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FOREWORD

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

The material which has been deleted is either currently classified as
Restricted Data or Formerly Restricted Data under the provisions of the Atomic
Energy Act of 1954 (as amended), or is National Security Information, or has
been determined to be critical military information which could reveal system
or equipment vulnerabilities and is, therefore, not appropriate for open
publication,

The Defense Nuclear Agency (DNA) believes that though all classified
material has been deleted, the report accurately portrays the contents of the
original. DNA also believes that the deleted material is of little or no
significance to studies into the amounts, or types, of radiation received by
any individuals during the atmospheric nuclear test program.
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PART ONEs GENERAL

1, This report is divided into five parts. Part ONE is a general
description of the report, Part TWO is a discussion of the radiclogical
safety problems created by the CASTLE mission of the task force, and their
solutions as planned and executed during the shot phase of the eperation,
Part THREE is a discussion of fall-out forecasting techniques, Part FOUR
depicts the Radsafe organization. Part FIVE is a discussion of conclusions
drawn from the execution of the CASTLE padielogical safety plan and recommen=-
dations for future operations similar to Operation CASTLE,

2, The report is designed to cover the ovez_'-all CaSTLE radiological
safety matters from the viewpoint ef those issues of direct concern to Head-
quarters, Joint Task Force SEVEN, Since each task group was responsible for
its own internal radiologica]: safety as generally defined in CJTF SEVEN
Operation Order 3-53 (Tab A), no atterpt will bec made herein to amplify on
the details of the operations of the' task groups except as they pertain to,
or directly support, the responsibilitics of the task forco as a whole.
However, duc to the basic rcliance of task force operations on floating
facilities in the test area, the radioclegical safety portion of the TG 7.3
final report has been extracted and appended hercto, The radiological

s‘atety details of TG 7.1 shot atoll eperations are being published separately
as a WT report and will be available approximately Septembor 1954. The
TG 7.1 report will include full details on photodosimetry, radiechemiczl work
performed on-site, shot atoli radsafe survcys and recovery operations.

3. This report has been written for the express purpose of assisting
in the development of future radiological safety plans by presenting dotalled
discussions of thc probloms and solutions arising during CASTLE., \s such,
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the report has a primary operational viewpoint, and frequently departs in
phraseology and precision from the normal standards prescribed for a purely
technical document, Sincec various independent techn.ical investizations
have been completed, or are in process, which closcly examine the neny
facets of the radiological effects of thc CASTLE events, the need for a
coverage of the operational viewpoint appears vital for continuity and
development of better opcrational means of coping with the problems,
L. The following general information on speciel aspects of the C.STLE
Operation is presentcd as background for Parts TWO, THREE, FOUR and FIVE,
a, Seven detonations had been scheduled when the task force
arrived in the Pacific Proving Grounds, Five of the originial seven, plus
one substitute, were actually detonated,
b, The planning date of 1 March 195, was established for detona-
tion of the first shot, ]
(1) The original shot schedule, probable yield and presumed
range of yield in megaton, was:
PROB.BLE PRESUMED RANGE DETONATION

SHOT _‘M. OF YIELD —DaTE___
B (BRAVO) L-8 1 March 1954
" (UNION) §-10 1-18 11 Harch 1954
Y:NKEE) | -~ 8 6 - 10 22 March 1954

‘(Later revised to _ .
with yield 9,5 and range
of 75 = uo’)

,(ECHO) .125 .065 = 4,275 29 March 1954
* (NECTAR) 2-3 1-5 8 ~pril 1954
_(ROMEO) b 1.5 -7 15 ~pril 1954

.(KOON) 1 0,3 = 2,5 22 .pril 1954

(2) Because of adverse weather, the effects ef BRAVO and



deficiencies disclosed in KOON and ECHO, actual yields (in megatons), shot

locations, detonation dates and local times wcre as follows:

SHOT nCTUAL YIELD SHOT SITE DETON..TICN D.TE LCC..L TIME

BR.VO 15 £ 0.5 Land surface 1 March 1954 L5
near Namu,
Bikini

ROMEO 1 2 0.5 Barge in BRAVO 27 March 1954 0630

‘ crater, Bikini

KOON 0.11 £ 0,02 Land Surface, 7 april 1954 0520
Eninman, Bikini

UNION 7.0 £ 0.5 Barge off Yurochi, 26 ..pril 1954 0610
Bikini

YANKEE . 13.5 # 1.5 Barge off Yurochi, 5 May 1954 0610

_ Bildni

NECT.\R 1.7 # 0.3 Barge MIKE crater 14 May 1954 0620
off Teiteripuchi,
Eniwetok

ce On-site Operations
(1) The onesite phase of C.STLE cormenced with the establishment

of cormand posts in the forward area on 17 January 1954, arrival of major
corponents in the forward area was phased to coincide with the immedizte
operational needs, By 1 February 1954 all task force elements had arrived
in the forward area and preparations wore begun for the conduct of the full

scale rehearsal, Extensive preliminary cormunications checks were rade and
on 23 February the rehearsal for the first shot was successfully carried out,

