcraflt
(Reference 204, pp. 2 and 3). Personnel from the unlt als» accompanied experl-
menters to islands near the surface zeroes to photograph experiment recovery
operations (Reference 205, p. 3.23). For GEORGE, cameras were mounted in a
manned B-17 drone alrcraft (Reference 26, p. 34). Much of the documentary pho-
tography was done before the first shot (DOG), and the unit strength was down
to 26 by 8 April. By 23 April strength was down to 23 where 1t remalined through
GEORGE on 9 May 1951. Ry ITEM on 25 May, however, task unit strength had de-
clined to one officer, two enlisted men, and eight civilians (Reference 18, p.
3: Reference 19, p. 2) who departed by 2 June 1951 (Reference 200, p. 2).

on 8 April a photo crew went ashore on Runit Island 6 hours after DOG was
detonated there to photograph a radlaticn survey crew (Reference 206, p. 32).
Film-badge records indicate that three persons from TU 3.4.8 were badged on
8 April and that thelr exposures were less than 0.5 R (Reference 59). On EASY
D-day, a camera ctew went to Enjebl with blomedical personnel from Program 2
to film the removal of experimental animals. After 6 hours thelr jJeep was too
radiocactive to use and 1t was left on the i1sland (Reference 203, p. 33). Only
one person from TU 3.4.8 was badged during this time period: his badge read
less than 0.5 R. He wore a total of seven badges during GREENHOUSE and accumu-
lated a total exposure of 1.745 R. His largest sjingle exposure, 0.87 R, was

recelved on 3 May (Reference 59). No other personnel were badged in this task
unit,

OTHER AIR FORCE

No task unit assignment 1s known for 41 Rir Force petsonnel who were badged
one or more times because their 5x8 exposure cards do not show this Informa-
tion. Three people in this group recorded more than 1 R on thelr badges. One
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had three badges and recorded 2.2 R on 27 May; one of his other badges read
0.159 R. One had two badges and recorded almost all of hils exposure on 27 May
as well. The other badged person had only one badge., which showed an exposure
of 3.15 R for 29 May 1951 (Reference 59). Table 23 presents exposure 1informa-
tion for all Air Force personnel.
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CHAPTER 8
U.S. MARINE CORPS PARTICIPATION IN GREENHOUSE

Participation of U.S. Marine Corps personnel 1in GREENHOUSE primarily in-
volved security. Marine Corps units were assigned to both the flagship USS
Curtiss (AV-4), and U.S. Naval Operating Base Kwajalein. Several of the Marine
Corps members present at Enewetak were badged during GREENHOUSE.

Exposure data are available for the detachment on board the flagship but
none, as expected, are avallable for the unit at Kwajalein Atoll. Marines at
Kwajalein are assumed to have been unbadged. Radicactive fallout was not re-

celved at Kwajalein. Table 25 provides exposure data for U.S. Marine Corps
personnel.

Table 25. GREENHOUSE personnel exposures, U.S. Marine Corps organizations.

Exposure Ranges {R)

No. of No. of
Persons Persons Over High
Organization In Unit Badged 0 0-0.5 0.5-1 1 (R)
USS Curtiss (AV-4) 68 5 3 1 1 0.670
Task Unit 3.1.2 1 1 1 0.670
Task Unit 3.1.5 2 2 2 3.805
Total 1A 8 3 1 2 2 3.805

TASK UNIT 3.3.1 -- USS CURTISS (AV-4)

Sixty-eight Marine officers and enlisted men were assigned to the Marine
detachment aboard Curtiss, flagshlp of Task Group (TG) 3.3. The ship trans-
ported device elements from the United States to the operational area of
Enewetak Atoll. Security for weapon elements was an important responsibility
of the Marine detachment and was headed by a Marine Security Officer (Refer-
ence 207). Forty Marines aboard Curtiss were dgiven security clearances while
at FEnewetak Atoll (Reference 208). Thelr clearances allowed these personnel
access to restricted or exclusion areas on the atoll (Reference 16, E). Six
other Marines were also given such clearances; however, thelr task units and
assignments have not been identified (Reference 208). Five Curtiss Marines
were badged. Three had zero exposures, one had 0.670 R, and the fifth had
0.050 R. R Marine officer from Curtiss was badged with TU 3.1.5; his exposure
i1s discussed below. Other functions of the Marina Jdetachment aboard Curtiss
irncluded orderly and housekeeping detalls (Reference 207). Chapter 6 contains
further information about Curtiss' functions.
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TASK UNIT 3.1.2 -- BIOMEDICAL PROGRAM

One Marine Corps enlisted man participated in the Biomedical Program under
TG 3.1 (Scientific) (Reference 98). His activity with this program has not
been identified, but he was badged between 23 April and May 10: his exposure

recorded by the badges was 0.670 R (Reference 59). See Chapter 41 for informa-
tion on the Blomedical Program and its activities.

TASK UNIT 3.1.5 -- RADIOLOGICAL SAFETY PROGRAM

One Marine Corps officer from Curtiss participated in this program. He was
badged from 9 April until 9 May: his badge read 3.805 R. Another Marine Corps
officer from lLos Alamos Scientific Laboratory (LASL) was involved in the Task
Unit (TU) 3.1.5 Radiologlical Safety Program under TG 3.]1. He was badged from 8
April to 10 May: hils badge read 3.043 R (References 59 and 209).

KWAJALEIN ATOLL

U.S. Naval Operating Base Kwajlaleln was the duty station of 61 Marilne
Corps officers and enlisted men. Thelr specific dutles are unknown: however,

their misslon 1s assumed to have been security. There 1s no record of this
group belng badged.

JOINT TASK FORCE 3 -- INTELLIGENCE AND SECURITY

A Marine Cerps major in J-2 (Intelligence Divislon) of JTF 3 was head of
the Photographlc, Information and Control Division for Operation GREENHOUSE
(Reference 210). He does not appear to have been badged.

OBSERVERS AT ENEWETAK ATOLL

Two lists name three Marine Corps officers on flights that took them to
Enewetak to observe shot GEORGE (Reference 210). Two officers., a lieutenant
colonel and a brigadier general, were J]isted under Navy observers. One offi-
cer. a colonel, was listed under Secretary of Defense observers. A fourth
observer for shot GEORGE, a lieutenant colone]l from Headquarters. U.S. Marine
Corps, has been 1dentified. None of these observers appear to have been badged.
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CHAPTER 9

JOINT DEFENSE, ATOMIC ENERGY COMMISSION, OTHER GOVERNMENT
AGENCIES AND CONTRACTOR PARTICIPATION IN GREENHOUSE

The following groups participated in various ways in GREENHOUSE. Personnel
exposures from fillm badges for this group are summed in Table 26.

JOINT DEPARTMENT OF DEFENSE AGENCIES

Armed Forces Institute of Pathology. Washington, D.C. Four persons participated
at GREENHOUSE from this institute in Project 2.2. They were also involved
in studies of dogs at GREENHOUSE. One person was an observer and was badged
along with two others. The observer was a Navy captain. The other two were
an Air Force colonel and an Army major.

Armed Forces Special Weapons Project. Armed Forces Speclal Weapon Project
(AFSWP) was a joint defense organization consisting of civilian and mili-
tary personnel. At GREENHOUSE its primary function was the sponsorship of
Program 3, Structures. Civilian and military structures were built on the
test 1slands to test nuclear blast effects., (Chapter 4 contains a detailed
descciption of Program 3.) Two AFSWP perscnnel were involved in this pro-
gram, a military officer and a badged civilian who was the program leader.
Four officers., two Army. one Navy, and one Air Force, from AFSWP were as-
signed to the Radsafe Unit. Task Unit (TU) 3.1.5. Two were badged. One of
the Army offlcers had a reading of over 4 R (References 152 and 153).

ATOMIC ENERGY COMMISSION

The Atomic Enerqgy Commission (AEC), an executlve agency established by the
Atomic Energy Act of 1946, was charged with the development of nuclear weapons.
S2veral military personnel in this agency participatied at GRzenHOUSE in various
experiments.

One representative from headquarters, seven civillans from the Finance,
Intelligence, and Production offilces, three from the Division of Military
Applications (DMA), and sixteen from the Santa Fe Operations Office (SF00)
were noted as VIP visitors. Universities and corporations operated laboratories
under AEC contract and these contributed to GREENHOUSE. Sixteen personnel were
llsted as AEC with a laboratory notation. wWhether they were part of the AEC or
employees of the laboratory they represented 1s unclear. Ten AEC were badged.
AEC laboratoriles represented follow.

Arqgonne National Laboratory, Chicago, Illinoils. One badged civilian worked in
Prolect 1.10.

Brookhaven National Laboratory. This AEC laboratory sent one civilian to par-
ticipate in the Biomedical Program (Program 2). He was not badged.
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Los Aiamos Sclentific Latoratory (LASL), Los Alamos, New Mexico. LASL was oper-
aced by the University of Californla for the AEC and had both university
employees and military personnel. Nuclear devices for GREENHOUSE were
developred at LASL. This laboratory alsc conducted many sclentific experi-
ments at Enewetak Island as Task Group (TG) 3.1. Of the 163 personnel found
on a TG 3.] roster. there were 16 Navy. 19 Army. 21 Air Force. 1 major from
"AEC MC." and 106 civilians. Of these 136 were badged: 14 Navy. 17 Army,
17 Air Force. and 84 civilians. One major in TG 3.1 cannot be identified
by service,

Oak Ridge National laboratory (ORNL), Oak Ridge. Tennessee. ORNL was operated
by Union Carbide for the AEC. had two civilians in Operation GREENMOUSE in
Program 3 (Structures) and Program 2 bilological dosimetry experiments in-
volving tests of cataracts and Tradescantia. Both were badged,

Sandia Corporation. Albuquerque, New Mexico. Sandia was another AEC laboratory
operated under contract by the Sandia Corporation, a nonprofit subsildiary

of Western Electric Company. A roster of TG 3.1 personnel from Sandia shows
78 participants at GREENHOUSE. This !ncluded 11 Navy. 6 Army. 10 A4r Force.
and 51 civilians. Forty-six pe:ssonnel were badged: five Arm-, ten Navy,
nine Alr Force. and twenty-two civilians.

University of California Radiation Laboratory, Berkeley., California. This AEC
laboratory was represented by 47 personnel: 42 civilians, 1 Army. 1 Air
Force. and 3 Navy. They participated in Project 1.8 and Project 1.12.
Thirty-three civilians, one Army, and three Navy personnel were badged.

OTHER GOVERNMENT ORGANIZATIONS

Central Intelligence Agqencv (CIA), Washington., D.C. One pe:cson. a military
officer was on the officlal observer list. A second person. an Army lieu-
tenant colonel from CIA, was on a TG 3.1 roster and was badged.

U.S5. Coast and Geodetic Survey (USC&GS). The roster for TG 3.1 shows two per-
sons from this agency. a civillian and a Navy lieurenant commander. Both

were badged with this organizational affillation. USCaGS took part 1n
Project 7.7 under Hg, U.S. Air Force.

National Bureau of Standards (NBS). The Radlation Physlcs Laboratory of NBS was
involved 1in Project 1.2 at GREENHOUSE. Seventeen of the thirty-three NBS
civilians on the TG 3.1 roster were badged.

National Securlty Resources Board. This organization took part in the test of
windows for Program 3. Numbers of personnel are no: avallable.

Public Bullding Service of che General Services Administration. This organiza-
tion took part in the test of windows for Program 3 during the nuclear
blasts. No individuals are identified.

U.8. Public Health Service (USPHS). A badged USPHS officer served in TU 2.1.5,
the Radsafe Unit.
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Public Works Division. During the construction phase at Enewetak Island, this
group cooperated with Holmes & Narver, Inc., in building the structures
necessary for Operation GREENHQUSE. No individuals are identified.

CONTRACTORS AND OTHERS

Andrew Corporation. Two civilians from this company participated in Project 1.8
and Project 3.1.1. Neither was badged.

Amman and Whitney, Consulting Engineers of New York. One badged civilian from

e — e

this firm was involved in construction of the Arm ‘Army structures.

Applied Physics Laboratory, John Hopkins University, Silver Spring, Maryland.
One civilian participated in Project 1.6.1l.2. He was not badged.

Armour Research Foundation, Illinois Institute of Technology, Thchnical CenterL

o — e ——

in the experiment on Blast Loading and Structural Response. Nine were
badged.

Bell Telephone Laboratcries. Two civilians are on the TG 3.1 roster under Proj-
ects 3.1.4 and 3.4. Onl ly one was badced.

Bendix-Friez Corporation. One badged civilian was involved in Project 4.2.

Carnegie Institute. One Navy man, an observer, represented this institute at

GREENHOUSE. He was badged as a member of Project 4.6 (Atiospheric Conduc-
tivity Test).

Chicago, University of, Chicago, Illinois. One source cites involvement of this
university under the Miscellaneous Studies of Dosimeters (Reference 149).
It is not known how many personnel were involved. None was -badged.

Edgerton, Germeshausen & Grier (EG&G), Boston, Massachusetts. According to the
TG 3.1 roster, 30 civilians, 2 Army, and 8 Air Force personnel were affil-
iated with EG&G. Twenty-three civilians, two Army, and five Air Force
personnel were badged. This organization took part in various projects:

1.6.3.4, 1.9, 1.9.2, 1.11 and 4.1. See Chapter 4 for further details on
these undertakings.

Holmes & Narver, Inc. (H&N) , Los Angeles, California. This architect and engi—

at Enewetak Atoll under AEC contract.

Howard T. Fisher & Associates, Inc., Chicago, Illinois. This corporation was
involved in the Air Force Structures project. Numbers of participants are
unknown.

Kollsman Instrument Cogggratlon. This company is mentioned in its role of main-

taln;ng instruments for Project 4, Cloud Physics. Numbers of participants
are unknown.




Massachusetts Institute of Technology (MIT). Cambridge, Massachusetts. MIT took
part in the Army Structures and Blast Studies on Alrcraft under Program 3.
Seven of the elght identiflied men were badged.

Melpar, Inc. One badged employee ot this company took part in Project 6.3 (Com-
bat vehicle Exposure).

Northwestern University, Evanston, Illinols. The Biomedical Program had one
civilian from this university. He does not appear to have been badged,

Ohlo State University, Department of Physics, Columbus, Ohio. A member of the

department participated 1in Project 6.3. He was badged, but with no
exposure.

Princeton University, Princeton, New Jersey. One civilian from this university
was badged. He took part in Project 3.4 in the Structures Program.

Robertson Construction Company. This company erected vacuum pipes for Project
1.8.

Stanford University, Palo Alto, california. One civilian from Stanford took
part in Project 3.4. He was badged wlth a readlng of 0.550 R.

TracerLab. Boston, Massachusetts. Two civilians working in Project 6.1 appear
on the TG 3.1 roster. One was badged.

University of cCalifornia, Los Angeles. The TG 3.1 roster shows 23 cilvilians
and 2 Air Force personnel participating in Program 4, Cloud Studles. Seven-
teen civilians were badged.

University of Iliinois, Urbana, Illincls. One badged clvilian was 1involved in
the structures program.

University of Iowa, Iowa City, Iowa. One civilian represented this university
in the Radsafe Unit. He was badged.

University of Rochester, New York. The thermal radiation injury project under
the Biomedical Program involved nine personnel. The TG 3.1 roster shows
six civilians, two Navy officers, and cne Rir Force officer assigned to TU
3.1.2. ©f this group., five civilians, one Navy and the Alr Force major
were badged.

INCOMPLETELY IDENTIFIED

Berkeley, California. Cne badged civilian is listed under thls heading. He par-
ticipated in Project 4.5 and probably was affiliated with the University
of California.

Bloomington, Indlana. One clvilian was badged under this heading. He partici-

pated in Project 1.1. He was probably affiliated with the Unlversity of
Indiana.
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H&H Site. Two civilians were badged in TG 3.4 with this designation.

o Medical Center, Los Angeles, California. One civilian from this organization
is listed in the TG 3.1 roster. He was not badged.
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CHAPTER 10
PERSONNEL EXPOSURES

Exposure to ionizing radlation durling atmospheric nuclear testing was the
sum of exposures resulting from activities that requlred personnel to undertake
missions in radioactive areas or to deal with radloactlive materials, and of
exposures resulting from increased background radiation in normaily nonradio-
active areas that might be caused, for example, by fallout. All nuclear testing
had some exposures of the flrst type, but GREENHOUSE alsc had fallout expo-
sures. Three shots of the series deposited radioactive fallout over the base
islands at Enewetak and six nearby ships, exposing personnel to radiation.

FALLOUT CONTRIBUTION TO EXPOSURES

The device normally used to record individual exposures, the film badge,
was almost exclusively used for personnel involved in misslions that had radia-
tion exposure potentlal. Only a portion of the personnel in areas where expo-
sure was not expected were badged. Radiatlion from the unexpected fallout,
therefore, was untrecorded for the large majority of GREENHOUSE participants.
Fallout radiation., however, was recorded by Iinstruments used to monitor back-
ground radiation, on fi1lm badges staked outside of bulldings on Parry Island,
as well as by sample badges I1ssued to selected personnel working in the areas
affected by fallout.

These basic background measurements and sample badges were used by radsafe
personnel at the time of GREENHOUSE to estimate the maximum possible exposures
resulting from fallout. Estimates were made for personnel staying on the base
islands -- Enewetak, Parry, and Japtan -- as well as the ships. An estimated
maximum possible exposure for the week followling shot DOG for Parry Island is
shown 1n Figure 29. Chapter 3 also discusses methods used by Task Unit (TU)
3.1.5 to check 1ts validity and applicability to other sites.

TU 3.1.5 continued monitoring the background and Figure 52 shows the result
for Parry Island for the period of 8 April through 14 May, when residual radia-
tion of the fallout from shots DOG and EASY had decayed so that 1t no longer
measurably contributed to the personnel exposures. Figure 53 shows TU 3.1.%5
estimates of the maximum posslible exposure resulting from shot ITEM fallout
from 25 May through the end of the month when significant rainfall effectively
decontaminated the 1slands and ended the exposure buildup.

A 198] analysis of the measurements (Reference 211) produced data for each
island and matrix presentations of the estimated doses in rem for the whole
test period (or any part of 1t), which are presented in Figures 54, 55, and 56
for Parry. Enewetak, and Japtan islands, respectively. The values 1n these
three figures have been developed from the integrated intensity readings (Flg-
ures 29, 52, and 53) by adjusting for body shielding. This results in a dose
that would have been recorded by a properly worn film badge. The factor used
to make this adjustment i1s approximately 0.7. The recent analysls does confirm
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_ that all personnel living on these three islands of Enewetak Atoll through the
] entire series probably exceeded the task force's maximum permissible exposure
By (MPE) due to the fallout alone. Any additional exposures on missions would add
to this overexposure.

About 70 percent of the 2,952 Navy personnel at GREENHOUSE were bhadged.
Among those badged were the boat pool personnel, who were expected to enter
radioactive areas as they ferried scientific parties to the shot islands. Also
. badged were the air patrol sqguadron personnel who could have flown in the vi-
R cinity of the radioactive clouds, air transport personnel who flew radioactive
. samples to Hawaii and the United States, Navy laboratory personnel attached to
- TG 3.1, and a portion of crews aboard ships listed in Appendix A.

] A search of Navy medical records indicates that 1,609 doses also were
o assigned immediately following the tests to nearly all personnel aboard USS
N Curtiss (AV-4), USS Sproston (DDE-577), USS Walker (DDE-517), USS Cabildo

These doses accounted for fallout exposure. The documentation for these calcu-
lations has not been located. However, a 1981 scientific reconstruction of the
g probable fallout exposures for these ships is consistent with the assigned
levels (Reference 211). Assignments for Cabildo and the boat pool appear to
F have considered individual assignment or work area and the number of days not
badged since the same assignment was not made for all crewmembers of these
- units.

The fallout exposure of personnel aboard ships should, of course, be con-
siderably lower than that for land-based personnel. Not only were ship struc-
tures more effective radiation shields than the 1light aluminum and canvas
_ shelters on the islands, but decontamination of the ships during and after
fallout moved radiating particles from the ships. Unless particles on the
- islands were covered, leached into the soil, or blown away, they continued to

radiate until completely decayed.

-.j The assigned fallout exposures contained in Navy medical records for per-

= sonnel who were aboard ships for the entire test period are:
- USS Curtiss (AV-4) 1.043 R
nq CTG 3.3 Staff (Curtiss) 1.043 R
USS Cabildo (LSD-16) 0.7 to 1.100 R
- USS Sproston (DDE-577) 1.0 R
USS Walker (DDE-517) 0.433 R
q USS LST-859 0.334 R
Boat Pool 0.700 - 2.100 R

- -

bime e

MISSION CONTRIBUTION TQO EXPOSURES

PN

q Although no explicit statement of policy has been located, it appears that
the majority cf film badges were issued to personnel to record their exposures
while on the shot islands to recover data, test animals, and instrumentation;
while decontaminating aircraft and removing radiocactive cloud samples; were
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part of the bcat pool: or flew aircraft during and after each shot. Since
these personnel were not badged all the time, the exposures recorded by the
badges should be considered as an increment to be added to the assessed fallout
contribution.

The exposures as racorded by the badges alone (no fallout assessment) are
listed in Table 27 and other portions of this report that discuss personnel
exposures, including the summary table in the Fact Sheet of this report (p. 1
et seq.).
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Scientific Director's Report, Annex 1.1, Prompt-Gamma-Ray Measurements,
Part IV, Installation Drawings***

W.C. Hall and staff

Naval Research Laboratory

October 1951 wT-17

Sclentific Director's Report, Annex 1.5, Neutron Measutements, Part II,

Spectrum and Air Attenuation Static Measurements, Section 2***
J.C. Allred, D.D. Phillips, L. Rosen

Los Alamos Sclentific Laboratory

January 1952 wT-68

*Available from NTIS; order number appears before the asterisk.

