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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
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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 camp site er for a
return trip to Eniwetok in the event extended "cooling off" time was necessary.
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This evacuation could be on an austere basis utilizing existing ships in the
area and vith a "standing room enly" philescphy,

- ds At ene time it appeared that it might become necessary or desir-
abla to leave small numbers of emergency and utility persennel at the ENINMAN
sice during the NAMU and barge shots. In this event it was recommended that
he plan include only a few peeple (on the order ef twq or three helicepter
lcads) to remain where thcir presence was necessary to man instrument sites,
caxixp utilities or airstrip emergency equipment., Should it become neccssary,
this small number ef peeple could be drawn off rapidly enough to prevent
accumulatien of high exposures, Although it was recognized that even large
numbers could be evacuated within a reasonable length of time and with perhaps
only mild ever-expesures, such an evantuality could concelivably hamper future
aperations by using up for a large numbcr of personnel on ene shot mof., it
nst all or more, 3f the author{zed radidtion exposures for the entire eperas-
tion,

9. As the shots pregressed it becams mere and more apperent that the
planning assumptions were justified, Except for the yield ¢f BRAVO (which
effectively aggravated and exaggerated all the adverse features in the existing
wind structure) the assumptions were sufficisntly valid to prediect the end
result with a fair degree of accuracy, As & guneral statement BRAVO behaved
to a great extent like a highly contaminating surface burst over a wide plane
of earth, The great amount ef solid material carried up into the colum and
mishroom returned to the grmnd'tomn; roughly & circular iscdose line pattern
on the shot atoll, Leng range down-wind, this shot produced intensities much
higher than hitherto seen or expscted in test operations to distances up to
300 miles over a pcriod ef appraximately 12 to 18 hours. Contaminatien ef the
ENYU and ENINMAN camo sites was predicted from the.ERAVO.wind asttarn. altheush
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resultant intensities, particularly on ENIU, were higher than anticipated.

The Mréo shots, on the other hand, appeared to remain in a fine aeroscl-type
clowd (without a base surge phencmena) pcrol:tiné fer leng poricds of time,
Clcse~in on the shot atoll, the bargs shots preduced contamination comparakle
t~ BRAVO, Long range aspects indicated high aerial intensities cut to at
least 50 miles and appreciable (but net dangercus) intensities out to 600
miles for periods of 24 tO 48 hours after the detenation, This latter feature
of the barge shot raised a crucial preblem which should be considered en £
future operations, namely the necessity of evaluating the "shine dose" from ?
this type burst in particular, and high yleld shots in goneral. (See para
bed),

3. The development of the CASTLE Radsafe Plan revolved primarily arcund
two basic criteria, i.e, the so-called Rule Dose and the Tactical Dose,

a. Rule Dose: This dessge allowance is the legal limit er Maximm
Permissible Exposure (MPE) ef 0.3r per week (gamma. emly) set 3y the AEC upen
the advice of a committes of radiation experts. It is the industrial safe-
guard bagsed on a 'c_ogtimmo week by mk; year by year exposure at this rate,
Since this is the legal limit, deviatien from this standard may tend te:place
the Task Force Commander opsn to questien, As a consequence, the limit
creates radiation contrel problems in each instance of work performed in
contaminated areas and becomes progressively more a problem as the yield, the
number of atemic events and the rapidity with which they are detenated ine
crease,

b, Tactical Dese: This desage allowance is that ameunt accepted
by DOD autherities in the radiatien field fer use in tactical or emsrgency
situatiens 2s required. It {s based upen the comsideration that it will be
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- received as an exceptien as epposed tc:~ the frequent and regular lifetime
expesure rate for the Rule or Legal dose limit, It also assumes that indivi-
due.l.s.eo exposed will be kept from any further exposure if at all possible,
The upper limits cf the tactical dese (taken over short intervals) were as
£-11owet .

(1) Less than 100r: Little effect. '

(2) Mere than 1C8r: Pessible deterieration (nausea and verit—
ing), no deaths,

(3) 2¢0r: Scme deaths might eccur, rapid deterieratien,

(4) 450r: Mean Lethal Dose (MLD), i,e, expectatien ef 5C% deaths

(5) 650r: Lethal in most cases,

¢, The CASTLE Radsafe Plan was necessarily dosigned to mset the
requirenments of the Rule Dose limits, Certain modifications wers made in the
rules as féllews (with the cm;urroncc of the Surgecns General of the three
Serivces and the Director, Divisien of Biology and Medicine, AEC):

(1) The intdgrated exposure ef 0.3r per week for 13 weeks (3.9r)
was suthorized to be taken witheyt limitatien as to the rate of expdeure u:l :
without regard to the individual's radiation histery provided no ever-expesurs
remained feor compensation. The 3.9r was further augmented by 0.3r per week
for each week in excess of 13 weeks required for Operation CASTLE, Operaticn
CASTLE, insofar as psrsemnel radiation expesurs was concerned, was designated
to start en the first event minus 15 days fer all task force personnel,

(2) T™e crew members of air sampling aireraft were authorised an
MPE of 20r for the entire peried of Operatien CASTLE. All perscnnel 30 eX-
prsed were te be removed from further werk in rediation until sufficient time
elapsed to bring their average exposure down te 0.3r per week, It was planned
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to expose these peeple to about one-half the authorized 20r, reserving the
remainder as a contingency against radiation accidents,
(3) The Task Forse Commander was authcrized te revise the MPE

by waiver ir individually designated cases when circumstances indicatcd the
ntd and justi/ication therefor. This waiver provision applied only te the
WE ~f 3.~ 27 did not apply to the special MPE of 20r for the air sampling
crew rmeahssr (Tab B),

d. A4s stated above, the CASTLE Radsafe Plar was designed to meet
the cequiramcace of the Rule dose as modified by agreements with the authori-
tirs -n the fi-2d, However, due to the special nature of field tests such
&y Creracion CuSTLE, it was assumed that a policy of strict adherence to
the wedioiogical standards prescribed for routinc laboratory or industrial
use was rot realistic, The intent in the CASTIE rl:on was to strive for a
raasoaebie znd safe comprcmise. considering conservation of persomnel exposures
the interaationel import cf tns tosts and the cost aspocts of delays charge- i
asie -0 excessivs radiolcgical precautions.' In an effort to se$ up practical
e oriards. and still insure legal strength in the task force command pogiiism,. |
the intcn'. and spirit of the standards were interpreted in terms of “real ‘
sxfety rersue 'rule safoty”. At no times, however, were reccmmendations mdt
ilarclning a "tongue-in-chee'c’ 2pproach to real bodily scfety of personnel,
Fauher the offort established criteria and evaluation for waiver ef MPE to
12Le st *ca3cnable conservatism in"rule safety", i.e.,, radiation exposure of
‘néfvicua's vithin the intent 1:d spirit of tha p-escribed rules which were
:f primary cnrnccrn to the AEC and DOD, and still be consistent with the need
fer eomplutiur of the CASTLE mission, The one exception to the above philose
ophy was the spscification of the tactical dose as a guide to be used in thes-
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situations involving tactical ac?.ion against foreign intervention or emergency
rescue operations, The specification of the tactical dese u' a guide was
in conformity with basic rules in such cases wherein a commander or officer-
ixx-chavg; m'st make decisions weighing the dahage probabilities and other
adverse effectc of the possible lines of action in tactical or emergency
situations,
L., Oif-site Operations:

a, By JCS decisions dated 13 april 1951 and 14 april 1953, CINCPAC
was giren es;.nsibility for the safety of all stations and units of the
area, oither thon JTF SEVEN, relative to the hasards introduced by the CASTLE
Cperatisi, 2By these directives, CJTF SEVEN was specifically directed to
pruvide for the safety of perscnnel and units assigned to the task force.
CJTF SEJEN wes additionally directed to advise CINCPAC of the special hasards
and danger 2reas involved in the tests and appropriate precautions required .
to insure the safety of units in the arca within tnc purview of the Pacific
Comrmand other thin JTF SEVEN,

b. . \s a consequence (by CINCPAC Serial 0024, subject: Security,
Safe 'y and Mcvement Control of Joint Task Force SEVEN During Active Phases
17 Cneration C.STLE, dated 13 January 1954), CINCPAl directed CINCP.CFLT
t> rsTune comricte responsibility o safety matters for CLNCPAC and to take
siach icticn a3 necessary to previde for the safety of all units and populated
eraas cf th: Pacific, except those attached to JTF SEVEN, ineident to the
hazorde irtroduced by Operaticn CASTIE, In comnection with this respcnsibdlit
CINCPACFLT wes directed to:

(L) Take action on all advisories incident to all possible effort

~f CJTF SEVEN to minimize hasards to inhabitants of populated Pacific Islands.

| |
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(2) Cenduct liaison with HICOMTERPACIS, CiA other military and
' governmental agencies and civilian authorities as appropriate.

