DEPARTMENT OF THE NAVY
OFFICE OF THE CHIEF OF MAVAL OFERATIONS
. WASHINGTON, DC 203850
- IN REPLY REFER TO
Ser 981TD/2176
22 March 1983

MEMORANDUM FOR DIRECTOR, DEFENSE NUCLEAR AGENCY
{({ATTN: Lt. Col. Lynn Reese, BE)

Subj: Operation CROSSROADS, First Draft Comments,
Chapters 8 and 12

Encl: (1) Marked-up copy of Chapters 8 and 12
(2) Revised ships histories (Kaman Tempo only)
{(3) REECo letter dated March 18, 1983

1. Comments on Chapters 8 and 12 are ceontained in enclosure
(1). Enclosureg (2) and {3) support comments on the marked

pages.

2. General comments in addition to those previously submitted
follow:

a. It is recommended that target ships be identified by

use of an asterisk at least in Chapter 8, but possibly throughout

&jf”&/ he report. It is important to a reader to be able to readily
E*J ifferentiate between target and support ships. Reference to a
J&L table or list everytime a ship is named is very time consuming.

0 b. The ship histories are not consistent as to the period
«dAﬂkﬂﬂ}”of time covered. Some go all the way to San Francisco or Pearl
N Harbor while others stop at departure from Bikini. All ships
fert J'VE‘J;:::shcou].d be handled the same way.

ﬁ*’ ¢. The ATA and ATR histories are incomplete. Please
U,ui provide more detail on their activities with target ships.

d. Many of the histories appeared to use only one source:
eulﬁhpfthe deck log, Navy history or final reports. All three must be

used and integrated to provide complete histories.

TR s

e. The Navy is completing the analysis of various groups
who had the highest potential for radiation exposure. Some of
the results are provided in the Chapter 12 marked up copy. The
remainder will be provided when complete. It is essential that
&b’ those groups with highest potential and a high percentage of
CO(J badging be discussed and listed in table form in this Chapter.
@f»*” The Navy is alsc completing an analysis of the personnel with the
4 J highest recorded exposures. It appears that exposures for some
personnel may have resulted from multiple badging. For example,
Aﬂ”g( it appears that about 3.6 R of the 4.01 exposure for‘gpaanqg, the
Army monitor, actually is composed of one badge for him and 3
others left on the deck of the SEARAVEN, and the 14.0 R beta for
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LT Lenz is actually two 7.0 R badges issued the same day. The
results of thisg analysis will also be provided when complete and

should be included in Chapter 12.

QO 3. The REECO letter concerning beta readings is attached and
should be worked into Chapter 12.

UﬁJU\ 4. The Navy would like to discuss our comments and findings
i U/afor Chapter 12 with DNA and Kaman Tqmpo before it is rewritten.

W!

We.

Copy to:
Kaman Tempo




18 March 1983

SUMMARY OF CROSSROADS TARGET SHIPS

UNMANNED SUNK AT TOWED TO RETURN TO
TARGET VESSELS ABLE BAKER BIKINI KWAJ . U.S.

AFLOAT

ANDERSON (DD~-411)
APOGON (SS5-308)
ARDC-13

ARKANSAS (BB-33)
BANNER (APA~60)
BARROW (APA~-61)
BRACKEN (APA-64)
BRISCOE (APA-65)
BRULE (APA-66)
BUTTE (APA-68)
CARLISLE (APA-69)
CARTERET (APA~70)
CATRON (APA~71)
CRITTENDEN (APA-77)
DAWSON (APA-79)
FALLON (APA~81)
GASCONADE (APA-B5)
GILLIAM (APA-~57)
HUGHES {(DD-410)
INDEPENDENCE {(CVL-22)}
LAMSON (DD=367)
LCI-327

LCI~-332

LSM-60

LST~52

LST-220

LST-545

LST-661

MAYRANT (DD-402)
MUGFORD {DD-389)
MUSTIN (DD-413)
NAGATO

NEVADA (BB-36)

NEW YORK (BB-34)
PENNSYLVANIA (BB-38)
PENSACOLA (CA~24)
PILOTFISH (S8S-386)
PRINZ EUGEN

RALPH TALBOT (DD-390)
RHIND (DD-404)
SAKAWA

SALT LAKE CITY (CA-25)
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UNMANNED SUNK AT TOWED TO RETURN TO
TARGET VESSELS ABLE BAKER BIKINI KWAJ . Uu.s.

AFLOAT

SARATOGA (CV-3)
SKATE (SS-305)
SKIPJACK (S55-184)
STACK (DD-406)
TRIPPE (DD-403)
WAINRIGHT (DD-419)
WILSON (DD-408)
YO-160

YOG-83

LCT-746

LCT-816

LCT-818

LCT-874

LCT-1013

LCT-1078

LCT~1112
LCT-1113
LCT-1114
LCT-1115
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BEACHED

LCT~414
LCT-812
LCT-845
LCT-1175
LCT-1187
LCT-1237
LCM-1
LCM-2
LCM-3
LCM-4 .
LCM-5
LCM-6
LCM-7
LCVP=-7
LCVP-8
LCVP-9
LCVP-10
LCVP-11
LCVP-12
LCI(L)-615
LCI(L)-620
LST-133
LST-125
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REMANNED
TARGET VESSELS

AFLOAT

BLADEN (APA-63)
CONYNGHAM {DD-371)
CORTLAND (APA-75)
DENTUDA (S55-335)
FILMORE (APA-B3)
GENEVA (APA-B86)
LCI-329
LCI(L)-549
NIAGARA (APA-87)
PARCHE (Ss5-384)
SEARAVEN (58-196)
TUNA (S5-203)

BEACHED

LCI(L)-615

TOTAL AFLOAT
TOTAL BEACHED

TOTAL

SUNK AT TOWED TO RETURN TO

ABLE BAKER BIKINI KWAJ . U.sS.
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X

72 68 15 37 22

19 23 - - -—

920 91 15 37 22
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- ' CHAPTER 1

OVERVIEW

INTRODUCTION

After the atomic bomb attacks on Japan had abruptly ended World War II.
many military leaders felt that military science was at a crossroads. The
officer who commanded the first postwar nuclear test series commented that
"warfare, perhaps civilization itself, had been brought te a turning point by
this revolutionary weapen” (Reference 10, Cap. Plate XI). wWith this in mind,
he whewsisssw had the nuclear test operation designated CROSSROADS. Operation

ety eomdunchad,

CROSSROADS was the largest U.5. peace-time military opo:at:lonﬂ\zt involved

42,000 persconnel, 240 ships. and 156 aircraft.

This series consisted of twe detonations at Bikini Atoll in the Marshall

Islands during the summer of 1946. These were:

an ol Hud 2 ok

© ABLE (1 July 1946, 0500) =-- an airdrop detonated att\szo

feet (158 meters)

© BAKER (25 July 1946, 083%) -- an underwater shot 90 [feet

{27 meters) below the surface

Jtlom-“u\‘ Test CHARLIE,

An additicnal undematoxl-un- was planned but was not conducted.

This report documents the participation of War and Navy Department™

personnel who were active in the test series. Its purpcse 18 to bring together

® In 1947 the War Department was dissclved. Jurisdiction over the ground
components of the Army became the function of the newly created Department
of the Army. and the new Department of the Air Force was established to
direct the former Army Air PForces. These two new departments and the
Department of the Navy formed the new Department of Defense.
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The Navy's response %o this proposal was that such a test should also

include a  few modern U.S. naval units in the target array (Reference 4,
- Jest 0 C +he ¢LCecty of " nutlear

p. 10). In effect, this broadensd the -emerctive from a mere dnnonstrauon“?é"i“:.::.;
whese resulds Could be used ¢ Cutura A el

scientific testA efi—pevemtbelupy=trr=yhe designy cf naval vessels and naval
tactics. The JCS established a subcommittee to prepars a detailed proposal in
November and it worked over a period of 6 weeks.

The secondary purpose of CROSSROADS was to afford training for Army Ailr

dechniques

Forcegf personnel in attacﬂusing atomic bombs against ships and to determine
the effects upon military equlpment and installations. Such information was
not available from the Trinity test nor the Hiroshima and Nagasaki bombings
{(Reference 1. XIII).

Oon 10 December 19495, the President announced that the United States would
explore tu:the;l:apabinuos of atomic cn.rqy.m his exploration would
be in the form of :ci.om:inc atomic bomb tests and would come under JCS
jurisdiction. The JCS proposed a Joint task force to be composed of Army and

Navy personnel and civilian sclentists, and on 10 January 1946 the President

approved the formation ©f thisg task force. On 11 January the JCS created Joint

Task Force One (JTF 1) and approved

a
Yetinisssovuintunifdliiehionmhiv==ng® a Navy officer who had commanded large
.

Army-Navy operations in the Pecific during the war and who had also been Chief
of the Navy Bureau of ordnance Ar Serve as Commender Tuitnt Tas k

Foreet One(CSTFEIN. #‘ .
have consis® of Awclear eventt .
CROSSROADS, as proposed, was  to il M Athree shats, ,In approving the

plans. the President committed the detonation of three nuclear weapons,
ocne-third of the U.S. stockpile, surely a measure of the importance glven the

operation {(Reference 3).
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protect participants from potential radiation exposurey, JANGTERESlwngyee
sposavrOit™

Chapter 3 discusses the general role of personnel in the weapon effects
program in CROSSROADS., leading to a discussion of operations for test events

in Chapter 4 and in the postitest operations discussed in Chapters 5 and 6.

Chapters 7 through 10 report participation by the Army Ground Forces,
Navy, Army Alir Forces. and Marine Corps. respectively. Chapter 11 summarizes
participation of other government agencies., Contractors, and universities.

Pezsonnel exposures are discussed in Chapter 12.

NUCLEAR TESTS AND RADIATION EXPDSURES

If\ Qg(f‘-. F)
A‘!‘.u ear testing before 1963 weweshigh congisted of the unconfined detonation

©f nuclear devices (usually not weapons) in the atmosphere. The devices might
ocenn's gmﬂlm-n' on o ﬂ:‘qh'”-' mu'#’dﬂh
be placed on & platform or a barge on thoﬂ surface, ,placed atop a tower, '
Suspenced wrdderwaiter,
supported by a balloon, dropped from an airplane.Aor Elown on a racketc.-,“l
LSrem canawy or recitet (aunchers.
CROSSROADS omplovcd’(ﬂﬁerational weapons: one was dropped from an aircraft and

detonated 11’}'&1:. and the other was detonated underwater,

cavyy
In theory. petsonnel eewid be exposed either by the radlation emitted at

the time of explosion and for about ] minute thereafter -- usually referred to
as initial radiation -— or tl':o radiation emitted later (residual radiation).

Initial radiation is part of the vioclent nuclear explosion process itself: to
7

r M L neb dran - man 4, degd
Vo ,: Pardici pants havt
. ﬂc!lﬂ! Taitial rediwdion .

The neutron component ©f initlial radiation did indirectly contribute o

th- Q’p.’ul"-
the L.utﬂhy of personnel ewpeswse. Neutrons are emitted in large numbers

1-7
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Fission products and the activation products, along with unfissioned
rak®

uranium or plutonium from the device. are the Aconpomnts of the %—

material in the debris cloud, and this cloud and its fallout are the primary

sources ¢f potential exposure to residual radiation.

In a nuclear airburst in which the central core of intensely hot material,
or fireball., does not touch the surface, the bomb residues (including the
fission products, the activation products resulting from neutron interaction
with device materlals, and unfissioned uranium ands/or plutonium) are
vaporized. These vapors condense as the fireball rises and cools, and the
particles formed by the condensation are small and smoke-like. They are
carrled up with the cloud to the altitude at which its rise stops. usually
called the cloud stabilization altitude. Spread of this material then depends
on the winds and weather. If the detonation is small, the cloud stabilization
altitude will be in the lower atmosphere and the materjal will act like dust
and return to the Earth's surface in a matter of weeks. Essentially all debris
from dotonatiorfwith Yields equivalent to kllotons of TNT will be down within
2 months (Reference &6). Areas in which this fallout material will be

do%zitcd will appear on maps as bands following the wind's direction. evges

ve ut es

ria com Ssuc altlt s W no

hus. airbursts

A
testing area, although there may be some residual and short-lived radiation

potential Audiation exposure to porsonnel at the

coming from activated surface materials under the burst if the burst altitude

is sufficiently low for neutrons to reach the surface, ud Frem Mﬂ b{ “ef#g
of [argt Falioy) particles,

Rewsork {iuy secton— one 1-9
Cam also ’..4- locqlized Lotlount,

.n '.’, LS #t ‘“h
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*"3' 4o rewerk
'b'nnucloar detonations. Technliques used for these experiments were conceptually

simple: . exposure of the system of interest and cbservation of its response.

rwduct of the experiments was far more complex. The level of threat to
which the system was oxp%od almost always required documentation so that the

response could be properly understcod. This nescessitated an environmental |
et Wil Ngad UNDELITWND .«

sxperiment along with the Sy re experiment. It was often not enough

whet= ¢ &ere o0s
to know whether the system survived, but rathor the mmnu-us the compornent
regq.n-

parts and their 1ntoractiom.mﬂ~m{%mnm_ the
exdensive + 4)19&

placement of ;instrumentation and recording dﬂricu.
A

While the potential radiological exposutre for these systoms’ resmnsj
experiments was governed primarily by the closeness in space or time. an h’

additional problem arcose. Often, when the subject of the exposure itself was

recovered for closer examination. 1t cou]. conta.mi f.od by device debris or
&dF due * 4C s

even be :adioactivoﬂ ts o! .

Dotpurr

Delefe = Huie senbence is not refev::t:::?

Reboarding partties whe inspected vessels, aircraft. and equipment after

sach detonation were given published guldelines for radlclogical safety.

Examples of measurements taken at CROSSROADS included static (crushing)
and dynamic (blast) pressure,, and air pressure in blast waves. The measurement
techniques wvaried with the effects being measured, and measuring devices
included ball crushers and airblast and water shock gauges placed on alrcraft,
target ships, and islands. In the Wave Motion and Ocoenograﬁhy Program some of

the instrumentation was placed on the bottom of the lagoen.

A'|$° M.q;g({/ WAL,
— TR Sectunneeds ampliCicationy, Ruo‘tbﬂg‘-o’vlfgl elecdriend

oCCe:f‘i. heud .“1‘\""1,"-:.- Aveds v be olirussed '
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The land areas of Bikini Atoll, its lagoon. and the water within 3 miles
(4.8 lm) E.:!A their smeaward sides constituted the Pacific Proving Ground (PrG).
During caossaoms the Marshall Islands were under a U.S, military governor who
reported to/'cmd of Naval Operations and ultimately the Secretary of the
Navy. Since July 1947 these islands have been part of the Trust Territory of
the Paclfic 1Islands, a strategic area trusteeship of the United Nations,

administered by the United States (Reference 5, pp. 507-551).

$esd-

In order to prepare BEilkinil Atoll for veeges oporauons) a conmiderable
amount ©f work had to be done in the lagoon and on the principel islands.
First, it was nhecessary to clear the lagocon of Japanese mines. On 10 March a
survey unit arrived and began hydrographic and land surveys to augment the
meager data recorded on the avallable Japanese charts. After the survey it was
necessary to blast out a number of coral heads to permit safe navigation of
ships of considerable size and to permit proper location of ships in the
proposed target arrays. Navigational and mooring buoys were laid in the lagoon
and beaccns placed on shore. On the 1islands. photographic towers. recording
stations, recreational facilitles. and landing facilities were erscted. This
work was started on 20 March with the arrival of the 53rd Special Naval

(Seabrres)
Construction Battanonﬁand by the Survey Unit and elements of the service

groups. assisted by mineswseping units (Reference XRD 206, p. V-(B)-4).

SPECIAL PROBLEMS IN THE CROSSROADS TESTS

The remoteness of Bikinl Atoll posed significant logistics problems in
procuring and transporting personnel, materials, and supplies to the new test
site. Speclal security arrangements wers also required for the transport of

niclear weapons from the United Statexs to the test area. However, thete was

1-15



maintained liaison udth-tho War and Navy Departments, the Manhattan Engineer
Dis:rici.'-'a-nd other government agencies. JTF 1 was subdivided into 8 task
groups and 37 task units, each of which performed some specific function.
Figure 1.3 details JTF 1., which was headquartered on USS Mount McKinlev

(AGC-T7).

CJTF 1 maintained liaison with twe boardes of speclal interest, the Joint
Chiefs of Staff's Evaluation Board and the President's Evaluation Commission.
The Evaluatlon Board was to advise CJTF 1 during preparation for the tests and
svaluate the test results. The Evaluation Comiission was to cooperats with the
War and Navy Departments in conducting the tests and to undertake a study of
the tests and submit thelr observations to the President along with findings,
conclusions, and reccommendations (Reference XRD 206, pp. VI-(B)-1 and

VIi-(B)-2).

Task Group 1.1 {Technical Group)

Task Group (TG) l.l was responsible for instrumenting all target ships and
target aroas.)iégf;: assigned to the Jroup were equipped with laboratory
facilitles to service scientific instruments and properly record all data. The
primary mission of its Drone Boat Unit was to obtain early samples of
contaminated water from both tests and make remotely controlled radioloegical

*

reconnaissances of the lagoon area afrer shot BAKER.

7G 1.1 also did the following:
© Operated and performed technical services
© Observed and mesasured physical phenomena

© PMurnished technical advice and assistance.

1-17
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TG 1.2 was composed of eight task units: their respective ships are listed
" below. ildt' all the ships listed were actual target ships. although most were.