**aAvallable at DOE CIC.

*+*Not avallable.
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108. Sclentific Director's Report, Annex 1.5, Neutron Measurements, Part 1,
Diagnostic Experlimeinits, Section 2***
E.H. Krause and staff

R Naval Research Laboratory
= April 1952 wWT-97

)

] 109. Tab "A" to Memorandum for the Chilef of Staff -- EASY Shot Operations***
374

- 110. oOperation Order No. 1-51%#*+

- Task Group 3.1 -—- Joint Task Force Three
; 24 March 1951 374-56-11 RD 706
1

L 111. comptlation of Local Fallout Data from Test Detonations 1945-1962 Ex-
- tracted from DASA 1251, Vol. 2, Oceanic U.S. Tests

- H.A. Hawthorne, ed.

Y. GE-TEMPO

June 1979 DNA~1251-EX2

NTIS (PC Al6/MF 0l1) AD A079 310*

. 112. Scilentific Dlrector's Report, Annex 1.1, Prompt-Gamma-Ray Measurements,
- Part 1, the Measurement of Alpha by Prompt Gamma Rays***

» W.C. Hall and staff

D Naval Research Labcratory
- December 1951 WT-66
J}f 113. Scientific Director's Report, Annex 1.1, Prompt-Gamma-Ray Measurements.
?: Part II, Prompt Gamma-Ray Intensity as a Function of Time***
s W.C. Hall

. Naval Researc™ Laboratory

’ January 1952 wT-36
- 114. Sclentific Directer's Report, Annex 1.1, Prompt Gamma Ray Measurement,
- Part III, The Messurement of Transit Time***

- W.C. Ha’l

- Naval Research Labcratory

g September 1951 wWT-14

j3. 115. Sclentific Director's Report. Annex 1.2, Delayed Gamma-Ray Measurements,
S Part I, Ganma Ray Spectrum Meisurements (abridged)+***

. H.F. Gibson and others

-}; Radlation Physics Laboratory ¢f the Natlonal Bureau of Standards

9 April 1952 wT-76
};:

*Available from NTIS: order number appears before the asterisk.
**avallable at DOE CIC.

L ***Not avallable.
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117.

118.

119.

120.

121.

122.

123.

Scientific Director's Report, Annex 1.2, Delayed Gamma-Ray Measurements,

Part II, Measurements of Total Gamma-Ray Intensity vs. Time Afier One
Millisecond***

H.F. Gibson and others

Radlation Physics Laboratory of the National Bureau of Standards
January 1952 WT-77

Sclentific Director's Rzport, Annex 1.2, Delayed GCamma-Ray Measurements,
Part I1I, Film Dosimeter Measurements***

M. Erlich and others

Radiation Physics Laboratory of National Bureau of Standards

May 1952 wT-81

Sclentific Director's Report, Annex 1.2, Delayed Gamma-Ray Measurements,
Part IV, Measurements under Colliated Conditions***

P.J. Cavanagh and others

Radlation Physlcs Laboratory, National Bureau of Standards

March 1952 wT-41

Report by the Commander, Joint Task Force Three on Completion of Opera-
tion GREENHOQUSE***

1 August 1951 374-56~14 RD B02

Sclentific Director's Report., Annex 1.3, Thermal Radiation Measure-
ments***

Naval Research Laboratory
September 1961 wT-120

Sclentific Director's Report, Annex 1.4, Ball-of-Fire Observations**¥*
H.E. Grier and staff

Edgerton, Germeshausen, and Grier, Inc.

October 1952 wT-101

Scientific Director's Report, Annex 1.5, Neutron Measurement, Part I,
Dlagnostic Neutron Experiments, Section I***

E.H. Krause and staff

Naval Research Laboratory

April 1952 WT-96

Sclentific Director's Report, Annex 1.5, Neutron Measurements, Part II,
External Neutron and Gamma Flux Measurements by Sample Activation***
W.A. Biggers and L.J. Brown

14 August 195%7 wT-114

*Available from NTIS: order number appears before the asterisk.

**avallable at DOE CIC.

k**Not avallable.
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T' 124. Sclentific Director's Report, Annex 1.5. Neutron Measurements, Part III,
: High-Energy Spectrum (Time-of-Flight Method)***

W.C. Hall and staff

Naval Research Laboratory

September 1951 WT-37

125. Sclentific Director's Report, Annex 1.6, Blast Measurements, Part I,
- ) Summary Report**»*

G.K. Hartmen, C.W. Lampson, C.J. Aronson
Naval Ordnance Laboratory, Balllistic Research Laboratories

YN WPLA

N May 1952 WT-64
( 126. Sclentific Director's Report, Annex 1.6, Blast Measurements, Part V,
§ Meagurement of Density, Temperature and Material Velocity in an Air
j Shock Produced by a Nuclear Explosion***
{ F.G. Porzel, J.E. Whitener
- Los Alamos Scientific Laboratory
1951 WwT-110
1_ 127. Interview with J.F. Moulton, Jr.***
- 17 December 1681
fz 128. Sclentific Director's Report, Annex 1.6, Blast Measurements, Part II,
7 Free-Alr Peak Pressure Measurements, Section 1***
J.F. Moulton, Jr., B.T. Simonds
3 Naval Ordnance Laboratory
S July 1951 WT-54
.
?- 129. Sclentific Director's Report, Annex 1.6, Blast Measurements, Part I,
i Free-Alr Peak-Pressure Measurements, Section 2. Telemetering from Moored
Balloons***
.. A.J. Forlich
~ Armed Forces Speclal Weapons Project
. June 1951 WT-20
'2 130. Sclentiflic Director's Report, Annex 1.6, Blast Measurements, Part III,
i Pressure Near Ground level, Section l***
o Ballistic Research Laboratorles
B December 1951 WT-55
X 131. Scientific Director's Report, Annex 1.6, Blast Measurements, Part III.
- Pressure Near Ground Level, Section 3, Positive Peak Pressure Measure-
i ments 1n_ the Mach Stem Reqlon by Means of Copper Indenter Gauges***
< P.E. Shafer
- Naval oOrdnance Laboratory
::. August 1652 wWT-78
=
; *Avallable from NTIS: order number appeats before the asterisk.
S
- **Avallable at DOE CIC.
::- *++Not available.
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Scientiflic Director’s Report, Annex 1.6, Blast Measurements, Part IIT,
Pressure Near Ground Level, Sections 4 and 5***
Naval Ordnance Laboratory, Edgerton, Germeshausen. and Grier

March 1952 wWr-58
" 133. Scientific Director's Report, Annex 1.6, Blast Measurements, Part IV,
5 Pressure-Time Measurements in the Mach Reqion, Sections 1 and 2+**~*
" Naval Ordnance Laboratory
A July 1951 wT-53
- 134. Scientific Director's Report., Annex 1.6, Blast Measurements, Part VI,
A Ground Shock Measurements., Section l%**
7 J. O'Connor, D.R. Powers
] Ballistic Research Laboratorles
August 1951 wWT-69
135, Sclentific Director's Report, Annex 1.6, Blast Measurements, Part VI,
Ground Shock Measurements. Section 2, Crater Survey***
= F.B. Porzel
o Los Alamos Scientific Laboratory
- December 1953 wT-109
e 136. Scientific Director's Report, Annex 6.8, Cloud Radiation Fleld*+*»*
T G.E. Koch
N Naval Radiological Defense Laboratory
i: August 1951 wr-11
137, Scientific Director's Report, Annex 5.1, Evaluation of Ground Radlac***
E.F. Mitchell
Signal Corps Engineering Laboratories
May 1952 WT-63
ij- 138. Sclentific Director's Report., Annex 1.7, Radiochemical Yield and Effi-
e clency Measurements***
R.W. Spence, J.D. Knight
- Los Alamos Sclentific Laboratory
September 1954 wT-113
' 139. Sclentific Director's Report, Annex 1.8, Measurement of X-Rays, Part I,
Summarcy***
H. Bradner. H.F. York and others
University of California Radlation Laboratory
August 1951 wT-79
i *Avallable from NTIS: order number appears before the asterisk.

**Available at DOE CIC,

***Not available,
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140,

141.

142.

143.

144.

145.

146.

147.

Scilentific Director's Report, Annex 1.8, Measuremeits of X-Rays, Part II,
Desiqn Consideration and Data Analysis***

H. Bradner, H.F. York and others
University of California Radiation Laboratory
Septembs . 1951 wWT-80

Scilentific Director's Report, Annex 1.8, Measurement of X-Rays, Part III,
Engineering Aspects***

H. Bradner, H.F. York and others

University of California Radiation Laboratory

September 1951 wWT-51

Sclentific Director's Report, Annex 1.9, Air Drop Instrumentation, Part
I, Bhangmeter***

H.E. Grier aund staff

Edgerton, Germeshausen, and Grier, Inc.

September 1951 WT-92

Sclentific Director's Refort. Annex 1.9, Air-Drop Instrumentation., Part
1I, Teller—-Alpha***

H.E. Grier and staff

Edgerton, Germeshausen, and Grier. Inc.

January 1954 wT-108

Scientific Director's Report, Annex 1.9, Air Drop Instrumentation, Pat
III, Disc Camera***

Edgerton, Germeshausen, and Grier, Inc.
August 1954 wr-112

Cryogenics. Annex 1.10 to Scilentific Directors Report***
Los Alamos Scientific Laboratory
February 1933 wT-50

Scientific Director’'s Report. Annex 1.11, Timing and Firing and Fiducial
Markers***

I1.E. Grier and staff
Edgerton, Germeshausen and Grier, Inc.
October 1952 WT-99

Scientific Director's Report, Annex 2.9, Blast Injuries in Foxholes***
J.M. Talbot, C.S. Maupin

USAF School of Aviation Medicine

Sandia Corp.

December 1951 wT-8

*Avallable from NTIS: order number appears before the asterisk.

**available at DOE CIC.

*t4Not available.

255




148.

150.

151.

152.

153.

154.

155.

Scientific Director's Report, Annex 2.7, Thermal Radiation Injury***
H.E, Pearse

University of Rochester

October 1951 wT-9

Sclentific Director's Report. Annex 2.10, Miscellaneous Studies of
Dosimeters***

G.V. Leroy

University of Chicago

November 1951 wT-13

Scientific Director's Report, Annex 2.5, Mortality Rate as a Function of
Distance, Parts I, II, and III***

E.P. Conkite and others

Armed Forces Institute of Pathology., Naval Medical Research Institute,
Naval Radilological Defense Laboratory, Brookhaven National Laboratory
September 1952 wT-22

Scientific Director's Report. Annex 2.4, Experimental Data Obtained 1in
the Fileld, Parts I. II. and III***

Naval Medical Research Institute, OJa'. Ridge National Laboratory, Los
Alamos Sclentific Laboratory

1951 WT-43

Sclentific Director's Report, Annex 3.0, Test of Structures
S.B. Saith

Armea Forces Special Weapons Project

August 1951 wT-117 EX

NTIS AD 8951 735*

Roster of Task Group 3.1, 1 October-31 December 1950***
13 December 1950 374-56-7, File 200 Vvol. Il

Sclentific Director's Report, Annex 4.1, Cloud Studles, Parts I, II, and
IIIiti

Alr Force cCambridge Research Center, Unlversity of californta at Los
Angeles, Edgerton, Germeshausen and Grier. Inc.

August 1951 wT-1195

Scientific Director's Report, Annex 4.2, Measurement of Surface-Air
Movements Associated with Atomic Blasts***

R.M. Rados, J.C. Bogert, T.O. Halg

Alr Force Cambrldge Research Center

August 1851 wT-105

*Avallable from NTIS: order nunber appeatrs before the asterisk.

**Available at DOE CIC.

***Not avallable.
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156.

157.

158.

159.

160.

161.

162.

163.

Sclentific Director’'s Report. Annex 4.5, Precipitation and Formation
Movement of the Clouds in the Central Pacific***

C.E. Palmer and others

Institute of Geophysics. Unlverslity of California, Los Angeles

September 1951 WT-40 (Ref.)

VP-931 at GREENHOUSE***

Scientific Director's Report, RAnnex 4.6, Atmospheric Conductivity***
S.C. Coronit}, G.R. Walit, A.J. Parlale, and others

Alr Force Cambridge Research Center

September 1951 wT-71

Sclentific Dlrector's Report. Annex 5.1 -- Annex A, Alkali Halide and
Phosphate Glass Radioclogical Casualty Dosimeters***

R.8. Alger, J.P. Dyson, R.A. Levy, D.W. McQuilling

Naval Radiologlical Defense Laboratory

July 1951 WT-3

Sclentific Director's Report, Annex 5.2, Evaluatlion of Alrborne Radiac
Equipment***
J.J. Knopow, J.H. Terrcy

Navy Bureau of Aeronautics
August 1951 WT~-104

Scientific Director's Report. Annex 6.2, Effect of Thermal Radiation on
Material*+®

A. Broido and others
Naval Radiological Defense Laboratory
September 1951 wWT-70

Scientific Director's Report, Annex 6.3, Combat Vehicle Exposure
W.W. Berning, N.W. Arnold

Ballistic Research Laboratories
Auqgust 1952 wWT-90
NTIS AD 374 634*

Scientific Director's Report, Annex 6.5. Interpretation of Survey Meter
Qatﬁ***

E.Tochliin., P. Howard
Naval Radiological Defense Laboratory
August 1051 wT-2€

*Avallable from NTIS: order number appears before the asterisk.

**pvallable at DOE CIC.

***Not avallable,
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154.

165.

166.

167.

168.

169.

170.

171.

Scientific Directer's Report, Annex 8.2B, Interferometer Gauge Pressure-—
Time Measurements**

J.E. Kirk, D.F. Seacord, Jr., R.W. Newman

Los Alamos Sclentific Laboratory

June 1951 wT-5

Scientific Director's Report, Annex 6.6, Evaluation of Filter Materlal***
E.H. Enquist

Army Chemical Center
January 1952 wT-19

Scientific Director's Report, Annex 6.7, Contamination-Decontamination
Studies***

L.B. Werner., S.R. Sinnreich
Naval Radlologlcal Defense Laboratory, Army Chemical Center
August 1951 wT-27

Scientific Director's Report, Annex 6.10, Evaluation of Collective-
Protector Equi ng*v*

F.G. Ort, M.D. Meers

Army Chemical Center

March 1952 wWT-42

Scientific Director's Report. Annex 8.1, Blast Effects on_ Alrcraft in
Flight***

J.C. Wayne, J.C. Lehmkuhl

Wright Airc Development Center

October 1951 WT-31

Scientific Director's Report, Annex 8.0, General Report of Blast Studies
on Alrcraft***

Wwright Air Development Center, Massachusetts Institute of Technology
September 1951 WT-34

Scientific Director's Report, Annex 8.2A, Effects of an Atomic Bomb
Burst on Alrcraft Structures on the Ground

D.L. Grimes, L.J. Bridenback, R.C. Lenz, Jr.

Wright Air Development Center

July 1951 WT-65

NTIS AD B951 671*

Scientific Director's Report, Annex 8.3, Speclal Radar, Radio and Photo-
graphic Studies of Weapons Effects, Parts I, II, III and IV***
Headquarters Joint Task Force Three, Wright RAir Development Center. Los
Alamos Scientific Laboratory WwT-33

*Avallable from NTIS: order number appears before the asterisk.

**avallable at DOE CIC.

**&Not available.
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172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

Final Report, Operation GREENHOUSE, Part I%**
Task Group 3.2, JTF-3, 7126th AU
28 June 1951

GREENHOUSE Historical Report of TG 3.2 (April 1951, 1 November 1950-31
January 1951; 1 August 1950-31 October 1950)***
E.W. Hiddleston 374-59-60

GREENHOUSE Historical Report of TG 3.2 (Period ending 30 April 1950;
1 'riod ending 31 July 1950; period ending 31 October 1950; pericd ending
31 March 1951 and 25 May 1951)**%*

Maj. Donald T. Ruby 374-78-23

GREENHOUSE JTF-3, Name Lists, oOrganizations and Functlions, Weekly
Strength, Functions of the J-2 Division., Intelligence Division***

30 January 1951 374~-65-167
History of the 7th Engineer Brigade*** 374-717-3

History of Air Task Experimental Aircraft Unit 3.4.2, 9 April through
21 April 195]1*%*
Robert E. Relman

undated 374-65-180

USAF Participating Unit Listing, Operation GREENHOUSE, USAF NTPR Team***
undated

Op _Order 1-51 (DOG)., 4 April**»
16 March 1951 374-65-169

Ship's Log, 1951, USS Curtiss., (AV-4)***
Washington National Record Center

Ship's Log. 1951, USS LST-859%**
vashington National Record Center

Ship's Log, 1651, USS Cabildo (LSD-16)***
washington National Record Center

ship's Log, 1951, USS Sproston (DDE-577)***
Washington National Record Center

Ship's Log., 1951, USS Walker (DDE-S517)***
Washington National Record Center

Ship's Log. 1951, MSTS Sqgt. C.E.Mower (T-AP-186)***
Washlington National Record Center

*pvallable from NTIS; order number appears before the asterisk.

**Available at DOE CIC.

*+*Not avallable.
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186.

187.

188.

186.

190.

19].

192.

193,

194.

}J95.

196.

197

199.

200.

Commander Task Unit 3.3.4, Operation GREENHOUSE, final report of***
May 24, 1651

CTG 3.3 Op Order 3-51 (GEORGE Annex A-D¥#**
3 May 1951

Naval Speedletter, Serial No. 083, from R.H. Crezen to Commander Task
Unlt 3.3.3, Subj: Personnel Availability***
14 May 1951

Final Report of TU 3.3.6 and 3.3.5#%%* 374-63-129

LST-859 Contamination-Decontamination repcrts (after DOG shot) (from
Letter Serial No. 022)**~* 374-63-125

Roster of Officers., JTF 3, Ship Station or Activity*+**
1 Gctober 1950 38-76-0081, Box A4S

TG 3.4 Fleld Order No. 2*** 374-59-71

Assignment of Air Priority***

JTF-3
6 December 1950 374-56-28, file 580, Vol. I.
Staff watch log (Curtisg)*** 374-63-123

Paragraph 35, Speclal Order 32, 2349th Personnel Processing Group, Camp
Stoneman, California***
13 February 1951

AG, JTF 3 Memorandum, To Asst., CofS J-1 from Office of the AG. JTF 3,
Subject: Release of JTF 3 Headquarters Personnel***
4 May 1951

Headquarters, JTF 3 Travel Orders #33***
17 January 1951

History of Air Task Group 3.4, 1 November 1950 -- 31 January 1935]1***
John C. Hatlem, Lt. Col. USAF 374-59-71

History of Air Task Group 3.4, 13 May -- 20 May ]195]1#%#**

John C. Hatlem, Lt. Col. USAF

undated 374-59-71

Headguarters, TG 3.4 Personnel Movements to ZI, 20 May -- 16 June 195]1w%*w
Undated 374-64-161, 319.1

*Avallable from NTIS; order number appears before the asterisk.

**Available at DOE CIC.

*4+Not avaliable.
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201.

202.

203.

204.

205.

206.

207.

208.

209,

210.

211.

Historical Report, Task Unit 3.4.7. 9 April -- 22 April 1951*+«*
Gllbert E. Hostler. Capt. USAF

22 April 1951 374-65-184

Headquarters, Alr Rescue Service Operations order 3-50 (GREENHOUSE)***
18 october 1950 374-56-11, file 300.4

History of Air Task Group 3.4, 12-24 April 1951 wx
John C. Hatlem, Lt. Col. USAF
27 April 1651 374-59-71

Monthly Historical Report (March TU 3.4.8%*~*
James L. Gaylord, Lt. Col. USAF
3 April 1951 374-65-184

Plans and Operations Report on Operation GREENHOUSE***
Duncan Curcy, J-3
undated

Los Alamos National Laboratory T&V Vault

History of Air Task Group 3.4, 1 April - 11 Apri]l 195)1*+**
John C. Hatlem, Lt. Col. USAF
14 April 1951 374-59-171

Letter., Serial Ne. 41-5]1, from the Ccmmanding Officer, Marine Detach-
ment, USS Curtlss, to the Commandant of the Marine Corps on the Increase
in Strength of Enlisted Complement., c¢/o Fleet Post Office, San Francisco,
Californla*#*»
13 April 1651

Roster of "Q" Clearance Personnel, Letter [From Commanding Officer USS
Curtiss to CTG 3.3, Serlal. No. AVA/A8, Serlal No. 0ll***
19 January 1951

GREENHOUSE Task Group 3.1 Personnel, Personnel Engaged in “Operation
GREENHOUSE" for whom orders or letters of authority are requested in
order to assume proper avallabllity to CTG 3.1%**

2 October 1950 374-56-14, RD 786

Memorandum for CTG 3.1, 3.2, 3.3, 3.4 from HqQ JTF 3, Subject: Officilal
Observers for GEORGE Shot***
2 Mary 1951

SAI Memorandum, Subject: Calculated Radiation Doses for Personnel in the
Army Task Group During Operation GREENHOUSE***
7 January 1981, rev. 17 February 1982

*Avallable from NTIS: order number appears before the asterisk.