(3) Keep CINCPAC and CNO informed of the provisions for safety
to be taken in the Pacific,

(4) Exercise for CINCPAC all functions of movement control except
as otherwise specified, '

2. In accordance with the JCS decisions, CJTF SEVEN advised CINCPaC
by letters. ¢-3,729,3, subject: Safety Measures During Operational Phass cf
CASTLE, de“ed "1 December 1953 (Incl 4, Tab C), of special hasards involved
in the CaSTIE ‘.ests and appropriate precautions required to insure safety of
inhabib.ed Lslands and units in the area within the purview of the Pacific
Cormcnd oticr than JTF SEVEN, CJTF SEVEN also furnished CINCPAC by letter,
J-3/30C.L, subject: Schedule of Messages Concerning Detonations During CASTLE,
dated 3 Dacember 1953 (Incl 3,.Tab C), a schedule of message advisories con—
cerning C.STLE detonations in crder that CINCPAC could te kept informed of
developments, «lthough the schedule of advisories was originally set up for -
CINCP.C as action addresses, a later change (in accordance with 4.b above)
prov .ded for CINCPACFLT as action addressee with CINCPAC, COMHAWSEAFRON and
COMNAVMARIANAS as information addressees., In additlon to the above, an
excharge of correspondence between CJTF SEVEN and CINCPACFLT discussed in
congideratle detail the specific feathres of the task force plan for mutual
discherge of JTF SEVEN/CINCPAC responsibilities under the JCS directive,
Since the above correspondenca contains the basic thoughts behind the overall
cfr-site Radeafe Plan, the letters and wires involved have been attached in
Tab C for record purposes.

d. In general, the radsafe off-site eperations were carried eut as

r
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planned and were adequate for the CASTLE tests. ais the operation progressed,
however, certain modifications were made as dictated by unusual circumstances
which_arose, These modifications are discussed below,

(1) Native populations: is indicated in the native populations
chart (Tab G), the bulk of the indigenes within 500 MM cf GZ reside in the ;
southeast quadrant, Consequently, all atolls except UJELANG (and ZNIWETOK ;
for BIKINI shots) were considered to be in a favorable location with respect::
to fall-ov*. However, as indicated in Tabs K through P pertaining to. each
event, there wzs a general movement of air particle trzjectories to the
east regardl.es: of the initial directions of the winds near ground zeros.
This phenomena was associated with all shots, the mid-level air particle
trajectories turning toward the east as the cloud moved away from GZ, even to
the point of taking place from positions relatively close to ground zero 'on
the two shots (ROMEO and NECT..R) with pronounced southerly flow at ground
zero, The net consequence of this action was the eventual transport of the
most significant portion of the cloud (i.e,, the mid-levels from approad.mt.di
20,000 feet to 60,000 feet) to the east where subsequent subsidence of the |
debris could place a considerable amount in the trade wind flow to be brought
back into the general area of the tests, The gross effect of this mechanism
(as well as other factors) was profoundly indicated on the BR.VO shot, Its
effect was apparent to a much lesser degree on the remaining shots, The
dininished contamination of the remaining shots appears chargeable to more
favcreble indtial wind conditions, the low yield of the one remaining land
surface shot (KOON), and to the fact that all subsequent high yield devices
were shot from barges, The pertinent facts and ideas which became epparent
as the shot schedule progressed, and due to the phenansna described above,

are as follows:
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(a) The native atolls in the southeast quadrant, particularly
those in the northern portion Jf the quadrant, were in a less favorable
position for high ylelds than previously supposed, the degree of favorability
depending upon the yield, initial wind conditions, shot site (barge, land,
air) conditions, and the proximity of the air particle trajectories to a
west-east line,

(b) Shot decisions should be reachod only after consider=
ing the impact of an air particle trajectory analysis over a puriod of time
and space sufficient for significant fall-out to occur. Initially, C~STLE
planning factors in thisregard were twenty-four hours and 500 nautical miles
as the upper limits beyond which no significant hazard should exist, For the
hagardous phase of fall-out, the significant portion considered was the R.DEX
plot (using ground zero winds) and the forecast air particle trajectories for
the first twelve hours, Subseguent to BRiVO the R.DEX was augmented by_ a new
techniquc developed to plot the fall-out pattcrn over a period of twenty-four
hours using the forecast air particlec trajectory analysis revised progrenivd’.
as the forecast cloud segmants moved out of the vicinity of ground zero (See |
Tab D).

(¢) Of the contamination arriving at the native atolls in
the southeast quadrant, some fell on the islands, whereas some undoubtedly
remained in the moving air mass passing over the 1(lands, This phencmena
appeared, from various observations, to be more persistent in time and space
for barge shots than for land shots,

(d) Since the mean free path of gamma in air is something
on the order of 2,000 feet, an appreciable slice of the air mass is involved
in "shining" on the islends, This contribution, estimated to account for
as much as 50 rarcent of the dose rate experienced by the inhabitants during
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the cloud transit, was not muasured on any of the native atolls, but was
observed following ROMEO during light secondary fall-out at BIKINI,

- (e) Although the deposition of radicactive matter on native
atolls from each shot subsequent to BR.VO was relatively insignifieant,
contimious additions of small amounts of contamination can eventually build
up an appreciable background of long-lived fission products, This conceivably
could result in prohibitive levels causing cessation of testing or permanent
recovael of native inhabitants,

(£) Provision should be made on future operations to measure
the effects of radiation "shine" on at least the inhabited northern Marshall
Islands .tolls, .lso, to record the total dose for the operation, or for a
particular event, a representative number of film badges should be cached,
or worn by responsible personnel on these atolls, In order to maintain stande
ard conditions of dosimetry, task force film badges and task force processing:
of the badges should be used,

(g) In order to avoid delay in determining the oceurrence
of fall-out on native atolls, and to implemcnt paragraph 4,d(1)(f) above,
manned monitor stations should be maintained on at least the northern mm
Islands .tolls, These monitors should be equipped with two-way radic commni-
cations facilities, preferably of the CW-type for reliability and low power '
requirenent.s, o
(2) Cloud trajectories and interference with air routes:
Definiti{ve data on this subject were passed to CINCP.CFLT in terms of specific
recommendations against closure of routes or to close a specified route.

for a specified pericd of time., Forecast trajectories were given in terms
of the geographical coordinates of the 24, 48 and 72-hour forecast positions
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of each level involved, Normally the -levels covered were in ten thousznd °
feet increments; however, not e.ery such level was given. Rather the attemp®
was t9 cover those levels of interest up to about fifty to sixty thousand
feet, presenting the levels having a unique or significant orientation,

or those levels which bounded, or most nearly represented, the drift of she
rain portion of the cloud, .ilthough trajectories for significant levels were
passed to CINCPACFLT (and revised if necessary) the decisions as to the effect
of each situation also included consideration of the following factors:

(a) Flight levels within the first 20,000 feet were cun=—
sidered of primary concern,

(b) The orientation of levels above 20,000 feet (from which
contamination could fall into the lower 1 vel) werc evaluated in terms of
time and geographical position of settling of contamination into normal flight
levels. .

(e¢) Recommended closure times and altitudes included estimat.-
ed flight times between possible departure points and the forecast positions
of contamination, _

(d) Forecast trajectory position beyond twenty-four hours
were considered to represent positions of insignificant contaminatiom,

(e) Cloud tracking operations post-shot were analyzed for
possible irmpact on the pre-shot decisdon..