ﬁdcmnrgot ships lizted supported preparation, pl:acmnt. and salvage of the

actual targets. These nontarget ships are noted with an asterisk. Flagships

e .

are noted with (F)

TG 1.2 (Target Vessel Group)
PSS Fall River (CA-131)* (F)

TU 1.2.]1 (Battleship and Cruiser Unit)
Battleship Division 7
(BB-33) (F)

USS New York (HB-34)

Nagate (captured Japanese battleshlp)
M Battleship Division ¢

USS Nevada (BE-36)

USS_Pennsvjvenia (EB-38) (F)

Cruiser Diviszion 23
USS Pensacoly (CA-24)

< w (Cr=-2%) F)
Sakawa {captured Japanese crulser)

Prinz Bugen (captured German cruiser)

TU 1.2.2 (Alccraft Cartier Unit)
Carrier Division 31
V88 Independence (CVL-22) (F)
USS Sacagsoqa (Cv-3)
TU 1.2.3 (Destroyer Unit)
Destroyer Division ]l
USS_Andecrson (DD-41l1l) a
USs Hughes (DD-410) (F)
USS Lamson (DD-367)

C&mm (DD~404)
USS Ralph Talbot (DD-390)

1=-19



TU 1.2.3 (Landing Craft Unit) (continued)

- - LCT Group 1S
- LCT-816
LCT-818
LCT-874
LCT-1078
LeT-1112
LeT=-1113
LCT Group 21 =
' LEeT-412
LCT-414
LCT-812
LCT-705 == P
LCT-1013
Ler-1175 —darqet ship
Miscellaneous Group
ARDC-13
YO-160
YoG-03

TU 1.2.6 (Merchant Type Unit)
Transport Division 91

USS pannel (APA-60)
USS Rrule (APA-66)

Ugs Carlisle (APA-69)

Transport Division 92
USS Batrow (APA-61)
USS Butte (APA-68)
USS Cortland (APA-77)

Transport Division 93
USS Bladen (APA-63)
VSS Bracken (APA-64)
JSS Briscoe (APA-65)
PSS catron (nn-‘d)

i-21

LCT-1114*
LCT~1115*
LCr-1116*
Lcr-1130*
LCT-1132*
LCT-1155*

+aryet ships

LcT-1187+ = darqed ship
LCT-1237

LCT-1268%

LCT-1341%

LCT-1377*

LCT=1415*

USS Carteret (APA-70)
USS Fallon (APA-81)
USS Gllliam (APA-S7)

USS crittenden (APA-77)
USS Dawson (APA-T79)

(APA-83)
USS Geneva (APA-86)
YB3 _Nisgara (APA-87)



Task Grc‘mp- jl.s {(Transport Group) ?‘\Mu.\ %\\
TG 1.3 transported personnel and squipment to thembilgol.oARMAME as well as
evacuated personnel of the Target Vessel Group. It also furnished boats and
_boat crews to the boat pool and furnished two AKAS and two LSTs for the
construction unit and transported and quartered the press and observers. '1'.his
task group was composed of three task units: their respective ships are listed
below:

™ 1.3.1 - Transport Group
Trangport Division 31

USs Bavfield (APA-33) USS Qttgwa (AKA-101)
USS Bexar (APA-227) UsSs _Rockbridge (APA-228)
USS_Bottineau (APA-235) USS Rockingham (APA-229)
LSS George Clvmer (APA-27) USS Rockwall (APA-230)
USS Henrico (APA-45) USS Rolette (AKA-99)
us -817 USs Saint Crolx (APR-231)
USS LST-881

TU 1.3.2 (Press Unit)
USS Appalachisn (ASC-1)

TU 1.3.3 (Observer Unit)
USS Blue Ridge (AGC-2)
USS panamint (AGC-13)
Task Group 1.4 (Army Ground Group)

TG 1.4 was tesponsible for determining damage to selected Army equipment
expased at varying distances from the point of detonation .-3 muutj‘ag the
bombsg' radii of effectivensss. Rach of the operating task units exposed ics
respective Army equipment on certain ships and on Bikini Islahd. Each unit had
inspection teams. Figure 1.4 shows the TG 1.4 organization. These teams were
assigned to target ships and wete ' responsible for loading. securing.

maintaining and inspecting test itens assigned. They also instructed crews of

1-23



each target ship on which test items were exposed. Thess teams were to reboard
s

ships atto%tnts when radiologically cleared and safe for boarding (Reference

XRD~149, p. 3). 7G l.4 was composed of a headquarters and the following six

operating task units:
e TU 1.4.1 (Engineer Unit)
o TU 1l.4.2 (Signal Unit)
© "TU l1.4.3 {(Ordnance Unit)
e TU 1.4.4 (Chemical Unit)
o TU 1.4.5 (Quartermaster Unit)
¢ TU 1.4.6 (Alr Unie).
Task Group 1.5 (Army Atr Group)

TG 1.5, the Army Alr Group composed of provisional Army Alr Ferce Units,
was assigned the miaslon of droppingﬁatonic bomb ABLE on the target array in
Bikin! Lagoon. In addition. it furnished aircraft, facillities. and crews for
photography, weather reconnaissance, aicr-sea reScue, cloud sampling. pressure

gauge drops, and air transport. Table 1.1 lists the Army aircraft used during

CROSSROADS. B-20s and PF-135, which were modified B~-29s, have Dbecone

intermingled at some points in the historical accounts of Army Alr Group T‘;
I3 “ 1
operations. The totals for each shown here are correct by most accounts. n
[T Lo

¢ 1.5 was composed of the following 10 task units (and shown in Pigure 1.5). W

&
TASK UNIT 1.5.1 (TACTICAL OPERATION UNIT). TU 1.5.1 trained crews,
prepared eaquipment for the tests, airdropped shot ABL} set up the ailraearch
N
radar in the Bikini area., and provided radar analyses of practice bomb runs.

It also operated two B-293 that dropped pressute gauges during each test. In
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TASK UNIT 1.%.7 (ARMY AIR WEATHER RECONNAISSANCE UNIT). TU 1.5.7 had three
WB-29 aircraft with crews trained in weather reconnaissance. It flew
long-range weather reconnalssance missions before each test. This unit was

located on Kwajlalein Island.

TASK UNIT 1.5.8 (AIR ORIENTATION UNIT). TU 1.5.8, based on Kwaialein
Island, was responsible for supporting visitors, observers, the press. and
news broadcasters. They flew these groups in twe B-20s and two borrowed C-54s

tc witness CROSSRUADS detonations. This unit was located on Kwajaleln Island.

TASK UNIT 1.5.9 (AIR-SEA RESCUE UNIT). TV 1.5.9 was initially part of TU
1.5.3 but was made a separate unlt before testing started. It had two B-17
alrcraft (called “Dumbog”) for air-sea rescue and provided coverage between

Enewetak and Bikini. The unit was based on Enewetak Island.

TASK UNIT 1.5.10 (HEADQUARTERS., AIR UNIT). TU 1.5.10 contained the command
and staff elements of TG l1.5. It was based on Kwajlalein Island and operated

the task group headquarters. It was algsc known as Hq TG 1.5 (Reference 9).

Task Group 1.6 {Navy Air Group)

™ 1.6 furnished ailrcraft angd facilitlies during tests for aerial
photography and <¢eollection Pf physical data. drone boat contrel, air
transportation, patrol, and air-sea rescue. It was prepared to evacuate
hospital patients by seaplane from Bikini Atoll and Rol Island, Kwajalein, to
Ebeye Island, Kwajalein. In addition. it provided mooring &nd servicing for
Six seaplanes and asszisted in drone recovery by providing radio interceptors

and tracking services. TG 1.5 was composed of four task units based as follows:



Task Group 13 ('Strvtcc Group)

This task group had the following responsibillties:

o Base facilities and services including repalr, fuel,

water, mail service (USS LST-86]1)., general supply.

provisions. hospital, and recreation (USS [ST-388)

o Island commander functicons for land areas of Bikini Atell,
such as policing recreational areas. handling shore

patrol. and controlling boat traffic at landings
© Boat services
© Mesdical and hospltal services

© Quarters and laboratory facllities on USS Pfulton (AS-11)

for the Oceancgraphic Wave Mesasurement Group
o Surveys in accordance with the Cceancgraphic Survey Plan
© Construction in accordance with Logistic Plan
¢ LCI shuttle service between Bikinl and Kwajalein atolls
o Evacuation of Rongerik Atoll population if necessary.

TG 1.8 was composed of the following six task units (Reference XRD 206,

PP. V-(B)-6~-12: Reference 7)
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T™U 1.8.5 (Survey Unit)
- -y8S John Blish (AGS-10)
USS Bowditch (AGS-4)
. UsS Jomes M, Gillis (AGS-13)
T IMB-354
™sS-358
m™s-413
YP-5636

™ 1.8.6 (Construction Unit)
53rd Constuction Battalion

TU 1.8.7 (Rongerik Evacuation Unit)
UsSs LST-871
-8
JOINT CROSSROADS COMMITTEE

JTF 1 was dissolved on 1 November 1546 and 1ts Successor was a JCS
committee, the Joint CROSSROADS Committee, whose task was to oversee the final

puhitsh He Gnal repeorts and gupervisan
test activities, . ieeluding the Bikini Resurvey Operation of summer 1947

A -when ?
described 1in Chapter 6. the Joint CROSSROADS Committee became a
permanent agency of the Armed Forces Special Weapons Project (Reference 4.

p- 1727,

Decontamination activities at Xwajalein and U.S. shipyards following the
tests were under the Jurisdiction of the Commander in Chief, Pacific

e K
Fleet (Reference XRD 206. po-(v')-ﬁ).f-
[N M ’

Te relabienship between was‘:rs'é'nmou Gumed,

ﬂﬂ&l Nﬁ\’:»lps in Jeg.ﬂhm;'\.“.ﬂ '-‘-..,.‘!.'JJ’ QNJ.

Conkrob
coen “\.l\ff'lj o Lo -Q..r-phl'nto‘. brietl here
“$h 1k G Ceveredl later ¢
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CHAPTER 2

RADIOLOGICAL SAFETY

INITIAL PLANS

Proposals to test atomic weapons against ships were made in the late
stages of World War II. but the first discussion of radiological safety
appears to have occurred at a8 »eeting held 8 December 1945, as detalled
planning for Operation CROSSROADS gathered momentum. Among those attending
were the Commanding General of the Manhattan Engineering District, the chief
of the district's medical section, and a Mavy officer closely associated with
the atomic bomd project and trained in chemical warfare technolegy. This
officer became Safety Advisor to Commander Joint Task Force 1 (CJTF 1) and

headed the task force safety organization. The chief of the medical sectlion,
whe aes

an Afmy officer -Aﬂ s medical doctor, became radiological saferty (radsafe)
advisor to CJTF 1 and headed ihlo task force Radiological Safety Section within
the safety organization (Reference 37, pp. 9 and 48-49: Reference 3: Reference

XRD 206).

By 15 December medical officers from the Army. Navy, and Public Health

Service had been selected for training in radiological safety. The Manhattan
'

Engineering District tock responsibility for radiclogical safety as the result

of a meeting on 7 January 1946 between the Jjoint task force commander

designate and Commanding General of the Manhattan Engineering Diatrict. The

Safety Mv:sot’“ Radiological Safsty Advisor and the Radiological Safety

Saction were part of the joint task force from its formal establishment on 1l

* January. By April 15 a radsafe plan was submitted to CJTF 1. The plan was

2-1



purposes of technical advice and instrumentation, it reported to the Technical
Director. This dual chain of command caused no difficulty during CROSSROADS

(Reference 50. p. VII-(C)-2).

The mission of the Radiological Safety Section was (Reference 3, E-II-1):

. » - to protect personnel from the hazards pecullar to the
use of the atomic bomb during Operation CROSSROADS and to
enable personnel to teturn safely to the target area at the
earliest possible moment.
The task force operation plan specified the following elements for the

Radiological Safety Section (Reference 3, E-II-1):
l. Radiclogical Safety Control Unit
2. Radioclogical Safety Advisory Board
3. Radioclogical Safety Reconnaissance Units
4. Radiological Safety Monitor-Advisors

5. Radiclogical Safety Technical Service Unit.
Figure 2.1 shows the section's organization in the field.

The section chief and his staff made up the Radiological Safety Contrel
unit, based aboard ;gsmg‘uxig],cg (AGC-7). the task force flagship. They were to
{1) receive. plot. and analy:; radioclogical data from all sources: (2) control
the radsafe reconnaissance units: and (3) advise the CJTF 1 on the location

and severity of possible hazards. They were also to predict the path of the

radicactive cloud and @- fore shot ABLE.
what s o waler e 7

s

The Radioclogical Bafety Advisory Board consisted of officers of the

Radiclogical Safety Section and nationally recognized experts in radiological

VA

e



safety. The board advised the section chief on the use of oceanographic and
aerological data in predicting the movement of radicactivity away from the
shot sites after the detonations. The board also assisted the section chief in

preparing his reports of the operation {(Reference 3. E-II-l). T ——

Although not mentioned in the Operation FPlan., a Medical-Legal Board to
advise the section chief 1z mentioned in the section's major after-action
report. Its membership appears to have been similar to or the same as the
Radlological Safety Board. After ABLE it considered such problems as the use
of drinking water in the tanks of the target ships, use of distilled water
produced on target and nontarget ships, the safety of sleeping on deck., the
safety of the lagoon and beaches for swimming, persocnnel exposure., and

contamination of nontarget shipsf) (Reference XRD 206. VII-(C)-16)+s

Each radsafe reconnaissance unit consisted of a monitor and designated

assistants. The units were assigned as follows: two for Martin Patrol Bombers

He, HOS-/ .
{(PBMs)., twe for P helicopters., six for, destroyers downwind of the
detonations, three for destroyers upwind of the detonations, six foj‘ gunboats
M

(PGMs) on lagoon patrol: twenty forAlarqo persconnel landing craft (LCPLs) on
lagoon patrol, six forA cloud-tracking aircraft, and two for) drone boats. The
monitors were tc be in contact with the section chief through the control unit

({Reference 3. E~II-1).

Radsafe monitor-advisors were assigned to commands and aircraft likely to

L ]
encounter radlological hazards. The major function of these monitors was to
advise their commands and pilots on radiological safety. In addition. however.

they had & reconnaissance function; thus, they could quickly communicate with



ge®

&
e

Before each test all ships were to have full freshwater tanks. Distilling

plants aﬂd heat exchangers were not to be operated until the Radiological

+hat
Safety Section_declared the saltwater to be used was radiologically safe. If
A A
it s
the appesaras had to b; operated before radiological clearance had been given.
acties)

special monitoring -aetencielr was required (Reference 3, E-IV-10).

Certain general safety precautions applied to all air cperations., With the
exception of the delivery aircraft, the pressure drop aircraft, and a few

others designated by CJTF 1. all planes aloft from 2 hours before the planned

N+ 0.5
time of detonation (H-2) until 30 minutes after the detonation (ﬁ;ao—amvs-y
radlac
were to carrty a monitor w:lthﬁ equipment. The crewmembers of all aircraft aloft

during that period were to wear film badges. and each aircraft was to carry at
least one casualty badge capable of recording radiaticon much higher than

personnel fillm badges. PFor § minutes after ABLE., no lp%l e was to approach
0.1 87 0.5

closer than 6 nmi (1]l km) from the cloud column. From H!ﬁ) to H+9%G~mimueess no

aircraft was to appreoach closer than 8 nmil (1§ km) from the point of

detonation or the radlation danger (radex) sector. It was tc be considered
hazardous for any aircraft without a radiation detection instrument to be
within 20 nmi (37 km) ot:visiblo column or the visible downwind clouds. From
H+!°0‘E-tms to H+30 neuss after the detonaticon. no plane was to be within 30
nmi (56 km) of surface zerc. other than those required for radsafe work. those
cleared by the Deputy Col;nandor for Aviation, or unless the Radlological

Safety Control Unit declared the area safe (Reference 3, P~XII-3).

a

All aircraft, manned and drone. airborne from detonation time (H-hour)
until H+30 were monitored upon landing. Aircraft oil filters and any surface
oll =spots | were to be especially suspect of harboring radiocactive

\s bhis 0.5 ok Cemuw Bouwes?
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Each monitor unit or monitor-advisor was equipped with a geiger counter,
(Model .Number 263) end an ionization meter (Model Number 247). They alse i
carried other equipment. depending on the nature of the mission (Reference 3,

E-II-2 through 8). According to one monitor, the geiger counters proved too

) sensitive and were saturated by radiation much short of that considered

F\wfkq‘ dangerous. Then the less sensitive ionization meters were used to determine
$ - e
« radiation levels (Reference 2, 7-8). “ﬁgﬁwesy
oF eap BEF 0. ‘
TvE m WD eSS

10 Eye protection from the ABLE flash was a major concern. Approved goggles

QS miles o less €rem
were provided to all personnel on ships w the ABLE

A

detonation and to all observers on the press and observer ships. Shiphaaad

PAISODEAl SO Ag=—atabditeafiuyirf g 4 S L AR A L el il i ey

. ]
b Jeggims,. Men without goggles within 30 mmi (56 km) were to turn away from

ground gero, Jlook down at the deck. close thelr eyes, and cover their eves
with their arm (Reference 3. BE~I-1, E-I-2. and E-IV-2). All personnel airborne
at the time of the detonation were tc wear approved goggles and turn thelr
heads away from the blast. In addition, each copilot was to close his eves and
cover them with his arm s¢ that he would be ready te fly the aircraft if the

Pilot was flashblinded (Reference 3. F-XII-S).

In corder to gain access t¢ classified or hazardous areas the leader of a

N
work party had to present _ln‘idontiﬂcation card and a letter of authority.
There were letters for damage control, instrumentation, observer, press, and

radsafe parties, among others (Reference 18).

STAFFING AND TRAINING
When the Radioclogical Safety Section was established in January 1946, its

leadsrs Delieved that 50 to 60 monitors would be needed. Between 20 and 3D l
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would be experienced radsafe practitioners from the Manhattan Engineering
District. Thirty would be doctors from the Army, Navy, and U.S, Public Health
Service. This latter group, including a chemical warfare officer. reported to
Oak Ridge National Laboratory on 15 January for an intensive ll-week course.

what o5 +hls ? = cannst be o pounr pfan*.
The course included the physics of radiocactivity, nuclear plant safety

L. ]
techniques. Dbiological effects of radiocactivity., fleld tralning, and hazards
of ingested radionuclides. Experts from Oak Ridge and Los Alamos laboratories
and from the universities of Rochester., Chicage and California at Berkeley

-guee 1nstruction¥ (Reference XRD 206, VII-(C)-4: Reference 1ll, v-22).

As the Chlef of the Radiclogical Safety Section and his staff continued
work on the radsafe plan., they realized that a much larger group of monitors
and other experts would be required and that these would not be available in
sufficient numbers from the Manhattan Engineering District. To fill this gap.
the section chief called on a number of scientists already returned to
civilian life from wartime service with the government. Few were sager for
another extended period of government service. and they and the universities
or laboratories employing them demanded and received promises of strict limits
on the duration of thelir CROSSROADS szervice. Apparently all wece to be back in
the United States by late August or early September (Reference 11, V-23:

Reference XRD 206, VII-(C)~4).

On 22 March 1946, efforts to staff the Radiological Safety Section were
dealt a major setback when the President announced that th-‘tirst test was to
be postponed from 15 May to 1 July (Reference 40, l). As a result the sscond
test alsc was delayed. These changes raised the prospect that personnel from

colleges and universities would not be back on campus for the start of the
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Training for the entire section began aboard Haven on 1 June as the ship
‘-:un.od for Bikini. It consisted of lectures and work with radiation detection
4nstTuments. Among other subjects, the lectures desalt with Navy rules and
regulations., security preeedures. nuclear physics. human radilation tolerance,
and communications. After about a week, personnel were divided intoc groups by
job: destroyer monitors. alrcraft monitors, PGM monitors. etc. They were
issued instruments, and radium sources in lead “pigs" (containers) were used
to give the men exparience calibrating and reading thelr instruments under a

semblance of field conditiocns (Reference 2, 7: Reference 206, VII-(C)~-6 and 7).