**aAvailable at DOE CIC.

***¥Not avallable.
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: 212. Radiation safety from Sproston*** 374-63-132
.Si 213. Operation GREENHOUSE Film Badge Summary***
2 Navy NTPR
o0 13 Jan 1983
oo
214. Analysis of Radiation Exposure for Shipboard Naval Personnel, Operation
GREENHOUSE* **
. Science Applications, Inc.
- 30 July 1982 SAI 83-874-wA
{t 215. Letter, Serilal No. AG 702, to Commander Task Group 3.1 from Headquarters
'I Task Group 3.4, subject: Authority for 3.0 Roentgen Personnel Exposure***
AN 3 April 1951
oo
-
7.
e
D
Y
-
’ *Available from NTIS: order number appears before the asterisk.
- **Available at DOE CIC.

- *s*Not avallable,
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APPENDIX A
RADIOLOGICAL SAFETY RELATED DOCUMENTS
Annex D to Field Order No. 2 (Revised)

Appendix I to Annex D to Field Order No. 2 (Revised)
(Hazards Resulting from Atomic Bomd Explostons)

Annex G to Task Group Operatton Plan No. 1-50
(Radiation Safety)

Operation Plan No. 1-51, Task Unit 3.1.5

Annex D to Task Unit 3.1.5 Operation Plan No. 1-51
(Laboratory Unit)

Annex E to Task Unit 3.1.5 Operation Plan No. 1-51
(Operations, DOG Shot)
(Operations, EASY Shot)

Annex F to Task Unit 3.1.5 Operation Plan No. 1-51
(Communications)

Commander Task Group 3.3 to Task Group 3.3
(FYIm Badges, Procurement, Distribution,
and Processing; Information Concerning)

Enclosure 1 to Commander Task Group 3.3 to Task Group 3.3
(Fi{1m Badge Data Sheet)

Task Group 3.3 Training Syllabus
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Headquarters, Joint Task Force Three
washington, 25, D.C.
1 December 1950

Annex D to Fleld Order No., 2 (Revised)

1. RADIOLOGICAL SAFETY of all military and civilian personnel 1s a command
responsibility.

2, The SPECIAL ASSISTANT FOR RADIOLOGICAL SAFETY (also CTU 3.1.5) has the
responsibility for advising the CJTF 3 on measures necessary to Iinsure the
radiological safety of all personnel. In the fulfillment of thls responsibillity
he will supervise the 1issuance of appropriate instructions and information by

the ASSISTANT CHIEF OF STAFF, J-3, JTF 3. These instructions and information
will cover:

a. Collectlon and dissemination of information on radiological hazards
whilch may cause injury or sickness to personnel.

b. Advice on the safe employment of perscnnel in radloactive areas.

c. Precautions neceszary for protection of personnel against such
hazards.

d. Reevaluation of the hazards of radioactive areas as radiological
survey work progresses.

e. Advice to the TASK FORCE SURGEON in providing such necessary data

as may be requested pertalning to the effects of 3lonlizing radiation on
personnel.

3. REGULATIONS: All personnel who will work in areas containing radio-
activity and/or who will work with radiocactive materials willl be governed by
the following regulations:

a. Prior to departure from the U.S., these persons will recelve a com-
plete physical examination. including chest X-ray. complete blood count (RBC,
WBC, differential and hemoglobln) and urinalysis. Prlor to departure from the
U.S. authentlcated coples of these physical reports will be reported to the
following:

(1) One (1) copy to the appropriate task group commander (for use
. of TG Rad-Safe Officer).

(2) One (1) copy to CJTF 3.

b. Upon termination of services and prlor to release from JTF 3, per-
sonnel will undergo further examinations if prescribed to Radiological Safety
Oof ficers.

c. The permissible radiolecgical exposure 1s established at 0.7 roent-
gens per calendar week. Under unusual clrcumstances, the CTG 3.1 may recommend
that CJTF 3 authorize an additional accumulated exposure up to three (3) roent-
gens 1n specific cases where required for a limited number of individuals.

d. Work in contaminated areas 1is divided into two general classifi-
cations, urgent work and routine work. All work on test islands cn shot day
must be authorized by CJTF 3 on request of CTG 3.1. Upon accomplishment of the
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Annex D to Field Order No. 2 (Revised)

speclal missions required by this work, further entry into contaminated areas
will be discontinued until a comprehensive radlological survey has been made
by TG 3.1 (TU 3.1.5).

e. Names of all 1individuals who are expected to enter radiloactive
areas will be submitted to CTG 3.1 in the form of an eligibility list two (2)
weeks prior to the first test. Subsequent changes to the criginal list will be
submitted as they occur.

f. Individuals or parties entering contaminated areas will in every
instance check through the Radiological Safety Unit of TG 3.1 and will be
accompanied by a monitor 1f considered necessary by this unit. In all instances
in which monitors accempany persons entering contaminated areas the monitors
will inform persons in charge of partles of the radlological hazards involved
and when the predetermined permissible exposure has been reached, making due
allowance for the exposure anticipated during withdrawal from the areas. Find-
ings of the radiclogical monitor relative to radiologlical hazards will be
accepted.

g. Prior to entering a contaminated area, the monitor will 1ssue
appropriate equipment. This equipment will consist of film badges, dosimeters
and such protective clothing as may be required. Work parties on islands will
wear gas masks If deemed necessary by the radiological monitor. Upon the com-
pletion of work in the contaminated zcne., all persons will return film badges
and dosimeters to the monitors and will dispose of bootles and gloves upon
leaving the area. The monritor will check clothing of all personnel and require
those who are contaminated to report to the Radiological Safety Unit of TG 3.1
or to thelr Radlological Safety Officer as conditions warrant.

h. Persons eating, drinking, or smoking in any radloactive area will
follow the usual sanitary precautlons necessary to prevent 1ingestion of con-
taminated material.

1. Upon completion of work in radiocactive areas, or with radiocactive
materjals, all dosimeters and film badges will be forwarded to the laboratory
of TG 3.1 where all processing and recording will be accomplished. A report of
results will be sent appropriate commanders.

jJ. All 1islands in the Atoll will be considered contaminated after
each test untll reported clear by CJTF 3.

4. OPERATIONS: Radliological monitor units from TG 3.1 will be estaklished
at ENIWETOK, PARRY and JAPTAN Islands to monitor the handling of test materi-
als. Monitoring of contaminated drone aircraft will be a responsibility of TU
3.1.5 until they are released to CTG 3.4. Monitors for alrcraft operating near
the radioactive cloud or over radioactive areas will be furnished by Task Group
3.4. The SPECIAL ASSISTANT FOR RADIOLOGICAL SAFETY will asslst Task Group Ra-
diological Officers in preparing special instructions for work of this nature.

5. RADIOACTIVE MATERIAlS: Transportation of radiocactive test materlals
{from the forward area) will be accordance with AEC regulations for escorted
shipment c¢f such material. Prior to transportation, all such materlals shall
be monitored by representatives of TG 3.1. Authority to remove samples of
radicactive material from the forward areas which resulted from or were exposed
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to detonation will be obtained from the CTG 3.1. Monltoring of radioactive

test materials en route will be the responsibility of the escorting scientific
personnel.

6. RADIOLOGICAL SAFETY RESPONSIBILITIES:

a. Radiological safety functions will be performed through normal
command channels. Each Task Group willl provide spare parts for its own 1instru-
ments. Facilities for storage of these spare parts will be available at Task
Unit 3.1.5 (TG 3.1) on PARRY Island, if desired by the Task Groups.

b. CTG 3.1 will perform the following radiological safety services:

(1) Perform all ground monitoring services assoclated wlth exper-
imental projects.

(2) Furnish laboratory services and technical advice for TG 3.1.

TG 3.2, TG 3.3, and TG 3.4 assoclated with radiologlcal safety to
include:

(a) Procurement of film badges and other personnel protective
devices

(b) Laboratory services to develop and interpret film badges.
(c) Records of exposures. Furnish duplicates to task groups.
(d) calibration. repair and malntenance of instruments,
(e) Monitoring the removal and packaging of samples.

(3) Prepare surface RADEX plots.

(4) Procure protective clothing as necessary for TG 3.1 and for
™ 3.2

(5) Be prepared to monitor the water supply on outlying inhablited
islands.

(6) Procure and issue special goggles to all personnel of JTF 3
requiring same.

(7) Provide technical personnel to inspect radiologically contam-
inated items for all Task Groups and certify destruction. dlsposal or
unserviceablility of such items.

€. CTG 3.2 will be responsible for radiological safety of the base
facilities on ENIWETOK Island, excluding activities relating to alr operation.

CTG 3.2 may call upon CTG 3.1 for radiological safety information and services
as required.

d. CTG 3.3 will be responsible for the following radioclogical safety
functions:

(1) Procuring the necessary radicologlcal safety instruments and
equipment .

(2) Procuring and issuing necessary protective clothing.

(3) Providing monitors and decontamination crews aboard each shilp
within the Task Group.
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(4) Providing aircraft monitors for aircraft assigned to TG 3.3.

e. CIG 3.4 will be responsible for the following radiological safety
functions:

(1) Procuring the necessary radiological safety instruments and
equipment.

(2) Procuring and issulng necessary protective clothing.

(3) Providing radiological safety monitors for each manned ailcr-
craft actively participating in the test and for each alrcraft collect-
ting radlological information after detonation (for alrcraft assigned
to TG 3.4).

(4) Providing ground monitors to supervise decontamination of
aircraft on the ground.

(5) Providing decontamination crews for handling and washing air-
craft of TG 3.4 and assisting TG 3.3 if required.

(6) Plotting the Air RADEX and 1issuing instructions for alrcraft
operating in the vicinity.

f. Task Group Commanders will insure that all personnel are instructed
in the radiological safety problems involved in conducting the test.
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Washington, 25, D.C.
1 December 1950

- Appendix I to Annex D to Fleld Order No. 2 (Revised)
HAZARDS RESULTING FROM ATOMIC BOMB EXPLOSIONS

1. NATURE OF HAZARDS

a. When an atomic bomb explosion occurs, a tremendous quantity of
energy 1n a varlety of forms is released. This energy 3is propagated outward in
5 all directions.

b. when fission occurs. the Iimmedlate reaction 1s intense enmission of

ultra-violet visible and infrared (heat) radiation, gamma rays and neutrons.

This 1s accompanled by the formation of a large ball of fire. The largest part

of the energy from the explosion is emitted as a shock wave. The ball of fire

produces a mushroom-shaped mass of hot gases, the top of which rises to about

10,000 feet in the first minute and about 30,000 feet in five minutes. In the

. trall below the mushroom cap. a thin column is left. The cloud and column are
then carried downwind, the direction and speed being determined by the direc-

tion and speed of the wind at the various levels of air from the surface to
50,000 feet (or higher) altitude.

c. All personnel of the Task Force will be well outside of the range

- of all hazards at the time of detonation, except from the 1ntense light from
the fire ball.

d. Following the detonation, personnel entering shot areas will be
N exposed to beta particles and gamma rays coming from induced neutron activity
_i in the scil and any fisslion products which might have been deposited on the
. ground. There may also be a potential alpha particle hazard from the unfis-
- sioned fissionable materials which may be deposited on the ground.

- e. The light of explosion is so intense that temporary blindness may

.. occur through facing the ball of fire, unless the eyes are protected by dark
- . glasses.

) f. The emlssion of dangercus nuclear radiation can be separated into
ul two time periods. The primary radiation which occurs at the time of the flash
is composed of gamma rays and neutrons. Casualtles may result from this primary
radlation if the exposure occurs within 2,000 yards of zero.

- 2. PROTECTION

.- a. Against the primary radiological effects, distance will provide
‘ protection.

i b. Against the secondary radiocactivity hazards from radioactive fis-
ﬁ sionn products. induced radloactivity and unfissioned residue, detection and
- avoldance provide the best [rotection. Suitable instruments indlicate directly
N both the presence and intensity of radioactivity at a given place. Area recon-
- naissance. the maintenance of contamination situation maps, the posting of

! areas of hazard and minimizing the spread of contaminated material into uncon-
i taminated areas constitute the active measures for reducing the radiological
hazard.
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c. Personnel within fifteen (15) nautical miles and who are to be
facing in the direction of the flash will be required to wear special goggles
to protect thelr eyes against excesslve light. Personnel within fifteen (15)
nautical miles who are not provided goggles will face in the opposite direction
from the flash.

3. ANTICIPATED HAZARD AREAS

a. Immediately under the bomb burst there will be an area of intense
radicactivity roughly 5060 yards in radius.

b. Extending downwind, an airborne radloactive hazard will exist. Its
characteristics will depend on the meteorological influences such as wind

speed and direction at various altitudes up to the maximum helight reached by
the cloud.

¢. Contaminated water in the lagoon adjacent to the shot island should
be of no consequence, but will be checked by the Radiological Safety Unit of
G 3.1.

d. All individuals or objects leaving contamlinated areas may transfer
radiocactivity toc clean areas.

e. By means of instruments, such as Gelger-Mueller counters and ion
chambers. it 1s possible to detect the area of contamination and to measure
the intensity of the radiocactivity. Radlation intensity will be measured and
reported in roentgens per hour. Besides these instruments, doslmeters and film
badges will be used as indlcators of the accumulated exposure to radioactivity.
Personnel will wear fillm badges to provide a permanent record of exposure.

f. The intensity of the radioactive hazard tends to decrease with
time due to:

(1) Decay of radicactive materials
(2) Dispersion and dillution depending on climatic conditions,

As an approximation., the intenslity of the radiation from the fission products
decreases by radiocactive decay inversely with the time after the detonation.
An area which had 15 coentgens per hour at one (1) hour after detonation would
have an 1intensity of 7.5 roentgens at two (2) hours after detonation and five
(5) roentgens at three (3) hours.
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Headquarters
Task Group 3.3
APO 187

30 Jauwuary 1351

Annex G to Task Croyp Operation Plan No. 1-50
RADIOLOGICAL SAFETY

1. Responsibllity for Radiologlical Safety is a command function. The Com-
manding General, Task Group 3.2, 1s responsible for Radiological Safety on
Eniwetok Island less those activities involving Task Groups 3.1 and 3.4.

2. The Commanding General, Task Group 3.2, will appoint a qualified Radio-
logical Seafety Officer

3. The responsibllitiass of the Radlological Safety Officer are:
a. Advising the Commanding Generai on:

(1) Fresence and location of radiologlical hazards on Enjwetok
Island. Such .azards wil]l be conspicuously marked and placed
"Off Limits“™ to all personnel not authorized to enter the

arza. The Radlologlcal Safety Of“icer 1s charged with deline-
ating such areas.

(2) Safe employment of personnel in radioactive areas.

(3) Precautions necessary for protection of personnei agalnst
radiological hazards.

b. Constant rechecking of known radicactive areas and submitting re-
ports on their change of radioactivity to the Commanding General.

<. Advising the Task Group Surgeon of necessary data pertalning to
the effects on lonizing radlation on personnel.

d. Recelving medical reports from the Task Group Surgeon on those
rersonnel whose dutlies require them to work in a radioactive area.

(1) Supervising all Task Group 2.2 personnel entering a radioac-
tive area »nd preventing those not physically qualified from
enter.ng sucl: areas by no:ifving Unit Commanders of personnel
disquai‘fied by the Surgeorn by Radsafe physical examlnations.

€. Recelving and properly utllizing 1information and radlological
safety equipment frum the Special Assistant for Radiological
Safety, Joint Task Force THREE.

Lo |
‘

Constant monitoring of radiocactive ereas 1in which personnel of
‘Task Group 3.2 are working and renderiny dally report- to the Sur-
geon, Task Group 3.2, »n the total dailly amount of radlation re-
celved by eacrh ‘uch individual.

(1) Forwarding of 1individual dosimeters and film badges to the
Radsafe Officer, Tavk Group 3.1.

4. The Commanding Ceneral, Task Sroup 3.2, will notify the Task Group
Surgeon of tne names of ol personrel who are likely to be exposed to a radilo-
logt~al hazardq.
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RADIOLOGICAL SAFETY

- 5. Physical Qualifications:

BRI - a. The surgeon of Task Group 3.2 will insure that all such individuals

:u meritioned in par 3 are physically qualified for duty in a radlcactive area.
Such qualification will be cdetermined by physical examination as prescribed in
Joint Task Force THREE Letter AG 702 dated 31 March 1950. In addition he wil!
. perform necessary repeated physical examlnation on all personnel who have re-
- ceived 1n excess of 0.1 Roentgen of radiation in 24 hours. He will immediately
- notify the Radlological safety Officer of those personnel who have been physi-
cally disqualified from reentry into a radioactive area.

oy b. Upon termination of duty with Joint Task Force THREE, all personnel i
{ of Task Group 3.2 who have been exposed to a radiological hazard

: will undergo a physical examlnation as prescribed by Joint Task

- Force THREE.

o 6. The Radsafe Offilcer wilil submit to Commander, Task Group 3.1, two weeks

o prior to their entry into a radiologically hazardous area, the names of all

- individuals assigned to Task Group 3.2 who are physically qualified to enter

o such areas.
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. X Headquarters, Task Unit 3.1.5
F . Los Alamos, New Mexico
1 21 February 1951

f: Operation Plan No. 1-51
= Task Unit 3.1.5

TASK ORGANIZATION
. 3.1.5 Radiological safety Unit
A. ©Staff

- Technical Deputy

Liaison Offlcer to Task Group 3.3 (Navy)

1:l Lialson Officer to Task Group 2.4 (Air Force)
o Operations Officer

e Communications Officer

v Supply Officer

- B. Laboratory and Instrumentation Section

C. Monitoring Section

o :: X. This plan is derived from Commander Joint Task Force THREE Field Order
k. No. 2.
é II. This Radiologlcal Safety Unit will support Operatioi GREENHOUSE by
7:. effecting radiologlical safety of personnel of Task Group 3.1. In accom-
",-f plishment of this mission, Commander Task Unit 3.1.5 will:

A. CGrganize and command a Radiological Safety Unit composed of radio-
- logical monltors, technical advisors, and supporting personnel,

A B. Support operations in radioactive areas and for personnel working
* O with radioactive materials by providing radiological monitors,
e equipment, services, and information.

Organize and maintain a radiological sefety center at Parry Island.

.l D. Effect compliance with radiological safety regulationcs as indicated
9 in ANNEX "D", Fleld Order No. 2, Joint Task Force THREE.

.3 E. Maintain necessary records partaining to personnel exposure.
' F. Advise Task Force Surgeon, Joint Task Force THREE, regarding the

nature of any injurles involving radiation which might occur.

A!b IIr. Radiological monjtors will be provided for authorized missions in
R radisactive areas and for personnel working with radicactive materlals
by the Operations Officer, Task Unit 3.1.5. All operations will be
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Task Unit 3.1.5

consldered as routine, and will comply with permissible radiological
exposures for routine work, except "speclal” operatlons which must be

specifically designated by Commander, Joint Task Force THREE (see
Annex "D").

No radiocactive material will be removed from the test slte except as
authorized in experimental programs. Unauthorized entry into and sou-
venir collecting in radiocactive areas are prohibited.
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Laboratory Unit

A. Misslion

l. The laboratory unit. termed RadSafe Laboratory. 1s responsible for the
procurement and maintenance of an adequate stock of radlological safety
instruments, and for the repair., servicing, and calibration of the
instruments to be used by Task Unit 3.1.5. All other groups of Joint
Task Force THREE will procure radilological safety Instruments and
appropriate spare parts to be used in operatlons of those groups. The
laboratory unit. TU 3.1.5, 1s responsible for the maintenance, repair,
and servicing of all radlological safety Jinstruments to be used by
Joint Task Force THREE.

P
..

L} l'
e

.

el oty Ay

fy 2. This unit 1s responsible for the processing of and measurements on
! photographic film badges for personnel monitoring of Joint Task Force
THREE.

3. This unit will maintaln adequate personnel exposure records of all
personnel of Jcint Task Force THREE.

B. Operations

1. Task Unit 3.1.5 will maintain a stock of 1onlzation chambers, G-M
counter survey instruments, personnel doslmeters. and pocket ionization
chambers at the RadsSafe Laberatory on Parry Island.

. 2. Survey Iinstruments will be 1issued to the monitors, and these will be
¢ retained by the monitors throughout the operation as long as the
instrument 1s 1In proper working order and 1t 15 of adequate range for
. the missions in which the monitor is engaged.

.

3. Photographic film badges and personnel dosimeters sufficient for the
party wlll be issued to each monitor before each misslion. All of those
f1lms and meters will be returned to the RadSafe l.aboratory at the end
of the mission.

. 4. Sultable sources of radiation for instrument calibration will be main-
- tained by the RadSafe Laboratory. Each monitor will be responsible for
the proper calibration of his survey Iinstruments. The Laboratory will
y be responsible for the calibration of personnel dosimetry instiuments
- and photographic film badges.

5. The RadSafe Laboratory will repalr and check any sucvey Iinstrument
used by personnel of JTF-THREE returned because of improper operation.

6. The RadSafe Laboratory will process and read all photographic film
badges and pocket chambers. Records of exposures will be maintained
which will be available to proper authority.

7. The Laboratory will determine decay curves on crater material and other
pertinent samples. Measurements of gamma, beta and alpha activity will
be made on liquid and solid samples as required.

8. Vacuum-cleaner type alr fllters will be supplied as required. They
X will be supplled with filter papers and measurements wlll be made on
- the exposed papers by the RadSafe laboratory.
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Decontamination

All personnel working with radliocactive materlals will utilize protec-
tlve clothing and/ot gloves as indicated by ANNEX A. Safe handling of
radicactive materials wll be insured by the proper utilization of addi-
tional protective equipment. such as tongs and remote handling devices.

X II. Upon completion of each operation 1In a radloactive area, personnel will
- discard cloth booties and gloves at a deslgnated location. Eefore re-
ON turning to a non-contaminated area or living quarters, personnel will
f' discard protective ciothing at the appropriate radiological control
- point and submit to the prescribed decontamlination procedure.