(3) Protection of transient shipping: In order to provide pro=-
tection for transient shipping in the region immodiately outside the ENIWETOK-
BIKINI Danger .rea, planning factors were established and a plan of action
placed in effect as follows:

(2) C.STLE clouds more than twenty-four hours old were not
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assumed to be hazardous, Twenty-four hours travel of a CiSTLE eloud wes
" assumed to be approximately 500 nautical miles. |

_ (b) CINCP.CFLT was requested to meke advance diversions
of shipping cutside a sector area from southwest clockwise through nopth
to east, to 500 nautical miles from ground zero from d to H plus 24 hours.
This was accomplished on all shots; however, since the control involved
primarily only U, S. shipping, arrangemen‘s were made subsequent to ERAVO to
effect maximdn coordination with other nationalities, also, tbe excluded
area was changed to an officially designated Danger area subsequent to BR.VO
and re-defined as the sector area centered on 12° N, 164° E, from 240° clock=-
wise to $5°, radial distanee 450 nautical miles, Within this sector an
additional area designated irca GREEN was defined as the region bounded by
10° 15! N, 16° 40' N, 160° 10! E, and 170° 20' E. (The significance of ~rea
GREEN is discussed in 4.d(3)(c) below,) A further modification subsequent
to BRiVO provided for all U, S. shipping passing within 600 nautical milos
of BIKINI to coms under the operational control of CTG 7,3 (for radsafe
diversion if necessary) while within this limit,

(a) P2V aircraft were planned to sweep the significant fore-
cast sector of fall-out, using visual and search radar methods of sightings
out to 800 nauticzl miles on D minus 2 days, out to 600 miles on D minus 1
day and, if necessary, in front of the cloud on D Day, Since the reliable . \'
range of the P2V search redar was taken as thirty to fifty NM, the effective ;
width of the sweep of a single P2V was (roung trip) 120 to 200 NM, The P2V
urcraft crews were instructed to report the presence of any shipping aishtod.
on D minus 2 day sweeps and to attempt to effect the diversion of all ships

sighted on D minus 1 day and D Day. .lthough this plan was used on Operation
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IVY with success, its seriocus limitations were not apparent until the BRAVO
shot. Ori Operation IVY the fortunate circumstance of the absence of any ship-
ping in the actual fall-out area was not repeated on the ERAVO shct, Further,
the 120 to 200 NM strip within the search capability of a single P2V aireraft
was found not commensurate with the variations wh.ieb could occur in the fore-
cast winds from D minus 2 days forward thrcugh shot time. More than one PV
aircraft maldng parallel sweeps, although a somewhat better solution, was
still not the answer, The dominant fact that became apparent was that a large
area was involved in order to be assured of covering the variation in the
forecast winds, the diffusion of the cloud along its path of travel, and
changes in direction of drift of the cloud at points outside the influence

of ground zero winds, For this reason, subsequent to BR.VO, the search plan .
was modified to intensively search irea GREEN (defined above) with three P2V
aircraft on D minus 1 day, and-to make a parallel search with two P2V aircnﬂ
out to 600 NM (and 24,0 NM wide) centered on the forecast dir:iction of signifi~
cant falle~out, The eapability was also maintained and used on some shots,

to saarch on Day Day in advance of the cloud. i further modification was

made for the one shot at ENIVETOK to avoid excessive drain on aircraft avail-
ability due to numerous shot cancellations. .n ~rea EVELYN was defined as a
sector centered on the ENIWETOK Lagoon, 270° clockwise through morth to 90°,
radius 300 NM, plus a rectangular strip 60 NM wide and 600 NM long immediately
adjacent to the south., Since the normal air particle trajectories gonerally
moved toward the ecast as indicated in 4.4{1) above, the search of this smaller
erea, which could be accomplished faster (and therefore at a later starting
tine before H-hour) and with less aircraft, tock advantage of the relatively
clear easternmost portion of the 450 NM Danger area without the necessity for
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detailed searching. As before, the capability for searching in advance of
the clouwd on D-day was maintained, '

_ (d) \/B=29 aircraft on routine weather reconnaissance missions
were instructed to repord all sightings of surface shipping encountered, all
such sightings (visual and radar) were relayed to the radar center in the TG
7.3 fleet.

(e) P2V aireraft and destroyer security sweeps were planned
and utilized for the ENIWETOK-BIKINI Danger ..rea (i.e., the Danger .rea
originally established prior to CASTIE for security purposes). Infcruation
aveilable from this source was channeled to th;:adu oenter of the TG 7.3
fleet,

(£) Information from all the aboge sources was relayed to
the task foree headguarters for evaluation and consideration at the Weather/
Radsafe Command Briefings. Consolidation of all known shipping in the area
was maintained by the TG 7.3 headquarters and summaries passed to the Radsafe
OFFICE of the task force headquarters prior to command briefings, P2V
sightings were passed to the task force headquarters and TG 7,3 direct from
the search aircraft, Infornation on diversions of other shipping in the area
was relayed to the task foree headquarters by CINCPACFLT (through CQMAWSEAFRC
and COMNAVFORMARIANAS as appropriate). A master plot of all shipping reportec
was presented by the Radsafe Officer at command briefings for consideration
along with the many other factors involved in a shot decision, Except for t.ht
one incident (a Japanese fishing vessel) on BRiAVO, all shots were detonated |
without significant effects on any shipping in the general area of the tests.
The case of the Japanese fishing vessel on BRAVO is covered in detail in
Inclosure 3 of Tabs H and K, Its presence was undetacted primarily due to
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the search aircraft running into contaminated air when approximately within
radar range of the reported position of the vouei.

- (4) Evacuation of native populations: The plans for evacuation
of native populations were sound and well-executed, and should be uged as a
model for future operations, Certain aspects of the execution of the plan
(Tab H) did, however, highlight some features which could help future opera~
tions, These are as follows:

(a) In the interest of safety and planning, detailed maps and
operational data should be compiled on all northern Marshall Islands atolls
and placed in the hands of ship captains likely to be called upon to exscute
an evacuation., The element of uncertainty and risk experienced by the ships
involved in the CnSTLE native evacustions could have been avoided,

(b) Native populations could be prepared in advance of a
test series in much the same way publicity is given to the test in the U, S.
This would not only alert them to the fact that unusual phenomena would be
manifested at various times, but would also provide an opportunity to assure
them of the measures taken to provide for their safety.

(¢) The success of an evacuaticn once it becomes necessary
depends upon a rapid pick-up of the population; the task is made considerably
easier if thc natives are centr-lly located, Sincc the most prominent mani-
festations of a test are the light and sound emitted during tho explosions,
it would appear that native populations could be bricfed to return to home
islands upon perceiving these effeects., Should an cvacuation again become
necessary, this factor alone could save considerablc tinme, Such a condition
existed for the Rongelap evacuction with the excoption that the natives
tomporarily on AILINGINAE remained at that location, However, at each atoll
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the natives gathered together to discuss tho strange phencmena; the time
required for the cvacuation was consequently short,

(5) Cloud tracking: The term "Cloud Tracking", 2s used in the
CASTLE Radsafe Plan, is probably more likely than not, a misnomer, The opera-
tions could be more precisely considered as "ierial Surveys", being surveys
of sensitive areas to detect the development of potentially hazardous con-
ditions. Early in the planning stage of CASTLE it was realized that a strietl;
cloud tracking operation at the Pacifie Proving Ground would be uneconomical
if not practically impossible. Considering the availability of airecraft to
engage in such work, and the nature of the answers which were vital from a
safety standpoint, it was zpparent that certain arcas in the vicinity of
the testing grounds were sensitive, whereas others were either not critical,
or of interest only academically, It was also apparent that a cloud tracking
effort of the type normally mounted for shots at the Nevada Proving Ground
had 1ittle chance of success due to the extreme differcntial in cloud heights
for the two proving grounds, »lso, due to the fact that normally there are
at least two major angular wind shear levels at the Pacifie Proving Ground,
» considerable number of aircraft wuld be rcquired to follow cach Jf the thre
or more cloud segments formed, whercas the normal situztion in Nevada is one
low major shear level and therefor only thc one mrjor upper ecloud scgment to
follow, To be perfectly precise, considerablu angular shear is prescnt in
most Nevada clouds; however, relatively speaking, the sector of cloud travel
in Neveda is very narrow compared to the wide sector of travel caused by
complete reversals of wind directions in the Paeific, The normal conditions
at the PPG latitude is east-northeast trade wind flow up to ten to t.\;renty
thousand feot, easterly flow above the tropopause (i.e., above approximately
fifty-five _thousapd fcet) and variable winds between. Since favorable shot
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conditions require southerly compmnt's in the winds betwsen the top of the
trades and the bottom of the high easterlies, the shear angle at these two
pajor shear levels varies from about 45° to 180°, In an effort to reconcile
critical requirements with avai].abie equipment to do the work, a plan was
devised as indicated in Tab E. This plan was followed on each shot with some
modificetions as indicated bolow:'

(2) In an effort to improve the capability of assessing the .
effect of the depth of the trade winds on the amount and horizontal spread of
contamination from this portion of éhe cloud stem, and to improve the capabi-
lity of early fall-out warning for the ENIWETOK atoll inhabitants during shots
at HIKINI, an additional aircraft was utilized in the racetrack holding pattey
down-wind (tradewind-wise) from ground gero, This aircraft was flown approxi.b
mately mid-way between the ground and the racetrack aircraft at 10,000 feet,
The exact altitude was left to the discretion of the aireraft pilot in order
to clear all natural clouds. The results of this effort incicate that for
high yield barge shots at BIKINI, trade winds up to 20,000 feet have little
effect on ENIWETOK, 180 NM distant, Informstion to this effect was normally .
available by about H plus 3 to H plus § hours for each shot.