This was the¢ only full scalc rehearsal conducted, Since all shots ware

statically detonated and operations were similar, each detonation served as

a rehearsal for the one to follow,
d, BR.VO was detonated on 1 Mareh 1954, Prior to this shot all

personnel were cvacuated from Bildni utoll, except for a smill firing party
which remained in 2 bunker on N.N (Enyu Island), approxinmately twenty ailes
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fron zero point. .t the tine of the detonation all task force ships in the
Bikini area werc located southecast of the atoll at least thirty milcs from
zero point, after the shot it became necessary to close the camps on Bikini
.toll because of the radiological contamination and blast demage, 3ubsequent
operations at Bikini were conducted principally from afloat., Eecause of
unfavorable weathur conditions at Bikini, it was not until 27 March that
RéMEO was dctonated., The concept of the shot schedule was reviewed ~nd
revised to incorporate more flexibility. NECT.R was rescheduled to be fired
at Eniwetok .toll. On 7 .pril, KOON was detonated at Bikini, on Eninman
Island, Becausc of the poor results of KOON, ECHO was cancelled, .t about
the sane tinms, the original Y.NKEE was cancelled and a nmodified version of
ROMEO was added as YANKEE . _, On 22 «pril, the task force was capable
of detonating either NECT.R at Eniwetok ..toll or UNION at Bikini ..toll, This
wes the first instance of such flexibility in U. S, testing history. However,
weather conditions were unfavorable, and it was not until 26 ..pril that UNION
was detonated, Preparations for firing Y.NKEE at Bikini were completed while
awaiting favorable weather at Eniwetok to fire NECTAR. By 5§ 4ay, Y.NKEE was
readied and detonated, On 14 Yay, the Eniwetok weather became favorable and
NECT~R was detonated, Except for rollup and redeployment, the on-site phase
was cssentially completed with the last shot,

e, 8 tasks were completed, units of the task force were redeployed
end individuals were returned to parent organizations or were reassiined, In
accordance with previcusly prepared plans, reduced planninz staffs and certain
troop elements were reformed a2s components of the task force in order to
provide for continuity of operations, and for cconomical, axpeditious support

of future operations,



f. ns in previous operation; , weather was a2 major problen,
particularly with regard to winds aloft for fall-out considcrations, Delays
were experienced because of unacceptable fall-out patterns. The tests were
carried out during a period of the year when the weather in the farshell
Islands area was reasonably favorable; it was not an unusual scason fron a
climatological point of view, future tests must expecct similﬁr delays due
to weather unless flexible firing tcchniques such as firing on barges in the
open ocean or >ir drops are devsloped which will rminirdze the anount and the
activity of fall-out,

ge iwdiological Safety

(1) Sincc six shots in the megaton range were scheduled for the
operstion, the Aodsafe Plan placed particular emphasis on the possibility of
fall-out on populated islands and transicnt shipping, Forecasting radio-
active fall-out for C.STLE was. initially seriocusly handlcapped by the absence
of definitive data on the effects of very high yield (negeton) devices,
Inforration from Operation IVY (MIKE Shot) wes extremely limitod and as a
consequence risleading in many respects, In particular, early C..STLE
oxperience indicated that fall-eut periods on the order of six to twelve hours
while adequate for ylelds obtained prior to IVY, were incdequate for C.STLE,
It was apparent that prc-shot forecasts would be required of wind conditions
for periods up to H plus 18 to H plus 24 hours with 2 high degree of accuracy
in order to insurc that the significant fsll-out would t~ke place in accopte
able areas during this period of tie, Generzslly, this requirement involved
the forecasting of thc stability of wind patterns, or the expected linmits on
the variation of the pattern during the period of fall-out, Further, it
required wind forecasting for se%ral different tines and many ceographical
positiene throurhout the projected fall-out area.in.omier.to.sunnort o new.