Haven arrived at Bikini on 12 June, and a major radsafe rehearsal. called
fueen Day, was held on 14 June. Two problems became immedlately apparent.
First, because of a shortag; ©f electronics technicians. radios on
Mount McKinley used by the Radiological Safety Control Unit could not be kept
cperating adequately under the heavy load put upon them. Second. 24 landing
craft assigned to the Radloleogical Safety Section were in very poor repair and
thelr radios were worse yet. Only six of the twenty-four landing craft could
participate in this first exercise. and four of them broke down within
3 hours. Neither Mount McKinlev's radios nor the landing craft were fully
ready for the ABLE rehearsal. Thelr first completely satisfactory performance

was on ABLE day (Reference XRD 206, VII-(C)-8).

Apparently leciyres or other formal radsafe procedure indoctrination were
@-t of the officers and men of the task.force (Reference

not provided t
2., 110-114). Most of the scientific personnel collecting data on phenocmenology
and blagt effects were probably fairly well versed in radiation safety from

thelr service with the Manhattan Engineering District. Units designated to
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maintained. Clouds had to be at & minimm for the ABLE airdrop to allow the
bonbatdi‘or—- io see the target ship. Wind direction. not only near the surface
+o

but up to 60,000 feet (18.3 km) hadAh such that it would not carrcy fallout

over the task force. Moreover. wind direction had to de fairly steady so that
a sudden wind shift did not present a hazard. Tropical metecrology was not

well developed at u:ht time, and detailed data of past weather patterns at
&
Bikini were lacking. Pac:ing forecasting requirements for CROSSROADS posed a
a .

major challenge.

The official forecast issued the day before a planned detonation and used
as a major element in the decision to proceed included: the amount in tenths
of sky coverage of low, middle, and high clouds: the altitude of the base and
top of the low clouds and the altitude of other cloud layers: preclipitation if
expected: the wind direction and velocity in %,000-foot (1.5-km) increments
from the surface to 60.000 feet (18.3 km): helght of the tropopause: and

visibility. temperature. and relative humidity (Reference XRD 207, VII-(0)=17).

One of the task force's twc senior weather experts saw the prospect of a

nuclear detonation under unexpectedly undesirable weather conditions as “em.

cfufrd/z Ju{mxs. v X
" v* He noted that (Reference 9, 136-138): in
We are dealing with an all too possible nightmare when we ‘fj“
consider the equivalent of tons of radium floating loose in 7
the atmosphere in ‘deadly concentrations. To guarantee that
the tests would not be suicidal. it was necessary for
asrologists to make sure that the winds at all levels up to
the base of the sttatosphere would be in such a direction as
to carry the contaminated atmosphere away f£rom personnel
participating in the tests.

T VN PEDVLE THOT THEARY was TN

The task force commander put it more bluntly: “Our weather forecast . . . was

not just a matter of 'fair and warmer': it was a matter of life and doath"

(Reference 9, 136-138). | Shod 0(14} ’? 6%

| no¥iag [atk 7 /Fe
E S 7 conlan, apreA  on 90
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morning's decision or alter it (Reference XRD 207, VII-(0)-9, 11, 13, 1a.

17-19). -

RADIOLOGICAL EXCLUSION AREAS
S
To teduce the chance of exposing task force petsonnel to radiation hazard,
several gecographic areas were defined to which access was /!orbiddo" or

— e
S

restricted (Reference XRD 206, VII-(C)-9). i

1. Radioclogical Danger Sector {radex). Thizs was the
,,-" forbidden/alrspace above a sector bounded by two bearings
j drawn from the target and ’by an arc whose radius

increased with time after the detonation.

2. Surface Survey Sector. This was a forbidden surface area
outside the lagoon. It was bounded by two bearings drawn
from the target, by the 1islands of atoll on the side
toward the target, and by a radius that increassd with

time after the detcnation.

urrbuntjeob
3. Red Line. This line fouﬁ-d/\tho lagoon area within which
no vessels were allowed to operate. It was defined by

mltolma.l

1l R/da%masu nts.

4. Blue Line. The blue_ line was defined by 0.1 R/day fhcﬁs'o’-élccﬂ.
measurements. Vﬁnls could operate in the lagoon area
specTied )
between the Blue and Red Lines only for specific periods oF Fime = ./

L
with permission from the Radiological Safety Control Unit. A-ua_ ship
could. operede outside +Ha Blue Line.
5, Anchorage Area Able. An area in which ships could anchor,

provided they were ready to get underway on l-hour notice.

6. Anchorage Area Baker. An unrestricted anchorage area.
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4.- .Thirty-three personnel were to act as monitors for the

-

target ship crews when they reboarded their ships and as

radsafe advisors to the ships’' captains.

Monitor duties were basically the same for ABLE and BAKER. PFor BAKER.

however., monitors wers admonished to (Reference 3, E-X-16):

+ « » frequently check radioctivity of various parts of their
own ship or craft including underwater hull and all intakes.
particularly condensers., bollers and other places where there
may be a concentration from contaminated water.

Because the cloud was not expected to rise above 15,000 feet. the
definitions of radex and Surface Survey Sector were changed -lo that no real
difference betwesn them existed (Reference 3, E-X-3). Both names were
retained. however. since operational personnel were familiar with them. The
definitions of the Red and Blue Lines remained the same, but a few special
salvage vessels with senlor monitors aboard would be allowed to operate
independently between the Red and Blue Lines. The definitions of the anchorage
areas remained unchanged, but a boating area was established where
unrestricted movement of small boats was allowed. By implication, small boat

traffic beyond that area was more strictly controlled (Reference XRD 206,

VII-(C)-18), .

I

As before ABLE., training was an important feature of the radsafe
organization's activities. MNewly arrived monitors were gi\:on instuction by
experienced hands. Dally communication drills were lwld from the Radlological
Safety Control Unit using the PGM, LCPL, and drone boat circuits. On July 16
the Radiological Safety Control Unit held a drill on Mount McKinley to train

new members of the unit's expanded staff. On 19 July the entice radsafe
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VYD WrtLe SECTIoN  RED0WeES Mot fedstil

organization participated in William Day, the joint task force's rehearsal for
muum‘. B30 .that radsafe personnel would not be caught unaware by major m
hazards, they met on several occasions with scientists in charge of the BAKER
test--and wers briefed on the expected results (Reference XRD 206, VII-(C)-17).
The monitors met with the commanders of the LCPLs and PGMs between William and
BAKER days. Two more communications drills were held and by 22 July all

radsafe perscnnel ancd equipment were considered ready (Reference XRD 206,

—(C)- ia. +rannea jump
VII-(C)-18). '\\ 63' \_;_ ,(J
\U, :Eal é;lg} Y
TARGET VESSEL DECONTAMINATION AT BIKINI m“m‘,(w.ﬂn

Five target vessels, the attack transports USS Bladen (APA-63) /l

|
USS Cortland (APA-75), L&_u*mu (APA-83), USS Geneva (APA-86), and

.
"‘;‘ﬁ' uss mga?g (APA-87), were on the outer fringes of the target array and were @VL/
vk previde spectfic aln,.s and bimrs

:‘h}? not heavily contm%d by the base surge. Within a few vheotvy crews mrj
L]

‘,9 able to reboard and begin decontamination work (Refe XRD-185, 4 and 10.
Yoes® St en drurige rbs dhat Btg Frangiden jump tn= provide mare
aw’ “Heferences 14, 15, 16, 17). y e et

:.\:cl vk rehurn unkil BeS or 8406 ":llur" u'c‘n; whad pene

“ap wnd -I-Uq:.fq r paried,

Although the contamination on these ships' weather surfaces was not
«w% gufficient to prevent reboarding and cleanup work. they were found to have b

contamination on the outside of thelr hulls at the

e e N

‘.‘-“‘"r radicactive particles could lodge, and chemical reactions bonded the® r
“l

waterline. The rust and marine growth there offered many crevices in uhich\

#
,*15
o7  contamination to the hull and the marine growth. / lll“d.'ﬂ

.

On Geneva. this contamination caused radiation levels in excess of 0.1 R ‘Saé'

per day inside the ship at the waterline and prevented continucus occupation W 7ha

of those spaces. Radsafe monitors told the Nilaqare's crew that no one was

, g
permitted closer than 5 feet to the ship's hull in compartments below the \..hia



radioactiv!gy led to a decision to use foamite and saltwater until a better
method was devised. The foamite and saltwater method. however. could be used
only after waiting for the Jlagoon water tco become virtually free of
contamination. Radiocactivity from the lagocn would itself contaminate both
target and firefighting ships. Moreover, because the foamite and saltwater

method yielded only incomplete results, & search for better methods proceeded

apace (Reference XRD-185. 5-6).
™ W Ko

At a mesting on 27 July, the DEM - rently Jasked the radsafe group to
study the decontamination problem. They selected pileces of contaminated
equipment and blasted them with ground corncobs, coconut shells, barley, rice,
ground coffee, rice hulls and sand. Sandblasting worked best, but it was not
suitable for general decontamination of the 80-plus vessels of tl;le target

fleet (Refesrence XRD-185, 6-7).

Observation had revealed that most radicactivity stemmed from radicactive
poro-s

material collecting on palnted or rusty sucrfaces., or on exposed edgamie
materials, such as canvas, liferafts. manila lines. swabs. brooms. wood decks,

cawnix,

and tar and ghalk used to plug seams. On 28 and 29 July. the DSM conducted a
small-scale laboratory study on paintad wood, steel, and canvas using socap
powder, lye., and naphtha; acetic, hydrochloric., and sulfuric acids; and flour,
cornstarch, activated charcoal., and sandblasting. Removal of the outer laver
of paint or removal of the rust proved to be an effective. 1if laborious,

approach. Apparently only acetic acid worked on canvas (Reference XRD-185;

Reference 2, 109).

From 28 through 30 July large-scale experiments were conducted on USS Tuna

(85-203). a submarine used as a target vessel. The submarine was sprayed first
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6. K-rations and water in canteens for decontamination crews

{ - were to be brought aboard dally

7. Radiclogically dangercus areas were to bc clearly marked

\5‘“‘“5 1*
necessary. ro off. \iwe Jopic becaurs -
'ﬂl\—‘& and, 1if ry ped !f. 13\""’ ald bhe .J.n'? y
qom\-t‘{" TWS MOST B8 Fwrt AE resl! s m‘%

found in samples taken from the Pprinz Eugen (IX-300) watdroom. Further

believed likely to remaln in a person's body once they had entered. dersawjial,
'T;oy could be detected only by special equipment on Haven. rather than by the

- monitors' portable radiation detectors. (PIOU‘A-&- rc&rcnt*-\ .

Special clothing and intensive training would have been required 1f work

wA$
on the ships «esre¢ to continue.

m—i""
'_ai r\L % The head of the

"" \a J.radsafe section recommended, and a decision was made at a meeting on 10

\&
33' August., ceasing decontamination work on the target ships. Only recovery of
instrunents, limited surveys. salvage work. and towing preparations were to be

allowed (Reference XRD-185, 13: Reference 5, 2). Thio seuion — .L
A(‘CJS ‘o be Q'Ffl'""“"- Dﬂ-eon+' s-l-nr-h.J -u,-nq absut "3 A'Ha. @~
contiawed antil ghiss were fowal 19-25 Aug ,

Contamination made it difficult to prepares most target ships for movement

to Pearl Harbor or to systematically study the damage they had sustained. A
L ]
series of decisions resulted in towing 31 ships to Kwajalein beginning 19

August. By 5 September the last of the target shbpo atloat had left Bikini

(Reference 53: Reference 41, 1; Reference 42, 1). Ha # of ﬁ"ﬂ-"
Had sanlc at Bikini aned were
nod dowed do Kwei.
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approved rate was 75 or 80 percent (Reference XRD-185, 19: Reference 24). To Dw

S oL (Y
remove e of the contaminated scale, ships were to use thw “cold-shock” "’l ?

treatment (Reference 24).-'1‘0 decrease the formation of new scale, ships were
ordered to introduce a mixture of boiler compound and cornstarch- continuously

into the evaporators (Reference 7). = Discuss ships J*f"“‘?‘ e !.?“"

ckqn'.?_ sides qnel ¢ vmparnders, %
These measures reduced the radiation level inside most ships to 0.1 R‘day
gamma radiation or less. To keep the levels down, the ships, where possible. ‘Rj“i
ware kept in water showing 0.001 Rﬁday gamma or less. Numerous exceptions. for
however, were necessary to carry out the dutles of the task force, Ships used %

for salvage. radsafe., and survey work sometimes needed to enter waters with ‘

higher levels of radicactlivity. The contamination processes led. on occasion,

epplain -
to evacuation nnd of a ship until the 1ntorna/1\ radiation decreased to
T
the permitted 0.1 R per day (Reference XRD-185, 20). ﬂmm@
¥,
DALS Db TS
e TIPS

> which skigs beried PCAs on at.-uﬂnha_. S’:ﬁh:.::&-\w T WKS
on 11 August, CIJTF 1 asked the Chief of Maval Operations for permission to
shift the task force's base to Kwajalein. He assetrted that the tendency of
ships to accumulate radicactivity, especially in their evapcrators and in the
marine growth on thelr hulls., mandated leaving Bikini. He emphasized that no
hazard to Kwajalein would uksult and that preparations for CHARLIE (the

anticipated third CROSSROADS shot) would not be compromised (Reference 57).

on 19 August the task force was ordered to shift base to Kwajalein.

-
Nontarget ships that had reentered the lagoon were monitored before departure
and given conditional operatiocnal clearances. subject to safety procedures to

meet each ship's condition. Most were restricted on the time personnel could
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4. Avold exposing personnel to fumes or dust from welding,

cutting, or other work on contaminated saltwater sucrfaces.

He alsmo recommended the ships be examined at San Francisco or Peatl Harbor
to dstermine thelr exact radiological status and to indoctrinate crews in

proper radsafe procedures (Reference 20).

CJITF 1 concurred with the position of ComSlervPac. He argued, however, that
ships in the western Pacific should return to Guam for radiclogical
examination. He advised that JIF 1 was organizing a monitoring group for use
at San Francisco. Pearl Harbor, and other ports as required. He recommended
that docking or yard work on the affected ships be avolded until they had been
monitored and declared radiologically safe. Finally. he suggested that the
same precautions be applied to small boats carried on the ships as te the
ships themselves (Reference XRD-185, 22). The Chlef of Naval Operations (CNO)
on 28 August directed cosmpliance with these recommendations and two days later
ordeted all small boats found radiologically unsafe sunk in deep water

(Reference XRD-185, 22-23: Reference 21. 1).

OTHER RADSAFE ACTIVITIES

Although monitoring the radiological situation of the target and support
ships wos the focus of radsafe ;lork at Bikini after RAKER. the radsafe section
had other work also. Mohitoring the radistion level in lagoon water was a
major effort (Reference 2. 100). Monitors accompanied sclentists collecting
fish, coral, and samples of the bottom. Information is not available on the
radiation levels of these samples: however. a monitor with a collection party

Ay WHT LINEA)

on 9 August found the first bottom sample so radicactive that in panic he

ordered 1t pitched over the side (Reference 2, 108). Trie ‘\"P"I—"'& b<
fﬁw‘fh'f‘l or J'.-"Cu‘

2-29 +Hha '0"9'3»" WG e
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on 10 August to secure npp‘roval from the c:.bn. Navy Bureau of Personnel., and
the Navir‘-sﬁrgoon-cnmul for the program to ttain 100 new monitors. JIF 1
would set it up. He also indicated that these new radsafe personnel might be
nesded to help monitor drydocking of task force ships returning to the United
states (Reference 54). Most ofAudsafn personnel left Bikini for the United
States on 16 August aboard USS Henrico (APA-45), leaving a much reduced
radsafe ocrganization on Haven at Bikinl to continue radsafe work there
(Reference XRD 206, VII-(C)-24). Personnel traveling on Henrico probably were
mostly civilians returning to their campuses and laboratories or military
officers at the end of their terms of service. Under discussion by 20 August
was a proposal to add 25 members of West Point's class of 1946 to the group to

+
undezgo mmonitor training (Reference 55). 'rh;v;:"ninmg program was

held £rom
Se—Blarr—om

o 1® Oclaber

potential radsafe needs creatsed by test CHARLIE disappeared, however, when

—
9 Soptnbﬂ; at the MNavy Department Iin Washington.,/ with field work at
amogoerdo and on the target sh eirld(aikini. After their k‘

T
training, the new monitors ..‘4'&4_4- assigned to JTF 1 (Reference 33). The l.

President Truman cancelled that test on} Septenber. [ ﬂ
NTPR. doubts +his =~ no TOY srders ever locatedra 70 Cours L
7” :"; doo thort £or such mewh d+ruve| and @cfjuidirs,
RADIOLOGICAL CLEARANCE OF NONTARGET SHIPS QPR GAMOW-TM Sumé Cobiups—
WENT 10 WA « BUT NOTRA- {

CJTF 1 dispatched his Chief Medical Officer to head the program for giving
tadiological clearance to nontatget vessels. On 26 August the medical officer
established his hoadquartors. in the offices of the District Medical Officer
for the 12th Naval District at the San Francisco Navy Yard. He sncountered
immediate difficulties. Radsafe monitors were not available .at San Francisco
in numbers sufficient to check the many ships expected to arrive in the coming
weeks. Monitors were drawn from the ranks of those who had served during

CROSSROADS and from the radsafe organization at Kwajalein. but at some Cost to
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the presence of alpha emitters. Encouraged by the low readings, the medical
otﬂc.tr-g;v-'o permission for overhaul work on USS Walke (DD-723). USS Barton
(DD-722). U85 Lowry (DD-770). and Laffeyv. except that work involving the
undsrwater body or saltwater plumbing had to await the arrival of sufficient
monitors. A decontamination center was established for yard employees working

on the ships (Reference XRD-185, 28 and 32: Reference 36. 84-85).

In late August and early September concern increased in command circles
that unless a means could be found to service the underwater hulls and salt
water plumbing of the nontarget vessels. they would eventually be rendered
useless. On 9 September 1946, the CJITF 1 sent a message (Serial 079) to
commanding officers of all nontarget ships suspected of being contaminated.
His purpose was t¢ make then aware of the discussion in progress, to summarize

on

safety precautions., and to give information f the clearance procedure under

development (Reference XRD—-185, 125-145). His message. however. did not:

l. Establish decontamination procedures or a plan for

developing thenm

2. BEstablish the final tolerance level for alpha emitters,

the alleged principal hazard

3. Assign responsibility for decontamination and final

clearance.