(b) On some shots the racetract aireraft were also used to
obtain aerial readings between the task force fleet and BIKINI itoll and to
survey damage and intomiti:cl on the BIKINI airstrip.

(c) The low=level racetrack aireraft wes instructed to remair
in its holding pattern until released by the Radsafe Officer. Normally,
however, this aircraft was given 'anocher mission as dictated by the circum-
stances of the particular shot, The additional mission, as a rule, was to
search a sector covering the northern Marshalls and to make low level passes
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~over inhabited atolls in the sector. Since this mission took place at about

H plus 6 hours to H plus 12 hours, the readings taken during the low level
passes- (at approximately 200 feet), when extrapolated roughly to the ground,
were sufficimtly accurate to justify early assumptions relativc to the
presence or absence of hazardous contamination at those atulls, For shots
subsequent to BR.VO thc readings obtained indicated ncgative or insignificant
contamination for all such low level passes, Consequently, no further action
was taken for these atolls on shot day exeept to s¢hedule a detailed preci-
sion aerial survey for D plus 1 day (NYKOPO KWAJ.LEIN Flight ~BLE, Tzb C, Inecl
6). (No NYKOPO flights were made on shot day in order that sufficient time
could elapse for fall-out to occur in advance of the flight and in order that
the highly sensitive instruments used would not be remdered impotent duec to
high aircraft backéround arising from flight through contaminated eir,) Use ;
of the WB-29 for low level passes over thc northern Marshalls was not made onf
BRAVO, For this shot the effort as planned and exccutcd used a manned ground
monitor station at the weather station on RONGERIK for early alert, and NYKOP§
Flight ABLE on BR.VO plus one day. Unfortunately, the intensitics oxperiencot_gl
on RONGERIK exceeded the limit of the instrument supplied to the wcather ’
detachment (loo mr/hr maximum), The detachment's report of "instrument off-
scale" was not viewed with alarm duc to the fact that the task force fleet,
mich closer to ground zero, was experiencing intcnsities of 200 to 300 mr/hr -
at about the sams time, plus the fact that cloud tracking oporations in the
RONGERIK area did not indicate intensities considercd excecssive in compardson.
However, on the basis of the information known at the time, a monitor was
dispatched by amphibious aireraft early the fcllowing morning and the NYKOPO
Flight ~ELZ aireraft was directed to make an in-flight report upon reaching
TAONGI...These actions resulted in positive informetion on the fall-out situa-
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tion by about noon on BRAVO plus cne day. Use of the WB-29 as a low level
aerial monitor ocn thc afvernoon of shot days, as described above, wrs cne of
the post-BRAVO changes in the Radsafe Plan to improve the early fall-out
warning capability of the task forse. aAmong other measures,alsc takep, was
the instcllation of a direct CW link between the WB-29 aircraft oni the Rad-
safe OFFICE in order th::\t more positive and rapid radsafc control of the air-
craft fligkt could be assured,

(d) although the capability of WB-29 covcrage was naintained
for the pericd of H to H plus 48 hours, only the first 24~hour period was used
on all shots, This was duc tc the fact that intensitics encountercd as late
as H plus 24 hours werc in no instances significant and to the fact that the
crews on normal weather reconnaissance flights (usually two separate flights)
on D plus 1 doy were instructed to make half-hourly radiation reports. s a
consequence, cloud tracking co;erage was maintained ncrmally by two WB=29's
flying from H plus 2 hours to about H plus 1 hours (i.e., the special low
level racetrack and sector search, (Flight #1 of Tab E), one Y/B=-29 flyingz from
H plus 12 to H plus 24 hours (Flight #2 cf Tab E), two WB-29's flying regular
weather rceonnaissance flights and rcporting radistion encountered on D plus
1 day, and NYKOPO Flight ABLE flown on D plus 1 day,

(e) The original plan for radia;.ion reporting provided for
the cloud trackers to give readings in block values (i.e., 0-10 mr/hr, 10-50
mr/hr, 50-100 mr/hr, ete.). This was revised by a change in the reporting
procedure to report the exact reading in mr/hr within the reporting block
value giveﬁ. another change was made tc indieate the typc instrument used to
make the reading, . further change provided for rosdings to be reported as
gross values with no attempt made by the aireraft crew to subtract aircraft



background. This was considered necessary in the interest of safity in that
the Radsafe Office could better evaluate the total dose rate to which the air-
craft &rews were subjected, In order to obtain true (i.e., net) readings, it
was 2 simple matter for the Radsafe OFTICE to analyze a group of successive
reported readings and cetermine this infcrmation by observaticn of rate of
decay or incrcase, Hcwever, in the interest of flexibility in the repcrting
procedure, a further provisiun was made for the aireraft crew tc indicate, as
necessary, the value they considered aircraft background,

(£) Since the original plan for cloud tracking considered
the early warning value of the grpund monitor stations of the New Ycrk Opera=-
tions Office, AEC (NYKOPO), the "off-scale" situation on RONGERIK for the
BRAVO shot dictated the placement of higher range radiac instruments at
critical locations, a4s a consequence, roentgen-range instruments werec placed
at all the outlying task foree ‘woather detachments (1M\WJURO, KUS.IE, PONAPE
and the temporary water-based facilit;y at RONGERIK) to eugment the 100 mr/hr
NYKOPO instruments, In addition, the WAKE Island station, operated by the
Weather Bureau for NYKOPO, wzs p.svided with 2 rcentgen-range instrument
and requested to make special reports to the task fcree if cnd when intensith;
passed thrcugh 10, 50, 100 and 500 mr/hr. alsc, the P2V squadron of TG 7.3
based on KW.iJALEIN was directed tc perform post-shot radsafe surveillance for
that atcll and report readings dircctly to the %ask forec headquarters, It
was enmphasized on C.STLE that ground monitcr stations arc a vital part of any
successful cloud tracking plan, primarily because of the fact that airecraft
survcys can only indicate the intensities seen by a radiac instrument in the
air at some particular altitude, although certzin extensions and analysis of

the totality of such aerial survey data can roughly indicate whether or not



the aircraft reading was taken berore; during or after maJor.fa.ll-out s it
remains for the fixed ground monitor station to bring about thc neccssary
precision for firm long-range decisions, The primary ~nd unique v-lue of
aerial surveys lies in the fact that large areas can be covered rapidly with,
at least, order-of-magnitudc precision, If such aerial operations are properl
timed with forscast and cbserved winds, much of the uncertainty is eliminated;
interpretztion of the 2ata cbtoined can previde extrcmely vnluable and vital
facts for timely 2nd safe decisions pending the outecme of any nsceasary
detailed z2nd presise aecrial or ground surveys. The BR.VO circumstances,
however, emphazized chat fuiuxe operations in the Packfié shcvid make maximum
use of fully equipped ground menitor stations to augnent clen! tiraccng,
preferably manned stotions with two-way radio facilities,

(g) Although the relative insignificance of C.STIE clouds
more than 24 hours old rgsulte:i in cessation of major cloud tracking efforts
at the end of the period of time, long-range interccpts of the cloud were
reciucsted. from US..F <« #FC.T-1 to augment and complete the record of any
possible task fcrce interest beycnd 24 hours, These intercepis were usually
nmade approximately D plus 2 or 3 days and indicated intensities ccnsiderably
less than 1.0 mr/hr,

(R) In summary. “h: cizud tracking cperations £or C.S1LE
were higzhly successful ccnsidering thz sericus limitations cn such cfforts
in the Pacific, The sunccss of the operaticns was attributable to constant
efforts to impreve the t:clirdjues and atr:sraft usil-zasica Yy anzlivzing
the difficultics ~nd ciriumstances cf eash bt ~= Lhe test aspriss progressad,
This spirit of "prcfit oy pasc experience™ was the domirant aspect of the

relationship between the wecther reconnaissance ~rews ~nd ine task force



Radsafe OFFICE. The eliminaticn cf even the most minute flaws in the systenm,
and recormendations for changes based on zerial tracking experience during
the CASTLE shots, were the prime factcrs in the successful emplcyment of IOpg
range aerial surveys on the test series.