dynamic fall-out plot tocchnique developed on C.STLE, This technique employed
the concept of a 24-hour periocd of fall-out and considered the e¢ffacts of
tim;a ard cloud displacement factors on wind systems within approximately 50C
niles of the shot site,

(2) .erial cloud traciking flizhts werc uscd as the primary neans
of obtaining A rapid evaluation of the relation between forocast and actual
atomic cloud travel, .dditional precision aerial surveys of land masses in
the Marshall Islands wore supported for studies being conducted by the New
York Operations Office, .EC (NYKOPO), These two types of flichts, together
with a network of (NYKOPO) ground nonitoring stations, were used to consider-
able mutual and timely advantage by the task force and the NYKOPO representa-
tives in evaluatin: the fall=-out patterns on populatcd islands and, by the
task force, in advising appropriatec headquarters sharing responsibilities
for these arcas, £

(3) The maintenance of personnel radiation exposures at the
lowest possible lecvel was the third major task force .ladsafe problem, The
plenned Maxdmum Porrissible Exposure (MPE) of personnel was 3.9 roentgens,
However, it was anticipated that this limit would be too low considering
the number and expected ylelds of the wsapons and devices to be tasted,
Consequently, the (ladsafe Plan, with the concurrencc of the Surgeons General
of the three Services and thc Director, Division of Biology and ifedicine,
~EC, included provision for waiver of the MPE by the task force commender
in individually designated cases when circumstances indicated the need and
Justification therefor, This authority, exercised for a relatively few
number of individuals, was adequate for the complction of essential C..STLE
nissions, Except for rclatively high accidental exposures on 28 personnel
at the_task forca weather station on ilongerik .toll. and a smell number of



othor individual cases, none of the task force personnel received doses in
excess of 7.8 roentgens, In fact, less than 8% of the tesk force personnel
roceived a total exposure in excess of the established MPE of 3.9 roentgens,
and less than 2% in e::cess of 6,0 roentgens,

(4) Specific details pertaining to cach CASTLE shot: «s a
general rule, the winds in the lMarshall Islands area are east northeasterly
to easterly in the lower, or tradewind, levels (up to about 20,000 feot), and
easterly in the high levels (above tropopause height, or about 60,000 feet.
In the general discussion of wind patterns for each shot below, the mid-
levels winds (20,000 to 60,000 feet) are the primary consideration, sinecc they
are not only variable, but also involve the most si nificant portion of the
cloud from a fall-out viewpoint,

(a) BR.YVO

1. The ERAVO mid-levul winds were from west southwest,
The trades were shallow (approximately 5,000 feet) with light northwesterlies
to westerlics to 20,000 feet and the high winis were more east northeasterly
than easterly,

2. BR.VO was detonated as a land surface shot on a
small sand spit near NAMU (CHARLIE) at Bikind

3. The task force fleet was at lcast 30 miles southeast
of ground zero at H=hour, and steamed further south upon receivin. early
fall-out,

4s Close-in ground contamin-tion on the shot atoll was
hich, and spread in a somewhat uniforn ellipticel p;zttcm to the east, .t
H plus 4 hours, the airstrip on .IWKIJI (OBOE) was resding 10,5 r/hr; the
ENYU (NiN) camp approximately 2.5 r/hr at 125 fcet and the DOG-GEO:GE chain
from Lta SQ.rthe at 100 feet,



5+ The yleld of 'BiL.VO was threec times the most probable
predicted value and twice the predicted upper limit, Consequently, nore
radioactive debris was carriecd up and diffused over a rwuch larger aprca than
was expected, BiL.VO dcmonstrated that the origin of thc fall-out pattcrn is
& large area up to 25 rdles in radius, varying accoriing to the yleld, Judio-
active intensitics at specified distances, likewise, varies with the ylold,

6. BRiVO produced high contardnation on populated areas
immedictely to the east of the tcst site which necessitated the cvecustion of
groups of !>rshall Islands natives and certain U. S. military personncl,
Elcnents of the task force fleet and personnecl wers involved in early f2ll-out
which nccessitated full use of naval atomic countermezsures and rotirement
of the fleet to regions more distant from ground zero, The incidents associate
ed with this shot resulted primarily from the lack of fall-out information
fron previous shots of comparable yield, the unexpectedly hizh yield of HL.VO
and an average dcviation of approximately ten degrees (in ~n adverse direction)
between the observed and forecast winds for shot time., The net result was an
aggravetion of the adverse conditions ordinarily predictable and acceptable
under operational criteria anmd fore.castiw techniques in existence prior to
the EiVO ovent,

1. ~l1l C.STIE shots subsequent to BR.VO were detonated
sithout sisnificant fall-out impact. This was due to corplete analyscs of
the effects of BRL.VO, the application of this inforwu-tion in the development
of realistic and dependabls fall-out forecasting techniques and the devclopw
nment of better limiting wind pattern criteria within which the fll-out
pattcrn could safely lic.