CondlestSeaFron on 11 September recommended to CNO that Iughost priority be
given to providing staff for the JIF 1 Medical 0Officer. Buships have the
respongibility for developing decontamination methods, and the DSM be
dispatched to the west coast as BuShips' representative. On 13 September CNO

advised that ComilestSeaFron and BusShips had been assigned the responsibilicy
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reasonably wel)l by checking its fission contaninatyon with a geiger counter.
rakinﬁ ialiaiu for laborateory analysis was UNNACeSSAry. lysis of the filter
samples taken while sandblasting portions of Laffev's bottom showed no
detectable plutonium. Using the ratlio of plutonium to fission products to
calculate the amount of plutonium there led to an estimate that a worker using
a respirator would have to spend 100 million days sandblasting to inhale a
dangerous amount of p:lutanium. From this came the concluslion that ships up to
100 times u contaminated as Laffey could be sandblasted without exposing
shipyard personnel to a lung hazard. Filter sanples collected during welding
of contaminated saltwater lines also revealed no plutcnhium,. Calculatlons using
the plutonium-£fission products ratio indicated an individual would need to

~weld for 1.000 days to accumulate a dangerous amount of plutonjum in his body.

These preliminary findings | - Anontarqot ships of JTF ]l ¢ould

be dscontaminated and overhauleq without radiological hazard to personnel

1S “ppeanED” & Ditert quoter)
\FNT ) )eutte § S Skewed”

About 20 September, the DEM left San PFrancisco for Washington, D.C., to

{Reference XRD-185, 32-33).

present the findings from the decontamination experiments to higher authority.
In Washington he prepated a directive setting forth the decontamination
procedurss established up to that point. Issued on 24 Septesber as a joint
BuShips-BuMed speed letter, . it included authority and directions for
decontamination of wapout':ou: heat-transfer apparatus, exXcept condensers:
undecwater bodies: and ships' boats of all contaminateqd ships scheduled to
temain in the active fleet. Members of each ship's crew i:-u to clean the
evaporators and heat-transfer spparatus as soon as practical. Undecbodies were
to be cleaned using standard wet sandblasting methods at the time of a ship's

next scheduyled drydock perlod. Debris from cleaning the evaporators and
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with 1. fe discutsed
b f’ T35
approximate ratio of plutonium to fission products. but no radsafe expert of
{ rocogiuzog' teputation was ready to declare that a geiger reading of 0.1 R per

day or less assured protection from the plutonium hazard. Consequently,

although ssilors on the affected ships and shipyard workers in the four naval
districts presumably were to begin decontaminating and servicing the nontarget
vessels. the criteria for when they should start and when they should stop
were not firm (Reference XRD-185, 41). In addition, more and more task force

ships wers reaching the west coast esach day, and noe work whatever had been

AWt WASNT
"nied,

ks MAST CoNTMAN

authorized for the decontamination of suspect vessels ;?Mulod for

. W pladopiam_ roand o,
deactivation or disposal. pé
My AN A)‘E}Zd' V/ F

Consequently, BuShips called a conference in San PFrancisco on 1 October to

VR ED VT ATV

grapple with the problem. The decision was made to study contamination of
¢ -
USS Rockbridge (APA-228). It was Aﬂn most heavily contaminated shu‘:i te arrive

L TE(L-. ReSux s
v

in the area. and it was of a size and type judged suitable for a detailed
study of wide implications. The hope was not only to improve the accuracy of
the pluteonium ratio, but particularly te determine the total amount of
plutonium on the ship. The figure could then be used as the basis for the
neaded standards. Numercus samples were taken from the ship and sent to the
University of cCalifornia for analysis., but the University's facilities for
radiochemical analysis were sufficiently limited that weeks would pass before
the results would be avallable (Reference XRD-185, 41 and 45-46).

while awaitin
m:tmiq—ﬂi-&ng—mn the results of the work on Regkbridge.

BuShips in Washington. D.C.. on 10 October proposed a set of contamination
a\geustiens
limits. After negesdations between naval and civilian radsafe experts on the

west coast and BusShips and BuMed in Washington., the final clearance standard
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3. Por underwater body - .05 R per day, gamma plus beta.

0 development of ’
During the WA clearance standards, work had continued at the

San Franciscc Naval 8hip Yard on removing radicactivity from condensers and
satisfactory methods had been worked out. On 22 Nevember., BuMed and BuShips
jointly issued a letter giving agreed-upon decontamination methods and
clearance standards that superseded all previous directives (Reference
XRD-185, 57-58: 49 Reference XRD 187, 30-51). Minor changes were made on 17
Decexmber (29). On 1B December results from tests at the University of
California indicated that decay rates of gamma itters were much greater than

which meant Heat erposures would hbe tess -l-ka..-)pnwlousl& e,;/n-k.d
had been ualiz«}\ This apparently led to some revigion of the ‘utanco

rod clearly indicated in' Sources.
instructions, but 3just what happened ls Wm
[ STPNIES 2 2 e o B A R T e Y o T e S Y

(Reference XRD~-185., 60~61).

By 1 January 1947, 80 of 159 nontarget ships had been granted final

radiclogical clearance (Reference XRD~185, 59). On 28 February, the statistics

on clearance of non-target ships were as follows[ (Reference 29, 3): — Thaat
relerenct s dated Det, 7, L9496 - Aow Xy
reqarding. 19947 events?
Ships with final clearance, including
15 not exXpPOoSed ......c.icisresctreorsnsacscessrssanarscnsnsas 12B

TE  provde info

Ships with operational clearance and
recommended for final :clearance ........... 4

Ships with operational clearance but
requiring more woark £or final CleaAr&nce® .......reesvenencanan 3

Ships without elther Clearance .......ccieevivernrenanenvesesss 22
Nontarget ships destroyed Since BAKER ........cvctencoansevnne &
TOTAL 159

In late February 1948, four nontarget ships were stil]l without final clearance.

tolendil ey verstls and chein l‘eq"'ion(s). when
did Fae -Flnq”a— 2345+ +heir c:vqrant“?
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FOLLOWUP TESTING OF PERSONNEL, ag)

On 18 May 1947, 'DPlood countz’were ordeced for all Navy personnel stil] on
active duty who had taken part in CROSSROADS. All those who had abnormal
counts were to be subjact.pe. :otu& The assistant chief of BuMed

characterized the testing as “a routine follow-up of naval petrsonnel for
information only" (Reference 59). fris HPI”‘U J‘h("'; I'I”V/"’

Y e >, ‘anid/ /‘f‘n
m/'l/ldlff' CXPOSNICS  [a rAE Y. S. Fo Janm n%

had iadicdel YHaO 4 Md'/‘,'!,’("f{& fﬂﬁzfﬁ; > ""‘f -

qu(kfl' Ky AAJ T Jdircwss 5a detad e

redura o‘;uj—ur,e-f qa\J N”.,l shipr Ho Icuqu,/f,',,
or ++¢ U, S':A Fubseyuent dar dleconiymination /rocecf«ﬂ-
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10. Pespatch 0323002
CJITP-1
3 August 1946
NA, MMB, 174-35]1-241

11. "Nuclear Warfare and Radiation Safety: The Opening Scenes”

Chapter Five of Elementy of Controversv: A Hisgtorv of Radiation Safety
ip_the Nuclear Weapons Testing Program (A Draft)

B.C. Hacker

27 June 1982

12. Heads of Components under the Technical Director

NRA, mv 374"'41

13. M

ot foy '
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NNTPR
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April 1981
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NNTPR

October 1981
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NNTPR
16. ato o) S Geneva ~-86 tion 046)
NNTPR
August 1981
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NNTPR
17. History of USS Niagarg (APA-87) during Operation CROSSROADS (]1946)
NNTPR
May 1981

NNTPR

m W A,p.gg_u ) ,-q,w‘st an.ol-f
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4 Aprii 1946

NA, B, 374

27. i
B.0. Pollard
Radiological Safety Section

JKwajalein
Msw-n July 1948
NNTER
28. pespatch 090953z
cITe-1

9 August 1946

NA, MMB. 374-51-242

29. 1o 1 [ o

Nen-Targes Vessgelg
T.A. Solberg and C.A. Swanson

Buships and BuMed
17 December 1946

NA, MMB, 374-47-115

alie Auy His

fo SROADS

30. cl re A to Radi ica tatus of Bikini Non-Ta t Vessels as o

28_Febuary 1647

ConmvestSeaFron
San Francisco, CA
4 March 1947

NRC, MMD, 313, Red Box 4237

31. Rediological Safety
F.T. ¥inant
Amnunition Disposal Unit
Kwajalein
1l November 1946

NA. MMB. 374-47-115

32. Badiclogiqal Gafety Section: Weeklv Report of Activities

R.7. Hadeer

Radiological Safety Section
Xwajalein

7 april 1947

2-45



41.

43.

44.

45,

46.

47.

48.

49.

Fr.G. Fahrion
Mvance. Echelon JTF~1
2% August 1946

NA, MMB, 374-47-101

e ———— e .

F.G. Pahrion
Advance Echelon JTF-1
8 September 1946

NA., MMB ’ 314"47"101

weekly Report for Week Ending 14 September 1946
F.G. Fahrion

Advance Echelon JTP-1
15 Septenber 1946

MA., MME, 374-47-101
|1 i 946

F.G. Fahrion
Advance Echelon JTF-1
21 September 1946

NA, MMB, 374-47-101

or Week ng S @

F.C. Fahrion
Advance Echelon JTF-1
& October 1946

NA. MMB, 374-47-101

o Kk &

F.G. Fahrion
Advance Echelon JTF-1
13 October 1946

lﬂ- m- 37"‘41"’101 ¢
¥eekly Report for Week Ending 19 October 1946
F.G. Pahrion
Mdvance Bchelon JTF-1
20 October 1946

NA, MMB, 374-47-101
See XRD 85

See XRD 187
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59. “New Blood Tests Ordered For Men Who Were at Bikini*

28 May 1947
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CHAPTER 3
o CROSSROADS EXPERIMENTAL PROGRAM

INTRODUCTION

In late 194% and sarly 1946 several confersnces were held by the Manhattan
District Project with the military Bervices. It was agreed that the

experimental program should do the following:

O Gather data on the nature, range., and duration of

radiation danget

o Gather data on bomb efficiency., burst location., wave

formation, and ship movemsnt

© Gathsr data useful to ship designers and ordnance
designers in assessing damage from and designing

protesction against, nuclsar weapons

© Gather data helpful in providing counterintelligence mwans,

As a result, CROSSROADS had two experimental programs. The first was meant
te determine nuclear weapon ;effects on military equipment such as ships,
planes, supplies. and on animals. The second was Meant to NeASUre wWeapon
phenomsna such as bdlast. heat, radiation, and wave action. The ABLZ and BAKER
tests were not weapon development tasts: in fact, the bo-:n used wvete wvery

similar to the one dropped on Nagasaki, Japan.

The Deputy Task Force Commander for Technical Directien had responsibilicy
for the expsrimental program and to accomplish this had two major slements

-]

LA il e L R gE i S, W M oama e e TR Ve o v‘h‘”’W
& vt
A



under his supervision. The Instrumentation Division was respensible for
measuring and recording weapon diagnostic data (blast. hest. radistion. etc.).
The plan to measure and record the weapon's effects was .brom down into
numbered programs. categorized and described in Table 3.1. The Ship Material
and Inspection Division wunder the Director of Ship Material (DSM) was
responsible for determining the weapon's effects on military equipment. The
program to determine weapon's effects on military equipment was not organized
inte numbered programs. It will be discussed Dy addressing the
responsibilities of the various groups within the Ship Material and Inspection

Division (Reference XRD 206, Part I1II, p. Cl).

EFFECTS DN MILITARY EQUIPMENT

This program was supervised by the D3SM. Figure 3.)1 depicts his
organization. the Ship Materlal and Inspection Division. containing both Ammy
and Navy elements. Responaibilities included preparing the shipg, alrcraft,
squipment, supplies. and animals for esach test: determining the exact cause
and extent of damage; and decontaminating the ships and material after the
second test. Duties included distinguishing between damage caused by the
direct effects of the explosion and damage caused by indirect effects such as
fires and flooding.

13

The DSM set up a two-phase program to accomplish his miszzion. The fircst
phase was readying the target ships, aircraft, and equipment. This phase
included conditioning. loading. instrumenting. aspecially preparing specific

‘N:&:‘h‘k| ' euch v
lquipmnt.A rifig. and anchoring the test :hipsA The second phase of his
program was the Iinspection of ships., aircraft. and equipment after esach

detonation. Detalled instructions: were published to provide the necessary



Army Coordination

- Figure 3.1, Organization-Ship Material
and Inspection Division
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only. Sample kits of food and clothing were stored in normal storage spaces
aboard Nevada. UBS Arkansas (SB-33), USS Carteret (APA-70), and USS Saratoga
(Cv-3). Test lots of over 150 items of food and clothing were exposed on the
decks of 11 target vessels. Fileld equipment, lubricants and fuels wers exposed

on four tank landing craft and on the concrete drydock (ARDC-13),

Alrcraft parts weres placed on the decks of target ships. Several types of
wing panels made of various materlals were secured to the decks. In addition.
wing tanks. stabilizers. & P-47 fuselage, an altimeter, and several fire
extinguishers were expcesed. No air equipment items were expcsed on BAKER test

(Reference XRD 208, p. 7.10).

Navy Bureau of Asronadutics Group

This group was responsible for providing, exposing. and inspecting Navy
alreraft and aeronsutical eguipment. It alse provided special instruments to
ba placed in the Navy PFSF aircraft drones to determine radiation intensities
and blast effects. Veloclity and acceleration gauges were installed on various
target aircraft located on the target ghipe. The group was berthed on Wharton
and URS Averv Igland (AG-76). They were evacuated the day before sach shot and
returned to the lagoon the afternoon atmh?j? v:h:: ~,I"r:s w:‘mn ‘:2‘ otjujaprer_x:' .
compenced on 2 July for ABLE and 30 July for m.Nuv_—‘ d:onc
aircraft ewwesiow-tesbbandasonitdens were resmoved from the aircraft after they
landed at Rol Island, Kwajalein., and aircraft were inspected for damage

L}

(Reference XRD 208, pp. 3.51 and 7.8).

Mavy Bureau of Ships Group
This Bureau of Bhips (BuShips) group was responsible for preparing target

ships (and certai to determine effects of the bursts on the
51'1"01» the elfecis +Hhad m—s‘-r'ﬂ‘-
f's Wt & ffa_f-uu..l for .



Navy Bureau of Ordnance Group

m’ﬁuruu of Ordnance (BuOrd) group was responsible for obtaining and
exposing naval ordnance equipment and for appraising the damage after each
burst. The ¢roup was organized into six sections: fire conttol, gun mounts,
esxplosives, aviation ordnance. underwatsr ordnance, and armor metallurgy. The

group was berthad on Wharton.

Its personnel were evacuated from Bikinl Lagoon the day before each shot
and reentered the afterndon after each shot. Inspection of equipment after
ABLE shot was easily and quickly accomplished, but excessive radicactivity
after BAKER severely restricted activities (Reference XRD 208. pp. 3.52 and

7.10).

Medical Group

DAMAGE CONTRCL SAFETY SECTION. This was one of the two sections in the
Medical Group. Its personnel were to reboard target ships with the initial
boarding party and evaluate and reduce nonradiological hazards to boarding
parties, Hazards that had to be addressed included mechanical (falling
objects, slippery decks, weak ladders) drowning. fires., steam, electrical
shock, chemical hazards. and amnunitlion hazards. The section trained
sxtensively and then trained meabers of designated boarding parties both on
the U.8. west coast and at Bikini. There were no incidents on either test day.

This section was berthed on URS Haven ( -}g) (Reference XRD 208, p. 3.52).

MEDICAL RESEARCH SECTION. This section was responsible for the biological
ressarch program, which involved exposing animals., seeds. bacteria, and
madical and dental materials. and for studying the resulting damage and

injury. Principal animals used were pigs, ‘goatl. guinea pigs., rats. and mice.
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S Figure 3.2. Instrumentation Division
(Adminigtrative Organization)
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returned to the United States with most of the EKlectronics Group pecsonnel.
The ﬁnmnt Repair Unit also remained behind aboard ¥harton and Haven to
repair and maintain radiac instruments (Reference XRD 208, p. 3.43: Reference

e

Army Atr Group (Task Group 1.5)

In addition to 1its several missions as fask Group (TG) 1.5, this group
carried out blast and radiation experimerits{using B-17 drone and B-29 and P-13
aircraft. The drones were equipped with flight mlyicrs that recorded
acceleration, airspeed, and overpressure. Indicating accelerometers were used
in a television-telsoetering arrangement. Upon landing at Enewetak the
instcumentation was removed for analysis. The drones wers monitored for
radiation and inspected for damage. The B-29 and PF-13 aircraft had similar

instrumentation except for the television system.

Ship Material and Inspection Division Personnel Exposures

Table 3.2 shows the exposure received by personnel in sach of the groups.
The Medical Group was separated into two sections, the Damage Control Safety
Section and the Naval Medical Research Section. The highest exposure in the

Directorate for Ship Material was @’ which was reccorded by & Bureau of

Navy Ships civilian (Reference XRD 208, p. 3.48). srovide "‘Jﬁ"a. dataa
' o bM& St
. NOT ReRtet evlaTive ofF
NUCLEAR WEAPON EFFECTS UU_ perach
[ ]

The program to measurte and record the various effects produced by the ABLE

and BAXKER nuclear detonations was the responsibility of the Technical Director

who headed the Instrumentation Division. PFor control reasons the Technical
Director set up an administrative organizstion (Figure 3.2) and a functional

organization (Figure 3.3). The adminstrative organization was used for
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personnel assignments. Rosters of personnsl were maintained using

-organizational Dbreakdown. The functional orgsnization was used for groug

sxperimental projects. Table 3.1 and the functional organization in rig
3.3 show the similarity between the programs. Over 130 projects
ansocisted with Programs II through IX. Appendix /f lizts these projects
title and shows which group, by number, in the Instrumentation Division

tesponsible.

Table 3.3 pressnts sxposure Iinformation for the groupes 1in
Instrumentation Division. The total of three personnel assigned to
Dicector's Office appears to he incomplete: however. the others apf
complete. The reason for the total of one in the Army Air Forces (A
Instrumentation Group is that its personnel came from TG 1.5, Army Alr Gec
The Resmote Mesasuremants Group is not shown in the table boca;.xn its perseor
were not present in the Bikini area and had no one badged during CROSSRON

The highest exposutes recorded were for personnel in the Radiological Saf

_§ﬁ:' These wers the personnel who monitored the contaminated ships and ot
L to determine danger IMIJ.AM ni exposute in this group was recor
r 1y

(,. Vi | B+ Lh maniber bucye - ‘{.O[
by £ Heutanans whose total exposure Most of this was recel

between & and 9 August while he was on board USS Segraven (28-196) a1

monttorg .n.nA.-nT ; =

L7
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Qperations: The bomd for ABLE was prepared at Kwajalein and loaded onto
the P-29 drop aircraft at Kwajalein airfield. The bomb for BAKER was
prepared on Kwajalein and on medium landing ship LSM-60 in Bikini Lagoon.