(6) Support of Fall-out Program Conducted by the Health and
Safe‘y Laboratory, New York Operations Office, .EC (HaSL NYK?PC): In an
attempt to docunent the long range fall-out aspects of high yicld shots at
the PPG, the Health and Safety Laboratories (HASL) of the New Yurk Operations
Office, »EC (in ccordinaticn with the task furce ind CINCPACFLT) sponsored
a progranm of ground, aerial and ship-board monitcring staticas in the Pacifie
covering an area generzlly bounded by the equator tc the south, Japan to the
North, Hawaiian Islands tc the cast ani the Philippine Islands tc the west.
Althcugh this program was ticd in with permanent H..SL NYXOPO stati:ns in the
United Statcs, the discussicn here will be limited to the effort made in the
Pacific, The detailed fcatures of the network of statiocns is indicatad in
Inclosure 6 of Tab C.

(a) In addition to thc major support items listed in Tab C,
the task force headquarters made space and clerical assistance available in
the Radsaf:z OFFICE for H.SL supervisory ocrsonncl, provided ccrmunications
facilities to the many outlying ground stations, providel transpertaticn to
ali of the outlying task forcc weather stations, UJELANG and W.KE, and
provided transportaticn assistance tu such cther sites outside ta2sk firce
control as was nccessary, In addition, the Radsafs Unit cf TG 7.1 made space
ard equipment avallable for storags and repair of HaSL inctrumints,

(b) In turn, the H.SL NYKOPO offort provided tha task fcrce

with current data on the radszfe situation at the various ground staticns and
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~ the results of the aerisl survey flights, Of primary value in this regard

was the KWAJALEIN Flight ARIE which covered all the Marshall Islands atolls
north of KWAJALEIN. This flight was nade as a matter of routinf.: for the task
force on the day following each shot, Since secondary fall-out (of nc major
significance tu the task force) vas forecast on scre of the shcts, Flight ABLE
was frequently re-flown subscquent to D plus 1 day for the prim=ry benefit of
HASL documentation, KJiJALEIN Flights BAKER and CHARLIE (Marshall Islands
Atolls southeast and southwest of KWAJALEIN) werc not as a matder of ccurse
flown for task force interests except following BRAVO and during roll-up fol-
lowing the last shot of the CASTLE series, In general, the principal value to
the task force of the NYKOPO flights during the operation lay in the use of
the information collected to confirm forecast fall-out and cloud tracking
results and to advise CINCPACFLT of the fall-out effects on inhabitcd Paeific
areas, ’

(c) In addition to the flights indicated in Tab C, a special
flight KING was set up following BRAVO to cover thc Gilbert Islands on the
assumption that some of the BRAVO eontamination conceivably could have reached
this area, Since the Cildberts are under British contral, CINCPACFLT wes
requested to arrange clearance for the U, S, aircraft to overfly the islands,
The flight was cleared with the British through the U, S. Naval ittache's
office in London and flown on BRAVO plus 5 days; no significant intensities
were encountered,

(d) Prior to the fourth CASTLE shot, the Division of Biology
and Hedicine, AEC, through H.SL NYKOPO, initiated an effort to attempt documen-
tation of the heavy dom-wind fall-out by the use of styrofoam rafts, Prepara-

tions were completed in tize for the project to be used on the Y.NKEE shot,



The rafts consisted of slabs of otyrot:oam approximately §' x 5' x 4" fitted
with small radioc homing transmitters and balloon-elevated transritting
antennas, The rafts were Gropped from transport aircraft starring several
hours before shot time, The area covered was a 90° sector centered on ground
zero, The orientation of the sectur was determined on thoc basis of the latest
forecast winds and forccast fall-uut zone, Post-shot, two survey aircraft |
with large, highly sensitive scintillation-type counters were used to locate
the rafts and measure the intensities of the ccntamination expeoted to be
trapped in the porous sSyrcfoam. +lthough locction of the rafts proved to be
the major operational problem (very few were found), the chief czuse of failur
of the project was due tc the faot that intensities on the rafts were not
appreciably differcnt from the intensitics rcad over the water near tho rafts,
Fortunately, howeyer » failurc of thc raft program for the latter recson point-
ad the way toward a simpler an[i more practical method of measuring the down-
wind fall-out, namely, the use of low-lcvel aireraft flights to exscute a
grid-pattern survey over the fall-out area taking readingy of the intensity og
the water itself. On the basis of the rclatively sketchy results from YANKEE,
the HiSL group set up and exccuted a reasonably succossful aerial water survey
project for the last shot, NECTAR, (Note: CASTLE Project 2,5a, having lost
the bulk of their open sea dan buoy fall-out collectors due to operutional
recovery problems and shot delays, also attacked the fall-out problem in a
similar faghion. In generzl, the 2.5a plan on the last two CASTLE shots
consisted of gathering water samples from variocus depths to determine radia~
tion intensitics and the varicus parametcrs affecting the mixing properties

of the ocean and the taking of vertical radiation profiles by moans of trollin
a submarged radiac instrunment,) The rcsults of the HaiSL NYKOPO effort and the

L5



Project 2.5a work will be presented in their final rcports. However, the
preliminary data fron the work of these two agencics indicates that a combina-
tion of the two approaches to the problem will materially benefit previcus
incomplete documentation of PPG fall-out patterns and shows a great dcal of
promise for future operations., In fact, it appears that the problem of de-
lineating the fall-out pattern for very high yleld shots in the Pacific can
be solved on future cperations if major support is given to a project built
around the findings of the two water survsy methods outlined above,

(e) The HaSL plan of operation provided for one man to be
stationed at the task force command post as supervisor of the activities and
one man (later two) to perform the necessary maintenance and setting up of
instruments at the many ground staticns., as the operation progressed it
became apparent that the workload was somewhat more than could be aecomplighed
by the team, especially in the ‘matter of traveling around to the various
sites to make repairs and adjustments to the instruments and in the matter
of clerical assistance at the command post, The net rcsult of the former
was the necessity for setting up some special flights cn an.amergency basis,
or the loss to the HAiSL project of data from a station if a visit proved
impossible, The rosult of the latter was a constant drain on the clerical
facilities of the task force, It appears that for the future, it would be
less expensive and less disruptive of task force operations if mcre personnel
were assigned to the project,

5. Protection of Task Force Personnel: The CASTLE plan of operation
generally speaking was built on the prerdise that ENIWETCK .itoll was the
primary base of operaticns and EIKINI was a forward shot are2, A4S a conse-
quence, the bulk of thc personnel and equipment not dircectly ccncerned with a
particulaz.shotaplus the entire 'rmy and .4ir Forea Task Grouna accuvied
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ENTVETOK for all BIKINI shots, At BIKINI the original plan to leave a firing
party in the firing bunker on NAN was discontinued subsequent to BRAVO for
safety reasons, No personnel were left on any other BIKINI site for any of
the BIKINI shots, The problem of protection of task force perscnnel was
solved as follows:

a. Personnel in the BIKINI area were completely evacuated (except
for the firing party on BRAVO). Disposition of ships was made such that all
persocnnel would be in the most favorable position with respect to the wind
pattern and fall-out area and sufficiently distant so as to be safe from
blast and thermal effects, Additionally, cleud tracking efforts were main-
tained to detect, in advance, areas of potential radiocactive hazard up-wind
of task force ships,