8. 82 natives of longelap ..toll and 154 nrtives of
Utirik ware evacuatod to Kwajalein ..toll as a result of the fall-out fron



HL.VO, Some of the longelap notives received total exposures in cxcess of
100 roentgens, No fatalities or known significent after—effects resulted,
The Utirik natives received approximately 17 roentgens, The report on the
care and trcatment of the natives will be presentcd in detail inthe final
report of the nilitary effects tests programs,

9. The Utirik natives were returned to their homcs in
M2y 1954. The longelap natives were moved to lajuro ..toll in June 1954 to
occupy a now temporary village constructed with task force facilitics,
materials and funds, ..dditional task forece funds will be furnished, as
necossary, to reinbursc the Trust Territories for necessary native living
costs while housed at !Majuro,

20. It is estimated that longelap .itoll will be safe for
native re-occupancy by about 1 Mey 1955, In tho interin, quarterly inspec-
tion trips will be rade to Rortzelap .toll by specinl survey parties to
deterrine the progressive contarinztion status and the exact date of retumrn
of the natives, )

11, One Japanese fishing vessel was contaninated in an
area reported by the Japanese to be approximately 80 to 90 rmiles east north-
east of Bikini. The reported position of this vessel was within the pattern
of the search aircraft on shot day, Failure to contact the Japenese vcssel
was due to severe aerial contamination of the search aircraft when approxi-
nmately within radar renge of the ship., The replacenent search aircraft,
directed to pick up and complete the search pattern, was unable to sweep the
close-in area missed by the orizinal aircraft due to the same radiolosical
oifficulty,

12, Detailed information on the evacustion and rehebili-
tation of the “arshall Island natives and the Javanese fishing vessal incident



is contained in Tab H,

13. Detailed radsafe information, and pertincnt weather

factors, are presented in Tadb K,
(v) OMEO

1. ROMEO mid-level winds werc southerly oxcept that the
tops of thcse levels (50,000 to 60,000 feet) were westerly at shot time,
beconing southerly by H plus 2 hours, The tradewinds were easterly at shot
tine with a layer of southerlies between 6,000 2nd 12,000 feet, The entire
tradewind level to 20,000 feet shifted to east southeasterly by H plus 2 hours,

2, .OMEO was fired from a barge at BE.VO GZ in water
approxinately 110 feet deep, the first water surface shot in the history of
U, S, atordc testing,

3. The task force flcet was located approxinately 30
rmdles southeast of ground zerd,

4¢ Close=in ground contamination from IOMEO was linmited
to a radius of approxinately 10 rdles, the values buing somowhat less than
for BR.VO,

S, Lagoon contarination from ROMEO was limited cssen-.
tially to a drift of radiocactivity toward the south along the western reefs,
flushing slowly out the western channels,

§. No significent health hazard resulted fron .DMEO,
cither to units of the task force or to populated islands in the vicinity,
althouzh appreciatle (but not hazardous) contamination was depositod on
<ongelap and Rongerik,

7. Preliminary reports fron Project 2.5a (F2ll-out
Distritution) indicated that the asroscl-type cloud fronm .IOMEO tended to
resist. fall-out off the shot atoll for at least 50.milus.dowmdnd. but.that.
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it depositcd intensities comparable tc BRAVO on objects exposed broadsids to
the cloud drift,

8. The long-range AQMEO cloud persisted for 2 considerw
able time, apparently transiting locngelap and Rongerik .tolls on plus one
day, Effects of the clcud were also recorded at Bikini at about H plus 42
hours and at Eniwetok at about H plus 54 hours. Intensities at Bikini
reached values of 15 to 84 mr/hr, Intensities at Eniwetok ranged from about
5 to 15 mr/hr; Kwajalein recorded 1 to 9 mr/hr at about the same time,

9. To evaluate the effects of the tradewinds on
Eniwetok, one additional cloud tracker was placed to the west of ground zero
at 5,000 fcet to augment the routire tracker at 10,000 feet, acrial intensi-
ties in the roentgen range were detected to the north of an east-west line be-
tween Bikini and Eniwetok, Eniwetok was especially alertud to this fact;
however, all contamination passed to the north, The general results of OMEO,
and other water surface shots, indicate that, had the contamination passed
over Zniwetok, ruch of the intensity values would have rcsulted fronm a "shine
effect®,