- III.

If clcthing 1s ccntaminated, advice regarding the procedure of handling
radloactively contaminated clothing will be given by the monitors.
This clothing may require laundering, or as a result of decay. it may
be possible to re-use it after a period of time without laundering.
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Annex E to Task Unit 3.1.5
- Operation Plan No. 1-51

_ Cperations, DOG Shot

- I. Composition cf Operations Section
K- 3 Officers

6 Enlisted Men

II. General Dutiles
SO A. Radiclogical Safety Center (RadSafe Center)

' : A Radiological sSafety Center will be established on Parry Island
< which will serve as operations headquarters for all radiological
- safety activities. All radsafe data will be gathered at this head-
o quarters, and information required by other groups will be distrib-
e uted from this Center 1in the form of memoranda or sltuation maps.
This Center will provide information to Commander Task Unit 3.1.5

for planning radsafe operations, and will wmaintain current infor-
mation on location of all monitors engaged in operation. It will
maintain an operations table glving details on all missions into
contaminated areas scheduled for each day. including name of moni-
tors, destinatlon., general type of misslion (Program Number), and
time of departure and arrival.

It will act as the receiving center for requests for radsafe services
not previously anticipated,

Radsafe control points willl be established as required.

C. After operational assignment, the radlological safety monitors will
familiarize themselves with all pertinent phases of the experimental

oA work .

% III. Operation Plan, DOG Shot

‘_ A. Eniwetok - Drone Squadron
-" 1. D-Day

_ Proqram Number of Monitors Remarks Time of Operation
" Al 1 Senior Monitor

‘.\_‘ 1.7 4 + 1 Supervisor Filter Recovery H+2 to H+4

‘l; 2o 14+fioiug::;fsif7) 2§§?3§ec:::2:;s H#S to He8

? S and & 2 Packing samples in H+6 to H+10

117 compound

Total 13 Monitors

Task Unit 3.1.5 1s responsible for the radiological safety of all
personnel working In connection with removal of experimental ma-
tertal from drone aircraft until alrcraft are released to Task
Group 3.4,
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Operations, Shot 00G

N

Upon arrival of all potentially contaminated aircraft on Eniwetok
Island, a monitor will be supplied until such times as the aic-
craft have been parked. Monitors will accompany all recovery
teams. They willl be responsible for the monitoring of the pack-
ing, loading and for the release for shipment of all materilals
returning to the Z.I. Monitors will check out all recovery. pack-
ing. and loading personnel, after which time the drone planes
will be released to Task Group 3.4.

All monitors with this assignment leave Parry Island 0900 D-1
and return to Parry Island on completion of their work. or ap-
proximately 1700 D Day. Upon arrival ar Eniwetok they will report
to the RadSafety Senior Monitor of Task Unit 3.1.5 and remain
under hils supervision until thelir return to Parry Island.

D+1 and following

There are no scheduled monitoring activitles on Enlwetok Island
by Task Unit 3.1.5 until next Shot Day unless indicated by Com-
mander TU 3.1.5 as a resulit of situation analysis.

Runit Island

1.

2.

3.

D-Day

Monitors will be assigned by Commander TU 3.1.5 when operations
plans have been formulated by the various scientific groups.

D+] Day

Thirty-five monitors proceed from Parry Island at 0700 by water
tax], arriving Runit Island at 0800. These monitors will make a
radiologlical survey of Runit Island under the direction of the
Senjior Monitor present. Upon completion of monitoring activities.
they will return to Parry Island with data obtained.

D+2 to D+15 Days

Monitors will be provided for all recovery party personnel as
indicated by the radlological situation on Runit Island.

Non-Shot Island

1.

D-Day
a. Radsafety Clearances Non-Shot Islands

One monitor in an L-5 alrcraft and one monitor in a helicop-
ter will proceed at H+]l hour to monitor Non-Shot Islands of
the atoll to provilde necessary Rad-Safety clearance for work-
ing parties.

b. Fall-out Distribution, Program 6.4

Monitoring for thils activity will be provided by Task Group
3.1.
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Operattion Plan No. 1-51

Operations, DOG Shot

Day

There will be no entry into radicactive areas of the Atoll
until the completion of tihe radiological survey

General Survey of non-shot islands will be continued by mon-
itor in an L-5 alrcraft.

to D+15 Days

General survey of Atoll by munitor in L-S5 aircraft will be
continued as indicated.

Programmatic activities on non-shot islands will be provided
with monlitors as indicated by the radiological sltuation.

PBM alrcraft will be dispatched to obtain water samples from
various areas In Marshall Islands group as indicated by the
radiological situation.

Radiological Situation Plots

(1) The Radsafe Center will malntain radiological situation
data on all 1islands of the Atoll based upon monitor
data and surtvey data obtained by specific monitoring
missions. Thils informaticn will be the basis of periodic
situation reports or maps and briefing information for
monlitors entering radlioactive arees.

(2) The RadSafe Center will make surface radex plots.
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Operations, EASY Shot

I. cComposition of Operations Section
3 Officers
6 Enlisted Men

II. General Dutles
A. Radiological Safety Center (Radsafe Center)

A Radiological Safety Center will be established on Parry 1Island
which will serve as operations headquarters for all radiologlical
safety activities. All radsafe data will be gathered at this head-
quarters., and information required by other groups will be distrib-
uted from this Center in the form of memoranda or situation maps.

This Center will provide information to Commander Task Unit 3.1.5
for planning radsafe operations, and wili malntain current informa-
tion on location of all monitors engaged 1n operation. It will main-
tain an operations table giving details on all missions into contam-
inated areas scheduled for each day, 1including name of monitors,

destination., general type of missjion (Program Number), and time of
departure and arrival.

It will act as the receiving center for requests for radsafe services
not previously anticipated.

B. Radsafe control points will be established as required.

C. Mfter operational assignment, the radiological safety mocnitors will

familiarize themselves with all pertinent phases of the experimental
work .

I1I. oOperation Plan, EASY Shot

A. Eniwetok - Drone Operation

1. D-Day
Program Number of Monitors Remarks Time of Operation
All 1 Senior Monitor
1.7 4 + 1 Supervisor Fillter Recovery H+2 to H+4
2.54 Mouse Cages H+3, H+6, H+10
v e ‘24*5;:“:::5??7) ?ﬁlﬁ:eciﬁzzfés HeS to HeS
S and 6 2 Packing samples 1in H+6 to H+10

117 compound

Total 13 Monitors

Task Unit 3.1.5 1s responsible for the radiological safety of
all personnel working in connection with removal of experimental

material from drone alrcraft until]l aircraft are released to Task
Group 3.4,
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Operations, Shot EASY

Upon arcival of all potentially contaminated aircraft on Eniwetok
Island, a wmonitor will be supplied until such times as the air-
craft have been parked. Monitors will accompany all recovery
teams. They will be responsible for the monitoring of the pack-
ing. lcading and for the release for shipment of all materials
returning to the Z.7. Monitors will check out all recovery. pack-
ing. and loading personnel after which time the drone planes
will be rleased to Task Group 3.4.

D+1 and following.

There are no scheduled monitoring activities on Eniwetok Island
by Task Unit 3.1.5 until next Shot Day unless indicated by Com-
rander TU 3.1.5 as a result of situation analysis.

B. Engebl Island

1. D-Day
Time of
Program Nuinber of Monltors Method of Travel Operation
All 1 Senlor Monltor
2 1 + 1 Supervisor Helicopter H + 30 min
2.4.1.2
2.4.1.3 (1 from Helicopter) Speedboat H+l to H+2
1 R Cable
1.5.1 (1 Senior Monitor) Speedboat, Neutron Hel to H+4
4 + 1 Supervisor Sspeedboat, Neutron Camera
6.3 4q water Taxi H+B+
1.8, 1.5.3 1 X-Ray party travel H+8+
1.3, 1.1 1 NRL party travel H+3+
1.6 1 Blast party travel H+8+
3 5 M-Boat (6.10 & EGG) Ht8+
5.1 1 M-Boat H+8+
8.2 1 M-Boat H+8+

To+al 27 Monitors

All Rad-Safety monitoring operations on Engebl will be under the
control of the Rad-Safety Senior Monitor. All Program Two work
will be under the supervision of a Rad-Safety Supervisor, who
will cocrdinate with the Beachmaster who controls all Program
Two operations on this l1sland. The remaining operations will be
under the control of the Senior Monitor, with the assistance of
one supervisor.

a. Helicopter Mission

Helicopter will leave Parry Island at H+5 min., with rthe
suparvisor monitor for program T™wo and an additional monitor
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Operations, EASY Shot

I. Composition of Operations Section
3 Officers
6 Enlisted Men

II. General Dutles
A. Radiological safety Center (RadSafe Center)

A Radlological Safety Center will be estadblished on Parry Island
which wili serve as operations headquarters for all radiological
safety activities. All radsafe data will be gathered at this head-
quarters, and Information required by other groups will be distrib-
uted from this Center in the form of memoranda or situation maps.

This Center will provide 1information to Commander Task Unit 3.1.5
for planning radsafe operations, and will maintain current informa-
tion on location of all monitors engaged in operation. It will main-
tain an operations table giving details on all missions into contam-
inated areas scheduled for each day., including name of monitors,
destination, general type of mission (Program Number), and time of
departure and arrival.

It will act as the recelving center for requests for radsafe services
not previously anticipated.

B. Radsafe control points will be established as required.

C. After operational assignment, the radiological safety monitors will
familiarize themselves with all pertinent phases of the experimental
work.

III. Operatlon Plan, EASY Shot

A. Eniwetok - Drone Operation

1. D-Day

Program Number of Monitors Remarks Time of Operation
All 1 Senior Monitor
1.7 4 + 1 Supervisor Filter Recovery H+2 to H+4
2.54 Mouse Cages H+3, H+6, H+1l0

S I, et wstows

5 and € 2 Packing samples in H+6 to H+10

117 compound

Total 13 Monitors

Task Unit 3.1.%5 1s responsible for the radiological safety of
all personnel working in connection with removal of experimental
material from drone aircraft until ailrcraft are released to Task
Group 3.4.
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Operations, Shot EASY

Upon arrival of all potentially contaminated aircraft on Eniwetok
Island. a monitor will be supplied until such times as the air-—
craft have been parked. Monitors will accompany all recovetry
teams. They will be responsible for the monitoring of the pack-
ing, loading and for the release for shipment of all materials
returning to the Z.I1. Monitors willl check out all recovery., pack-
ing, and loading personnel after which time the drone planes
will be rleased to Task Group 3.4.

2. D+1 and following.

There atre no scheduled monitoring activities on Eniwetok Island
by Task Unit 3.1.5 until next Sh>t Day unless indicated by Com-
mander TU 3.1.5 as a result of situation analysis.

B. Engebl Island

1. D-Day
Time of
Program Number of Monitors Method of Travel Operation
All 1 Senior Monitor
2 1 + 1 Supervisor Helicopter H + 30 min
2.4.1.2
2.4.1.3 (1 from Helicopter) Speedboat H+1 to H+2
1.5.1 (1l Senior Monitor) Speedboat, Neutrch Ceble H+l to H+4
4 + 1 Supervisor Speedboat, Neutron Camera
6.3 4 water Taxi H+8+
1.8, 1.5.3 1 X-Ray partv travel H+8+
1.3, 1.1 1 NRL party travel H+8+
1.6 1 Blast party travel H+8+
3 5 M-Boat (6.10 & EGG) H+8+
5.1 1 M-Boat H+8+
.2 1 M-Beat H+8+

Total 27 Monitors

All rad-Safety monitoring operations on Engebl will be under the
control of the Rad-Safety Senior Monitor. All Program Two work
will be under the supervision of a Rad-Safety Supervisor, who
will coordinate with the Beachmaster who controls all Program
Two operations on this island. The remalning operations will be
under the control of the Senicr Monitor, with the assistance of
one supervisor.

a. Helicopter Misslion

Helicopter will leave Parry Island at H+5 min., with the
supervisor monitor for program Two and an additional monitor
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to accompany Program Two container 1nspectot, loading on
Engebi at H+30 min. The supervisor monitor will make a spot
radiological :survey check. The other monitor will accompany
the Program Two container inspector and at the completion of
this, will board e helicopter and survey Muzin, Kirinian,
and Bokon Islands . .d return to Parry Island,

Speedboat Mission - Program Two

Monitor requirement satisfled by Supervisor monitor on
Zngebl who arrived by helicopter at H+30 min.

Neutron Cable and Camera Misslion

Four monitors and one supervisor proceed to Pacrcy Island to
Engebl Island, H+5 min., by speedboat, arriving Engebl H+l
hr, They will monitor operation of recovery of neutron sam-
ples and neutron cameras. At the completion of the operation,
monitors will report to the Senior Monitor on Engebil Island.

Program Two - T -Boat

Si1x monitors will be dispatched from Parry to Japtan, 0800
D-2, where they will report to the Director of Program Two.
One monitor will remalin on Japtan Island to monitor returning
personnel and material! of Program Two. Flve monitors will
accompany T-boat from Japtan to Engebl and report to super-
visor monitor on Engeb! TIsland at H+2. Upon completion of
monitoring of recovery of Program Two material, they will
report to the supervisor monitor.

Contingent upon reports received at the RadSafe Center on Parry
Island from the Senior Monitor on Engebi Island, the following
missions willl be executed:

e.

Program Two - M-Boats

These recovery parties to go to islands which have previously
been cleared by monitor on Hellcopter misslon.

Tank Mission

Four monitors will proceed Parry Island by water taxl with
Program 6.3 group at H+6. Upon completion of this mission
they will report to the Senlor Monitor on Engebl.

UCRL and NLRK Mission

One monitor will proceed from Parry Island at H+6, with per-
sonnel of Programs 1.8 and 1.5.3 recovery party. Upon com-
pletion of monitoring activity, monitor will report to the
Senior monitor on Engeb! Island.

NRL Mission

One monitor wlll proceed from Parry Island at H+6, with
personnel of Programs 1.3 and 1.1 recovery party. Upon




Annex E to Task Unit 3.1.5
Operation Plan NO. 1-5)

- Operations, Shot EASY

completion of monitoring activities, the monitor will report
to the Senior Monitor on Engebi Island.

N i. NOBL Mission
One monitor will proceed from Parry Island at H+6, with
recovery personnel of Program 1.6. Upon completion of moni-

N tosing activities. the monitor will report to the Senior
Monitor on Engebi Island.

- j. Structures Program (Damage Survey and Recovery Teams)

Five monitors will proceed from Parry Island at H+6, with
. personnel of Program Three recovery and damage survey par-
,}; ties. Upon completion of monitoring activities, monitor will
. return to Parry Island. (Project 6.10 and EGG recovery pat-
ties may accompany this group.)

k. Dosimetry Recovery Misslon

“
- One monitor will proceed from Parry Island at H+6, with
o recovery personnel of Program 5.1. Upon completion of moni -
S toring activities, monitor will report to the Senior Monitor
o in Engebi Island.

' 1. AMC Mission
N One monitor w:il proceed from Parry Island at H+6, with per-
N sonnel from Program 8.2. Upon completion of monitoring activ-
i: itles. monitor will report to the Senlor Monitor on Engebl
- Island.
N
TN 2. D+1 pay
i Thirty-five monitors proceed from Parry Island at 0706 by water
o taxil, arriving Engebl Island at 0830. These monitors will make a
jq radiological survey of Engebi Island under the direction of the
‘3 Senlor Monltor present. Upon completion of monhitoring activitles,
e they will return to Parry Island with data obtained.
ow 3. D+2 to D+15 Days
}; Monitors willl be provided for all recovery party personnel as
- indicated by the radiclogical situation on EnjJebi Island.
::; C. Non-shot Island
~. 1 D-Day
3; a. Photographic Misslon, Program 1.4

'j{ One monitor will accompany rhoteographic recovery party of
0 Frogram 1.4 to photographic installations on (Up-wind) [sic]
2 and on Bogallua (down-wind). Upon completion of monlitoring

i activities, return to Parry Island.
"C:"

L~

3
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b. Static Panel Recovery. Program 8.2

_ﬁ One moni or will accompany static panel recovery party to
- Telteiripu-chi Island. Upon completion of monitoring activi-
ties, retur:. to Parry Island.

. ; €. Structures Program, Muzin Island

- This 1island will have been cleared by Hellcopter Monltor at
o H+2 hrs, and 1t 1s not felt that a monitor 1s required for
o this operation.

r d. Fall-out Distribution, Program 6.4
E; Monitoring for this activity will be provided by Task Group
. 3.1.
5; e. Atoll Survey
> One monitor leaves Parry Island at H+%5 min. in an L-5 air-
. craft, landing at all Atoll 1slands which have &airstrips,
¥ and making spot radiological survey checks. Upon completion,
. returns to Parry Island.
b 2. D¢l Day
) a. There will be no entry into radioactive areas of the Atoll
- until the completion of the radiological survey.
;} b. General Survey of non-shot islands will be continued by mon-
.~ itor in an L-5 aircraft.
.

3. D#+2 to D+15 Days

a. General survey of Atoll by monitor in L-5 alrcraft will be
continued as indicated.

= b. Programatic activities on non-shot islands will be provided
A with monitors as indicated by the radiological situation.

¢. PBM aircraft will be dispatched to obtain water samples from
N various areas in Marshall Islands group as indicated by the
radiological situation.

d. Radiological Situation Plots

. " (1) The RadSafe Center will maintain radiological situation
S data on all 1islands of the Atoll based uporn monitor
data and survey data obtalned by speciflic monitoring
missions., This information will! be the basis of periodic
situation reports or maps and briefing informetion for
monlitors entering radioactive areas.

(2) The RadSafe Center will make surface radex plots,

"
~

RUSSEMRIRES"
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Communications

Telephone and radio communjcations will be provided by Commander,
3.1. Detalls are covered In Annex "B"

Task Group
APPENDIX IV-8 thereto.

of CTG 3.1 OPERATION ORDER 1-51 and
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Coimander Task Group 3.3
Fleet Post Office

San Francisco, Cal'fornita
22 March 1341

From: cCommander Task Group 3.3

To:

Subj:

Encl

1.

Task Group 3.3

Film badges. procurement, distribution, and processing:
information concerning

: (1) Film Badge Data Sheet
Comrander Task Unit 3.1.5 has been requested to furnish film badges to the

units of Task Group 3.3 for each shot during OPERATION GREENHOUSE in the
following quantities:

USS CURTIS (AV-4) 20
USS WALKER (DDE-517) 10
USS SPROSTON (DDE-577) 10
USS CABILDO (LSD-16) 10

Boat Pool (aboard USS CABILDO --
to include S5 film badges for

each of 3 LSus) 215
Uss LsST-859 S
USNS SGT C.E. MOWER (T-AP-186) 10
Task Unit 3.3.3 (vP-931) 150

Total film badge requlirements
for each shot 430

Commander Task Unit 3.1.5 has been further requested to forward the pre-
scribed number of film badges to Task Unit 3.3.3 (VP-931) so that these
are recelved by them on or before D-minus-two days for each shot of the
operation. All members of the crews of the aircraft which wiil be airborne
from D-Day to D-plus-seven days will wear film badges.

The Radiologlcal Safety Offlcer of the USS CABILDO (1L.SD-16) will procure
and distribute the film badges for the USS CABRILDO (LSD-16) and the Boat
Fool. All members of the boat crews who will be operating on D-Day to
D-plus-seven days will wear film badges, if practicable.

Radiclogical Safety Officers of all units of Task Group 3.3, except Task
Unit 3.3.3, will procure the necessary number of film badges from Commander
Task Unit 3.1.5 on Parry Island on D-minus-two days, prior to each shot.
These film badges are to be worn by selected pérsonnel in order to obtailn
a recording of exposure to radiation In various parts o>f the ship at the
time of., and subsequent to, the detonations. These film badges are to be
worn by these 1Individuals continuousiy from Just prior ro H-Hour unril
p-plus-seven days after each shot, unless the exposure to radiation exceeds
the maximum permissible exposur.>, as indicated by the pocket dosimeters.
In the event tnat the maximum permissible exposure 1s exceeded, these
badges are to be returned to Zommander Task Unit 3.1.5 on Parry Island for
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Comnander Task group 3.3
. - fleet Post QOffice
San francisco, California

22 March 1951
processing and reporting and new film badges will be l:csued at that time.
ol After each shot on D-plus-seven days all film badges will be returned by
s L each Raaiological safety Officer to Commander Task Unit 3.1.5 on Par:y
Island for prccessing and reporting with the Film Badge Data Sheet (en-
. closure [1]) completely filled in,

- 5. The Film Badge Data Sheet (enclosure [1]) wiil be made out in triplicate
T for each film badge used, the original being forwarded t¢ Commander Task
. Unit 3.1.5 with the film badge. one copy to Commander Task Group 3.3, and
T one copy retalned in your files.

T
" 6. Transmission by Unlied States registered maill or registered guard mail is
i authorized in accordance with 2rticle 7-5, United States Navy Securlty
Manual for Classified matter.
s o

s A
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FELM BADGE DATA SHEET
COMMANDER TASK GROUP 3.3

NAME OF PERSON WEARING BADGE

(Lasrt) (Ficst) (Middle)

FILE/SERVICE NO. _ RANK/RATE BRANCH OF SERVICE _

FILM BADGE NO.