b. Since the evacuatiaon of the primary camp at ENIWETOK Atoll as
a result of fall-out from BIKIr:iI shots would cause considerable expense, effer
and subse.quent delay in the operation, the wind p.attcms for the shots were
carefully examined for possible adverse fall-out effects in the direction of
ENIWETOK, In addition, as discussed in paragraph L under cleud tracking, a
careful post-shet check was made of the air space between ENIWETOK and
BIKINI in order, if required, to give advance warning ef hazardous contamina-
tion likely to drift and fall-eut on ENIWETOK., Lastly, a system cf collection
and reporting of Radsafe informatien from all populated areas of ENIWETOK
Atell was placed in effect from H-hour to at least H plus 24 hours, extended
as required by special circumstances, It should be noted that primary re-
liance was placed upon the examination of forecast and observed wind patterns,
plus the cloud tracking effort, inasmuch as these actiens provided tho maximm
advance warning of potentially hazardous conditiens up-wind of ENIWETOK,
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e, For planning purposes it was assumed that some indication of
the development of adverse conditions would be apparent from observed winds
immedtately post-shet and that cloud tracidng should confirm the situation
by about H plus 2 to H plus 5 hours, Assuming an average wind of 15 to 20
knots, the ENILWETOK garrison could be given a firm evacuation decision approxi
mately four to seven hours prior to the arrival of contaminatien, Warnings,
had they bcen necessary, could have been issued appreciably further in advance
In addition to the above, an Eniwetok evacuation plan was placed in effect fe:
BIKINI shots, with personnel on alert status until H plus 24 hours. The
evacuation plan was designed on an austere basis to be accomplished rclatively
quickly with the minimum of personal equipment and aircraft and shipboard
space. Levels of contamination requiring evacuation were not specifically seot
down inasmuch as each case would have to be considered on its own merits and
demerits, and would depend upo'n the stage of completion of the operation,
sites and ylelds of remaining events, and the average level of acquired
personnel dosages, In genecral, the levels which could be tolerated without
evacurtion would be higher for shot,s late in the ope.ation than thoy would be
for the first shots, As a general rule, somethin: on the order of two to thre
timcs the established MPE of 3.9r fcr the remeining period ef the operation
was considered accoptable without resorting to the complexity, cxpense and
disruption of an evacuation,

6. Lagoon Contaminatien: A considerable amount of study was placed

on the problem of contamination of the shot atoll lagoon and the attendent
difficulties of surface eperations as a result, The outcome of these studies
is presented in Tab F, Bricfly the studies indicated the follewing:

a. Both ENIWETOK and BIKINI Lagsons have "belt drive" current



systems, being wind driven on the surface and roughly against the wind from
west to east on the bpttom. The northern portion of the ENIWETOK Lagoom (as
demonstrated en Operation IVY) appears to flush independently of the scuthern
portion. At BIKINI, the entire lageon as a unit is involved in the flushing
mechanism, BIKINI Lagoon flushing at a relatively much slower rate than
ENIWETOK,

b, Considering the shot schedule and the flushing mechanism cf the
two lageons, the primary preblem of ship operation in such waters was con-
sidered recal only at BIKINI,

c. There existed a requirement that operaticns should be conducted
in the lagoons without the inordinate delay between shots that would result
from unrealistic contamination limits.

d. No health hazard was anticipated as a result of reascnable
operations in the BIKINI Lagooft. The problem was anticipated to be primarily
an operational nuisance,

e. The ships expected to be involved were the Weapons Ship, CVE,
LSD, LST's, AN, ATF's and small craft,

f. The Navy Task Group was directed to initiate studies to determine
methods ef preventing concentration of activities in water eveporators,
distribution lines and microorganic growths on the bettom of ships. In
general, the problem of lagoon operatien was as predicted except that the
bulk of the transpert was horigontal and downward., Very little, if any,
up-welling of radiocactive material occurred, On all shots except HRAVO,
ships were ablc te re-enter the NAN anchorages by approximately H plus 6
to 10 hours, Fellouwing BRAVO, ships werc kept clear of the lagoon until
B plus 1 day. Following YANKEE (thc last shot at BIKINI) re-entry was delay.d
(due to contamipation at NAN Anchorage) until abowt. H nlus 10 hours, Upon
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rewentry for YANKEE, personnel were re-grouped, following which, all ships

put to sea (some te EMIWETOK, others schiduled for BIKINI roll-up, to remia
overnight at sea due to water readings at the NAN Anchorege of approximately
20 mr/hr), Relative to the apparent laek of up-welling of radicactive
material, some work was done early in the operatica by Dr. J. Isaacs of Project
1.6 (Water Wave Studies) which disclosed a deep stratum of radicactive water
which moved Acsthwest toward GEORGE and HOW, This layer was quite concentrated
Just prior to KOON, Vertical sections were run at several stations using a
dunked survey meter, The distribution was as expested with the astonishing
addition of a stratum of clean water at about 110 feet overlying the radio-
active water at 130 feet., Since no major storm was experienced during the
operation, there remains for conjecture the effect of a violent disturbanev

of the lagoon., Whether or not this low-lying layer of radioactivity would

be drought up and distributed mdre or less uniformly im depth by such a dise
turbance is not imown,

7. Split Atoll Operations: The cne single feature of the CASTLE Opera~
tion which made Radsafe somewhat difficult was the fact that coverage was
required at both BIKINI and ENIWETOK Atolls, These two sites are separated
by 180 miles; personnel transportation between the two sitcs was primarily by
C-47 -airoraft, As the operstion progressed 2 point was reached at which a
capability of firing a shot 2t each atoll was simultaneously maintained to take
advantage of faverable winds occurring at one site and not the other, The
principle adverse effect of this situation was the requirement to split the
basic TG 7.1 Radsafe Unit personnel and equipment in order to be ready to
operate regardless of which atoll became favorable for a shot, During the
plamning stage this unit was designed to move from one atoll to the other to



follow the shot 'schedule, Consequently, the total number of people in the
unit was such that only 2 skeleton foree was set aside for the oppesite atall,
A further aggravating cireumstance arose following the BRAVO event, namely,
the requirement to roll-up the damaged and contaminated TARE camp and to
maintain all activities ship-based, This required that the Radsafe Unit of

7C 7.1 further split itself to cover each major ship housing personnel who
normally worked aghore during daylight hours, Four najor Radsafe Centcrs were
required afloat at BIKINI alone, One of these was located a.t. a hotel ship

ndt originally designed to eope with mass coutrol of personnel working in
contaminated arezs, The solution in this case was a barge (secured along-side)
equipped with two squad tents to:.; storage of equipment and offioe space, and
decontamination showers drawing off the ship's water supply, Problems of
dosimetry control became acute primarily due to the increased time required

to collect film badges at a certral laboratory, process the badges and return
the results to the various ships prior to the next re-entry to shore installa-
tions, Personnel, equipment and instruments were spread thin in order to
cover the essential shore work, The further requirement to operate simulta-
neously at both atolls was a particularly difficult matter, This problen

was limited, however, to the 7G 7.1 unit since the Radsafe units of the irmy
and Air Poree Task Groups (TG 7.2 and 1G 7.4) required no shift in their base
of operztions, and the Navy Tisk Group (1G 7.3) Radsafe unit was designed
around relatively self-sufficient individual ship units,
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PART THRER; PALL-QUT FORCCASTING
1. Iall-eqt Foreeasting Tcols

8 Weather, Feregaste of radicaetive falleous depmnd primrily
on foretast® of the wind field, Censsquantly, fall-owb forsssste oem be
no better than the wind foregast. themselves. Much is yob %o be leamed
about the tropical atmosphere. Great advansees have beort made in this
£ield in tho last two decades, tut much is still unimows about the physical
processes which affect and control the woather over the Marshall Islands
area and consoquontly which changs the wind pettorne over this arsa, The
winds aloft over this particular part of tho tropies have alwyw been
considorod very stablo, with fow variabilitios - this fact is usually borme
out by climatological statistics, but not by tho day to day changos in the
wind field, upon which winds aleft and fall-cut :c';mm must bo made,

b, Winds Aloft Observations and Porosasts, Tho winds alofs
foredasts thomselves arc only as good as the accurasy of tho: vind obsore
vations. Obsorvational data of winds aleft are considerod to bo very
accurato if made with GMD-1A oquipmant. All obeorvations in the Marshalls
woro mado with such oquipment during Oporsties CASTLE with tho cxsoptios
of ship cbecrvaticns sade by the USS CURTISS, Soarch redar installod
sboard that ship wes used for maiing the winds aloft obsorvatimnas pro-
codures with this oquipmant weto sonsidored 6f oqual sccuracy to the GMD-1A
oquipment, The obsorvations and forocasts availablo during CASTLE wore

»

[

as mim:

(1) Thoe woathor obdsorvational network consistod of statione
at DIIWETOK, BIKINY, RONGERIX, MAJURO, KUSAIE, PONAPE and KWAJALEIN, with
data from MIDWAY, WAKE, MARCUS, GUAM, IWO JIMA and JCHNSTON boing a most
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valusile adjuned, Tdse daily winds slefh runs vore sade reutinely, wvite
the rune being stoppod up at selosted statims prier te a shot poriod te
as many ae dight (8) runs por day, Rine te maximm ebtainable hoights were
required; the averages wore absve 83,000, fook; 'iil many runs resching :
120,000 feet. | |

(2) PManning forecasts as eriginally concoived woro issuod
forty-sight and thirty-cight hours prier to cach shet hour. Tho forecasts
theaselvos consistod of winds fer tho shot site for cach ton thousand foot
lovel from the surfaco to ninoty thousand foot. Mo winds were forocast
to sixtoan points of the compass and for an interval of speod to the nearost
fivo knots. NS | . . -
(3) Pollowing tho salection of & speeific shob time, detailed
forecasts wero issued at. tmtr-fm. thirteen, ‘eight and four bours price |
to H hour, madmunu.nm tmcuumnrinmotthmu
mpxmmrmmmm»u:mummmmu
to the knos, :ormwrmmm-.rmthm«oum
thousand foet, for fivo thousaad foot increments from twenty theusand te
sevinty thousand fest, and for eighty and ninoty thousand fost.