16. Dotailed radsafe information, and pertinent weather
factors are presented in Tab L,

(c) KOON

1. KOON v'i-level winds were southerly to southeasterly,
becoming southerly to 25,000 and west southwesterly to 60,000 feet by H plus .
3 hours, The tradewinds were very shallow, averaging about 2,000 to 4,000
feet in depth during the first three hours after the shot,

2. KOON was a 1land surface shot detonated on the western
tip of ENINM.N (T.ZE) at Bikini.



3. Thc task force fleot was located approxirately 25
niles east of ground zero for operational reasons, with instructions to
stean south after H-hour,

4o Due to the unexpected low yicld of KOON, no si;nifi-
cant contardnation probluns arose, Closc-in contarinrtion was limited
essentially to the shot island, the island immediately to the west of sround
zero, the anchorages just off the shot island, and across the lagoon on the
DOG-GEORGE chain and BIKINI (HOW) Islands,

5. «t shot time, a large rainstorn was present between
ground zero and the task force fleet, No radiological damage resulted to
the fleet due to sufficient distance between the ships and the storm.

6s ~ small anount of contamination was deposited on
Rongelap and Rongerik from KOON, This was belicved to be due to either raine
out from approxinately the 25 ,C;OO foot levuls, or due to a relatively
efficient transport of most of the debris to the cast and subsequent subsi-
dence and scavenging by rain showers known to bo. in the general area,

1. Detailed radsafe information, and pertinent weather
factors, are presented in Tab M,

(d) uNTON

3+ UNION mid-luvel winds were west scuthwest, The trade-
winds were light and shallow (about 10,000 feet in depth), and lisht and
variable between 10,000 and 14,000 feet, Lizht westerlies uxisted from 14,000
to 20,000 feet,

2, UNION was a barge (water surface) shot in the lagoon
(in approximately 120 feet of water) near YUROCHI(DCG) at Bikini,

3+ The larger ships of task force fleet were located
approximpeiw-10- miles east southeast of ground 2ero fop .enexabiensl rsasons.
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but were instructed to steam south immediately after H-hour, Smaller shipe
were located further, end more southeasterly, from ground zero at H-hour.

4o Due to the predieted upper limit on yleld for this
shot, the ROMEO fall-out experience was used with considerable cauticn in
the UNION Radsafe plan, Subsequent events, however, indicated characteristics
quite similar to JOMEO, i.e, aerosol=-type cloud, Contanination from the mid-
lcvels was not instrumented, |

5. Long-range contanination fron UNION was slizht in
comparison with RQMEO, probably due to rmore favorable winds in these levels
to the east of ground zero,

6. The dynamic systen of fall-out plotting developed on
C.STLE was first used for this shot, and continued for all subsequent shots,

7. Det=iled radsafe information and pertinent weather
factors are presented in Tab N, '

(e) Y.NKEE

l. Y.NKEE mid-level winds were southwest to west southe
west, Tradewinds were shallow (10,&0 feet deep) with light northerly to
northwesterlies between 10,000 and 20,000 feet,.

2. Y.NKEE was a barge (water surface) shot in the lagoon
(in approxinately 120 feet of water) near YUROCHI (DOG) at Bikini,

3. The larger ships of the task force fleet were located
approximately 30 miles east southeast of zround zero for operational reasons,
but were instructed to stean south immediately after H=hour, Smaller ships
were located further, and more southerly, from ground gero at H-hour,

4o Jlthough Y.NKEE winds were somewhat less favorable
than UNION (lower level winds veering around counter-clockwise), ROMEO and
UNION exvarience were such that this factor could reasonablv be accepted._ .
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Post-shot experience indicated reasonable agreement with the fcrecast except
that the southern islands were not appreciably contaminated from this shot,
The bulk cf the contamination expereienced was confined to the northern and
eastern islands, including NaN,

5. Y.NKEE characteristics were completely within the
experience of [DMEO and UNION., .ppreciable air intensities were nezsured
over NiN and T.JE and in the general vieinity of Rongelap, however, no
appreciable ground deposition was asscciated with these observations,

6. The ocean fall-cut pattern was roughly delineated
for this shct by the .EC's New York Operations Office progranm (using aorial
surveys of styrofcan rafts and the water 1taelt) and by Project 2,.5a, (using
surface water sampling techniques). In addition to the documentation of
YANKEE, this work was extrensly useful in organising the plan used by these
two groups on the last shot (NECTR). |