It was placed in a waterproof calsson and lowered 90 feet under the LSM.

Staffing: Seventy Los Alamos Laboratory employees worked on this program.
The radicactivity of the nuclear components of the bokbs was very low.
Personnel in this program were not required for reentry operations so they
should not have been exposed to significant amounts of radiation.
According to exposure records only three individuals were badged (see

Table 3.3).
Program II ~~ Pressure, Blast and Shock

Agencies: Los Alamos Laboratory
Navy Bureau of Ordnance (BuOrd)
Navy Bureau of Ships
Army Air Porce
Navy Air Group

Air Blast Group (013A)

Operations: This progtm:p had 29 projects. some ofyg with several
subprojects (see Appendix A}. Except for Project II-12, which measured
fireball growth using cameras, all these prajects were asgociated with
pressure, blast, and shock measursments. Airblast ga:xgcs used included
TMB, free-piston, DeJuhasz. sluminum foil, blast pipes. 5-gallion cans.
$S5-gallon drums, chronograph recorders, ball crushers., and airborne

condenser gauges. The condenser gauges were dropped from two B-290 aircraflt

=17



Just before esach detonation. m? transmitted readings to recocrders in the
tu:; '3’4--29 aircraft. Other air blast gauges were placed on Bikini islands,
in the lagoon., on target ships and on aircraft in flight in the area.
Water-shock gauges used were ball crushers, Hilliar, piezoelectric. pot,
disphrap—strain, and aluminum diaphram. Large numbers of airblast and
water—shock gauges were used. For example, over 300 S~gallon cans and 8%0
ball crushers wers used on ABLE and over 2.000 ball crushers were used on
BAKER. Most of the target ships had airblast gauges on them or water-shock
gauges under them. All B-29. F-13. and B-17 aircraft participating in
aither shot carrvied Hathaway flight analyzers. B-17 drones had TV cameras

with the TV receivers located in the B-~17 controllers.

gtaffing: Personnel from the Air Blast Group. Los Alamos Laboratory Group,

Electronics Group., and the Puord Group worked on projects in Program 1l.
Although there were probably more. 51 personnel have been identiflied with

this project from existing records, The highest exposure of these 31 was

Jd

0.99 R from an individual working on Project II-18. prw;.h. e".,..n J,,,',q,

S —

Emplacement of gauges in aircraft. target ships. islands., atc., should
have provided 1little or nc exposure to project personnel. Removal of
gauges after ABLE should have been relatively easy as radloactivity was
limited to a few targot‘ ships and Jdissipated rapidly. BAKER, however,
contaminated the islands, the lagoon. and most of the target ships. Gauge

removal was closely controlled by radsafe monitors. Expesures showrnr in Tablé —

-

: fe s s — ; “‘ﬁﬂ}

Siace. A san w3

L'J'" Cor ¢ha. ontire
Speraion.,

Proiect Report: Enclosure C, XRD 209. XRD 210,
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Program IV -~ Propagation of Electromagnetic Waves

Agencies: Los Alamos Laboratory
Army Air Force (AAPF)
Electronics Group
National Bureau of Standards (NBS)

Federal Communications Commission (FCC)

Qperations: There wers 19 separate projects in Program IV. Radars and
radics. some operating at detonation time, were _-g;cod onh melected
islands at Enewetak, Kwajalein, Bikini. and on sslected target ships.
Television cameras were installed on B-17 drones and B-17 controllers. Two
of the projects provided for timing and firing signals for BAKER test.
Four projects measured electromagnetic properties from remote locations in
Hawaii, Germany., Manila., Alaska, and the United States, One project
telemetered air and water pressure readings from target ships to receivers
on the Avervy Island. One project nwasured ABLE infrared radiation at burst

time.

gtaffing: Personnel from the Electronics Group of the Instrumentation
Divisionh accomplished a&ll the projects in this Program except for IV-9
through IV-13. These were done by Los Alamos Laboratory and the AAF. NBS
and FCC personnel invélvod wete not in the Bikinl area. This Electronics
Group was the same as that in the Ship Material and Inspection Division.

a
Exposuces for everyone in this groups were less than 0.5 R, see Table 3.3.
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'

!
angle 1indicators. Project 12 messured total gamma intensity on several

target lhig

Staffing: Most of those who were badged were military personnel performing

monitoring dutiug Most of those who wers, not badged presumably were
E: -~ ‘ {ede=~ s is =
(ﬂ;nm. working in the bad ng area. 4, ge apiu™

Personnel 1n all 12 projects in the Radsafe Program had a high

potential for exposure because of their duties. Monitors who reboarded
ships with boarding parties after BAKER accumulated the highest exposures.

Of the 180 personnel in this group, S1 were badged one or more times. As

o, ol an Arem g
previcusly mentioned. the highest cxpocurcﬁs_ﬁ.d-lt torﬁ monitor who gee

receive
A most of his exposure on Searaven. yho we E not badged were probably

m:ln badge processing and rec di edbiy o o Calse

assumgotion
See P 3-S5

Program VI -- Radiocmetry ComapmrenstT |

Prolect Report: Enclosure J, XRD 209, XRD 210.

Agencies: Navy Bureau of Ordnance (BuOrd)

Aty Air Force (AAF)

Qprerations: Measursment of bomb radiant energy was attempred from several
locations. On ABLE, thermocouples were installed on one ship and on an
aircraft flying 18 mu (33 lm) from the detonation. Spectograms were taken
of the ABLE bomb flash from a ship located 18 nmi (33 km) from the
detonation. Photocells were alsc used on an aircraft ﬂ‘ying 18 nmi (33 ¥m)
from the burst. On BAKER thermocouples were installed on a ship positioned
10.9 nmi (20 dm) from the detonation and Spectroscopes were placed on an

aircraft flying at 7.2 nmi (13 km) from the burst.

3-22



Do We

m Los Alamos Laboratory supplied the perscnnel for the projects

in this progran.

Removal of sulfur samples from target ships on ABLE test would have

b of I
(Sakawa [ex-Japanese cruiser]. USRS Crittenden

exposed men 1o low-level radiation on those ships that were near zero

o
l:! point of the detonation

<

0——’ [APA-77]. USS Carlisle [APA-69]. UBS Arkansas ([HB-33)). Measurement of

v’ﬂ

gamma rays

on BAXKER should not have created any

radlation exposure

whatscever. Removal of radicactive air and water samples from planes and

boats was a very sensitive cperation with a high exposure potential. Only

12 of 60 personnel in the Los Alamos Laboratory Group were badged and

thelr exposures were very low m\'l‘ablo 3. 3foactivo air?
-

er samples ptocodu:u ”“mg were handled very-<€ar .
f - - e i3 afgznunmﬂ_uu’uﬁﬁn

Froject Report: Los Alamos Laboratory Report Ne. 613, November 1946.

Program VIII -~ Remote Measurements

Agencies:

U.S. Coast & Geodetic Survey (USGS)

Carnegie Institute

National Bureau of 3tandards
Naval Research Laboratory
David Tayler H;;dol Basin
U.8. Weather Bureau
University of Washington
University of Texas

Bartel Poundation

Mt. Wilson Observatory

Evans Signal Laboratory
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BAKER. Projects 18 and 19 required recovery of film from Enheu and Bikini.
which were lightly contaminated after BAKER. Nine personnel wers badged

out of thirty-six assigned to this program. The highest exposure was

_Fbuid‘. bu-‘gfh; Jn.*l:&) -

Dt Saienie o Gl ACCURNTELY
\DASisy  \BVID wAS BADGES )
THS Lt PRase,
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Progra!n :pg -~ Technical Photography

Agencies: Los Alamos Laboratory
Army Ric Porce (AAF)
U.8. Navy

Technical Photography Group.

Cperations: There were 19 projects in Program IX associated with technical

‘ll?\ spee

photegraphy. Project 1. operated by Los Alamos Laboratory., used j1cmras
to record the rate of growth of the ABLE shot fireball. Half of the

cameras wers in a tower on Bikini Island and half in a tower on Eneu
resulded in all Cilon being wed belore 44
Island. The late timing si 1l on ABLE shot

- delonatien s dhu prejert was ﬂﬂl%&:&uo
weserrm Projects 2 through 7 consisted of 63 cCameras mounted in $ix

camera towers to observe water waves. ship motion. burst location (AHLE
only). light intensity, and damage assessment., EBach of three izlands had
two camera towers. There were 24 cameras on Bikinil. 20 on Bneu, and 1% on
Acmen. These projects were operated by the Technical Photography Group of
the Instrumentation Division. Projects 8, 9, and 10 consisted of technical
photography from AAF planes. Cameras were mounted in B-17 drones. in
C-54s. and in F-135. Pilctures were taken of fireball development. the
nuclear cloud formation,, the target area, and radar scopes inside the
alrcraft. Projects 11 through 14 consisted of technical photography from

U.8. Navy aircraft. A variety of cameras were installed in PBMs, TEMs, and
ang Fof drime-o .
w- 1414 ! te photograph wave motion, target array, target damage, and

@ detonation effects on ships in real time. Project 15 consisted of
m.ucmq 20 cameras on target ships and m:-E: islands for ABLE shot and
r

24 cameras on target lhips and nearby ul.and;‘ BAKER lhot..'l'ht PUrCpose was

(
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aircraft aquipped with radiation detectors. a determination of when a safe

by He main bedy 1obo

! rmt?v‘/'ti the lcgoontu-.h couled be Nﬂ‘"
S Hades

Prepatrations Abogan in January 1946 when the atoll was surveyed by

W vawt ok avatlable.
p USS Allen M. Sumner (DD~692) and USS Bowlitch (AGS-4). The only char:shwore
Japanese and were inadequate. The survey was finished 1n aApril.
QOnt 1o, b .mhrkﬂ."- WAAR
Ferwuriy llarch/'thoﬁ:kimm woveioaded aboard USS LST-1108 end, taken to
E’D\Tmlﬁl—-om .

Rongerik Atoll, Ssbeiiewe=gtOP It onguibgestias. At the same time the
Navy 53rd Construction Battalion began arriving to bulld the various
phototowers. Iinstrumentation sites, workshops, and recreation facllities on
the 1slands of the atoll. One hundred tons of dynamite were used toc clear
coral heads in the lagoon, and 5 naval mines were discovered and disposed of

during March.

March als¢ saw the beginning of the movement of participating ships from
eastern U.5. shipyards and ports toward Bikini. Movement f£rom closer ports
began later, but by mid-May therse were over 100 CROSSROADS-bound ships
stepping over in Pearl Harber onh thelr way tc Bikini. Some of the supporst
ships were having some of their interior spaces modified as laboratories or

machine shops. and USS Burlegoh (APA~-67) was being converted to a “great

) M irlad,
dirtless farm” as a living place for the experimental aniul;‘to be used.
The tacget ships also roquzudﬁp:oparation.w. 'rhu,!‘g‘-unit

fleet, led by older U.3. capital ships like the famous U3s m; (Cv=-3),
the Germart battle cruisser Prinz Bugen. and two major captured Japaneses ships.
the battleship Nagato and the crulser Sgkawa. had to be accurately moored and

derte «

o
made ready for wsaaned—purvived. This latter involved a great deal of work by



B0 June

clear o_f -t‘ho lagoon by early @ Most of the support ships of Tagk
Group (mi 1.2 were out of the lagoon shortly thersafter except the TC¢ 1.2
flagship US$ Fall River (CA-131l) and three small support ships. Throughout the
afternoon the vessels of TG 1.8 cleared the lagoon. Three tugs towed barges to
Kwajalein and USS Chowanoc (ATF-100) towed ¥YO-130 to the opan Seaa, more then
20 nmi (37 km) northeast of Bikini Atoll. Small craft had evacuated personnel
from Enidrik and Eneman islands and transferred them to Fall River. Fall River
then left the lagoon along with the smaller ships of TG 1l.2. Ten ships

remained in the lagoon after 1800.

Preparations ashore had included the removal of the roofs of buildings to
prevent blast damage and the remocval of the pontoon~supported docks and
causeways that had been installed on the islands. Machinery such as

refrigerators., generators, and water-distiliing units haad b.Tn covered by
J¢ST SAD oM &1,

tarpaulins. gEY] boats were anchored off Eneu. ){ﬂ CT\ wete Wﬁ ’ung
e AT AT )

. personnel and Marshallese on
g

inl if necessary. and five C-354 air Lransports were

made to svacuate U

Enewetak to the west o

purpese. ol Sk
at Enewetak for th.‘l.sA The Marshallese on Rongerik to the east had been m?-"ﬂ‘m
aboard USS LST-980 in case svacuation was necessacy there. N:t:‘::’\‘s

Two additional C-548 were sent from their Xwajalein base on 30 June. one
to Enewetak and one t¢ Rot! Izland. These were scheduled to rsceive the
radicactive cloud samples to be coliected by the B-17 drone samplers based at

whith weuldd tand. .
Enewetak and the PGF drone samplers~baaads 8t Rol following the shot.
At 0512 on 1 July. PGM-23 had all personnel from Iroij., Nam. and Acwmen

islands embarked and was underway for the fleet assembly area. At 0524
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A

Army and Navy aircraft involved with photography., and cloud u'mpnng

-

acconplisiﬁd their missionz before 1000. B~17 sampler drones penstrated the
_——sbhellivdes o & V3,0, li,m,‘uf‘m awd 30,00% Laat,
nuclear clo t 20 minutes after the detonation. obtained their samples

and were guided back to Enewetak Island. Three Navy FGF drones (a fourth was

y l

Y I

lost at 08%0 when it crashed in the sea) sampled the nuclear c¢loud between
of IS, 000 and
0906 and 0920 at altitudes M-IO.BOSAQO 20,000 feet (3.048 to 6.096 xm). All

thtee drones were guided back to Rol and Jmee landed without incident., C-54

aircraft at Enewetak and Rai transported the cloud samples (air bags and

-

filters) to Kwajalein for analysis as scon & they were removed from the

[]
drones by Los Alamos Laboratory (g_&_:u_tir ch_o_gacal personnel. Fillters were

e e ———

e 4o Red and Blue linvs (1R and 0.1K

then sent t¢ Los Alamos Laboratory for further analysis.

"0

The .;mne ‘gon:rol ‘!hip Begor started two of the drone boats and., using
ingtructions from the TEMs. guided the boats into the target area. Both boats

tock several water samples based on radilation readings which were sent back to

ef arse

Beger from the drone boats. Both drones departed tmm bororz 1200, Begor
n

met the two drones in the anchorage area & the lee of Eneu and removed the

sanmples. These were then transferred to Moale. which steamed Ser Kwajalein at

1255 (Reference XRD 206, Part VII, p. R19-22).

Reentry into the lagoon coommenced at H+2 when six manned motor gunboat
and 30 LCPLs
patrel vessels cmh entersd to conduct radiological recohnaissance. They

measun'ay Tnformation

‘:pruﬂuhc
carefully the area around the target \nssol.’1 for ndutionﬂaoerding

teams and salvage units for the target vessels entered the 1 n at H+4 and
v ﬂmlqh’.q:nhhlc b Blue line tll::;??.r alﬂl1m+«’ ehip
proceeded with operations as the radiclogical situation permitted, At 1430 on
“J QML.'IJ oy dbu “d"rn Fp* obdN o
1 July the lagoon was Jdeclared safe and task force ships roonurodAiho—iu!n,‘
regortasd radiolegically safe,
By 2030 18 ships had been boarded and and by the svening of 2 July

'c".q Méﬁﬁﬁ S u\.d h ch

that mumber had increased to 47 ships. Tht Kedl line was o liminnted eurlyin the
muraiue of a Sula, jndicating, 4 moximum jndensity of $6a wadern
Eelt bélow l&/.l.,, -lurin; the ‘:’,Ai. The Blue [ine was eliminnded

ot foof on a...ru.l-a_ .



l- ;hips seriously impalred efficiency
ifs the [ © 9 ships moderately damaged
gt
¢ 41 shi ligible damage : )
*:f;: ¥ ‘ ° —-— sk?:s?u?\«’ at Bikiai Lihad ne Jﬂmqég (ffo:‘:'_" “"“' of ships Iq
' a i - ) L *r
shxe b o AR sty vt ships s 0y

o 30 atessalis seriously damaged
: © 10 adbrerTetr lightly damaged

o 19 atseseit no damage.

n-
- @9 o Tace
In general all ships within 500 yards (457 meters) of actual geemw zero

4

- ggrn‘nﬂtf"-
were sunk or -aereeirly damaged. Those beyond 1.500 yards (1.371 km) received

minor damage (Refersnce XRD 206, Part V, p. C6), Figure 4.2 shows the location

ds0d 2

of most of the target ships (Reference XRD 208, Fig. 10.1). Those ships ou ko

aboul 739 yards received suh & :maluaﬁ‘ouni' of rucliafien
bourding was * possible on 1 Suly. and crewd;re Pakdd-Sa
More than 50 percent of the test animals within 1,000 yards (914 meters)
died. between 15 and 30 percent diled between 1,000 and 2.000 yards (0.914 and
1.828 jan), and between 5 and 15 percent died outside 2,000 yards (1.828 knm).
Alrblast was the principal cause of injury and death. However, gamma radiation

was the principal cause of death for those animals who died after the first

few hours. 1A<a sechivm needs 4o be exparded. Discurs what Aop’onco‘

b?"‘wf?n > =AM 9—‘4‘ . ,prtu;‘o‘l info on Fha ﬂbﬂdlﬂﬂa‘ au.l.
imyperdion  odividiey, ~
PREPARATION FOR BAKER

As soon as the extent of damage from ABLE had been determined., CJTF 1
tentatively set 25 July for BAKER. The Dpress lh_ip URS Appalachian (AGC-1)

returned to Pearl Harbor to allow some press people to depart and others to

"Join the group. Nonparticipating observers were taken on a cruise to Ponape,

Truk. Majuro. and Ouam Islands while the task forzce prol‘anrod for BAKER

(Reference XRD 206, Part V, p. C7).

\
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evacuated to Rongelap Atoll instead of Kwajalein becsuse it was closer to

Bikini. © (0f] wene EVALWMED
| vy,
SST Nﬂ?&h‘\
The day before BAKER shot, 24 July, two C-54% were again sent to Enewetak AOD

and Rol islands to transport the cloud samples t4 Kwajalein on 25 July. Five

C-548 were again standing by at m:u@wacuation was m”t.:D

Except for minor changes the aircraft missions were similar to the ABLE shot

missions. Table 4.2 shows the aircraft that participated in BAKER shot.