DATES FILM BADGE WORN OR EXPOSED: FROM TO 1951

SHIP OR STATION

LOCATION ON SHIP OR STATION (DUTY STATICN)

ACCUMULATED DOSAGE AS INDICATED BY DOSIMETER READINGS DURING EXPOSURE PERIOD:

ROENTGENS

ADDITIONAL REMARKS

(RADIOLOGICAL SAFETY OFFICER)

U.s.8,

NOTE: Film badges will be worn by designated personnel from D-Day (prior to
H-Hour) until D-plus-seven days, for each shot. In the event that exposures.
as recorded on the pocket dosimeters. are exceeding the maximum permissible
exposure, film badges will be turned 1in to CTU 3.1.5 on Parry Island for
developwent and interpretation and new badges willl be 1ssued at that time by
CTU 3.1.5 for the remainder of the D-plus-seven period.

This form is to be filled out in triplicate.

Forward the original with the
film badge to CTU 3,1.5, one copy to CTG 3.3,

and retain one copy on file.
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TASK GRCUP 3.3 TRAINING SYLLABUS

I. General Indoctrination

A. Background and nature of hazards

1.

2.

Historical

a. E:."ly developments

b. Hiroshima, Nagasaki, SANDSTONE, RANGER
The Nuclear Bomb

a. Introduction

b, Fisslon and chain reaction

c. Explosion phenomena

(1) Instantaneous radilation

7a) Blast -- position and negative phases

(b) Thermal or non-ionizing radilatlon infrared,
ultraviolet, visible light

(c) Penetrating or non-ionlizing radiation -- gamma and

neutrons
(2) Residual radiation

(a) Fission products

(b) Unfissioned bomb material -- alpha emitters

II. Detecticn and measurement of nuclear radiation

A. Introduction

1.

General classes

a,

b.

Rate meters

Accumulative devices

Operating principles

a.
The
a.

b.

Tonization
Roentgen Unit
Definition

Maximum nermisslible exposure

Specific Instrument Types

Rate meters

(1) AN/PDR-5 Gelger counter -- beta gamma
(2) AN/PDR-8B Geiger counter -- beta gamma
(3) IM-3/pPD Ton chamber -- gamma
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III.

(4) IM-4/pPD Ton chamber -- alpha

(5) AN/PDR-TIB Ion chamber -- gamma
b. Accumulative devices

(1) Fillm badges

(2) Pocket dosimeters and chargers

Monitoring
A. Reasons for monltoring
B. Shipboard monitoring
1. Three phases
a. Setting up a radsafe organization
(1) oOrganization
(a) Radsafe bill
2. Communication
3. Radsafe Drill (based on USF 85)
4. Radlac instrument storage
5. Protective clothing
a. Preparation prior to detonation
(1) Condition Able
(2) Water film over all topside areas (if directed)
b. Post-detonation procedures
C. B8afe working time
1. ntroduction (a monograph dealing with safe working time In a
contaminated area was distributed to all TG 3.3 units)
2. Formulas
Decontamination
A. Introduction
B. Personnel deccatamination
1. Personnel returning from contamination areas
2. Personnel requirements for decontamination center
3. Supervision
C. Material decontamination

1. Procedures for decontaminating ships and aircraft found in
USF 8% and USF 82




APPENDIX B
GLOSSARY OF TERMS

Hany of the definitions 1n thls glossary relating to nuclear device and

AMCS. Atrways and Alr Commmunication Secrvice (Alr
Force) .

'

&W. Alrcraft Control and Warning (Air Force).

E |

Administrative Area Unit (Army).

ACC. Army Chemical Centar,

Maryland.

Edgewood Arsenal,

accelerometer. An instrument for Jdetermining the
accelecation of the system with which it moves.

activatlon products. Radioactive nuclides pro-
duced by the irradiation of a stable nuclide.
ugually with neutrons.

AD. Destroyer tender (Navy).

AEC. Atomic Energy Commission, Washington, D.C.
Indepondent agency of the Federal government
with statutory responsibilities for atomic en-
ergy matters. No jongsr exists;: its functions
have been assumed by the Department of Energy
and the Nuclear Requlatory Commission.

AF. Store ship (llavy): also Alr Force.
AFB. Alr Force Base.

AFSWC. Air Force Speclal Weapons Center, Kirt'and
AFB, New Mexico.

AFSWE. Armed Forces Speclal Weapons Project,

AGC. Amphiblous force flagship (Navy).

airburst. The detonation of & nuclear device 1in
the air at a height such that the expanding
fireball does not touch the Earth's surface

when the luminosity (emission of light) 1s at
a maximum.

alr_particle trajectory. The velocity and rate of

descent of windblown radioactive particles.
AK. Cargo ship (Navy).
AKA. Attack cargo ship (Navy).

allowable dose. See MPL.
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radiation phenomena have been quoted or extracted from The Effects of Nuclear
Weapons (3rd edition), 8. Glasstone and P.J. Dolan, 1977.

alpha emitter. A radionuclide that undergoes
transformation by alpha-particle emisslon.

alpha particle. A charged particle emitted spon-
taneously from the nuclel of some radiocactilve
elements. It 1s 1dentical with a helium nu-
cleus, having a mass of 4 units and an elec-
tric charge of 2 positive units. See also

radioactivity.

alpha rays. A stream of alpha particles.
Lousely, a synonym for alpha particles.

AMN. Alrman;: enlisted Alr Force personnel.

AMS. Army Map 3ervice, Washington. D.C.

AN/PDR-3%9. AN ion-chamber-type¢ survey meter: this
was the standard radsafe meter. Others in use
included the Navy vetrsion. the AN/PDR-TIB. the
AN/PDR-18A and -18B. and lower range Geiger-
Mueller instruments (AN/PDR-27, Beckman MX-5,
and Nuclear Corporation 2610).

AO. Oller (Navy).

AQC. Ailr Operations Center.

AOG. Gasollne tanker {(Navy).

AP. Transport ship (Navy).

ABG. Aberdeen Proving Ground. Maryland,

APO, Army Post Office.

atming. The changing of a nuclear device from a
safe condition (that is. a conditlion 1in which
it cannot be acclidentally detonated) to a state
of readiness for detconation.

ARS. BSalvage ship (Navy).

Salvage lifting ship (Navy).

Army Security Agency.

EE

Atmy Support Unit.
ASW. Anti-Submarine Warfare.

ATA. Auxiliary ocean tug {Navy).




ATF

ATF. Fleet Ocean tug (Navy).

atoll. A ring of coral reefs, usually with small
islets. that surrounds a lagoon. Most are igo-
lated reefs rising from the deep sea that have
built up on submerged volcances. They vary con-
siderably in size; the largest atoll. Kwajalein
in the Marshall Islands, has an irregqular shape
that extends for 84 mlles (135 km). See also
coral reef.

atomic pomb (or weapon). A term sometimes applied
to a nuclear weapon utilizing fission energy

only. See also fission. nuclear device.

atomic explosion. See nuclear explosion.

aitenuation. The process by which radiation is
reduced in intensity when passing through some
material. It is due to absorption or scatter-
ing or both, but 1t sxcludes the decrease of
intensity with distance from the source (in-

verse square law, which see).
AU. Acmy Unit,
AV. Seaplane tender (Navy).
AVR. Alrcraft rescue vessel (Navy).
Ad. Distilling ship (Navy).

B-17. Pour-engine, propeller-driven bomber devel-
oped by Boeing Alrplane Company and widely used
in World War II. Used as radilo-controlled,
unmanned drone cloud sampler 1in atmospheric
nuclear weapon tests.

B-29. A 4-englne. propeller-driven bomber devel-
oped by Boeing., used for weather reconnais-
sance, cloud tracking. aerial sampling and
photography. and aerial refueling at the PPG.
These versions designated RB-29, WB-29, and
KBn-29.

B-47. A 6-jet-engine bomber with sweptback wings
and a double-wheel bicycle landing gear. de-
veloped by Boeing. Used as the subject of ef-
fects experiments.

B-50. A 4-englne bomber developed by Boelng, with
some features like those of the B-29. but hav-
ing a taller taill fin and larger engines and
nacelles.

backgtound radiation. The radiaticn of man‘s nat-

ural environment, consisting of that which
comes from cosmic rays and from the naturally
radioactive elements of the Earth, including
that from within man's body. The term may also
mean radiation extraneous to an experiment.

base surge. The pa:ticulate dust cloud that rolls
out from the bottom of the cloud column pro-
duced by the detonation of a nuclear device.
For underwater bursts., the base surge 1is a
cloud of water droplets. and the flowing prop-
erties are those of a homogeneous liquid.

bathyther re) B/T).

A device ftor obtalning a
record of tefwerature with depth in the upper
1.000 feet (300 meters) of the ocean from a
ship underway.

becquerel (Bg). See curle (Ci).

beta burns. Beta-emitting particles that come

into contact with the skin and remain for an
appreciable time can cause a form of radlation
injury sometimes referted to as “beta burn.”
Iin an area of extensive early fallout, the
whole surface of the body may be exposed to
beta particles.

beta emitter. A radionuclide that disintegrates

by beta particle emission. All beta-active
elements existing in nature expel negative par-
ticles, 1.e.. electrons or. more exactly. nega-
trons. Beta-emitting particles are harmful 1f
inhaled or ingested or remain on the skin.

beta particle (ray). A charged particle of very

bhangmeter .

small mass emitted spontaneously from the nu-
clel of certain radicactive elements. Most. 1if
not all, of the direct fission products emit
negative beta particles (negatrons). Physi-
cally, the beta particle 1s identical to an
electron moving at high velocity.

A device that wmweasures bomb yleld
based on light generated by the explosion.

blast. The detonation of a nuclear device, like

the detonation of a high explosive such as TNT.
results in the sudden formation of a pressure
or shock wave, called a blast wave In the air
and a shock wave when the enerqgy is imparted
to water or Earth.

blagt wave. An air pulse in which the pressure

increases sharply at the front followed by
winds propagated from an explosion.

blast yleld. That portion of the total energy of

a nuclear explosion that manifests 1itself as
blast and shock waves.

bomb debris. See weapon debris.

BRL. Ballistic Research LaLkoratories, Aberdeen

Proving Ground, Maryland (Army).

BuAer., Buteau of Aeronautics (Navy).

BubDocks. Bureau of Yards and Docks (Mavy).

BuMad. Bureau of Medicine and Surgery (Navy).

burst. Explosion; or detonation. See also alc-—

burst. high-altitude burst. surface burst.

Buships. Bureau of Ships (Navy).

C-47. A twin-engine transport alrcraft manufac-
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tured by Douglas Alrcraft Company (Alr Force
version of the DC-3).




€-54

C~-54. A 4-engine military cargo and personnel
transport manufactured by Douglas Alccraft
Company (Alr Force version of the DC-4).

cab. The shelter that covers a nuclear device
being prepared for test. May be located on a
tower, on the Earth's surface, or on a harge.

cathode-ray tube. A vacuum tube in which cathode
rays (electrons) are beamed upon a fluorescent
screen to produce z luminous image. The char-
acter of this image 1s related to. and c¢on-
trolled by. one or more electrical signals
applied to the cathode-ray beam as input in-
formation. The tubes are used in measuring
instruments such as oscllloscopes and in radar
and television displays.

cave. A heavily shielded énclosure 1in which
radicactlve materlals can be remotely manipu-
lated to avold radiation exposure of personnel.

ChC. Center for Disease Control.

Ci; c. Abbreviation for curle. which see. Ci1 is
preferred now but ¢ was the abbreviation used
in the 1950s.

CIC. Counter-Intelligence Corps (Army): Combat
Informat ion Center (Navy).

CINCPAC. cCommander in Chief. Pacific.

cirtcle William fittings. The closing of certain
closures, designated “"Circle William™ fittings.

hinders the movement of outside air into the
interior spaces of naval ships. This sealed
state 1s also called Circle William condition.

CJTF 3. Commander, Joint Task Force 3.
closed area. The land areas of Blkinl and Enewe-
tak and the water areas within J miles of them

that the United States closed to unauthorized
persons,

cloud chamber effect. See Wiison cloud.

cloud column (funnel). The visible column of
weapon debris (and possibly dust or water drop-
letd) extending upward from the point of a
nuclear burst.

cloud phenomena. See fallout, fireball. radio-
active cloud.

CNQO. Chief of Naval Operations.

collimate. To align nuclear weapon radlant out-~
puts within an assigned solid angle through
the use of baffles 1in order to enhance
measurenents.

Co. Chemical symbol for cobalt.
cobalt. Metallic eleiment with radionuclide

60c, used as a calibration source for gamma
instruments.

Cvt

ComAirPac. Commander Naval Alr Force Pacific
(Navy) .
Commander Service Fotces Paciflc

comServeac.
(Navy) .

Condition “Purple*. See Purple conditions.

contamination. The deposit of radloactive mate-—
rial on the surfaces of Structures, areas. ob-
jects, and personnel following a nuclear deto-
nation. This material generally consists of
fallout 1in which fission products and other
device debris have become 1incorporated with
particles of dust, vaporized components of
device platforms, etc. Contamination can also
arise from the radioactivity induced in cer-
tain substances by the action of neutrons from
a nuclear expleosion. See also decontamina-
tion, fallout, weapon debris.

coral reef. A complex ecological association of
bottom-living and attached shelled marine ani-
mal fossils that torm fringing reefs, barriler
reefs, and atolls. The lagoons of barrier
reefs and atolls are important places for the
deposition of flne-grained calcium carbonate
mud .

CPM. Counts per minute, a measure of radloactive
material disintegration,

crater. The depression formed on the surface of
the Earth by & surface or underground explo-
sion. Crater formation can occur by vaporiza-
tion of the surface material. by the scouring
effect of ailrblast, by throwout of disturbed
material, or by subsidence.

Cs. Chemical symbol for cesium.
c/3. Chief of Staff.
CTG. Commander. Task Group.

curie (Ci). A unit of radicactivity: it is the
activity of a quantity of any radloactive spe-
cles in which 3.700 x 1010 (37 billion) nu-
clear disintegraticns occur per second (approx-
imately the radicactivity of 1 gram of radium).
The gamma curie 1s sometimes defined corre-
spondingly as the activity of material in which
this number of gamma-ray photons 1s emitted
per second. This unit 1s belng replaced by the
becquerel (Bg)., which 1s equal to one disinte-
gration per second.

cutie pje. A portable beta-gamma survey meter
using an 1onization chamber as the detector
volume to measure radiation exposure rates.
Usually used at higher radiation levels for
both detecting and measuring 1lonizing radia-
tion. A removable end-cap acts as a shield for
the detector, allowing the instrument to indi-
cate combined beta and gamma radiation when
the cap is removed, or gamma radlation only
when the cap is in place.

CVE, Escort aircraft carrler (Navy).
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. CH net exposure

CW net. Carrler wave network. An organlzation of dose rate. As a general rule, the amount of 1lon-
stations capable of direct radio communications 12ing (or nuclear) radiation that an individual
on a common channel or frequency. or materia. would receive per unilt of time. It

is usually expressed as rads (or rcems) per

. D-day. The term used to desilgnate the unnamed fiour or multiples or divislons of these units

- day on which a test takes place. The equlva- such as millirads per hour. The dose rate ls
_' lent rule applies to H-hour (which see). Time commonly used to indicate the level of radio-

in plans 1s 1ndicated by a letter which shows activity in a radioactive area. See survey
B the unit of time employed in figures. with a meter .

minus ot plus sign to indicate the amount of

time before or after the reference event. e.g.. dosimeter. An instrument for measuring and reg-
. D+7 means 7 days after D-day. H+2 means 2 hours istering the total accumulated dose of (or
N after H-hour. exposure to) 1lonilzing radiation. Instruments

. worn or carried by 1ndividuals are called
- DDE Escort destroyer (Navy). personnel dosimeters.

DE. Destroyer escort (Navy), dosimetry. The measurement and recording of ra-
dlation doses and dose rates. It 1is concerned
debris (radicactive). See weapon debris. with the use of varlous types of radlation
ingtruments with which measurements are made.
y decay (radicactive). The decrease in activity of See also dosimeter. gsurvey meter.
- any radiocactive material with the passage of
. time due to the spontaneous emission from the DPM. Disintegrations per minute. & measure of

atomic nucle! of either alpha or beta parti- radicactivity, 1literally atoms disintegrating
cles, sometimes accompanied by gamma radiation, per minute. Difflcult to directly compare with
ot by gamma photons aione. Every decay process roentgens pet hour for mixtures of radio-

has a definite half-life. nuclides.

decontamination. The reduction or removal of con- DIMB. Davld Taylor Model Basin, Carderock.
taminating radloactive material from a struc- Maryland (Navy).
ture. area. object, or person. Decontamination

may be accomplished by (1) treating the sur- DUKW, Two-and-one-~half-ton amphiblous truck
face to remove ©of decrease the contamination: (Navy) .

(2) letting the material stand so that the

radioactivity 1s decreased as a result of nat- dynamic pressure. Alr pressure that results from

M ural decay: and (3) coveting the contamination
in order to attenuate the radiation emitted.

the mass air flow (or wind) behind the shock
front of a blast wave.

. device. Nuclear fission and fuslon materials. effects meagurements or experiments. Experiments
- together with their arming, fuzing. firing. whose purpose 1s to study what a nuclear ex-

chemical-explosive. and effects-measuring con- plosion does to material., equipment and sys-

ponents. that have not reached the development tems. Includes also measurement of the changes
status of an operational weapon. in the environment caused by the detonation
such as increased alr pressures (blast). ther -
-~ diagr~stic measurements or experiments. Experi- mal and nuclear radiation. cratering, water
ments whose purpose 1s to study the explosive waves. etc.
disasgembly of a nuclear device as opposed to
N effects measurements (which See). EGEG. Edgerton. Germeshausen & Grler, Boston,

- Massachusetts (now EGEG. Inc.). An AEC con-

- DM. Minelayer destroyer (Navy). Converted de- tractor. Provided timing and firlng electronics
stroyers designed to conduct high-speed mire- and technical film coverage. i
laying opecrations.

. electromaqnetic radiation. Electromagnetic radila-
:-. DOD. Department of Defense. The Federal executive tions range from X-rays and gamma rays of short
. agency responsible for the defense of the wavelength (high frequency). through the ultra-
. United States., Includes the four services and violet, visible. and infrared regions. to radar

. special joint defense agencies. Reports to the
President through the Secretary of Defense.

and radlio waves of relatively long wavelength.

electron. A particle of very small mass and elec- .

dose. A general term denoting the quantity of trically charged. As usually defined, the elec-

ionlzing radiatilon absorbed. The unit of ab-
sorbed dose is the rad (which See). In soft
body tissue the absorbed dose in rads 15 essen-
tially equal to the exposure in roentgens. The
biclogical dose (alsco called the RBE dose) in
rems 1s a measure of blological effectiveness
of the absorbed radlation. Dosage 1s used in
older literature as well as exposure dose and
simply exposure, and care should be exercised
in thetir use. See also exposure.

tron's charge 1s negative. The term negatron
1s also used for the negative electton and the
positively charged form 1s called a positron.

See also beta particles.

exposyre. A measure expressed in roentgens of the
ionization produced by gamma rays (or X-rays)
in air. The exposure rate is the exposure per
unit time (e.g.. roentgens per hour). See
dose. dose rate. foentgen.

.




A exposure rate contours

exposure _rate contours. Lines joining points that
.-, have the same radiatlion intensity that define
A a fallout pattern, represented 1in terms of
roentgens per hour.

A F-80. Single-place jet fighter developed by Lock-
Ya heed Alrcraft in the last years of World war
" II. A radio-controlled drone version was usea

in nuclear testing.

faliout. The process or phenomenon of the descent
to the Eatth's surface of particles contami-
nated with radicactive material from the radio-
: active cloud. The term 1s also applied in a
b - collective sense to the contaminated partic-
‘ ulate matter 1tself. The satly (or local)
fallout 1s defined, somewhat arbitrarily. as
. particles reaching the Earth within 24 hours
- after a nuclear explosion. The delayed (or
2 - worldwide) fallout consists of the smaller
S particles. which ascend 1nto the upper tropo-
o sphere and stratosphere and are carried by
winds to all parts of the Earth. The delayed
—tu fallout 1s brought to Earth, mainly by rain
and snow. over extended periods ranging from
. months to years.

fathometer. A depth-sounding Iinstrument. The
depth of water is measured by noting the time
the achc of a sound takes to return from the
bottom.

3 f1lm badges. Used * the indirect measurement of

. ionizing radiat) Generally contain two or

three pleces of film of different radiation

sensitivities. They are wrapped in paper 1ot

- other thin material) that blocks light but is

. readlly penetrated by gamma rays. The files

: &re developed and the degree of fogging (or

blackening) observed is a measure of the gamma-

ray exposure, from which the absorbed dose ls

- - calculated. Film badges can also measure beta
and neutron radiation.

fireball. The luminous sphere of hot gases that
SR forms a few millionths of a second after a nu-
e clear explosion as the result of the absorptioen
by the surrounding medium of the theimal X-rays
emitted by the extremely hot (several tens of
milltons of degrees) device residues. The ex-
teriotr of the fireball 1in air 1s initially
sharply defined by the luminous shock front
- and later by the limits of the hot gases
- themselves,

fission. The process of the nucleus of a particu-
lar heavy element splitting into two nuclei of
lighter elements, with the release of substan-
tial amcunts of energy. The most important £is-

- sionable materials are uranium-235 and pluton-

. 1um-239; fission 1is caused by the absorption
- of "eutrons.