7. Long-range contamination from Y.NKEE was slight at
longelap in comparison with RQMED, and, althoush aerial intensities in the
vicinity north of Bikar were measured in the roentgen range as late as H plus
20 hours, no significant increase in the ground readings (extrapolated fron
aerial survey at about H plus 36 hours) were noted at this atoll,

8. One isolated incident of interest involved two LST'e
(ono with wash-down equipment, the other without special gear) enroute (in
company) to Pearl, at approximately 700 nautical niles east northeast of
ground zero, Thcse ships observed intensities of 40 and 96 or/hr maxirmns
for the wash=down and ncn-washdown ships respectively. Contamination started
at H plus 31 hours and continued until H plus 42 hours, ..tonic counter-
measures taken by the LST's reduced intensities to approxinately 8 tc 10 mr/h
maximuna. . It _is conjectured that an appreciable portion of the cbservations

u



by these ships was duc to a "shine" effect frcm the Y.NKEE cloud,

9. Detalled radsafe information anld pertinent weather

factors are prescnted in Tab O,
(£) NECT-R

1., NECTAR mid-level winds were southwesterly to south
southwesterly to 45,000 feet and westerly to 60,000 feet, The tradewinds
were east southeasterly to 20,000 feet, .

2, NZCT.R was a barge (water surface) shot in the IVY
MIKE crater (approximately 100 feet of water) off Teiteripuchi at Eniwetck.

3. The task force fleet was south of the atcll at shot
tine and re-entersd aftcr H-hour for an emergency evacuation capability,

4e No signifieant radiological problems arcse from this
shot, Close-in contamination was linmited essentially to the islands north
of YVONNE, ’

5, Extensive weather (cloud cover and rain) preceded
the NECT.R shot, at H-hour a large rainstorm was over the lagoon between
ground zero and the southern islands; however, sround zero and the northern
islonds were rclatively clcar below the bases of the low weather clouds (i.e,
clear from the surface up to about 2,000 feet).

§. WVeather and clouds extending in layers up to about
50,000 feet persisted for at least the first six hcurs after shot tine,

2. Mcderate continuous rain occurred thrcughout the
shot day. ll of the weather observed on shot lay was attributable to the
prevailing goneral woather situstion, primarily the strong southerly wind
flow,

8+ « unique feathcr of the NECT... Radsafe plan was the
stationinz of a dsstroyer at Ujelang in the event an evacuation of that atoll
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became nccessary, Since cloud tracking efforts at 5,000 and 10,000 feot
southwest of Eniwetok through H plus 6 hours indicated no ccncern for Ujelang,
the destroyer was ordered to return to base,

9+ ~ cocnsiderable effort was rade by the .EC New York
Operations Office fall-out progran and Project 2,52 to Jocument the NECT.Q
fall-out pattern along the lincs of similar work ione on YANKEE,

10, Detailed radsafe information and pertinent weather

factors are presented in Tab P,



Pl : RDIOLOGICAL S.FETY PROBLEMS

1, Originally, Oporation C.STLE involved four events in the very high
yield range., ~8 plans progressed, the schedule was increased to sevcn events,
and then reduced during the operation to six, .8 a consequence, the ladsafe
Plan for the operation required detailed rc;-ova.luati.on to detormine the
practicality of various assunptions and planning factors, Primarily, since
each extra event (insofar as personnel radiation dcsages were concerned) was
additive, the permissible exposure per event for shot participants decrcased
as the number of events increased, Prior to Operantion CASTLE, the maximunm
nunber of events at the Pacific Proving Ground (PPG) was four on Operation
GREENHOUSE. The naximunm number of high yield events was two on Operatica
IVY of which cne was an air burst at 1,500 feet., It appeared that C.STIE
planning would have to be bui}t arocund the senmec personncl dosage allowance
as used on these cperations regardlcss of the nunmber and yields of the events
for C.STLE, There wus an obvious need for ways and mcans to cut down on
personnel ocxposurcs per sh.t or to raise thc permissible loso for some
individunls,