By 1735 on 24 July all but 13 support ships were clear of the lagoon.
These cleared the lagoon by 0700 the following wmorning. Personnel on the
islands at Bikinl were evacuated by 1555 on 24 July. Three sajilors on
USS Gasconade (APA-85), a target ship. were somehow overlooked. They filled
the yardarms with bunting. the signal that they needed evacuation, and were
@vatun
sevvwed by USS Congerver (ARS-39) at 0530 on 25 July (Reference XRD 206, Part

ﬂ!o PP. HS"I'W).

The bomb had been suspended 90 feet (27.4 meters) beneath the surface of
the lagoon. from LSM-60. The LSM had been extensively modified to provide
rigging facilitlies. a laboratory. and special radi¢ receivers and
transmitters. The bomd was encased in & strong, watertight, steel caisson and
had & coaxial cable running' from it to the 1LSM. The TG 1.1 laboratery

pecsonnel associated with the bomb arming were evacuated from the nedium

—
landing ship (LSM-60), ! at 0545 on 2% July (Reference XRD 206,
- *
P 5.12). s L b A J
s dher Jar Q,-s :’, wiel/t tache L-F
70 Ninedeen othe Ju,_;.; Ialand.

Thete wertse }Atargot vessels in the array for BAKER '!ut)"rhcir positions
are showm in Pigure 4.35. The submarine USS Searaven (88-196). which had been
submerged én 24 July., partially surfaced later in the day. It was finally
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Another aircraft observer reported seeing e major ship “on [its] nose*
before n' sank and saw & water wave pass over one of the suall islands between
Bikini and Eneu islands about 2 minutes after the detonation (Reference XRD
206, Part VI, p. D9). When the eir over the fleet cleared., UBS Arkansas
(EB-33) and four LCTs were not in sight. Haratoga was listing to starboard and

her stern was low.

The underwater burst inflicted heavy damage on the target fleet. Nine
ships were sunk or capsized. Bight ships were imobilized or seriously
damaged. Generally, ships beyond 1.500 yards (1.372 km) were undamaged. Those
between 1,100 and 1.5%00 vyards (1.006 and 1.372 km) suffered slight damage.
Those between 900 and 1,100 vyards (0.823 _and 1.006 km) suffered moderate

damage (Refersnce XRD 208. p. 23.3).

ship
At 0912, the drone control..ho-b, Begor. began moving two drone boats from
irections £rom
the lee of Eneu towards the target array using ahedeyesl-=gf the orbiting
drone control TBMs the same as in ABLE shot. Bach boat took 10 samples of
was 349'
lagoon warer and by 1030 wese en route back to ww?¥r anchorage. The drone
T Cantaminade
boats ur-w radiologically,that boarding parties from Begor could not
go aboard. The drone boats wers taken to UBB Albermarle (AV-2) where the water
samples were finally removed, about 1430. Two additional drone boats were
guided into the target area the same afternocn using the same combination of
TBMs and Pegor. Each took 10 samples of water, which were transferred to
Albermarle about 1800. Albermarle then headed for Kwajslein with the samples.
Four more runs wers made on 26 July and two on 27 July using the same control

procedures. The radiation intensities had lessened somewhat allowing boarding

parties from PBeger to remove these samples and transfer them to USE Haven
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the remnants of the cloud unti]l almost 1400 when they were relieved by two
other B-20s. The three WB-29s were airborne by 0231 the morning of the
detonation. They reported on cloud cover and other weather phenocmena north and
east of Bikint until 0500 and then returned to Bikini to provide
up~to-the-minute weather reports at that location. The three C-54 and eight

F-13 Army alircraft were involved with transporting observers and photography

~ (Reference XRD 206, Part VII, p. E195-E207).

Early reports from the drone boats and the radioclegical reconnaissance \r
FEMs Iindicated that the lagoon and surrounding atmosphers was intensely \
tadloactive. The three FBMs were used for radilological reconnalssance of the gl‘.
lagoon. One by one :lﬁy made passes over the lagoon starting at 4.000 feet
(1.‘22 km), then 3,000, 2,000, 1.000 and 500 feet (914, 610, 305, and 152 v
meters). The first reconnaissance was at 0915 and the last of the day at 1615,

fuil st ‘

All aircraft had radsafe moniters cboard.ﬂtnntry of the task force ships ’\/
was,

wouwkd-=he delayed. The Ppreshot radex bearings of 260° to 360° was modified
»

>

G:rphonn to monitor radloactivity (Reference XRD 206, Part VII, p. Cl9).

? a
?ﬂ;"aightly at D940 tro 270° te 360°. Az on ABLE shot, the FSF pllots had

Tmove i tendtntht Ju £y =19 Lor fon"""“*“’}- ,.}ﬂ&f"‘"‘
Reentry into the lagoon commenced at 09156 when the radiologica with

monitors aboard entered, '.l'hoy.worc closely followed by TU 1.2.8 and Whiting.
Fall River took up position at the lagoon entrance at 0947 to control entry
and exit. The Salvage Unit entered the lagoon at 1015 and began checking and
boarding target vessela. Several other vessels entered thd afterncon of 2%
July. Film and other data were recovered from Bikint and Eneu islands during
the afternocon. Several target ships wate boarded and declared raciclogically

Yt ofdhe P7?
safe before nightfall on 25 July. However, the—vEST EIOTyr=ofege target

Pmte‘a- PeA and LcPl cetonmitraction jnfo hert andd

Aisciass e ced qn-c’. !D_';'AJ-I- linto,



Hughes. This could not be accomplished until the following day. hmvor/;h;
. ' /

-

(;slands at Bikini :-7111«1 too radicactive
- ﬁ___‘__—__.-,-‘;f""“v - i

Because of the po:sistont radiation in the lagoon several radiological

station personhsl thers,

reconnaissance flights tock place over the next few days. Eight missions were
flown on 26 July and two on 27 July. Five photography flights were made on 26
July and four on 27 July. Six drone boat control TBMs flew on 26 July and two
on 27 July. Photo and radiological reconnaissance flights continued through 30
July. while drone boat control flights wers not needed after 28 5u1y

(Reference XRD 206, Part VII S Encl 13-14).

svullh 2098
on 28 July the radiocactive water in the lagoon sproadﬁto some of the task

force ship anchorage areas. forcing some ships to relocate to uncontaminated

However, Ha Red line. CiR/dag) was eliminadecl of 1455 on 22 Suly,
ateasAOne ship., Sumner. reported readings of 0.156 R per day on outboard

bunks and 0.204 R per day at the evaporators. It was sent out of lagoon

o
and intc the open sea in ﬁ attempt to decontaminate the hull.

oty awe et dlcddmntagleipan
S e VYT PRPNEREIER . o gy o e S R nao,[2

were begun to surface the submarines that had been submerged. (SNU"-" ?-)

lp - .

It was recognized’at this time that the work of the Technical Director and

suly-2Y,
attempts

the Director of Ship Material (DSM), the inspection and documsntation of the

*

effects of shot BAKER on the target flaet. could not proceed 1f the target
ships were too heavily contaminated for the teams to inspect. Therefore,

decontamination of the target ships began., although the technigues had tc be
daveleged - saltwaler and
. The techniques mainly volved washing the ships with ricus
Lrom o&ui‘ip’ :hl""':r and Weshin ‘a.. ’Qf'bnﬂ&'
detergent aqont% abded by scrubbing A The evolution of the techniques is been

discussed in Chapter 2 of this report. .

o ]

ﬁnimqh were remeved CGrem QRACI'-EJ}'( TR

A .
and Fret Mo € on at Sﬂ'a; ,2}. neyt du,‘:' .m.'ﬁrn_ removed {rom
c.n'r&un' QRISCOE o nd C{A-:CMMDE- e

-



On fuly 30 CASconaD § Jy CONSERVEL,
J)r last of the animals were removed from - Although most

-

animals were located below deck, the great majority of them died by 1 November
svide soure

1946. In neatly all cases. the cause of death was gamma radiation” Many of the
fish in the northeast -cornar of the lagoon were killed by the explesion. All
but nine of the target vessels wers heavily contaminated by the radloactive

rainout and Dbase surge following the burst. /This contamination resistod{

- removal.= Y¥? bt it did clec roducing toa fevels
:;.:.I-:',..ill-:'on.—% shaul) ;9 catsd . ? 'f

on 31 July. the island of Bikin! was declared safe and personnel were
o 4 ‘fo ok ma

on permitted to go ashore. The beaches were declared off limits., however, because
.'“ﬁ" henvi ‘1 &l\'f

of ntaminated items that may have washed up. -Mest target vessels scill
cont. WUTHOE

remained too contaminated to rd and the persistent radicactivity on these
S'm;'!_:Ti-‘-‘ boa h d

ships made the propect of reboarding "very discouraging* (Ro!oronco

T e

1 b

Part VI, p. D48). Three submarines :miacon the r:;oon The o'tQ
S abmaere

lagoon water. oxcopt near the bottom. had teached safe levels by the wwewing
m.fﬂ"‘ OG 3% 'S"‘ a'
A . Complete recovery of instrumentation and recotds was not completed

until 7 August {Reference XRD 206, Part VI. p. D5-47).

on 8 August CJTF 1 requested authority from the Chief of Naval Operations

to decommission or place out of service at Bikini 38 target vesssls. He argued

the ships were 1in such radio{oq:cal condition that with avallable monitors.
decontamination pergonnel, and materials they could not all be made absolutely

safe for the work needed either to prepare thesm for movemsnt t¢ Pearl Harbor
) or to assess fully their dmgo (a-torcnct 19). & K "‘J Hhie Sectinnm “a-
) discwusg ing e reboard FT) .n‘-.-n nattie n Qckividdey

Lo Conclutie Erom PF-no A.équ)*.
N~ n mid-August it was recognized that p’t—m shot contamination was a

continuanq and ‘problon for ships remaining in Bikini Lagoen. Plans

were made to move ftarget and support ships to a better location where natural
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CHAPTER §

- POST-BAKER OPERATIONS

Wesupprt et

After Test nxl:&shipc werr-pabbadfEipn Bikini as soon as their services
could be spared and they were found to be radiologically safe. However. in
early August it became apparent trun:_ although the radiation levels in the
water and on the land aresas wers within tolerance levels the accumulation of
radicactivity in the semwiwimg ship's evaporators and marine growth on their
hulls presented e growing hazerd and that the base of operation of the task
force had to be moved from Bikini. Kewajalein Atoll was selected for the new

. base of operation (Reference 1. 1}. On 19 August 1946, movement of all ships
tc Kwajalein was initiated. By 26 September 19456, Bikini Atoll was completely

evacuated.

&

/

The axperience and problems  eassociated with the cadiclogical
decontamination of the ships and their solution are described in detail in

Chapter 2. This chapter addresses radiclogicsl and other problems associated

with the asdwews task of offloading iticn from the target ships, S PLwrina
Heoships at Kwejalein and deconpgminating o sl o+ wl,
shipyards.
TARGET VESSEL OPERATIONS AT KWAJALEIN ___ SEE GENGMA- CoMmMmETT
14 . o TPEGET NOAlRS, 37
tacget vessels. were t from Bikini to Kwajalein. and 4¢

ott.

rtemained there

qad were afer suak -Af-‘-\? 19y =P .
Reference 23). Until higher

suthority decided what to 4o with them, the target ships ,had to be kept

afloat. This required pumping and plugging leaks. T aralore *\A’J :Lu',ﬂa i,
2 ll1hﬂ; contaminated HMud 41 crews wene able #o sofel
Samil dhaen by ¢iv U.S. Ten darqed ships wenJi'ounJ to foe o, &
for special reseqndh. \aley-

BALER haJ & 4 51 o
? “q¢+s - T0 F'Q.‘,'.‘; .“J Yy bf&c_‘\fol ot Biltin.

Tables :ko-.»_- eH +ix W '""3‘ (1'6)

S mh a e g s e v pw S e e b B e aemnn v o a4



Amunit‘l_on_ Removal and Disposal

All t;fgot vessels at Bikini had some ammunition on board to serve as test
material. Some of the shipz had a great deal, placed there to determine the
affacts of the atomic bomb on warships having different loading conditions.
For example, Nevada had more than 1,100 tons of ammunition. Most of the
ammunition was service +type and highly stable, but scme experimental
amnunitién and some obtained from foreign navies was included. Sowme cof the
service ammunition had been flooded. There was a presumption that ammunition
on certaln ships was, or would soon become. unstable and pose a considerable
and growing hazard. Removal would be necessary, and the longer such operations
were deferred., the more dangerous the work would become. After careful
consideration. it was decided that the total hazard would be less if the work
were accomplished in 1946 than 1if it were deferred to a later year when the
radicactivity hazard would be reduced. but the explozive hazard increased
(Reference 2). Because the ships were contaminated, work parties had to wear
special clothes and be accompanied by radiclogical saferty {(radsafe)} monitors
when aboard. When working below deck, the men wers required to wear rescue

breathing apparatus.

For work on the target vessels. Task Unit (TU) 1.2.12 was formed on 28
August 1946 (Reference 4). ,rho“‘ﬂeqlh:lp vas (g5 Haven (AH-12), on which the
radsafe unit had ics headquarters and laboratories, hm was the hotel
ship. and APL-27 was the change ship., where working party u?bou donned thelr
protective clothing before golng aboard target vessels and where they removed
that clothing and showered after their ?;akm done. In addition, the unit

had several smaller vessels for towing, ammunition disposal, and personnel

transportation (Reference 1. 4-5).

ST PLens s,
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Personnel were transported to and from work in LCM type boats. Pive of
these w:o -uch equipped with a gasoline-engine-driven air compressor and a
gascline-engine-driven generater. These wers connacted, respactively, to the
portable hoists and the portable lights. A gasoline drum in each equipment

boat held a reserve fusl supply.

Initially ugsafc procedures were sgtrict. Working party members efitered
the change shi/l:‘g?o.ma-: ¢ clean side. Each was issued freshly laundersd
fatigues. canvas or rubber gloves, rubber boots or field boots with removable
canvas covers, and a rescue breathing apparatus (RBA), intended to pravent
inhalation of radiocactive particles. Members of the working party then bhoarded
an LCM on the dirty side of the change ship for thelr trip to the target
vessel. Upon return to the change ship. each man showered twice. was checked
with & geiger counter to make sure he had removed all contamination, and then
changed into hils regular clothing. Used canvas gloves and canvas boot covers
were thrown overboard. Fatigues were laundered for reuse. The rescue breathing

apparatus was checked for contamination and sterilized. Rubber boots and

gloves probably were washed (Reference 18, 143-144: Reference 4. 1-2).

Ammunition removal was exhausting and potentially dangerous work.
Personnel suffered considerably from belng required to work fully clothed and
wearing the breathing apparatus in the hot. humid Kwajalein climate. Under
these trying conditions a man could work only about 3¢ minutes belowdecks
without a topside break for air. The breathing apparatus Yestricted their

vision. and lighting inside of the d¥ ships was poot. biNpS~aR=ibesand trom

B e e aaaam ]
Ha iqn'tr of esf'"'"ﬂ ammae hey

N-n.laa been oiseussed .

al
z.q



T had nul?'a’s sver ©.4 R -pr-;.l.‘.k S::fet. far .pfa:s

(Reference 18. 147). During the week ending 6 October, 36 badges were _/
Aow many wtre huwed? )
@ csed) But urine tests on the affected men proved negative (Refecence

Thig same concerrj. but from another quarter., manifested itself on 14
~ Purtoniumm ?
September in instructions from the Commander —in Chief., Pacific (CINCPAC)

prohibiting all hoisting and underwater repairs on Dboats 4at Kwajalein.
Apparsntly TU 1.2.12 was ablle to get permission to follow instead the 9
September message from th F_:;.o commanders of nontarget ships suspected of
being contaminated fS .It allowed scraping of underwater peortions of
the hulls as long as the working area was Kkept wet <{(Reference 13, 136).
Becauss no copy of the directive could be found, boat repairs at Kwajalein

were temporarily curtailed for the time being (Reference 4., 2).

Wt

PRy CE=Tion EMSE  Or PASRNL

Pensacola posed the most urgent removal problem due to the deterlortion of
the gunpowder for 1ts B-inch guns in its forward magazines. with resultant
concentration of ether-alcohel fumes. belisved to be within explosive limits
(Reference 1. 4). The same conditions, in a lesser degree, were felt possible
in some of the other target vessels. So critical was the problem that on\ﬁ;\‘b\

Q". AULNTT — BN TT HOT PorM e W MG 28,

August) 1946 CTG 1.2 1ssued supplementary orders to the officer~in-charge of
the Amunition Dimsposal Unit covering Pensacola. In early September ammunition
breakout was started on New York. Garteret. and Wainwrigqht. The progressive

opening up of Pensacola prepdratory to removal of ammunition was lnitlated

following procedures lald down by CTC 1.2 (Reference S, 4).

By mid-September Dbecause of the acute shortage of radiglogical monitors,
queations wers raised as o the advisablility of continuing with ammunition
disposal at the rate of progress imposed earlier (Reference 6., 4). At this

time questions were alsc raised by CIG 1.2 regarding the dangers attendent to

5-6



Concurrent with the completion of this disposal, the Chief of Naval

Operations (CNO) ordered Gasconade. Pallon. Crits€nden. Erule. and Mavcant be

towed to San Francisco and Hughes. Pengacola. $4lt Lake City. New York. Rhind.
and Nevada towed to the Puget Scund area for exsmination. The towing was to be

in crder listed, with one ship arriving in each area every 2 months. O\\lul favern

A Marie Thwips wert ulrv ) uS
ot ¢ \p\u” %M;gwluw Ui

In connection with this, directed that OCNTG insure, insofar as
practical in the forward area. the removal of all ammunition including
projectiles before the vessels' arrival st the mainland. This, of course.

called for radical change ©f plans for the Ampunition Disposal Unit at

Kwajalein. The rollup orders already issued for its dissolution on 23 October Wikl

cancelled and action was initiasted to transfer the entire unit to Ateoll
LY
Command Kwajalein (Atconxw:s)on 23 October at the same time that the target

ship maintenance unit was transferred,

When the rollup plans were cancelled. the officer-in-charge of the
disposal unit flew to Pearl Harbor to confer with CNTG. As a result of this
conference., it was decided that removal of powder and small-calliber
projectiles before the vessels' departure from Kwajalein would be practical
and could be done well within the time limits imposed by the towing schedule.
but that removal of the large-caliber projectiles. especilally the ld-inch in

. PNS!:.“‘QS
Bew York and Revada and the a—inchA in pensacola, would present a very

difficult Iif not 1impossible problem in view of the limited facilitles at
Kwajalein. but the task was initlated (Reference 8., 1). All unstable
amminition and all pyrotechnics. catapult charges. Iigniters. detonators,
boosters, torpedo expelling charges. and bulk black powder were removed from

all target vessels at Kwajalein in accordance with all requitements.
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- . UR8_Nevagp (BEB-36) Two~thirds of the normal allowance

C P‘-‘“" ““J"") remained aboard

USS _Hughes (DD-410) No ammunition aboard.