" figssion detectors. Radiation pulse detecto, of

2 the proportional counter type in which a foil

: or film of fissionable materials is incorpor-
ated to make it respond to neutrons.
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fission products. A general term for the complex
mixture of substances produced as a re¢sult of
nuclear fission. A distinction should he made
between these and the direct fission products
or fission fragments that are formed by the
actual splitting of the heavy-element nucleil
into nuclei of medium atomic weight. Approxi-
mately 80 different fission fragments result
from roughly 40 different modes of fission of
a gilven nuclear specles (e.g.. uranium-235% or
plutonium-239). The fission fragments. being
radioactive. immediately begin to decay. form-
ing additional (daughter) products, with the
result that the complex mixture of fisslon
products so formed contains over 300 different
radlonuclides of 36 elements.

fixed alpha. Alpha radicactivity that cannot be
easily removed asc evidenced by no activity

removed on a swipe of a 100-cm? area,

fluorescence. The emission of light (electromag-
netic radiation) by a material as a result of
the absotption of energy from radlation. The
term may refer to the radiation emitted, as
well as to the emlssion process.

forward area. The PPG and adjoining areas (e.q..
Kwajalelin).

FPO. Fleet Post Office (Navy).
fusion., The combination of two light nuclel to

form a heavier nucleus, with the release of the
difference of the nuclear binding energy of the
fusion products and the sum of the binding en-
ergles of the two light nucleil.

gamma rays. Electromagnetic radiations of high
photon energy originating in atomic nuclei and
accompanying many nuclear reactions (e.g., fis-
slon., radloactivity, and neutron capture).
Physically. gqamma rays are 1identical with
X-rays of high energy;: the only essential dif-
ference 1s that X-rays do not originate froa
atomic nuclel of high energy. Gamma rays can
travel great distances through air and can
penetrate considerable thickness of material,
although they can neither be seen nor felt by
human beings except at wvery high intensities,
which cause an 1tching and tingling sensation
of the skin. They can produce harmful effects
even ,at a long distance from their source.

Geiqger-Mueller (GM) counter. A gas discharge
pulse counter for lonizing radiation. See also
AN/PDR-39 and lon-chamber-type survey meter.

GHMT.

Greenwich Mean Time.

qgray (Gy). A recently introduced ICRP term:
equals 100 rad.

1 Gy

ground zero (GZ). See surface zero.

qunk. A viscous commercial preparation that 1is
soluble both 1n water and petroleum deriva-
tives. It acts asgs a wetting agent in removing

grease and particulate matter
other nonporous surfaces.

from metal and
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H-5. Helicopter developed by Sikorsky Aircraft ionization. The process of adding electrons to,
Division of United Alrcraft Corporation. or knocking electrons from, atoms ot molecules,
thereby creating ifons. High temperatures. elec-
H-hour. Time zerc, or time of detonatlon. When trical discharges, and nuclear radiation can
used in connection with planning operé&tions 1t cause lonization.
1g the specific time at which the opetration
event comme:;.ces. H-1 indicates 1 hour before ionizing radiation. Any particulate or electro-
the detonation., and H+l indicates 1 hour after magnetic radiation capable of producing lons,
detonatisn., etc. Minutes and seconds may also directly or indirectly., 1n 1its passage through
be indicated using this system. but the units matter. Alpha and beta particles produce ion
used must then be shown. e.g.. H-30 minutes, paits directly, while gamma rays and X-rays
H+55 seconds. See also D-day. liberate electrons as they traverse matter,
which in turn produce 1ionization 1in their
half-life. The time required for a radloactive paths.
material to lose half of 1ts radioactivity due
to decay. Each radionuclide has a unique ionosphere. The reqlion of the atmosphere., extend-
half-l1ife. ing from roughly 40 to 250 miles (about 64 to
400 km) above the Earth. in which there 15 ap-
HE. High explosive. preciable 1onization. The presence of charged
particles 1n this region profoundly affects
high-altitude rst. Defined. somewhat arbitrar- the propagation of radio and radar waves.
ily. as a detonation in or above the strato-
sphere. The distribution of the energy of the irradiation. Exposure of matter to radiation.
explosion between blast and thermal radiation
changes appreciably with increasing altitude. isodose lines. Dose or dose-rate contours. In
fallout, contours plotted on a radiatlon fleld
hodograph. A comson hodograph in metecrology rep- at which the dose rate or the total accumulated
resents the speed and direction of winds at dose 1s the same,

different altitude increments.
isotopes. Atoms with the same atomlc number (same

hot; hot spot. Commonly used colloquial term chemical element) but different atomic welight:
meaning a spot or area relatively more radio- 1.e., the nuclel have the same number of pro-
active than some adjacent atrea. tons but a different number of neutrons.
IBOA. Indirect Bomb Damage Assessment. A revised JC8. Joint Chilefs of Staff.
target analysis based on new data such as ac-
tual weapon yleld, burst height, and ground JTF_3. Joint Task Force 3 was a combined force
zero obtalned by means other than direct of personnel of the Department of Defense (Alr
assessment . Force, Army. Marine Corps. Navy). the AEC. and
their contractors. JTF 3 was responsible for
ICRP. International Commission on Radiological all aspects of nuclear weapon tests in the
Protection. Pacific during 1951.
- initial radiation. Electromagnetic radiations of kiloton convention. Relates nuclear explosion
.. high energy emitted from both the fireball and energy to TNT explosion energy by using the
T the radioactive cloud within the first minute approximate energy releast of 1,000 tons of
" after a detonation. It includes neutrons and TNT as the measuring unit,
gamma rays given off almost instantaneously
(usually defined as prompt radiation. which kinetic energy. Energy associated with the
« see), as wWell as the gamma rays emitted by the motion of mattecr.
S fisslon products and other radiocactive species
o in the rising cloud. Initial neutrons from L-5. L-13. Single-engine, propeller-driven light
- o ground or near-ground bursts teact with both planes.
A earth materjals and device debris to create
- activation products. '"ASL. Los Alamos Sclentific Laboratory. Los
L Alamos, New Mexico.
- - invarss square law. The decreace 1n tradiation
intensity with distance from a single-point LCHM. Mechanized landing craft (Navy). i
" source 1s proportional to the square of the ‘
.:-, diatance removed. LCP(L). Personnel landing craft (large) (Navy).
lon-chasher-type survey Rster. A device for meas- LCB(R). Personnel landing craft (ramp) (Navy).
-, uring the amount of 1lonizing tadiation. Con-
R sistes of a gas-filled chamber contalning two LCT. Tank landing craft (Navy).
" electrodes (one of which may be the chamber .
wall) between wbich a potentlal difference 1s LCU. Utility landing craft (Navy). :
. maintained. The radiation lonizes gas In the
" chamber and an instrument connected to one LCVP. Vehicle and personnecl landing craft (Navy).
" slectrode measures the 1ionization current
. produced.
o 302
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LML. Lookout Mountain Laboratory. lollywood,
Ccalifornia (Alr Force).

Loran. Long-range aid to navigation system.
Loran stations were maintained by the U.S.
Coast Guard Station on Enewetak Island and
Johnston Atoll.

LSD. Dock landing ship (Navy).

LSIL.. Infantry landing ship (large) (Navy).

LST- Tank landing ship (Navy).

z

. Utility landing ship (Navy).

nagnetometer. An instrument for
changes in the geomagnetic fleld.

maasuring

MATS. Military Air Transport Service; later.
Military Alrlift Command.

aton (ener . Approximately the amcunt of
energy that would be released by the explosion
of one million tons of INT.

mjcrocurle. One-millionth of a curle.

micton. one-millionth of a meter (1.e., 1076
meter or 1074 centizster): 1t 1s roughly
four one-hundred-thousandths (4 x 1073) of
an inch.

millircentgen. One-thousandth of a roentgen.

MPL. Maximum Permlssible Limit. That amount of
radioactive material ‘n air. water. foodstuffs,
etc. that is established by authorities as the
maximum that would not create undue risk to
human health.

BR; mr. Abbreviation for milliroentgen.

MSTS. Military Sea
(Navy).

Transportation Service,
mushroom cap. Top of the cloud formed from the
fireball of a nuclear detonation.
MJ. Motor vesgel.
.

NADC. Naval Air Development Center,

g |

Nava)l Air Station.
NBS. National Bureau of Standards.
NCO. Noncommissioned officer.

NCRP. National Committee on Radiation Protection
and Measurements. Before 1956 simply the Na-
tional Committee on Radiation Protection.

NEL. Naval Electronics Laboratory.

on. A neutral elementary particle (i.e.,
with neutral electrical charge) of approxil-
mately unit mass (l.e.. the mass of a proton)
that 1s present in all atomic huclel. except

|§
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nuctear radtation

those of ordinary (light) hydrogen. Neutrons
are required to initiate the fission process.
and large numbars of neutrons are produced by
both fission and fusion reactions in nuclear
explosions -

neutron flux. The intensity of neutron radiation.
It is expressed as the number of neutrons pass-
ing through 1 cm? in 1 second.

NML. Naval Materials Laboratory.

NMRI. Naval Medical Research Instifrute,

NOB. Naval Operating Base.

:

. Naval Ordnance Laboratory.

NPC. Nevada Proving Ground, now the Nevada Test
Site (NTS).

]

NRDL. Naval Radilclogical Defense Laboratory.
NRL. Naval Research Laboratory.

NTPR. Nuclear Test Personnel Review.

NIS. Nevada Test Site.

nuclear device (or wezpon or bomb). Any device 1n
which the explosion results from the energy
released by reactions involving atomic nuclel,
either fissicen or fuslon, or both, Thus., the
A- (or atomic) bomb and the H- (or hydrogen)
bomb are both nuclear weapons, It would be
equally true to call them atomic weapons.
since the energy of atomic nuclel is involved
in each case. However. 1t has become more oOr
less customaty, aithough it 1is not strictly
accurate, to refer to weapons in which all the
energy results from fission as A-bombs. In
order to make a distinction. those weapons in
which part of the energy results from thermo-
nuclear (fusion) reactions of .he 1sotopes of
hydrogen have been called H-bombs or hydrogen
bombs .

nuclear explosion. Explosive release of energy
due to the splitting, or joining., of atoms.
The explosion ts observable by a violent emis-
sion of ultraviolet, wvisible. and infrared
(heat) radiation. gamma rays. neutrons, and
other particles. This 1s accoapanied by the
formation of a flreball. A large part of the
energy from the explosion 1s emitted as blast
and shock waves when detonated at the Earth's
surface or in the atmosphere. The fireball
produces a mushroom-shaped mass of hot gases
and debris., the top of which rilses rapidly.

See also radiation. gamma rays. fireball.
nuclear weapon. fission. fusion. blast.

nuclear fusion. See thetmonuclear fusion.

nuclear radlation. Particulate and electromayne-
tic radiation emitted frowm atomic nuclel iIn
varlous nuclear processes. The important nu-
clear radiations, from the weapons standpoint,
are alpha and beta particles. gapsma rays. and




nuclear tests

neutrons. All nuclear radiations are ionizing
radiations, but the reverse is not true;
X-rays, for example, are included among ioniz-
ing radilations, but they are not nuclear radia-
tions since they do not originate from atomic
nuclei.

nuclear tests. Tests carried out to supply infor-
mation required for the design and improvement
of nuclear weapons and to study the phenomena
and effescts associated with nuclear explosions.

nuclide. any species of atom that exists for a
measurable length of time. The term nuclide is
used to describe any atomic species distin-
guished by the composition of its nucleus;
i.e., by the number of protons and the number
of neutrons. Isotopes of a given element are
nuclides having the nomal number of protons
but different numbers of neutrons in these
nuclei, A radionuclide is a radiocactive
nuclide.

off-scale. Radiation (or other physical phenom-
ena) greater than the capacity of a »easuring
device to measure.

ONR. Office of Naval Research, Washington, D.C.
ORNL. Oak Ridge National Laboratory, Tennessee.

oscilloscope. The name generally applied to a
cathode-ray device.

overpressure. The transient “ressure, usually ex-
pressed in pounds per square inch, exceeding
the ambient pressure, manifested in the shock
(or blast) wave from an explosion.

P2V. Twin-engine patrol bomber used for maritime
patrol and antisubmarine warfare. Developed by
Lockheed for the U.S. Navy. Used in nuclear
tests as controller and transient ship search.

PBM. Twin-engine, patrol-bomber flying boat, de-
veloped by Martin for the U,S. Navy.

PC. Patrol craft (Navy).

peak overpressure. The maximum value of the cver~
pressure (which see) at a given location,

permissible dose. That dose of ionizing radiation
that is not expected to cause appreciable
bodily injury to a person at any time during
his Lifetime, See also MPL.

antom. A volume of material closely approxi-
mating the density and effective atomic number
of tissue. The phantom absorbs ionizing radia-
ticon in the sam» manner as tissue, thus radia-
tion dose measurements made within the phantom
provide a means of approximating the radiation
dose within a human or animal body under simi-,
lar exposure oonditions. Matetial:s componly
usad for phantoms are water, masonite, pressed
wood, beeswax, and plexiglas.

Pig. A heavily shielded container (usually lead)
used to ship or store radioactive materials.

radiation

POL. Petrolazum, oil, and lubricants. The storage
area for these products is referred to as a
POL farm.

PPG. Pacific Proving Ground (after 1956 desig-
nated the Eniwetok Proving Ground, or EPFG).

prompt radiztion. Neutrons and gamma rays emitted
almost insrancaneously following a nuclear fis-
sion or fusion.

proton. A particle carrying a positive charge
and physically identical to the nucleus of the
ordinary hydrogen atonm.

Purple conditions. A shipboard warning system
used in radiological defense. Various numbered
conditions were sounded when radioactive fall-
out was to be encountered., Responses to the
sounded warnings included closing of various
hatches and fittings, turning off parts of the
ventilestion system, and removing personnel
irom a ship's open decks. The higher the Purple
condition number, the more severe the radio-
logical situation.

QB-17. Radio—controlled version of the B-17.
*"Q"-clearance. A security clearance granted by

the Atomic EBnergy Commission, based upon a
background investigation.

Qr-33.

R; r. Symbol fcor roentgen.

Radio-controlled version of the F-80,

Ra. Chemical symbol for radium.

rad. Radiation ebsorbed Jose. A unit of absorbed
dose of radiation; it represents the absorption
of 100 ergs of ionizing radiation per gram (or
0.01 J/kg) of absorbing material, such as hody
tissue. This unit is presently being replaced
in scientific literature by the Gray (Gy), nu-
merical equal to the absorption of 1 joule of
energy per Kilogram of matter.

Radpefense. Radiological defense. Defense against
the effects of radiocactivity from atomic weap-
ons. It inclules the detection and measurement
of radiocactivity, the protection of persons
from radioactivity, and decontamination of
areas, places, and equipment. See also radsafe.

radex area. Radiological exclusion area. Follow—
ing each detonation there were areas of surface
radioactivity and areas of air radioactivity.
These areas were designated as radex areas.
Radex areas were used to chart actual or pre-
dizred fallout and also used for control of
entry and exit,

radiac, Radiation detecticn, indication, and com-
putation.

radiation. The emission of any rays, electroma -
netic waves, or particles (e.g., gamma rays,
alpha particles, beta particles, neutrens)
from a source.

304




PN A

P

radiation decay

radiation decay. See decay (radiocactive).

radiation detectors. Any of a wide varclety of
materials or instruments that provide a signal
or Indication when stimsulated by the passage
of 1ionizing radiation: the sensitive element
in radlation detection Iinstruments. The most
widely used media for the detection of jonizing
radiation are photographic film and ionlization
of gases 1n detecirors (e.g.. Gelger counters).
followed by materlals !n which radlation 1in-
duces scintillation.

radiation exposure. Exposure to radiaticn may be
described and modified by a number of terms.
The type of radlation s important: alpha and
beta particles, neutrons. gamma rays and
X-rays, and cosmic radiation. Radiation expo-
sure may be from zn external radiation source.
such As gamma rays. X-rays., or neutrons. or it
may be from radionuclides retained within the
body emitting alpha, beta. or gamma radlation.
The exposure may result from penetrating or
nonpenetrating radlation ir relatjon to Its
ability to enter and pass through matter
-- alpha and beta particles being considered
a$ nonpenetrating and other types of radiation
as penetrating. Exposure may be rtelated to a
part of the body or to the whole body., See
also whole body irradiation,

radiation intensity. Radiatlon rate. Measured
and reported In roentgens (R). rads. rems, and
myltiples and divisions of these units as a
function of exposure time (per hour, day.
etc.).

raciocactive cloud. An all-inclusive term for the
cloud of hot gases. smoke. dust. and other par-
ticulate matter from the weapon itself and from
the envircnment. which is carried aloft in con-
junction with the rising fireball produced by
the detonation of a nuclear gdevice.

tadicactive nuclide. See radionuclide.

tadicactive particies. See radioactivity.

radicacrivity. The spontaneous emission of radla-
tion. generally alpha or beta particles. often
accompanied by gamma rays. from the nuclel of
an (unstable) nuclide. As a result of this
ealssion the tadicactive nuclide s converted
(decays) into the {sotope of a different
(daughter) element. which may (or may not)
alse be radjoactive., Ultimately. as a result
of one or more stages of radiocactive decay. a
stable (nonradicactive) end product is formed.

radioloqlical sutvey. The directed effort to de-
termine the distribution and exposure rate of
radiation in an area.

radionuclide. A radioactive nuclide (ot radio-
active atomic species).

radiosonde. A ballcon-borne instrument for the
simultanecus measurement and transmissicn of
weteorological data. consisting of transducers

residual nuclear radiation

for the measurenent of pressure, temperature.
and humidity; a wmodulator for the coaverslion
of the output of the transducers to a quantity
that contrcls a property of the radicfrequency
silgnal: a selector switch., which determines
the sequence in which the parameters ar= to be
transmitted; and a transmitter, which generertes
the radiofrequency carrter.

radiosonde ballioon. A balloon used to carry a
radiosonde aloft. These balloons have davtime
bursting altitudes of about 80,000 feet (25
Am) above sea level. The balloon measures about
5 feet (1.5 meters) in diameter when first in-
flated and may expand to 20 feet ({ meters) or
more before bursting at high altitude.

radium. An Iintensely radiocactive metallic ele-
wment. In nature. radium 1s found associated
with uraniun. which decays to radium by a se-
ries of alpha and beta emissions. Radium 1s
used as a radiation source for instriment
calibration.

radsafe. Radiological safety. General term used
to cover the tralning, operations. and equlp-
ment used to protect personnel from unnecessary
exposures to ionlzing radiacion.

rainout. Removal of radioactive particles from a
nuclear cloud by rain.

rawin. Radar wind sounding tests that determine
the winds aloft patterns by radar observation
of a balloon.

rawinsonde. Radar wind sounding an? radiosonde

RB-29. Reconnaissance version of the B-29.

RBE. Relative hlological effectiveness. A factor
used to compare the biological effectiveness
of absorbed radiation doses (1.e.. rads) due
to different types of ionizing radiatjon. For
radiaticn protection the term has been
superseded by Quality Factor.

rem. A special unit of bioleglical radiation dose
equivalent: the name 1s derived from the ini-
tial letters of the term “roentgen equivalent
man (or mammal).” The number cf rems of radia-
tton is equal to the number of rads absorbed
multiplied by the RBE of the given radiation
(for a specified effect). The rem 1s also the
unit of dose equlvalent. which 1s equal to the
product of the number of rads abscrbed multl-
plied by the “quality factor™ and distributlon
factor for the radiation. The unit is presently
being replaced by the silevert (Sv).

rep. An obsolete speclal unit of absorbed dose.

residual nuclear radiation. Nuclear radiarion.
rhiefly beta particles and gamma rays. that
persists after 1 minute following & nuclear
explosicn. The radiation 1s emitted malnly by
the fission products and other bowmb residues
in the fallout, and to soine extent by Earth




R-hour

and water consti.uents, andt other materials.,
In which radicactivity has been induced by the
capture of neutrons.

R-hour. Recovery or reentry hour.

foentgen. (R; r) N special unit of exposure to
gamma (or X-; radiation. It 1s defined pre-
cisely as the guantity of gasma (or X-) rays
that will produce electrons (in jon pairs)
vwith a total chatrge of 2.58 x 10°4 coulomb in
1 kilogram of dry air under standard condi-
tionu. An exposure of 1 roentgen results 1n
the deposition of about 94 ergs of energy in
1 gram of soft body tissue. Hence. an exposure
of 1 roentgen 1s approximately equivalent to
an absorbed dose of 1 rad in soft tissue.

goll-up. The process for orderly dismsantling of
facilitles no longer required for uuclear test
operations and thelr transfer to other areas.

SA-16. AMir Force genera’ purpose amphiblan for
ajr-sea rescue work. Fanufactured by Grumman
Aircraft Engineering Corpocation. New York.

SAC. Strategic Alr Command (Air Force).

samper aircraft. Adfrcraft used for collection of
gaseous and particulate samples from nuclearc
Clouds to determine the level of radloacrivity
or the presence of radioactive substances.

SAR. Search and rescue operations.

SB-17. SAR version of the B-17.
SC. Sandia Corporation. Albuquerque. New Mexico.

scattering. The diversion of rvadiation (thermal.
electromagnet1c and nuclear) from its original
path as a result of Iinteractions (or colli-
sions) with atoms, molecules. or larder par-
ticles in the atmosphere or other media between
the source of the radiations (e.g.. a nuclear
explosion) and a point some distance away. As
a result of scattering, radiations (especially
gammaa rays and neutrons) will be recelved at
such a point from many ditections instead of
only from the direction of the source. See
alsoe skyshine.