(s) mmé«mmm»ﬂﬁﬁhﬁm
at spocific periods prior te each shot. The foresasts, along 'dth all
availablo portincnt cbeorvations, woro plottod as hodographs (wind vector
diagrame) vsing & particle rate of fall of 5000 foot per hour to mormalise
the plot for further conveniont eempstaticns,

e Al Wcla Trajostory Porecasts. In addition to the wind
forccasts thamsclves, auxiliary air particlo trajoctory forocaste werc

J
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Lssued at H mizus 2 end H ninus 8 hours, These consistod of trajosteples
from ths shot site for the period H te H plus 72 hm, and wege fop sach
ten thousand fest, from ten to simy thm fect, Mu‘ tPsjectories
forthcompoudmhludnﬂplu_bmnplu 15 houps, gince
the trajectories represented movemsnt of mir st specifie sonstent altitudes,
they were not directly useable for surface fall-cut foresasting., Instead,
the forecasts were used by Radsafe perscomel primarily to assist in analyeie
of the long-range fall-out aspects and 1o alert other units of the Armed
Porcea relative to the probdable locations and altitudes of areas of airborme
radicactive particles, The tmjoetoﬂu'm prepared by comstructing
prognostic charts for the period of time inwlved and using these charte te
arrive at the trajectories. The mumber of pmuc charts varied wWith
the mpxmzyo:m eystems, fmrbdncnu(\d.th systeas moving or
developing slowly, and more tor systams donleﬁ.nc rapi.dlv The tnjmuo
were derived mechanically by the superposition ot one mth chu't over
m«hemmammaammnwuwmuotm
chart to the Sther.

d. Constant Alsituds Balloom Mights. During the planning phase
of CASTLE, it was proposed that a prodn.t be instituted shersdy sonstant

" altitude balloons wuld be used to determine uu feasitdlity of traeking

radiocactive debris at selected 1onh This use of these balloons was
prod;uudmﬂtomwumthuthomathnputdthonao-
active oloud debris remaining in the air at a particular level could be
described by a balloon flown at the same level, the dallocm and radicastive
debris being similtanecusly carried along. 'aau these ballocns could be



tracked for periods of 48 hours or longer, and could be pesitiened eash
hour, 8 good system would be available for tracking the detrie fteelf.
Unfortunataly, the ballooa project vas wisusssssful die te poor pre-lainbing
checking prosedure, s ineufficient nmmbesy of dalloons to esvesr nor's thas
one or two flights per shet and improper typs balleems for flight b the
selected 40,000 foot altitude, This type project hiwever, has potentialities,
and showld be reinstitutod on a larger eeale for future tests st the Paeifie
Prodng Ground,

6o Results from previous ocperations, Due to the Mmibed number of
sarface shots detonated prior to CASTLE, only a limited mmcunt of data ws
available on the lang rangs fall-aut aspests of this {yps bursh, and in
mmm,mmum-umnummmmmmm
yield type. u.mqm,mroumgmwmwm
mwhtbmbr cmun-m fomﬁm:

(1) The MMmucwMMWho-ww
nncomplottdummn-mummwumww
(wdth allowmeces nade for dutomn in yiedd and ahot cena.tm)
uwmmmumuazmuwmcwmmmm
shot, This i.nfomt.ton was muhly useful, however, as the eperation
pregressed, amm'u define cion-in fall-out was developed. Ihie
nethod (Inelosure 3 of Tab D) developed by Dr. Thomas White, H-Div., LiSL,
appears promising, and is being further refined for future tests,

(2) Close-in intensities from barge shots in the lagoon (in
approximately 100 to 150 fest of ntcu;) were assumed, dus to the rolatively
small amount of solid material awvailable, to be on the order of 1 to 10
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percent as high as these resulting from a similar land surface shot.

_ (3) The long-range areas of fall-cut were assumed to be
reasonadly represented bdy the method of vestor summation of the winds (as
used previcusly at the NPG and the PPG) sugnented by an amalysis o!tﬁo
forecast air particls trajesteries, This assumptico wes medified following

AVO by tho. develoment of a formal technique of fall-out pattern plotting
taking inte account the passage of the partieles into differens wind systens
as the particles drifted swey from Ground Zero (See pars id (1) sbuve and
Inol 2 of Tadb D),

| {4) Since little was inown quantitatively about the lomg-range
variation in radiastion intensities With distanes nd ares, certain plamning
assumptions evolved from the mumerous discussions during the plasning stage
of the operation and used us indicated belov. Althcagh the assumptions were
general and conservative approximations, ﬂuy wr; specific encugh to be used
a8 operational planning fastors wdth & tur amount of confidence.

(s) cuiSTLE cloudl move than twenty-four hours old were not
assumed te be hasardous. My-tan hours trawel of a CiSTLE cloud was
assuned %o be approximately 500 mﬁed miles. These assunptions proved -
valid on the cperatim, W th.t there appeared to be rohti.nly upuzcm.
intensities in aerial ruiau beyond this time from the barge shots. e
Certainly, it could be assumed that the finely divided serosol-type clouds
from the barge shots would resist fall-out and therefore persist longer. It
is difficult to assig: a mmber to the pariod of timoc involved, although on
the basis of cloud tracking operatitms for the barge shots, ancd considering
the natural vrocessss of desay and diffusion, it is nol belisved to de longer
than thirty hours,
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(b) Significant fall-cut vas expested o cecur during
the firss twalve hours. Past experiense in this matter seemed to fawr &
six-hour period for significant fall; however, since the off-site fall-oub
aspects of IVY MIKE were not imownt, the value of twelve hours was gfluol
for a margin of safety. BR.VO and ROMEO experience reviged ﬂu,o.mwuw.
It became apparent that samething on the order of at least eighteen and
poseibly twenty-four hours would be more realistic, especislly for surface
land burste, /s a consequence, the new technique was developed (Incl 2 of
Tab D) %0 approximate the significant fall-out ares (significant fall-out
sres was defined as that ares inside the 10r infinity 1sc-dose line) for
the first twenty-four hour period, No basie change ves mads in the fall-cub
:mmm@uummwmumb(mzamm,
Father the new method wes used and presented st brisfings to sugnent and
nodify results from the original methode. '

(5) The method of plotting infinity dose envelopes by
el1ipAioal approximaticns (as proposed Yy ARDC Report "Radicactive Fall-out
from Atomic Bombe®, dated November 1953) was planned and used on t;ho CASTLE
series. This method is an empirical solution %o the fall-cut pattern based
on the great amount of data from low yield shots at the NFG. Due to the
great diffepenses in yield and ¢éloud heights for NPG and PPG shots, & strict
spplication of the system on CSTLE was asecapanied by 21 extrecely low
confidence factor, perticular'y for the first shot. Thevu *r.re no real
assurances that “lLie uystem descrided the high yieli fail <tl machanism
at all, PFor examplu. the trapping charecteristics nf “h2 tr~ponause could
only be conjectured, and if it v up\n.d to diprsgawz tle :‘;ropopmn
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as a barrier, there were no reliable indisations of the height of super—
tropopause eloud to consider as signiffeant. Murther, even if the abeww
factors had been inown, the fact that the only availsble long-range
information on land surface !nrluuu limited to one low yiald shot, lefb
mich %o be desired in assigning reasonsble mmbers to isodose lines derived
from the system. Consoquently, as a general statement, it should be ricted
that, although this system of fall-out forecasting wes used cn BRAVO to
augnent other dats, it wvas presented and limited to discussions of the
relative merits of the assumptions and scaling upon whith it vas based.
There was no real basis for ssmming unl' wnlid and as a consequencs
confidence could not be pushed to the point of over-riding the many other
factors involved in the shot decision. /s the operstion promnd, and
the observed fall-cut effects provided oon mo of answere to the many
questions involwd, ﬂuomﬂanodmto ammtcm.
The msjor modification in the use of the -thod was to udp Uniting
numuuucwcomm.mmm«. In general, the post-
shot evidence of the finely divided servecl-type eloud from the barge shots
indicated a probable WM'M-MM at the base of the high
murnu (1.0, wcd.r trcpop-uo height, or about 60,000 feet).
If. appoared that the W‘tnpﬁ.u uuon probably has a significant .
effect on very smll plrucln. Qn the ct.hor hnd, it appeared from BRAVO
that oloud heights for land uurtm huu ohoul.d be ceuddu'od up to at
least 60,000 feet and possibly to 80,000 feet, ‘!ho tut that the BRAVO
firedall itaelf went up to the tropopause may account ror the difference.