Uss SK1PTack (55124
when the initial phase of the ammunition disposal was completed the last

of the experienced radiclogical ponitors departed Kwajalein, When work was
resumed to unload the target ships due for transfer to the continental United

States. the only available monitors were still receliving additional training

at Kwajalein after meerwtve Iinstruction in Washington., D.C. /In addition. /
i

serious morale problems were developing in the Ammunition Disposal Unit due to f;

SOt 2LEenSE .

v fears and effects of radiation and g

fatigue due tO the —IONy UNIRtecrrupted ‘a,rduous and hazardous duty. 'mov

officer-in~charge dispatched a letter dat 1l November 1946 to the Chief of

the Bureau of Medicine and Surgery (Reference %) detailing the concerns of
personnel in his unit regarding radiation hazards. He described the failure in
the ume of the rescue breathing apparatus and the added hazards in handling
heavy ammuniticn when wearing 1t in confined dangerous spaces. He recommended
better indoctrination and training for those working under simillar
conditions, suitable limitation on the length of continucus duty, and -- 4f 1t
was determined that a protoctiyo mASK was required -— discontinuance of all
unicading until a suitable mk could be developed. On 29 November the
officer-in-charge was advised by the Safety Adviscor to JTF 1 (Refecence 10)
that the answers t¢ scuwe of the questions asked by the mer?! wers classified
and, in any event. the officer-in-charge of the Ammunition Disposal Unit
should discuss these questions with the Radiclogical Safety Advisor and then
disseminate the proper information to his personnel. He wes further informed

that the rescue breathing apparatus was considered necessary by senlor radsafe

5-10



persons boarding ships was to be kept at 4 minimum, and ﬂ;oir #XpoBure was to
be apprap;-iatoly interrupted to reduce the chance of injury. All persons who
were to Dboard and who might encounter radiation were to have a preduty
physical esxamination. All personnel connected with work on target ships were
to have a monthly physical examination with special attention to changes in
their hands. Each individual was to have a weekly urine analysis, including a
beta count. Various measures were to be taken to protect the men while at
work. A change house was to be provided where the men would dress for work, in
hard hats. covecalls fastened at the neck, canvas or rubber gloves, canvas
bootees over their boots or work shoes. appropriate breathing apparatus, and
goggles. Each man was to have a Fllm badge pinned on the left breast of his
coveralls. The tolerance limit was 0.1 R per 8 hour day. A work party could
not board target vessels without the permission of the radsafe unit and each
party had to be accompanied by a monitor. While aboard a target wuse}z'./the
men were not to eat, drink., smoke., or to chew gum or tobacco. They were o
avold pocls of water, dust clouds, and pilles of rust., paint chips, or the like
since each might be a radiation source. When belowdecks, the men were to wear
the rescus breathing apparatus at all titws. Upon retuching to the change
house they were to turn in their film badges. disrcbe. and waszh thoroughly.
The regulations appear to have brol:on little new ground but instead te have

= e s ne nc..-m-c 3y Naded 49
¥

codified existing practice (Reference’ 34, 1-8). entt. Ferdt °""
b Hhad Ha B ol gencaned. with e ship

m‘..b hay been qreably reduced by new should br dc‘h.u o Ae

In a letter to the Chief BuMed dated 9 April 1947. a mopitor assigned to r

the radsafe section at Xwajalein on 23 January described viclations of radsate

procedures he had seen or had good reason to suspect during his time there.
i
Upon arrival he had bqon given soow Iinstructions about radsafe procedures to

be followed 1in uol:ltirﬁ on the target ships, but he had been shown no written
l{ . ur]‘/ﬂ/ W j
N
WA Yo petrse
] GINES *
O Rer. 29,




TRE REST oF TTORY

R

his apptehension. He wrotes that “our instruments are still very unreliable and
- ]

I felt unsafe in boarding without proper equipmsent. I told [the doctor] that I

thought operations should cesse beCause we knew so little about the dangers we

were dealing with.* (Refecence 25) NNTPP HoWS 2‘:{:
Expand-~see atlathed commeats . %‘E“:{m}f‘:\vrf‘ﬁb Wi

@th‘t as the result of the monitor's letter or for some other reason, ‘
" standard gamma source to calibrate instruments was provided by %5 June 1947,
and the hope was voiced that a suitable alpha counter could be provided
“sventually.” Moreover. the butreaus concerned were going to supply “essential

technical help.” apparently meaning more personnel (Reference 26). This last

NEEDS TO ToLd

effort probably was related to the monitor shortage at Kwajalein. During April

1947, the radsafe unit was down tO one monitor; hence only one working party V

{ at a time could enter radiologically suspect areas (Reference 27).

a ;ki".l Seeuridy -lﬂhu"
Until at least July 1048., s=—prirt existed at J«ajnloin caring for the

Fin boadye cécurds Eor dbaperied August 19v9- Tuly 11yp
target ships. g
act cummarized jn TQIHC mmn o %'{uen{. iy :.‘.. in Table tasead
DedbetiaiuetiRaiise.. ARCONg the -wmw men. the
ol Cur Hhe Comrandmg sEfce wly, e m-\' T TR AL
wad 0.0 R Anwna R b word. .
-‘i:.ﬁ (RCtoinc. 2!}0. " et 300 i" b, Maq— ‘\M(‘ o wae
Is .lowblcek-n/c How number —~seems
4 v la rye Lr e dier Crenne

Maitntenance Dperations

-By the end of en the evacuation of Bikinil Atoll was

complated, the Kwajalelin IMaintenance Force was activated as TV 1.2.12. It

consisted of about @D officers men and the lh.‘lpl. Haven. Geneva,

Congerver, gQurrent. LCI-329, LOI(L)-349, LCI(L)-61%, APL-27, ¥YF-753 and

assorted small craft (Reference 1, 4). AMQ ""I"""J Kwajuleisnn 27

September oanef CENEVA ) o 12 Otdhiber CurrReENt Jtpqﬁ-n[ o
A Occember and ConsCRVER pemuined undi! 1 Fabast %y,
All survey and construction activities &t Blkini wers rapidly brou to a

close. and the atoll was completely evacuated on 26 September 1946. For safety \

T N
Ynig (S Savd



Banner (APA-60)

Bartow (APA-61)
Bracken (APA-64)

Briscoe (APA-85) ~ T

Priule (APA-66)

Putte (APA-68)
Garteret (APA-70)

catron (APA-71)
pawson (APA-79)

Fallon (APA-81)

Independence (CVL-22)

LCcI-327

LCI-329

LI-332

LCI(L)=549

LCI{L)~61%

provide by daly) v o sl
Ww- @?7//

Not required for further study
Net required for further study
Not required for further study

To be retained at Xwajalein for decontamination
studlies

To be retained at Xwajalein for decontamination
studies

Not reqgquired for further study
Not required for further study
Not required for further study

To be retained at Kwajalein for decontamination
studies

To be retained at Kwajalein for decontamination
studies. Ses CNO 211422, December 1946. Heavy
underwater damage. Final disposition not yet
deternined.

Scheduled for further study at San Francisco.
ETD 15 April 1047.

Beached at Meck lIsland. Not required f£or study.

Being used as patrol vesssl. Tc be placted 1n
caretaker status. See ONO 2318552, January 1947.

Beached at Meck Island. Not requiced for study.

Being used as patrol vessel. Not required for
study.

13
Being used as patrol vessel. Not requirsd for
study.

Not required for further study.
Not required for further study?
Not required for further study.
Not rtequired for further study.

Not required for further study.
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avold overtaxing the facilitlies at San Francisco the ComServfPac, CJTF 1, and

CNO issued orders that established decontamination and clearance centers at
‘fﬁnerl-on‘ San Diego, Los A‘ﬂﬁ‘l"—i

San PFrancisco, Pearl Harborncuan and other selected shipyards (Reference XrD

185, 22). This culminated in ths ultimate dispersal of ships to the various

shipvards as follows (Refertence l4):

SAN FRANCISCO [ Sam Fanciices HSY or
Mmave Trelnud NIY

USS Achomawi (RTF-148) USS Dixie (AD-14) USS LST-881
¢SS Appalachian (AGC-1) USS Enoree (A0-69) uss LST-989
USS Appling (APA-58) YWySS rilmore (APA~83) USS Moale (DD~693)
USS_Artemis (AKA-21) USsS Fulton (As-11) PSS Munsee (ATF-107)
ATR-~40 #£ USS Gasconade (APA-8%) Wyss Niagara (APA-87)
ATA-187 Wyss Geneva (APA-86) USS o'Brien (DD-725)
ATA-192 USS _Hencico (APA-45) USS_Palmvta (ARST~3) ore
USs Avery Island (AG~76%FUSS Independence (cVi-22)  ¥UmS Parche (88-384) ~' 1) lan
USS Barton (DD-722) usS James M. g1111af (AGS-13) yss Rockbridge (APA-228)
USS Benevolence (AH~13) USS John Bligh (AGS-10) USS_Reckingham (APR~229)

¥ uss Bladen (APA-63) USS Laffevy (DD-724) UES Rockwall (APA-230)

(LBD-25)
¥yuss searaven (8s-196)
WyYsSs_skate (S5-305)
44028 Skipiack (33-189)

USS_Bottineay (APA-235) USS Lowry (DD-770)
USS Bowditch (AGS-4) km:tu-sao} Caarn
USS Cebu (ARG-6) YicI(Ly-61% -
cnyfi (Ao-54)  yBS LST-388 3
¥yss co ~371) US8 LST-817 » WUSS Tuna (88-203)
v ISR BT s
8 C (APA~TT7) T-861 2S Walke (DD-723)
USs Deliver (ARS-23) IT-87 USS Wwidgeon (ASR-1)

¥ USS Dentuda (sS-33%)

* Tq-qq.l- ships

S-18
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SAN DIBGO

USS Ajax (AR-6) pOg Mount McKinley (AGC-7)

ATA-185 D33 Newmon K, Peary (DD-883)
USS Bedor (APD-127) USS Rolette (AKA-99)
USS Bexar (APA-237) UR8 Sgidor (CVE-117)
USS Coucal (ASR-8) USS St. Croix (APA-231)
USS George Clvmer (APA~27)
LOS ANGELES
USS Albemarle (AV-5) USS Papamint (AGC-13)
U39S Blue Ridge (AGC-2) U=3 phaon (ARB-3)
USS Clamp (ARS-33) USS_Preserver (ARS-8)
USS Coagters Harbor (AG-74) USS Presgue Isle (APE-44)
USS Creon (ARL-11) USS Beclaiper (ARS-42)
USS Cumberland Sound (AV-17)  yUBS Severn (Apw)-61)
USS Dytton (PCS-1396) USS Sigux (ATF-75)
USg Pall River (CA-131) UBS Sphinx (ARL-24)
UsSS Furse (DD-882) USS_Telamon (ARB-8)
USS Gunston Mall (LSD-5) USS_Tombigbee (ACG(W)-11)
USS Haven (AH-12) USS Kenneth Whiting (Av-14)
USS Mender (ARBD-2)
KMAJALEIN
APL-27
‘' PHILIPPINES
PGM~32
NORFOLK, VIRGINIA .

USS Quclegon (APR-67)

DECONTAMINATION AT SHIPYARDS

Li e

o -} dinf.omt:an is available on the procedurs and problewms sxperienced in

e en

A dccontanimd;g and clearance of ships at shipyards other than San Francisco.
Hnuudcf‘, al} procedures u,u-; zgnud b CoOMWEST S& A FLROAN ot

San Frantists usi-\a.. il\coan:h'.n 711‘:.-(0’ Crmn ﬂq Franc:Ste
AQQOnHMi-\Q"""'\ .
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' CTG 1.2, however. requested that restoration work on CArteret. Conyngham
and ¥ainwright be continued., All surfaces of spaces to be occupied by

personnel for working, berthing. or messing were to be painted, presumably to

prevent the alpha emitters from becoming airborne op Being-pivked up on the

men's clothing or skin (Reference 29). In the end. however., only Sonyngham was
decontaminated sufficiently to reman. On 28 August, it departed Kwajalein for
Pearl Harbor under its own power, arriving there on 6 September (Reference 30.

3 : Reference XRD 206, V-(D)=§). On advice from the radsafe section, all work

[3

on Garteret and Wajowriqht cessed on 18 August. The crews of both ships were
s 15 specnlabive =  previde wmerr ingo, it rendings, reyureling

shipped home on 20 August because of possible overexposure to radiatiop ey

overevpol
{Refarences 30, 3). k————"
s eautnt o 10 AU Hlpo Hhde {5 facorrect . 5 20
] su.bl ’
>~ AR o mmet  on Q =25

. all further work on these vessels by Task Force Personnel

was limited to recovery of instruments. limited surveys. salvage work and

preparations for towing from the area (Reference 13, 13). At this time both
the Radioclogical Safety Advisar and the CITF ] Safety Advisor became concerned
about the Iingestion or introduction of alpha emitters into the bodies of

persconnel from exposurs to fumes and dust emanating from contaminated

surfaces. Accordingly, ComServPac promulgated special precautions for
perscnnel who could be exposed to fumes resulting from welding or cutting and

-

dus: originating from contaminated surfaces (Reference 13, 21).

Laboratory Analysis of Radioactive Materials

By nmid-September, information from the laboratory analysis of the first

radicactive materials remcved f{rom non—-target ships becams availlable. Bince
plutonium was not directly detectable by available fileld instruments. it was

desirable to determine the fluctuation of the ratio of plutonium o fission



Fhma ¥

thus appeared entirely [feasible to decontaminate and repair cnossaoms-

nontarget vessels without exposing personnel to radiological hazards

{Reference 13, 32-33).

A 22 November 1946 Buresu of Ships and Bureau of Medicine and Surgery

letter states (Reference 15. 1-2);

All of the ships involved (target vessels not 1included)
have low radiarion intensities and small amounts of
contaminating materials. They present no danger from external
radiation. Any danger to personnel which may exist involves
the introduction of contaminating toxic materials into the
body. . . . Considering the relatively small quantities of
toxic material present in any one ship and the great amount
of gross material with which 1t is mixed (marine growth,
scale. rust) and the quantities of this gross mRaterial
necessary to gain access to the body 1in order to produce
physical injury due to radiocactive effects it is NOT LIKELY
that personnel engaged in routine operations or maintenance
of these vessels will suffer injury. It is CERTAIN they will
not suffer injury if the precautions directed are followed,
and the established clearance procedures complied with. The
Bureau of Medicine and 3Surgery has established certain
tolerance limits on the basis of reccoamendations made by an
advisory board of experts in this field of toxicology. These
are in conformity with nationally accspted standards for
safery 1in regard to external radiation and to radﬁctive
hazards within the bady.

A few days later at a conference on Radiological Safety on 27 November
1946 1in vashington, D.C., e University of California scientist echoed these
COnternis g Ha fernpgping of amndarget shims
feelings Aarud expreased his opinion that much authoritative information was
avallable to prove that plutonium in the form contained in nuclear weapons is

|
not absorbed by the digestive tract or through the lungs unless gquantities as

Lo s Considered 30 reler 4o seluble Lumi of plutoniwum ]
large as a gram are being dealt \ﬂ.th’\m alse believed that tite health hazards
from long-life fission products are far greater than from plutonium. The
amounts of these dangercus fission products to be found in the tons of scrap
would be on the ordet of S0 millicuries. This quantity is on the order of the

amounts of radium found in ordinary rock. He therefore stated positively that

5~24
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Records of the quantities of radicactive fission products
which were discharged into San Francisco Bay could not be
located. Az a result of the Navy's current rceview. it is
estimated that a maximm of 1 curie of fission products of
the most highly contaminated ship could have been disposed of
in this manner. It 1s concluded that the total quantity of
fission products which could have been disposed of in San m——
Francisco Bay as a result of all nine ships decontaminated
after 4 December 1946, could als¢o be discharged today from a
commercial nuclear facility and meet the requirements of the
Nuclear Regulatory Commission.

Thus, it appears that the procedures used 1in 1946 to dispose of sand and

acid solutions produced no greater radiological hazard than is currently
acceptable from commercial nuclear reactor operations.

. Sz andes Ponctemanned | tegartils;
Table 5.1 smatiz-}‘the post~BAKER history of all th,'ﬁtgﬂ:; ué’ 'suppot\:
25 Fhey

ships in Test BAKER. Where poasible, ;(md:cat./ the date the ship departed

Bikini, the date it arrived and departed KXwajalein, the location of

decontaminaction and clearance or final disposition., and the dates of

operational and final clsarances. 4
Clearances were defined as follows (Reference 16. 32):
1. Operational Clearance indicates that all normal
operations. repairs and maintenance can be carried out
without radicological hazard provided the precautions set
forth in the General Radlological Safety Precautions for
handling contaminated materials are observed. This is the RDD
clearance :oqui:od‘ for the normal operation of acti m“%lq
ships.
UWMITS

2. [Final Clearance indicates that no radiological hazard of
any type. no matter how cemote, exists on the ship and
that further monitoring is not required. It will apply in
lixe manner to operating ships and to ships desfined for
inactivatlion or disposal. Before final clearance can be
granted the monitors' reports and recommendations for
such c¢learance must be forwarded to Chief of the Bureau
of Medicine and Burgery and the Chief of the Bureau of

ships.

ver,,
22N o
MAECTN
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SMALL SUPPORT SHIPS
Opo:ation CROSSROADSE had 32 small support ships and vyard craft in
addition to the 121 large rt nh ps. Information on these vessels is
betausa mozt oli N nt'l'l\ud"‘ el Sqs or permancatly an:zn-cdcfew.r.
lcaran Because some of these ships and cutt (marked with risk) were
at Bikini for a long enough time to become contaminated. they are of special

interest. They were:

. LCT-581 LCT-1377 YF-754
" LCT-1116 LCT-1415 *YP-990
LCT-1130 *LCT-1420 r-991
LCcT-1132 *LCT-1461 TF-992
LCT-1155 Limestone {(IX-1%58) *¥o-132
“LCT-1184 YC~1009 *¥0-199
LCT~1268 YF-385 *Y0G~63
LCT-1341 *YF-733 *YOG~70
*LOT-1359 YF-735 *¥YP-636
*LCT-1361 ¥F-753 *yw-92
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6. Hpokly Ropbtt for Week Ending l4 September 1946

Commander Advance Echelon JTF-1 to Commander JTF-1

7. vieekly Report for Weeak Ending 12 October 1946

Commander Advance Echelon JTF-1 to Commander JTPF-1

8. Weekly Report for Week Ending 1% October 1946

cCommander Advance Echelon JTF-1 to Commander JTF-1

9. Letter Officer-in-Charge. Amwunition Disposal Unit, to Chief of Bureau of
Medicine and Surgery., 1l November 1946
Subject:

Radiclogical Safety

10, Memcrandum Capt. G.M. Lyon, Safety Advisor, 29 November 1946
Subject:

Commments on letter of Qfficer-in—Charge of Ammunition Disposal

Unit of 11 November 1946

ll. See XRD 206

12. Memorandum OP-33 to OP-414, 28 April 1947
Subiject: v

Sumnary of ships invelved in CRCOSSROADS Operations

13. Bee XRD 185
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20. Weekly Report for Week Ending 3 October 1946
F.G. ra_h-rion
Advance Echelon JTF 1
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NA., MMB, 374-47-101
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F.T. Winant
Amnunition Disposal Unit
Kwajalein
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22. g1 trix Report 946 Pacifi

Reynolds Electric & Engineering Co.. Inc.