SCEL. Signal Corps Engineering Laboratories, Ft.
Monmouth. New Jersey (Army).

scintillation. A flash of light produced by ion-
1zing radiation in a fluor or a phosphor, which
My be crystal, plastic, gas, or liquid.

seamount. A suomarine Eountaln rising above the
deep sea floor. cosmonly from 3,000 to 10.000
feet (1 to 3 km) and having the summit 1,000
te 6,000 feet (0.3 to 1.8 km) below sea level.

sheat (wind). Refars to differences in direction
(directional shear) of wind &t different
altitudes.

survey, radiation

shielding. Any material or obstruction that ab-
sorbs (or attenuates) radliation and thus tends
to protect personnel or equlpment from the ef -
fects of a ruclear explosion. A woderately
thick layer of any opaque material will provide
satisfactory shielding from thermal radiation,
but a considerable thickness of material of
high density may be needed for jammn radlation
shielding. See also attenuation.

shock. Term used to describe a destructive force
moving in alr, water. or earihti caused by deto-
nation of a nuclear detonation.

shock wave. A continuously propagated pressure
pulse (or wave) 1in the surrounding medium.
which may be air, water. or earth, initiated
by the expansion of the hot gases produced in
an explostion.

sievert (Sv). A recently introduced ICRP measure
of “dose equivalent”™ that takes into account
the ~“quality factor™ of different sources of
lonlizing radiation. One slevert equals 100 rom.

skyshine. Radiation, particularly gamma rays from
a nuclear detonaticn. reaching a target from
many directions as a result of scattering by
the oxygen and nitrogen In the intervening
atmosphere.

slant range. The stralght-line distancr of an
aircraft at any altitude from ground zero or
the distance from an airburst to a location on
the ground,

sttatosphere. Upper portion of the atwrosphere,
approximately 7 to 40 miles (11 to 64 km) above
the Earth's surface. in which temperature
changes but 1little with altitude and cloud
formations are rare.

streamline. In meteorology. the direction of the
wind a: any given time,

surface burst. A nuclear explosion on the land
surface. an 1sland surface or reef. or on a
barge.

surface zero. The point on the ground or water
surface directly above or belo’ the detonation
point of a nuclear device.

survey meters. Portable radiation detection in-~
struments especially adapted for surveyling or
inspecting an area to establish the existence
and amount of radiation present. usually from
the standpeint of radicological protection.
Jurvey instruments are customarily powered by
self-contained ba.terles and are designed to
respond quickly and to indicate directly the
exposure rate conditions at the point of in-
terest. See AN/PDR-36. Gelger-Mueller counter,
and ion-chasher-tyr s survay motar,

survey, radiation. Evaluatiorn of the radiation
levels associated with radicactive materials
Oor areas.
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T-33. Two-place trainer version of the F-80.

T-AP. Persoanel transport (Military Sea Trans-
portion Service).

TDY. Temporary duty assignment.

TG. Task Group. Subordinate elcement of the Join

Task Force.

TD. Task Detachment.

thermal radiation. Electromagqnetic radiatrion
emttted in two pulses from a surface or alr-
burst from the fireball as a consequence of
its very high temperature: it consists essen-
tially of ultraviolet, visible, and infrared
radiation. In the first pulse. when the tem-
perature of the ficeball is extremely high.
ultraviolet radiation predominates; 1in  the
second pulse. the temperatures are lower and
mogt of the thermal radiation lies in the vis-
ible and infrared reglions of the spectrum.

thermonuclear fusion. Refers to the processes 1in
swhich a very high temperature aml pressure 1s
used to Dring about the fusion of light nuclel.
such as those of the hydrcgen isotopes (deuter-
ium and rririum). with the accompanying libera-
tion of energy. The high temperature and pres-
sure required to initlate the fusion reaction
are obtained by means of a fisslon exploslon,
See also fusion.

INT equivalent. A msasure of the energy released
as the result of the dJdetonation of a nucleer
device or weapon. expressed in ecrms of the
mass ¢f TNT that would release the same amount
of energy when exploded. The TNT equivalent is
usually stated 1n kilotons (1.000 tons) or
megatons (1 million tons). The basiz of the
INT equivalence is that the explosion of 1 ton
of TWT 1s assumed to release 1 billion calor-
les of energy. See also megaton. yleid.

trapped radiation. Electrically charged particles
moving back and forth 1in sgpirals along the
north-south orientation of the Earth's magnetic
field between mirror points, called conjugate
points. Negatively charged particles drife
eastward as they bounce Dbetween northern and
southern conjugate points and positively
charged particlies drift westward, thus forming
shells or belts of radiation above the Earth,
The source ©of the charged particles may be
natural, from solar activity (often called Van
Allen belts)., or artifical. resulting from
high-altitude nuclear detonations.

tropopause. The boundary dividing the strato-
sphere from the lower part of the atmosphere,
the troposphere. The tropopause normaily occurs
at an altitude of about 25.000 to 45.000 feet
(7.6 to 13.7 im) in polar and temperate zones,
and at 55,000 feet (16.8 km) in the tropics.
See also stratosphere. tropasphere.
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whole body Yrradiation

the tropopause, in which the tempecature falls
fairly trequlariy with Iincreasing altitude.
clouds form, convection 1s active, and mixing
is continuous and more or less complete.

Trust Territory. The Marshall Islands were in-
cluded in the Trust Territory of the Paclific
Islands under the Jurisdiction of the United
Nations. Assigned by the United Nations to the
United States in trust for administration. de-
velopment, and training.

Y. Task Unit.

type commander. The officer or agency having cog-
nizance over all Navy ships of a given type.

This 1s in addition to the particular ship's
operational assignment in a task force, fleet.
or other tactical subdivision.

UCLA. University of California. Los Angeles.

UCRL. University of California Radiarion Labora-
tory. Livermore. California.

UF-1. Tive Navy designation for the SA-16A.

UK. United Kingdoms.

ultraviolet. Electromagnetic radiation of wave-
lengths between the shortest visible violet
(about 3,850 angstroms) and soft X-rays (about
100 angstroms) .

USFS. U.S. Porest Service.

USNS. United States Navy Ship: vessels of this
designation are manned by civilian crews.

VA. Veterans®' Asinistration,

VC. PFleet composite squadron (formerly VU).
Versense. A Jdetergent.

VR. Naval air transpoit squadron.

WADC. Wright Air Development Center, Wright-
Patterson AFB. Ohio {Air Force).

warhead. The portion of the missile or bomb con-
taining the nuclear device.

WB-29. weather reconnalissance version of B-29
used for cloud tracking and sampling.

weapon debris. The radiocactive residue of a nu-
clear device after 1t has been detonated. con-
3isting of fisslon products. vatious products
of neutron capture. weapon casing and other
components., and uranium or plutonlum that ras
escaped fi'ssion.

whole body irradiation. Exposure of the body to
lonizing radiation from external radlation
sources. Critical organs for the whole body
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exposute. Thus, the entire body need not be
exposed to be classed as a whole-body exposure.

Wilson cloud. A mist ot fog of mlnute water drop-
lets that temporarily surtounds a firebatl
following a nuclear detonation in a humid
atmosphese. This 1s caused by a sudden lower-
ing of the pressure (and temperature) after
the passing of the shock wave (clouwd chamber
effect) and quickly dissipates as temperatures
and pressures return to hormal.

worldwide fallout. Consists of the smaller radtio-
active nuclear detonatlon particles that as-
cend into the upper troposphere and the stra-
tosphere and are carried by winds to all parts
of the Earth. Tne delayed (or worldwide) fall-
out 1s brought to Earth, malnly by rain and
snow, over extended periods ranging from
aonths t¢e years.

WY. Prefix of Weapon Test (WT) report 1dentifice-
tion numbers. Thesc reports were prepared to
record the results of scientific experiments.

YC. Open ighter (nonself-propelled: Navy).

YFN. Covered lighter (nonself-propelled: Navy).

21

yield. The total effective enerqgy releassed in a
nucleatr detonation. It 1s usually expressed in
terms of the equivalent tonnage of TNT required
to produce the same enerqgy release in an explo-
sion. The total energy yield i1s manifested as
nuclear radjation (including residual radia-
tion). thermal radlation., and blast and shock
energy. the actual distribution depending upon
the medium in which the explosion occurs and
also upen the type of weapon. See TNT equiva-
lent.

yield (blast). That portion of the totai energy
of a nuclear detonatjon that s identifled as
the blast or shock wave.

yield (fission). That portion of the total energy
released by a nuclear explosion attributable
to nuclear fisslon, as opposed to fusion. The
interest in fission yleld stems from the inter -
est in fission product formation and its rela-
tionshilp to radicactive fallout.

YO. Fuel oil parge: self-propelled (Navy).
YOG. Gasoline barge: self-propelled (Navy).
YOGN. Gasoline barge: nonself-propelied (Navy).

zZ1. Zone of Interior (contermincus United
Stares).
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APPENDIX C
ISLAND SYNONYMS
ENEWETAK ATOLL

CAPITALIZED entries are the code names used by the Jjoint task force for

the islands.

Underscored entries are the names of the islands as used in this

report. All other entries are spellings of the 1slands that may appear 1in

other literature.

Aaraanbiru

Anlyacnii
Aomon
Arambiru

BELLE
Bi1jirt
Bijile
Bliire
Biken
Bikile
Blllae
Billee
Bogalrikk
Bogallua
Bogan
Bogelirlk
Bogen
Bogombogo
Bogon
Bokaidrik

Bokaidrikdrik

Bokandretok
Boken
Boken
Bokenelab
Bokinwotme
Boko
Bokoluo
Bokombako
Bokonaarappu
Bokonarppu
BRUCE
Buganegan

VERA - Alembhel - Arambiru
OLIVE - Altsu

OLIVE -~ Ael

VERA - Aaraanbiru - Arambircu
Bokoluo - Bogallua

Jinedrol - Chinieero

BRUCE - Anlyaanili

TOM - Munjor - Munjur

BRUCE - Anani

SALLY

VERA - Alembel - Aaraanbiru

Bokombako - Bogombogo

TILDA - Biljire - Rijile - Blklle

TILDA - Biljire - Bitjiri - Bikile

TILDA - Bijile - Billjir!l - Bikile

LEROY - Riglle - Rigili

TILDA - Biliire - Bijile - Biijiri

WILMA - Piiraal - Pliral

LUCY - Kidrinen - Kirinlan

HELEN - Bokaidrikdrik - Bogelrik - Bokaildrik
ALICE - Bokoluo

IRWIN - Boken - Pokon

HCLEN - Bokaidrikdrik - Bogalrlkk - Bokaldrik
REX - Jedrol - Jieroru

BELLE - Bokombako

IRENE - Boken

HELEN ~ Bokaidrikdrik - Bogalrlkk - Bogeirik
HELEN - Bogairikk - Bogeirik - Bokaidrik
WALT

IRENE - Bogon

IRWIN - Pokon - Bogan

MARY - Bokonaarappu - Bokonarppu

EDNA - Sanildefonso

SAM

ALICE - Rogallua

BELLE - Bogombogo

MARY - Bokenelab - Bokonarppu

MARY - Bokenelab - Bokonaarappu

Ananij - Aniyaanii

HENRY - Mut - Mui
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Chinleero
Chinimi
CLARA
CLYDE
Cochita

DAISY
DAVID
Drekatimon

Dridrilbwi

Eberiru
EDNA
Eleleron
Elle
ELMER
Elugelab
Eluklab
Enewetak
Engebil
Eniwetok

Enjebi
Eybbiyae

FLORA
FRED

GENE
Girlinien
GLENN
Grinem

HELEN
HENRY

Igqurin
Ikuren
Inedral
IRENE
IRWIN

JAMES
JANET
Japtan
Jedrol
Jieroru
Jinedrol
Jinimi

KATE
KEITH
Kidrenen

AIVIN - Jinedrol

CLYDE - Jinimi

Kirunu - Eybbiyae - Ruchi
Jiniml - Chinimi

DAISY - Loui - Lidilbut

Louj - Cochita - Lidilbut
Japtan - Muti

OSCAR

GENE - Teitelripucchi

RUBY - Eleleron
Bokinwotme - Sanildefonso
RUBY - Eberiru

NANCY - Yeiri

Parry - Medren

FLORA -~ Eluklab

FLORA - Elugelab

FRED - Eniwetok

JANET - Enjiebl

FRED - Enewetak

JANET - Engebi

CLARA -~ Kirunu - Ruchi

Eluklab - Elugelab
Enewetak - Eniwetok

Dridrilbwii - Teitelripucchi
KEITH - Kidrenen - Grinem
Ikuren - Igurin

KEITH - Kidrenen - Giriinien

Bokaidrikdrik - Bogairikk - Bogeirik - Bokaildrik
Mut - Buganegan - Mul

GLENN - Ikuren

GLENN - Igurin

URIAH

Boken -~ Bogon

Boken - Bogan - Pokon

Ribewon - Libiron - Ribaion

Enjebi - Engebi
DRVID - Mutl

REX - Jleroru - Bogen
REX - Jedrol - Bogen
ALVIN - Chinieero
CLYDE - Chinimi

Milikadrek - Mujinkarikku - Muzinbaarikku
Kidrenen - Girlinlen - Grinem
KEITH - Giriinien - Grinem
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Kidrinen
Kirlnian
Kirunu

LEROY
Libiron
Lidilbut
Lojwa
Loul
LUCY

Lujor

MACK

MARY

Medtren
Mi{ikadrek
Muil
Mujinkarikku
Munjor
Munjur

Mut

Muti
Muzinbaarikku

NANCY

OLIVE
OSCAR

Parry
PEARL

PERCY
Pliraail
Plirai
Pokon

REX
Ribaion
Ribewon
Riglle
Rigili
Rojoa
RUBY
Ruchi
Rujlyoru
Rujoru
Runit

SALLY
SAM
Sani ldefonso

LUCY —~ Billee - Kirinian
LUCY - Kidrinen - Billee
CLARA - Eybbiyae - Ruchij

Biken - Riglle - Rigili
JAMES - Ribewon - Ribaion
DAISY - Louj - Cochita
URSULA - Rojoa

DAISY - Cochita - Lidilbut
Kidrinen - Billee ~ Kirinian
PEARL - Ruj)iyoru - Rujoru

Unibor

Bokenelab - Bokonaarappu - Bokoharppu
ELMER ~ Parry

KATE - Mujinkarikku - Muzinbaarikku
HENRY - Mut - Buganegan

KATE - Mijlkadrek - Muzinbaarikku
TOM - Anerowlj - Munjur

TOM - Munjor - Anerowl}]

HENRY - Buganegan - Mul

DAVID - Japtan

KATE - Mijikadrek - Mujinkarikku

Elle - Yelri

Aej - Altsu
Drekatimon

ELMER -~ Medren

Lujor - Rujiyoru - Rujoru
Talwel

WILMA - Blllae - Piirail
WILMA - Billlae - Pliraail
IRWIN - Boken - Bogan

Jedrol - Bogen - Jleroru
JAMES - Ribewon - Libiron
JAMES - Libiron - Ribaion
LEROY - Biken - Rigili
LEROY - Biken - Rigile
URSULA - Lojwa

Eleleron - Eberiru

CLARA - Kirunu - Eybbilyae
PEARL - Lujor - Rojoru
PEARL - Lujor - Rujlyoru
YVONNE

Aomon
Boko
EDNA - Bokinwotme
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Taiwel
Telteiripucchi
TILDA

TOM

Unibor
URIAH
URSULA

VAN
VERA

WALT
WILMA

Yeliri
YVONNE

PERCY

GENE - Dridrilbwij

Bijire - Bijile - Biijiri - Bikile
Munjor - Anerowij - Munjur

MACK
Inedral
Lojwa - Rojoa

Enewetak Atoll
Alembel - Aaraanbiru - Arambiru

Bokandretok
Billae - Piiral - Piiraal

NANCY - Elle
Runit
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B ATTN: Government Documents
~. Kaman Tempo
C ATTN: DASIAC Angelo State University Library

~ 10 cy ATTN:  C. Jones ATIN: Librarian
. National Academy of Sciences Angelo lacoboni Pub Lib
- ATTN: C. Robinette ATTN: Librarian

ATTN: Medical Follow-up Agency

ATTN: National Materials Advisory Board Anoka County Library

ATTN: Librarian
.- Pacific-Sierra Research Corp
. ATTN: H, Brode, Chairman SAGE Appalachian State University
ATTN: Library Documents
R & D Associates

s ATTN: P, Haas Arizona State University Library
ATTIN: Librarian
S Science Applications, Inc
. ATTN: Tech Library University of Arizona
- ATTIN: Gov Doc Dept, C. Bower
- Science Applications, Inc
- 10 cy ATTN: L. Novotney Arkansas College Library
ATTN: Library
S QTHER
- S Arkansas Library Comm
o Adams State College ATIN: Library
ATTN: Govt Publication Lib
= Arkansas State University
- Akron Pyblic Library ATTN: Library
. ATTN: Govt Pyblication Librariar
e University of Arkansas
Alabama St Dept of Archives & History ATTN: Government Documents Div
K ATTN: Military Records Division

- . Austin College
- University of Alabama Arthur Hopkins Library
e, ATTN: Reference Dept/Documents ATTN: Librarian
"'._-'. University of Alaska Atlanta Fublic Library
IR ATTN: Director ot Libraries ATTN: Ivan Allen Jept
.f- University of Alaska Atlanta University Center

ATTH: Govt Pubiication Librarian ATTH: Librarian
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“uburn dniv 3t Montovery Lin
ATTND Dahrarian

CLliwart2 Mes it

Ao Tel Labraran

Langor fubiic Library
AlTN: Librarian

Bates (olleae Latrar,
ATTN: lanrarian

taylor iniversity Library
ATTH:  Docs Lept

Selort College Libraries
ATTN.  Serials Doos lwepst

Sty Stute Collive
ATT gk

Benjamin f. Feinberg Library
tate University College
ATTN: Government Documents

Bierce Library, Akron University
ATIN: Government Documents

Bostor Public Library
ATTN: [Documents Department

Bowdoin (ollege
ATTN: Librarian

Bowling Green State Univ
ATTN:  Govt Docs Services

Bradley University
ATTN: Govt Publication Librarian

Brandeis Untversity Lib
ATTN: Documents Section

Brigham Young University
ATTN: Librarian

Brigham Young University
ATIN: Documents Collection

Brookhaven National Laboratory
ATTN: Technical Library

Brooklyn College
ATTN:  Documents Division

Broward County Library Sys
ATTN: Librarian

Brown yniversity
ATTN: Librarian

Bucknell University
ATTN: Reference Dept

3186

TR {oant irged )

Puffalo by Trre a0 r e

California State Library
ATTIN: Librarian

California State Univ at Long Beach Lib
ATTIN: Librarian

California State University
ATTN: Librarian

California State University
ATTN: Librarian

Catifornia Univ Library
ATTN: Govt Publications Dept

California Uriv Library
ATTN: Librarian

California’ University Library
ATTN: Govt Documents Dept

California University Library
ATTN: Documents Sec

California University
ATTN: Government Documents Dept

Calvin College Library
ATTN: Librarian

Calvin T. Ryan Library
Kearney State (ollege
ATTN: Govt Documents Dept

Carleton College Library
ATTN: Librarian

Carnegie Library of Pittsburgh
ATTH: Laibrarian

Carnegie Mellon University
ATTN: Director of Libraries



Carson Regional iibrary
ATTN: Gov Publications Jnit
Casc Western Reserve university

“"IN: Librarian

gniversity of Central florida
ATTN: Library Docs Dept

Central Michigan University
ATTN: Lihrary Jocuments Section

Central Missouri State Univ
ATTN:  Government Documents

Central State University
ATTN:  Library Documents Dept

Central Washinyton liniversity
ATTN: Library Docs Section

Central &yoming College Library
ATTN: Librarian

Charleston County Library
ATTN: Librarian

Charlotte & Mechlenburg County Pub Lib
ATTN: E. Correll

Chattanooga Hamiltzn (o
ATIN: Librarian

Chesapeake Pub Lib System
ATTN: Librarian

Chicago Public Library
ATTN: Goveraments Publications Dept

State University of Chicago
ATTN: Librarian

Chicago University Lihrary
ATTN: Director of Libraries
ATTN: Documents Processing

Cincinnati University Library
ATTN: Librarian

Claremont Colleges Libs
ATTN: [oc Collection

Clemson University
ATTN: Director of Libraries

Cleveland Public Library
ATTN: Documents Collection

Cleveland State Univ Lib
ATTN: Librarian

Coe Litrary
ATTN: Joguments Division
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TTaiR front rnaedt