as In rezard to efforts to cut down on persomncl exposures, a
nunber of factors wers i=avolved, Not all personnel would participate in each
event; hcwever, it appearcd to be a logicel assumption that the average number
of events for participation would increase, It was also ast that the
total number of people involved in the operation would increase duec to attempts
to spread the permissible cosage over a sufficicnt nunber of part.:l.cipanto to |
8ffeet an over-all average dcse within acceptable li=its, It was alsc clear
that some fcrn of indoctrination was necessary in order to effect completion
of work in contarminatcd arcas with the maxdran efficicncy in order that the
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acquired dose represented maximn conservation of personnel exposures, The
Mddua:‘l.a prinarily involved in this problem were axpected to be the
scientific project participants, Consequently, a special course of instruc-
tion was devised for the Radsafe momitors of the verious projccts. This
course of instruction stressed the practical applications and field expedients
involved in the monitor's worke The MPE of 3.9r for the operation was stressed
in its relation to realistic planning by the projects. The basic problen was
the relation between the nunbers of pecple capable of doing project work
(including Radsafe monitors) and the burn-out rate of the project recovery
teans, These factors depenced upon the number and type of shots in which the
project pa-ticipated, proximity of recovery stations to growd zero, problems
of locating instrument sites after water wave and blast-indused topographical
changes, ca:plo_aty of instrunent site, expected time required to re-enter the
instrunent site plus a factor St safety to cover expected damage to doors or
tine to clear away coral or debris from doors. Since the project peopis had
only 3.9r to spend for their entire participation, it was emphasised that ti:
should nake realistic plans to pass the recovery Jjob around to all members of
the project party and to avoid having an "indisponsable man" who alone was
capable of cocking an instrument or removing a record, It was pointed out
that a critical problem would arise from burn-cut of key projest people and
their intense desirs, shot after shot, to be the only ones to touch their in-
struments and records, The courss stressed that the provision for CJTP SEVEN
waiver of the 3,9r MPE (para 1.b. below) would be used only as a last-ditech
oDeasure and would require full justification and evidence of realistic pre=-
operaticnal planning. Monitors were requestod to use IVY MIKE shot contamina-
tion data, the number of shots on which each member would participate, the
expoctead howndey and time required to recover sasomia.fom.abich a rsssanahle
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recovery plan could be devised,

‘b In recognition of the mitually exclusive aspects of a fixed MPE
Zer the entire operationand the greater amount of work to be acc<mplished
ir. contaminated areas, it was obvious that some form of relaxation of rigid
dos: limits was ne:essary. Several methods of relaxation of the MPE were
arparent, Taers was the possibility of assigning the MPE of 3.95 to calendar
quartars and thus take advantage of the fact that Operation CASTLE extended
sve> two such quarters, giving a total of 7.8r for the first six months of
-S54, Some U. S. laboratories and industries now use this system, Tre
~tinary AEC objection to such a generalized solution lies in the fact tnat,
vhereas on a field test, dosage limits must be flexible enough to all-w limits
Jet, without regard to the rate cf acquisition, such is not the case in liabora-
tcr.es. In the latter case, control features are set up on a week-by-week,
jear-by-year basis to limit edposures to 0.3r per veek, and to remove froam
radiation work those personnel exposed in excess of a muximum averaged pro=
Rrassively on the basis of 0.3r per week., Similarly, a flat MPE of, for
example, 7.8r for the operation was objectionable to the AEC for similar
reasons and because of & general lack of long-term raciation effects informa-
tien on year-by-year acquisition of dosages at even the currently acceptable
rate cf O0,3r per week., The most promising avenue of relaxation appeared to
be some sort of walver provision to be exercised by the Task Force Commander
in exceptional cases where the technical impsart and 1'.hoj medical aspects of
proposed work could be evaluated before the fact in conjunction with the !
necessity for completion of specific missions. Provision for waiver of the '
MPE was built into the CASTTE plan(Tab A and Tab B) with the concurrence of l
the Surgeons Goneral of the three Services and the biroctor, Division of

Blolegy_and Mcdicine, AEC, The waiver provision was uscd to an approciable
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extent to resolve special cases, the majority of which were a mmber of scien~
tific pr-'.Joct personnel and the crews on four major ships, The various
fact3rs involved were weighed and evaluated in all cases, the technical and
:mxlical implications and the ability and necessity for completion of missiens
wile the major factors leading to the decisions to authorize a departure from
t:e 3.9r standard fqr the operatien,