7 September 1982
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SIKINI SCIENTIFIC RESURVEY

M ‘uMMfa ’lf'e —OMJ“M“*”_

do Aok have one .

SUMMARY
Ellwing the conclusion of Operation CROSSROADS, the Joint

Crossroads

Committes gave DRreliminary consideration to the possibility of a
Bikini Scientific Resurvey to assess the impact which the CROSSROADS test had

on both target ships and the Bikini Atoll.

on 16 May 1947 the Joint Chiefs of Staff issued a memorandum to the
Secretary of the Navy requesting that the Joint Crossroads Committes and its
successor organization, the Armed Forces Special %Neapons Project (AFSWP)

undertake technical supervision of the resurvey.

The Bikini Scientific Resurvey was conducted by Task Group (TG) 10.12.

Onsite operations were conducted between 15 July and 29 August 1947.

This chapter focuses on the radiclogical safetry aspects of this operation.
It initlally outlines the background of the operation and operations before,
during, and Iimmediately after the resurvey. It has parallel discussions of

»

radiological safety during these operational phases.

From the standpoint of radiological safety. one point stands out clearly

in available documentation. None of the personnel involved in the Bikini

Scientific Resurvey was exposed to radiation levels axceeding 0.1 R per 24

hours. This level was the S0 called “tolerance limit" met for the operation.
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BACKGROUI{& .

wimmediwredy following the conclusion of Operation CROSSROADS, the Joint
Crossroads Committee gave preliminary consideration to the possibility of a
Bikinil Sclentific Resurvey. Members of the Joint Committee carried out
feasibility assessments and consulted with scientists from Joint Task Forcoo-te—
on potential studies and the logistics support that would be required for the

operation. A Joint Crossroads Committee subconmittes was formed to analyze

proposed operational details and make recommendations (1. 1),

Acting in response to reccmmendations from the Joint Crossroads Committee,
on 16 May 1947 the Joint Chiefs of Staff (JCS) 1issued a memorandum to the
Secretary of the Navy requesting that the Joint Crossroads Committee and 1its
successor organization (the Armed Forces Special Weapons Project) undertake
technical supervision of the Bikinil Scientlfic Resurvey. The operation was to
be conducted by the Navy in cooperation with the War Department and with the
participation of the U.S. Geological Survey, the Fish and Wildlife Service of
the Department of Interior, and the National Museum. A target date of 15 July

1947 was proposed (1, 75).
The objectives of the Bikinl Scientlfic Resurvey, as formulated by JCS.
were to (1. 75):
© Collect blological samples

o Carry out diving operations to recover Iinstrumentation
from target ships and conduct structural examinations of

these vessels

© Collect water and bottom samples and cores



‘0 -~ Detailed observation (1nc1udinq photographic recording) of
target ships sunk as a result of test BAKER. with special
attention to be given to USS garatoga (CV-3), ato
{(captured Japanese cruiser), USS Pilotfish (S5-386),
USS _Apogen (8S-308), and perhaps USS Arkansas (BB-33) and
Uss Gilliam {APR~5T) if time permitted. Detailed
sgtructural inspections were tc be made to determine the
exact cause of sinking and to identify minor sStructural

fallures such as bent, warped, or ruptured plating and
-"OL.‘#I-\& "“\M W/pﬂ— “\Sﬂw.

© Recovery of four instruments from Nagato -—- one icnization
gauge. two linear time~pressure recorders. and c¢ne
diaphragm-type damage gauge. Since these instruments wete
watertight they would be in good condition and vyield

recordings of considerable value

¢ Attempt to locate a section of LSM-60 1f time permitted,
which was belleved to have been identified in photographs.
and to ingpect this section for type of rupture. heat

effects, and radiocactivity.

PREMISSION ACTIVITIES
Organization
a
In a directive issued on 2 June 1947, the Chief of Naval Operations (CNO)
ordered that the 81kin1 Sclentific Resurvey be carried out under the
operational control of the Commander-in-Chief, Pacific Fleet (CinCPacFlt). On
3 June 1947. CNQ sent a dispatch to CinCPacF1t, designating three ships for

participation in the operation:



Geology
- Island and Reef Geology (5 personnel)
- Submarine Geology (2 personnel)
- Contractor Support Team {8 personnel)
Radiobiology ™
- One groupj (11 personnel)

Fisheries

- Reef and Lagoon Fishes (4 personnel)

- Pelagic Fishes (6 personnel)

- Population and Taxonomic Studlies (1 person)
Biology

- Experimental Blology (6 personnel)

- Ecology and Morpholegy (3 personnel)
Radiochemistry and Radlophysics

- Fission Products Chemistty (5 personnel)

- Plutonium Chemistry (3 personnel)
- Soils Chemistry (1 person)
- Radiophysics (2 personnel)

Radiological Safe - f::)

e group) (8 personnel; 7 were TG 10.12 staff officers)

I

Radiological Healt

- e group) (4 personnel drawn from the staff of TG 10.12)

Diving., Underwatg hotgraphy and Television
- @ (6 personnel

Army Engineers

(2 personnel)

Aerclogy (Weather Observation!f)

- One group) (1 person from TG 10.12 staff)

The members of the scilentific and military groups came from a large number

of organizations -- the Navy (lncluding officers taken from the staff of TG

10.12). the War Department, and (1, 8):

© Atomic Energy Commission



chilton, which was to serve as the task g¢roup's flagship., had been
recently overhauled. The first members of the resurvey team boarded Chilton in
San Diego on 17 June 1947. Construction of laboratory facllitles was started
imnediately. Stores were onloaded between 23 June 1547 and the departure of

the ship on 1 July 1947 (1, 17).

Chilton arrived at Pearl Harbor on 7 July. Additional perscnnel and
supplies were taken aboard and chilton departed Pearl Harbor en route Bilkini

on 8 July (1. 17).

Coucal departed Pearl Harbor en route for Bikinl on 7 July 1947.
LCI(L)=-61%5 loaded supplies at Kwajalein and arrived on-statlion at Bikini on 17

July (1., 173.

An operation plan was prepared. while Chilton was en route from San Diego
to Pearl Harbor. This plan, published on 30 June 1947, stated that the mission

was to (1. 20):

Obgserve, measure, and record all significant effects of

0peratio?;'EROSSRQADS on the organisms of Bikini Atoll and

surrounding waters, on the atecll 1itself, and on ships and
equipment remaining from Operatio CROSSROADS: and to
contribute to the body of fundamental sclence by observation.,
measurement, and report on those aspects of oceanography.,
geology. bloleogy, and nuclear physics that are of p;rticular

significance in this locale.

’Yh ﬁntation plan annexes covered the operational. sclentific. and

radiclogical safety-oriented aspects of the mission. Information concerning
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Q. Issqpﬂ’:' of special clothing for personnel working in

contaminated areas was provided $er.

o Regulations covering shore operations were established.
Restrictions were placed on eating foods and drinking
water from the 1islands. Swimming 1in the area was
prohibited. Provision was made for a Radiological Safety

Officer to accompany all initial trips to onshore areas.
© Radiological safety equipment was speclfied:

-— Type 263 Gelger tube survey meters would be used to

detect beta and gamma radiation in the field

-- Portable “Zeuto" nylon window ilonization chambers would

be emploved to detect heavy alpha radiation

-- Type 235 survey meters with ilonizatlon chambers in an
extended probe would be used for gamma radiation

monitoring on sunken ships

-=- A= dictated by circumstances, pencil-type quartz fiber
dosimeters for detection of gamma radiation would be

employed by divers and other personnel.

o Provisions were made for the establishment of a

photographic dosimetry unit to process film badges.

o All divers and other personnel encountering significant
radiation would wear Type K film badges and an individual
would not be allowed to reengage in the same activity 1if
total body radiation of 0.lR/day had been wexceeded the
previous day.

6~16



Rugt&_ ‘otﬁcors accompanied all scientific working parties during the
initial iandinqs on islands and reef ateas and continued to accompany these
groups over the period 15 July to 28 August 1947 until it had been determined
that the specific-area to be visited was free from hazardous contamination by

radioactive materials (2. 94).

Model 263 survey meters were uUsed in all field and personnel menitoting
operations. These devices were capable of detecting both gamma and beta plus
gamma radiation through the approximate range of 0.001 R/24 hours to 0.6 R/24
hours. Model 356 alpha nDeters were also included in the equipment of the
Radiclogical Safety Section but proved to be of no value in general terrain

monitoring and of only limited value in the mnito_:?ing of underwater samples
because of their comparatively low scn:itivittz.' S4).

Two types of underwater sutrvey meters/probes were tested during deep-water

diving operations conducted from Couycal (2, 94).

The initial equipment set consisted of a brass-cased Geiger tube,
approximately 120 feet (37.6 meters) of shielded extension cablie, and a
Victoreen Model X-325 counting rate meter. Tests conducted before the initlal
dive on Saratoga showed that this equipment was inadequate because the survey
cable was too short to survey the bottom in the vicinity of the target ship's
position. Hence., the probe could not be used throughout the target area (2,

94).

On 28 Juiy. an experimental underwater radiological survey meter probe was
received aboard Chilton from the Naval Research Laboratory. It consisted of a

brass cylinder contalining seven Gelger tubes, electrical circultry and

6--20



Aftef chemical analyses of lagoon water and edible fruits indicated that
no phys:lo.fogical hazards existed, the bans on swimming in Bikini Lagoon and on
eating fruits were lifted. The prochibition against consumption of any marine

life continued in effect for the duration of the operation (2. 95).

while no major problems were encountered with the Victoreen Model 263
sutvey meters., these devices were a continous repair and maintenance problem.
They alsc proved to be too heavy and cumbersome to transport by hand over long
distances. HeNce, web =straps were Iimprovised. Canvas cases were also
improvised to protect the mters’ from water damage during rubber boat landings

(2, 95).

Menitoring data were collected by radiclogical safety officers
accompanying scientific teams and by independent radioclogical reconnalssance
teams between 15 July and 28 August from all of the major islands and from
representative islands in each group except the sector at the western end of
Bikinl Lagoon (Bokdrolul, Bokaetoktok. and Oroken 1islands). A complete
reconnaissance of the latter islands was regarded as unnecessary because of
their distance from the anchorage of Chilteon and their lack of significance

for the resurvey operation (2, 96).

The survey indicated that while certain isclated areas and accumulations
of waterborne debris found on the lagoon beaches continued to produce beta and
gamma radiation in excess of the established tolerance liuit‘ of 0.1 R per 24
hours, the general level of beta and gamma radiation throughecut the atoll was
well within this limit. Debrisz along the beach that continued to produce

radiation was almost entiftely of material that was assumed to have been blown

6-22



taken aboard. Pollowing removal of the diving suit. divers
and gear were monitored with Model 263 survey meters to

detect any gamma and beta radlation.

Personnel monitoring was carried out aboard ghilton until
it was determined that this procedure was no longer

required.

Personnel decontamination stations were established on
both Chilton and Coucal in the event that monitoring
indicated presence of excessive radlation on elther

individuals or clothing.

S

All mmborﬁot the scientific team= wore individual film
badges during the initial stages of the operation and
until such time as 1t had been determined that this
procedure could be modified or dispensed with entirely in

areas that presented no radiological hazards.

Since deep diving and underwater inspection operatlons
were considered to pose the greatest potentlal hazard,
film badges and pocket dosimeters were carried by each
diver throughout the course of the underwater work. Three
film badges, each or;closod in a waterproof covering, were
attached to the inner clothing of the diver before
descent -- one at waist height, one at chest ho:l.qht. and
one in a shoe. During the early phases of the operation.
these film badges were delivered to the Photodosimetry

unit for developing and analysis at the conclusion of each
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- dive. Later. ﬁun it had been determined that hazardous

concentrations of radioactive materials were not being

encountered, badges were analyzed at weekly intervals.

Of the total of 517 film badges processad by the
Photodosimtry Unit of the Radioclogical Health Section, no
badge carried during the course of the operation gave
svidence of exposure to beta or gamma radiation in excess

of the specified tolerance limit of 0.1 R per 24 hours.

Blological analyses conducted during the resurvey
indicated the presence of varying amounts of radloactivity
in marine life 1n BAikini Lageon, though not in sufficient
concentrations to pose an external radiation hazard.
Instrucrions Ilssued by the Task Group Ccmmander onh the
recompendation of the Radiologlical Health Advisory Board
directed that no marine life would be consumed by

personnel involved in the operation.

Recreational swimming at designated beaches on Bikini

Island was allowed only after chemical analysis of lagoon

\O
water indicated a plutonium content of less ¢t 10-11 NGT

grams per liter ;::f water. A gross analysis of I:he\ fizsion
produ sent in the water indicated a content of less

L3

that\ 10~-12 cpariles r liter of water.
\0™'%* ( 0.000 o000 830 00\D oft-3S0

On the basis of radiochemical analysis of edible fruits.
the original ban on the consumption of such fruits was

1ifted on 24 July 1947 by the task group commander acting

6-25
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on the other hand,

in excess of specified dally tolerance limits occurred.

11l be inciuded in a subsequent draft of this chapter.

no badge carcied during the course of the Resurvey Operations
gave evidence of exposure to beta or gamma radiation 1n
excess of the tolerance limits referred to in Paragraph A.l.,
above. .

During the period from 15 July to 29 August 1547, a total of
572 (emphasis added] film badges were developed. and the
exposures Iinterpreted. None of these badges was found to have
been exposed to sufficient radiation to acquire computable
density. From fillm-badge data it was determined that there
were no personnel exposures in excess of the dally tolerance
limit of 0.l1R, beta plus gamma. All developed badges were
alphabetically filed. and will be permanently stored at the
Radiation Laboratory., San Prancisco Naval Shipyard, as a
permanent exposure record for personnel connected with thils
Resurvey Operation.

While these two sources differ as to the number of badges examined.

rsonnel dosimetry data has not yet been identified. Once located., it

NELTHCE  Wprs

the section entitled "Radiological Health at Bikini®

presented in Volume II of the Report of the Technical Director states (2. 101):

both

reach the same conclusion regarding badge readings -- no personnel exposures
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CHAPTER 7

U.S. ARMY GROUND FORCES PARTICIPATION

TASK GROUP 1.4 (ARMY GROUND GROUP)

The Army Ground Group was dJdesignated Task Group (TG) 1.4 and had two
assigned missions: to determine damage to selected Army equipment exposed at
varying distances from point of detonation and to measure the bomb's :adi#
of effectivensess. CIG 1.4 maintained close lialson with various agencies
operating under the Director of Ship Material and was assigned the operating
code designation w'-?‘f- Senior representatives of each of the technical

services under TG 1.4/\ t ohe time in command of a task unit and alsc a

member of the technical staff (1, 3).
TG l.4 consisted of a headgquarters and the following six operating task
units (TU):
c TU l.4.1 (Engineer Unit)
© TU 1.4.2 (Signal Unit)
© TU l1l.4.3 Ordnance Unit
1
© TU l.4.4 (Chemical Unit)
© TU 1.4.5 (Quartermaster Unit)
© TU l.4.6 (Alr uUnic).
Headquarters was composed of Command., Technical, and Administrative

sections. The functions of Command and Administrative Sections were normal

ocnes implied Dby thelr respective designations. The Technical Section was
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1.4.1 operating strength called for 12 officers, 2 civilians and %3 enlisted

personnel. Ten officers, two civilians, and three enlisted personnel have been

identified. and one was badged with a 0.050 R reading (2, 15.3-10-11).

Task Unit 1.4.2 (Si1gnal Unit)

signal Corps participation in tests ABLE and BAKER was to determine the
effects of damage versus distance onh Signal Corps equipment such as
switchboards, generators. batteries. wires and installations. Equipment was
exposed aboard URBS Nevada (BB-36). USS Arkensas (BB-33), ence
(CVL-22). Prinz Eugen (Ex-German CA), UBS Saratoga (Cv-3). USS New York
(BB-34). USS Gasconade (APA-85), and on Bikini Island for Test ABLE. For Test
HAKER itsms were eoxposed abocard the JArkansag. Nevagda, Satatoga. and
m. The operating strength called for nine officers. nine civilians
from Signal Corp BEngineer Laboratory, amnd 27 enlisted personnel. Eight
officers., twenty-five enlisted men.and nine civilians have been identified.

T™wo individuals were badged and had zero readings (4. 1, 3).

Task Unit 1.4.3 (Ordnance Unit)

To facilitate contrel and preclude duplication it was agreed that the
ordnance unit would handle all explosions and demclition materials for the
Corp of Engineers. The objoctﬁ‘vu of the TU 1.4.3 tests wers to determine
whether changes in design of ordnance materials, smmmition and/or packaging
was necessary to minimize the sffects of a nuclear detonation and to collect

technical data which might ald in future designs. Items wers displayed on the

Arkansas. Nevada. m_mnm:{’l_;%u (=p-38). garatogy. YOG-83, USS LST-52.
UBS LET-66)l., USS LBT-220. and L3T-545 for both tests azx well as some items

located on Bikini Island, Op,o\at:lng strength called for 17 officers and 72



Task Untt 1.4.6 (Air Unit)
The objectives of TU 1.4.6 wers to test nuclear effects on representative
items of Army Air Force esquipment at varying distances on shot ABLE. Navy

vessels used o expose items were Nevada, Independence. and New Jork. After
radsafe personnel declared each target vessel safe. Army Alr Porce inspections

teams went aboard. Reboarding was as follows:

2 July H+25
4 July H+71
5 July H+93

The operating strength of this unit called for seven officers and nine
enlisted personnel. Rebocarding teams were composed of ship's personnel and

Arny personnel. Seven off n ldentified

and none were badg

only traces of radicactivity appeared in the methyl

} L 2
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