Cataale iy likrary

ATTND Feferenge pabrar,

Colarado State oniy Lane

ATTN: Uibrartan

Coleraco bmiversity Librarie,
ATT™: Directar of Libraries

Colurbia triversity litrary
ATIN:  Tocuments Service Jenter

Columbus & Franmklin (ty Yuiite b
ATTh:  Gen Rec v

Comston [ibrary

TTH

TTH: lLibrarian

Cornecticut State iivbrary

TAlaartoar

University of Connecticut
ATTN: SGovt of Connecticut

Connecticut University
ATTN: Director of Libraries

Cornell University Lib
ATTN: Librarian

Corpus Christi State University Lib
ATTN: Llibrarian

CSIA Library
ATTN: Librarian

Culver City Library
ATTN: Librarian

Curry College library
ALIN: Liprarian

Dallas County Public Library
ATTN: Librarian

Dallas Public Library
ATIN: Librarian

Dalton Jdr College iibrary
ATTN: Librarian

Dartmouth College
ATTN: Librarian

Davenpart Public library
ATTN: Librarian

Davidson College
ATTN: iibrarian

Dayton & Montgomery (ity Pub Lib
ATTM: Llibrariar

University of Dayton
ATTY: Librarian
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) ATTN: Litrarian ATTN:  Librarign
- Denver Puelic Linrary £Astern redor Toliege iiorarvy
" ATTN:  Documents Jiv AlTh: Librdrian
- Jept of L1b 3 Argnives fastern washington Univ
ATTH: Librarian ATiN: Lliprarian
- Detrovt Tublic Livrary £1 faso Public ! ibrary
K - AT Librarian ATTX: Documents & lenrolozy Sert
N Dickinson State Coilege £Yko Caunty Library
d ATTN: tibrarian ATTN:  Librarian
.
. Jrave Memorial Learning Resgurce (tr Elmira Zollege
ATTN: (ibrarian ATI%: (ibrarian
- Orake University Elon [ailege Liprary
5 ATIN: C(owles Liprary ATTN: Librarian
. Drew University tnoch Pratt Free Library
- ATTH: Librarian ATT4N:  Docurents Jffice
. Quie Umiversity Emory oniversity
ATTN: Public Docs Dept ATTN:  librarian
- Dulath Panlic tinrary tvansville & Vanderburgn Count, Pun Lot
' TT%: Documents Section AT7N: Liprarian
.
- garlram Jollege Iverett Public Library
. ATTN: Liprarian ATTY: Librarian
-
s, Zast Targline Tniversiiy
ATTN: Litrary Dags Deout
al npverinty Plorida 5 & M may
) AT Librdaraan ATIN: Librasan
. . , .
faplve ioeary Tiarida Atlaetic
: Cibraryar Y
. Tast iranse Yublic thp
AT7%: Linrgrian
R tast Tennsssee State
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ATTN: Librarias
frew “aLiiv cratary

ATTN: Liprarian
fre~zort Puplic tibrary

ATTN: Librarian

Fresno {ounty Free Library
T Librarian

T
3 .
o
3
o
E

Sargrer Wept College
ATTN:  Poc.ments Librn

Gary Public Library
ATTN: Librarian

Gegrgetown Univ Library
ATTN:  Govt Docs Room

Georgia inst of Tech
e

ATIN:  Librarian

Geargia Southern {01lege
ATTN: Librarian

Georgia Soutnwestern {ollege

ATTN: Director of Lioraries

Georgla State Umiv 113
ATTH. Librarian

University of Leorgia
ATTH:  Tar of Lisraries

Gleeson Library
ATT%: Librariarn
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ATTN: Library

Hardin-Siwrons Universiiy Litrar,

ATTH: {imrarian

Hartfora Public Library
AiTH: Librarian

e Library

dniversity of Havand
ATYN: Governrment Cocs

I
w

Hawaii State Library

ATTN: Federal Docurents ynit

“miversity of Hawaii at “onca

ATTH: Director of Libracies

University of hewaii
ATT%: Librarian

Haydon Surns Library
ATTN: Librarian

Heary ford (e Tolle
AT Linraria

1v Library

Jocuronts Japt

AJ0VET [RSEIT,TY
ATy o

[

irector of Libraries

cllecrion
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Librarian ATTN: Librarian
:'- tdans Puslic Lt b unfa lenter Johnson Tree Pualic Lo
N ATTH: Liprarian ATTN: Librarian
-,
idaha State Library Lahulul Library
ATTN: Librarian ATTX: Librarianm
oy
-l v z . . - -
" idavng State .niversily L itrary “ala—azoo Pudlic Library
ATTN:  Documents Dept ATTN: Libracian
~ Jniversity of ldang sansar Lity Punlic Liprary
- ATTH:  Documents Sect ATTN: Docurents iy
- ATTH:  2dr of Liorariss
' sansas State | ibrary
Srtversity oF [Mlimots, Library ATTY: Lihrarian
. AT vocuerts Section
<ansas State Umiv Lidrary
illingis State Livrary ATTN:  Docurents Dert
W ATTN:  Govera-ent Jocuments 3ranck
Jmiversity of danzas
iirois Jriv at Jrbana Champaign ATTN: Director of Libraries
N “. a3tson, Docuents Library
went State iniversity Li.rary
- 2y Lor o1t ATTH:  Documents Div
) . Liorary
" se6tuCry Dot oF Liorary 3 Arcrves
indi:na State _inrary ATTh: Docsments Section
ATTN:  Serial Sectien
e sniversity of XentuChy
R SrAVers Ty ATTW: SovernTenis Putlication Dect
XS Jacumenis Litraries ATT%: Jiregtoe of Linraries
»
indiana .eygersity [inrarg Len,on Jaiiee Lidrary
Jacumerts artTeng AT Lruvarian
..‘ Lirrar,
- limd ome
Thoateens et
: 8
b -
l -
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OTHER (Continued)

Dancaster Hegqranal Lihear,
ATT%:  ibracian

Lawrenegs dniversity
s

ATIN:  Docuinents dent

Loe Library, Brijham Young University
ATTN: Docrments & Map Section

tihrary & Statutory distribution & Sve
Jooy ATIN: Librariar

tittle Rock Public Library
ATIN:  Librarian

Lang Beach Publ L 1brary
ATTN:  Librarian

Loe Anaeles fublic Library

ATTN: Serials Div =+ : . -nt-

LOulstand didie aniversity
ATTN: Government Doc Dept
ATTN: Director of Libraries

Louisvilie Free Pub Lib
ATTN: ibrarian

Louisville Univ Library
ATTN: Librarian

Lyndon B. Johnsun Sch of Pub Affairs Lib

ATTN: Librarian

Maine Maritime Academy
ATTN: Librarian

Maine University at Oreno
ATTN: Librarian

University of Maine
ATTN: Librarian

Manchester City Library
ATIN: Librarian

Mankato State College
ATTN: Govt Publications

Mantor Library
Univ of Maine 4t Farmington
ATIN: Director of 'ibraries

Marathon County Public Library
ATTN: Librarian

Marshall Brooks Library
ATTN: Librarian

university of Maryland
ATTN: Mckeldin tibr Docs Div

University of Maryland
ATTN: Librarian
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Myers ity ot Masoao g et
ATIN:  Soverneent Ao (olde

M Nerse Blate gniy

AlTh: babrarian

Moo, Shelby Ununty Pub 1ab & [nto Ot

ATTN: Librarian

Meinphis State Hniversity
ATTN: labrarian

Mercer gnyversity
ATTN: Librarian

Mesa (ounty Public 1ibrary
ATTN: Librerian

miversity of Miam, Liberary
ATTN:  Oowverneant Pt ias atien

miami Public Library
ATTN: Documents Division

Miami Univ Library
ATTN: Documents Dept

Michel (rradre Library
University of Santa (lara
ATTN: Documents Div

Michigan State Library
ATTN: Librarian

Michigan State University Library
ATTN: Librarian

Michigan Tech University
ATIN: tibrary Documents Dept

University of Michigan
ATTN: Acq Tec Documents Unit

Middlebury College Library
ATTN: Librarian

Millersville State Coll
ATTN: tibrarian

Milne Library
State University of New York
ATTN:  Docs Librn

Milwaukee Pup Lib
ATTN: Librarian

Minneapolis Public Lib
ATTN: Librarian

Minnesota Civ of Emergency Sves
ATTH: Librarian

Minot State Collene
ATTN: Uibrarian

Mis=issippl State yniverstity
ATTN: Librarian
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3 LA by Yo ’ '
' ATTN U TN Lt s
k|
. Montang ottty Yo D LN
R e T e ATTN: Doc Con, Cultural Ed Ctr
t Eoatitdne State UHIVEt s tey, LIDTdry Hew Yark State Unmiv at Stony Brook
. 2 ATTN: L(ibrarian ATTN: Main Lib Dou Sect
tiniversity of Montana New York State Univ Col at Cortland
ATTN: Documents Dn ATTN: Librarian
Moorhead State Colleqe State Univ of New York
.. ATT™N: Library ATTN: Library Documents Sec
.- Mt Prospect Public Lib State Univ of New York
~.- ATTN: Librarian ATTN: Librarian
te Murray State lniv Lib New York State University
ATTN: Dabrary ATTN: Documents Center
[]
- . Nassau Library System State University of New York
- ATTN: Librarian ATTN: Documents Dept
Natrona County Public Library New York University Library
ATTN:  Librarian ATTN: Documents Dept
- Nebraska Library Cowmm Newark Free | ibrary
. ATTN: Librarian ATTIN: Librarian
' niy of Nebraska at fHmaha Newark Public Library
‘- ATTH:  Lionrdrian ATTN: Librarian
R Netraska Western Colieqe Library Niagara Falls Pub Lib
-, ATTH: Lrtrarian ATTN: Librarian
Y
= liniv of Nebraskd at Lincoln Hicholls State Univ Library
. ATTN: Director of Libraries ATIN: Docs Div
A
dniv of Nevada gt Heno Nieves M, Flores Memorial Lib
ATTN:  Governrents Fub Dept ATTN: Librarian
- niv nf “ievada at Las veyas Horfolk Public Library
| ATTH: Director of Libraries ATTN: 4. Parker
wd Hew Havoshire tmiversity Lib Horth Carolina Agri & Tech State Univ
- J AL Lbrarian ATTHN: Librarian
n
- Hew Hanowe s Lounty Public Library tip1v of Horth Carolina at Charlotte
- ATT: Lihrarian ATIN: Atktng Library Documents Dept
- - Nebraska Univ Lib dniv of North Larplina 4t Greenshoro, | thrary
- ATIN: Acouisitions Depnt AT Uibrarian
.
.
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I OTHER {Continued) OTHER (Continued)
North Carolina Central liniversity Yniveraity of Notre Dame
. ATTN.  Librarnin ATTN:  Document Lenter
:. qorth Cavoling Stdate imjyersity Hakland Comm Colleqge
v ATTN: Laibrarien ATTN: librarigan
. Horth Carolina University at Wilmington Nakldnd Public Library
" ATTN: L ibrarian ATTN: {ibrarian
K Nversity ot North Caorsling tberlin tollege [ibravy
- ATIN: BA S Mviaen Document-, ATTH:  tibrartan
farth Dakata State tniver.ity b deean County College
ATIN:  Hoeus [thrarian ATTN: t{ibrarian
s Hndveroity ot North Dabota Ohio Ytate Universaty
I ATTHN.  [abraran AT thrarios Uoegeents Division
a5 et nenrgva ] lege Ohio University Library
R ATTN: Librarian ATTN: Docs Dept
T North Texas state University Library Oklahoma City University Library
T ATTN: Librarian ATTN: Librarian
- Northeast Missouri State University Oklahoma City University Library
- ATTN: Librarian ATIN: Librarian
a
) Northeastern [11inois University Oklahoma Dept of Libraries
ATTN: Library ATIN: U.S. Govt Documents
Northeastern Oklahoma State Uniy Oklahoma University Library
ATTN: Librarian ATTN: Government Doc Collection
Northeastern University 014 Dominior University
v . ATIN: Dodge Library ATTN: Doc Dept Univ Library
- Northern Arizona University Lib Olivet College Library
.- ATIN: Government Documents Dept ATIN: Librarian
- -\a. . . . . .
-t Nerthern [1Tinois University Omaha Pub Lib Clark Branch
R ATTN: Librarian ATIN: Librarian
9 Northern lowa University Oregon State Library
- ATTIN: Library ATTN: Librarian
P Northern Michigan Univ University of Oregon
ATTN: Documents ATTii: Documents Section
Bl Northern Mornitana College Library OQuachita Baptist University
.':4 ATTN: Librarian ATIN: Librarian
v Northwestern Michigan College Pan American University Library
g ATTN: Librarian ATIN: Librarian
Northwestern State Univ Passaic Public Library
-~ ATIN: Librarian ATTN: Librarian
s Northwestern State bniv Library Paul Klapper Library
APl ATIN: Librarian ATTN: Documents Dept
T Northwestern University Library Pennsylvania State Library
& ATTN: Govt Publications Dept ATTIN: Government Publications Section
e Norwalk Public Library

ATTN: Librarian
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OTHER (Continued)

Pennsyivdnia State University
ATTN: Llibrary Document Sec

University of Pennsylvama
ATTN: Director of Libraries

Penrose | ibrary
University of Denver
ATTN: Penrose | ibrary

Peorta Public [ibrary
ATTN:  Business, Science & Toch {lept

Free Library of Philadelphia
ATTN: Govt Publications Dept

Philipsburg Tree Public Library
ATTN: Library

Phoenix Public Library
ATTN: Librarian

University of Pittsburg
ATTN: Documents Office G 8

Plainfield Public Library
ATTN: iibrarian

Popular Creek Public Lib District
ATTN: Librarian

Association of Portland Lib
ATTN; Librarian

Portiand Pubiic Library
ATTN: Librarian

Portland State University Library
ATTN: Librarian

Fre<cott Memorial Lib
Louisiana Tech Univ
ATTN: Librarian

Pfrinceton University Library
ATTN: Documents Division

Providence College
ATIN: Lib-arian

Providence Public Library
ATTN: Librarian

Cincinnat1 & Hamilton County Public Library
ATTN: Librarian

Public Library of Nashville and Davidson County
ATTN: Library

University of Puerto Rico
ATTN: Doc & Maps Room

Purdue University Library
ATIN: Librarian

OTHER (Continued)

fpinebaug Valley Lomeuynity (ol
ATTN: | ibrarian

Ralph Brown Draughon Lib
Auburn University
ATTN: Microformy & Docurents fient

Rapid {1ty Public [ibrary
ATTN: Llibrarimn

keading Public Library
ATTN: Llihrarian

Reed Colleqe Library
ATIN: Librarian

Hevse Library
Auqunte College
ATTM: | ibrarian

University of Rhode Island Library
ATTN: Govt Publications Office

University of Rhode Island
ATTN: Director of Libraries

Rice University
ATTN: Director of Libraries

Richard W. Norton Mem Lib
Louisiana College
ATTN: Librarian

Richland Couaty Pub Lib
ATTIN: Librarian

University of Richmond
ATTN: Library

Riverside Public Library
ATTN: Librarian

University of Rochester Library
ATTN: OCocuments Section

Rutgers University, Camden Library
ATTN: Librarian

Rutgers State University
ATTN: Librarian

Rutgers University
ATTN: Government Doc Dep

Rutgers University Law Library
ATTN: Federal Cocuments Dept

Salem College Library
ATTN: Librarian

Samford University
ATTN: Librarian

San Antonic Public Library
ATTN: Bus Science & Tech Dept




OTHER (Continued) OTHER (Continued)

X San Diego County Library University of South Carolina
i ATTN: C. Jones, Acquisitions ATIN: Government Documents
'-E San Diego Public Library South NDakota Sch of Mines & Tech
7 ATTN: Librarian ATTN: Librarian
.-
: San Diego State University Library South MNaknta State Library
. ATTN: Govt Pubs Dept ATTN: Federal Documents Department
5 San Francisco Public Library University of South Dakota
- ATTN: Govt Documents Dept ATTN: Documents Librarian
San Francisco State C(olleyge South Florida University Library
=% ATTN: Govt Pub Collection ATTH:  1ibrarian
": sat Jose State College Library Southddle-Hennovin Avea D aibrary,
T ATTN: Documents Dept ATTN:  Government Document s
K San Luis Obispo City-County Library Southeast Missonry State Hniversity
S ATTN: Librarian AT b
. Savannah Pub & tffingham Libty Reg Lib Southeastern Massachusetts University Library
N ATTN: Librarian ATTN: Documents Sec
Scottshluff Public Library University of Southern Alabama
ATTN: Librarian ATTN: Librarian
—-a
. Scranton Public Library Southern California University Library
t. ATTN: Librarian ATTN: Documents Dept
. Seattle Publiz Library Southern Connecticut State College
ATTN: Ref Doc Asst ATTN: Library
” s 1‘
- . Selby Public Library Southern I1linois University
- ATTN; Librarian ATIN: Librarian
S Shawree Library System Southern 111inois University
R ATTN: Librarian ATTN: Documents Ctr
’ . - . .
- Shreve Memorial Libra:cy Southern Methodist University
o - ATTN: tibrarian ATTN: Librarian °
-‘ Silas Bronson Public Library University of Southern Mississippi
" ATTN: Librarian ATTN: Library
- Simon Schwob Mem Lib Southern Oregon College
2 Columbus College ATTN: Library
ATTN: Librarian
Southern University in New Orleans, Library
Sioux City Public Library ATTN: Librarian
R ATTN: Librarian
Ol Southern Utah State College Library
' Skidmore College ATTN: Documents Department
- ATTN: Librarian
f- .- Southwest Missouri State College
slippery Rock State College Library ATTN: Library
. - ATTN: Librarian
. Southwestern University of Louisiana. Libraries
South Carolina State Library ATTN: Librarian
. ATTN: Librarian . . i
s Southwestern University School of Law Library
University of South Caraiina ATTE: Librarian
o ATTN: cibrarian
-.‘
"
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OTHER_(Continued)

Spokane Public Library
ATTN: Reference Dept

Springfield City Library
ATTN: Documents Section

St. Bonaventure University
ATTN: Librarian

St. Joseph Public Library
ATIN: Librarian

St. Lawrence University
ATTN: Librarian

St. Louis Public Library
ATTN: Librarian

St. Paul Public Library
ATTN: Librarian

Stanford University Library
ATTN: Govt Documents Dept

State Historical Soc Lib
ATTN: Docs Serials Section

State Library of Massachusetts
ATTN: Librarian

State Library of Ohio
ATIN: Librarian

State University of New York
ATIN: Librarian

Stétson Un)v
ATTIN: Librarian

University of Steuhenville
ATIN: Llibrarian

Stockton & San Joaguin Public Lib
ATTN: Libravian

Stockton State College Library
ATTN: Librarian

Superior Pubiic Library
ATiN: Librarian

Swarthmore College Lin
ATIN: Reference Dept

Syracuse University Library
ATIN:  Documents Div

Tacoma Public Library
ATTN: Librarian

Tampa, Hillsbor¢ 3h County Fublic Lib
ATTN: Lit  rian

Temple University
ATTH: Librarian
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University of Tennessee
ATTN: Dir of Libraries

Terteling Library
College of Idaho
ATTN: Librarian

Texas A & M University Library
ATTN: Librarian

Jniversity of Texas at Arlington
ATTN: Library Documents

University of Texas at San Antgnio
ATTN: Library

Texas Christian University
ATTN: Librarian

Texas State Library
ATTN: U.S. Documents Sect

Texas Tech University Library
ATTN: Govt Docs Dept

Texas University at Austin
ATTN: Documents Coll

Texas University at E1 Paso
ATTN: Documents and Maps Lib

University of Toledo Library
ATTN: Librarian

Toledo Public Library
ATTN: Social Science Dept

Torrance Civic Center Library
Kiin:  Librarian

Traverse City Public Library
ATTN: Librarian

Trenton Free Public Library
ATTN: Librarian

Trinity College Library
ATTN: Librarian

Trinity University Library
ATTN: Documents Collection

Tufts University Library
ATTN: Documents Dept

Tulane University
ATTN: Documents Dept

University of Tulsa
ATTN: Librarian

UCLA Research Library
ATTHN: Public Affairs Svc/uS Docs

Tennessee Technoloaical University
ATTH: Librerian
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QOTHER (Continued)

Uniformed Svcs Univ of the HIth Sci
ATTN: LRC Library

ngversity Liorarios
CATING e ot Dabraries

Upper Tows Lolleqe
ATTN:  Dogutents Collection

Htah State lUmiversity
ATTH:  Lihrarin

umiversity of dtah
ATTHG Simecdad tallections

mivers ity of uUtsh
ATTN:  Dept . Pharmacnlogy
ATTN: Director 2t Libraries

Valencia Library
ATTN: Librarian

Vanderbilt University Library
ATTN: Govt Docs Sect

university of Vermont
ATTN: Director of Libracies

Virginia Commonwealth University
ATTN: Librarian

Virginia Military Institute
ATTN: Librarian

Virginia Polytechnic Inst Lib
ATTN: Docs Dept

Virginia State Library
ATTN: Serials Section

University of Virginia .
ATTN: Public Documents

voiusia County Public Libraries
ATTN: Librarian

Washington State Library
ATTN: Documents Section

Washington State University
ATTN: Lib Documents Ser.tion

washington University Libraries
ATIN: Dir of Libraries

University of Washington
ATTN: Documents Div

Wayne State University Library
ATTN: Librarian

Wayne Stat2 University Law Library
ATTN: Documents Dept

Weber State Ccllege iLibrary
ATIN: Librarian

Wagner College
ATTN: Librar:an

OTHER {Continued)

Wesleyan University
ATTN: Documents tibrarian

Wt Chester State (ol
ATTIN:  Documents Dept

Wost Covina Library
ATTN: librarian

tniversity of West Florida
ATTH: |ibrarisn

Weat Hills Comrunity (ol
ATTH:  Library

West Texas State University
ATTN: Lihrary

West Yirginia o1l of fLirad Stisdies 1ib
ATTN Perarian

University of West virginia
ATTN: Dir of Libraries

Westerly Public Library
ATTN: Librarian

Western Carolina University
ATTN: Librarian

Western I11inois University Lib
ATTN: Librarian

Western Washington Univ
ATTN: Libraran

Western dysming Community College Lib
ATTN: Litrairign

Westmoreland Cty Comm Coll
ATTN: Learning Resource Ctr

Whitman College
ATTN: Librarian

Wichita State Univ Librarvy
ATTN: Librarian

William & Mary College
ATTN: Dacs Dept

William Allen White Library
Emporia Kansas State College
A7TN: Govt Documents Div

William College Library
AV N: Librarian

Willimantic Public Library
ATTN: Librarian

Winthrop College
ATTN: Documents Dept

Unjversity of Wisconsin at Whitewaier
ATTN: Governments [iocuments Library
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Wiscomnin Mijwdukee University tale - aiven aty,
ATTY:  Librdarian STTL itae e et o
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