2, Shot Conditions and General Results: The following discussion is
lizited to shot locations, generalized indication of yield, planning assump-
tions and general results of the CASTLE shots, Detailed shot results are
prosented in Tabs K through P,

a, The CASTLE program included shot conditions not previously
snvountered in test operations, i.e. shots an barges in relatively shallow
watcr, and one shot on a small sand spit. According to the latest schedule
p~ior to the eperation, the shots at Bikini Atoll weuld be located = cne
on & small sand spit in the vicinity of NAMJ, four on barges in the lagoen
near YUROCHI and ene on ENINMAN., One shot was scheduled for on
ENIWETOK, All shots were to be surface events, statically dqtcmtod. ALl
shots were in the very high yield range except the one at ENIWETOK, As
executed en CASTLE, one of the four BIKINI barge shots was moved to a barge.
shot in the IVY MIXE crater at ENIWETOK, and thc EBERIRU shot was cancelled,

b. The IVY MIKE shot radiolegical fall-out data illustrated a some-
what new feature in the fall-out phenomena associated with the detonation of
high yield weapons, Stated in its simplest terms, and insefar as the atoll
islands are concerned, there was little difference between upwind and downe
wvind conditions for a censiderable distance from ground serc, This phenemena
was ascribed to a terroidal atmphoric. circulation set up lecally ard from
vhich tha heavdiar bomb and bemd site debris was force-fed to the_ground by
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the circulating winds. As a consequence, the up-wind or cress-wind distances
becoms critical, the lateral spread of the early fall-eut being such that
relatively high radiation intensities can oceur in these directiens. For
Operati 1 CASTLE, it was assumed that the problems raised by this phenomena
wald most likely occur at BIKINI, This atoll, being relatively narrow along
e north-south axis, with ground zeros along the northern reef, and camp
sites on the south (ENINMAN and ENYU), was assumed to be particularly suscep-
vible to the cross-wind and up-wind fall-out, It was assumed that with detona-
“iens along the northern reef, with yields on the order of MIKE ard fired
uder the ground sero conditions of MIKE, fall-out on the ENINMAN camp cculd
Yo expected to reach a maximum of 1,0 to 10.0 roentgens per hour within about
“wo to three hours aftor H-hour, This could man a delay of from cne to-

iwo weeks in putting the ENINMAN camp back into full time eperaticon, Condi-
*ions on ENYU were assumed to be considerably better due to the greater
distances from zero points and its relatively up-wind pesitiem, For the

shots involved, fgu reef shot southwest of NAMJ and the barge shots in the
vicinity of YUROCHI, it wes expected that the NAMU shot should give the most
trouble since its firing econditions would vary nearly appreximate those

of MIKE, Here the conditiens for heavy fall-out, namsly the u=take of a

large quantity of coral (to which the radioactive particles ceuld cendense),
would de such that the coral particle scaveriging action should dbe as efficient
as MIKE, resulting in considerable fall-out 4in the atoll area gross-wind and
up=wind, Since the barge shots were to. be fired in water of a depth approxi-
mately that of the MIKE crater, it was expected that little coral or bettom
material would be taken up into the "het" cloud, Consequently, the scaveng-
ing action in the atoll region was expected to be greatly lessened, It sheuld
8lso be noted that the conditions for a highly radieasctive base surge would
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not be present for the barge shets, At Bildni BAKER, the water causing the
base eurn was part ef the blast and firebdall, huﬁn; been carried up alcng
with ¥nd mixed with the highly radieactive particles., Fer the barge shots,
ary water raised should be that which is sucked up into the relatively eccl
:lyd stem, Past experience, particularly with dust drawa up in tower shots
in Nevada, has shown littls radicsctivity te be present in the resulting
material which returns to the surface from the lewer clowd stem, Althowgh
it seemed probable that a phencmsna would eccur on the barge shots which
would have the appearance of a base surge (due to large quantities of water
falling back into the lagzoen), it was not expected that appreciable radiation
vculd be transperted in this fashien as was the case at Bilkdni BAKER. Summar-
izing, it seemed that the local contamination preblem was most urgent for the
NAMJ shot, and considerably less urgent gor the barge shots, In this respect,
the ground seres were favorable, the NAMJ shot being most distant from the
clesest camp site (ENINMAN), and the barge shots claser, but less likely to
highly contaminate the camp. It was considered that the chances were more
against, than for, high radicactive centamination of the camp sites,

ce It was recommended that persomnel of the ENINMAN camp site be
evacuated (less those persons indicated in & belew) for the NAMU and the
barge shots, At H plus three to feur hours Radsafe survey work would allew
a positive determination of whether or not high contamination levels existed,
or would exist, at the camp sites, In the event of contamination at the camp
site, lnowledge of the decay characteristics of tho radiocactive fall-out would
be such that an accurate prediction cculd be made for a favorable re-entry
time. Under the worst condition, task force personncl would be required te
spend about 2/ hours for either "cooling off™ ef the 