. Many particles could poesibly have been formed at dﬁiﬁo as well as
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sarried to these heights, and a large nunbey of the tobal particles eculd
have been largs enough to overeride any tropopsuse trapping astion that may
exist, In iny évet, use of this method more nearly describes the BRAVO
results if altitudes up to 80,000 :m are considered,

(6) CRossoLDs MXER was used $o obbain an sppresisticn of
the lagoon contanination which could de expested. This infomatica together
with other studies (Tad F) gave rise to the assumption that the phencnena
would be more an operational muisanee than a hasard, It wes assumed that
ship operation could begin in the lagoon (exsept within a few miles of
Ground Zero) by D plus 1 day, or at least by D plus 2 days. These proved
to be valid assumptions. Werk degan by at least D plus 1 day om all shote,
and, exsept for ERAVO, Te-antry %0 the NiN anchoreges wes nod prohibdtive
on the shot day itself, No appreeiable radiation wes enscuntered at the-
anchorsges, exsept following YNKEE, when water intensities cne fook f¥am
the surface were about 20 x.n'/hr at. the WM mher'q. a$ R plus 10 hours,
Nmr&h;loap, the major ships were brought bask in follbidng thig shod for
re-grouping of perscanel, following ﬂu& all ships dcpu'h‘ the lagoom,:
scme to INTVEIOK, the others %o remsin at sea over-night, In genersl; i
appears that the lagon sontaminaticn enccuntered wes that due primarily
to falleout and very 1i%61e (exsept along weitem reefs) due to eireulations
Prineipally, there appeared %o be 14ttlp of no up-wlling of scotainaticn
by cireulation, and consequently no appreciable spread of contamination by
eyolie re-eireslation of the lagoom, (See Zab J for further dsseripticn
of ship operation in the presense of significanmily eontaxined water.)
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(7) Particle sise. /.s stateé defore, the hodographe (wind
vector diagrans) were drawn normalised to 5,000 feet per hour rate of fall,
i.e¢ one hour wind vectors were drawn foe eadh 5,000 fees increment of
altitude, and vectors for increments of less than, or more than 5,000 feet,
were drawn with 2 length proportional to the ratio .ot the increment height
to 5,000 feet. This amounted to emsidering the fall of particles of
approximately 100 microns in diamefer. Using the normalised hodograph,
direct time and distance measuremen$s could thea bde made in terme o1 100
micron particles, and consideration made for any smaller sized particles
by taking the distances doubled, tripled, ste., Prior to BR/VO it was
assumed that particle sizes down to 70 microns.should be considored; this
amounted to doubling the distances taken directly from the normalised
hodograph. After BRAVO, particle sises down to 50 microns were considered
to be significant and appropriate adjustments were made in the £all~out
i:att.om.

(8) Diffusion. Prior to (/STLE the accepted factor applied
to the construction of fall-out R/DEXES to aceount for widening of the con=
taminated area with distance was the addition of a ten degree sector on each
side of the RADEX area, Por C/STLE, this factor was arbitrarily assumed
" to be fifteen degrees. Since so little was known about the fall-cut
mechanism of high yield events," and bessude of errors existing in other
paramsters of the falleout foresast, it was assumed that soms additional
factor of safety was necessary, even though the value of the factor sould
not be precisely determined,



(9) Source sise, IVY MIKE indicated that the current methods
of predicting fall-cut on the assumption of a poi.nt. source (or at best, &
very ;man source) were not acceptable for high ylelds. Consequently, CASTLE
forecasting was originally made on the assumption.of a circular source
approxizmately 15 miles in radius (i.e. the approximate radius of fall-out
crosswind and updnd from MIKE), BRAVO results indicated this to be somewhat
small, and probably more like an ellipse wWdth a semi-minor axis of about
25 miles, For the burge shots, the 15-mile eireular radius (actually more
elliptical than circular) appeared to be adequate, The net effest of the
above was to consider the surface RADEX constructed on a point scurce type
analysis as a generating elament, Shifting the point scurce RLDEX around:
a source area selected in accordance with yield and type of turst genersted
the complete area which should be considered in the surface RADEX, 4
similar adjustment wes made to the iir RADEX forecasts with excellent
.results in defining the areas of contamination which resulted,

f.. Construetion of RADEXES and Fall-out Flots, Generally
speaking, the RADEX ares (RiRiologieal EXelusion area) sas considered to be
& limited fallecut arsa for the firet six hours poste-shot in the vieinity
of the t.u_t site and for the primary use of tést persoanel and oqui;-n‘.
Aros fall-out plots were considervd tc be the entire area of sighificant
fall-cut, to include infinity isodose 1ines of at lesst 50 rosntgens, and
in some cases down to 10 roentgens., The RADEX was used as an oponuaul
dovicotodoﬂ.mdm‘omomuandtodwmwotmkfofcoﬂui.n.f;o
certain areas exsept under spesifie authorisation. /s a consequence, it
was given wide dissemination throughout the task foree for the mtomn.as.
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and compliance of all, The Pallcut Plot, on the cther hand, beng more
genoral in application, was considered, with the RIDEX, at Command Briefinge
for thc- over=all long range fall-cut mm on populatod atolls in tie
vieinity of the shot atoll, . i detailed discussion of the methods of conw
struction of hodomﬁu, mm end Pm—out Plotl is giveu in Tab D, m.
discussion delow is limited to eertain gmmnt.ieo and specifics which
apply to the Marshall Islands ares generally, and to the C.STLE Operatiom
specifically,

(1) Hodograph Examples, As & general rule, the winds in the
Marshall Islands area ars sast northeasterly to easterly in the lower, or
trade-wind, levels (up to atout 20.&0 tut), and easterly in tho high
levels (above tropopause height, 1.0. az, and above, about 60,000 feet).
The levels between are not only variable, but involve the most significant
portion of the eloud from & ra‘ll-qut viewpoint, conlmcndy, a”d.i.m‘
of favcrable and unfavorable hodograyh- is primarily concerned with the mide
levels between 20,000 and GO,W rm. (See Ted I.) Since the C.STLE
Operation inwolved two shot M;l. the dissussion which follows muiss

‘consider the effect of a shot on one qtm on the poplnam;_t;motthc

other, The primary land masses inwlved in determining the relative
favorability of the patterns are the two shot atolls, UJEL/NG to the southe
west of ENIWETOK and the Marshall Islands in the southeast quadrant,
particularly those to the east of BIXINI, (See Map: Native Populations in
the Forward /rea, Tab G). Generally speaking, wind conditions acceptable
at BIKINI, are acceptable at ENIWETOK, The converse is not alwaye true,

An additional consideratim is the fact that the two atolls will not alwaye

&



have similar, or even acceptable, Wind patterns similtanecusly, Murther,

the relative favoradility of any speeifie wind pattemn depended scmewhat
upon the factors other tham vind alone, such as yield, similarity of shot
site conducu sith the two general types discussed (i,e, land surface and
lagoon surface barge types), stage of completion of the test series, pred cus
efforts to evacuate both native and test psrsonnel and varistions in the
height of the tradewinds (i.e. tradewinds appreciably in exsess of 20,000
feet place ENIWETOK in an unfavorable position for EIKINI land surface shots

certainly, and progressively so for barge shots).

) (a) BIKINI hodographs: Pattorns with mid-level winds
fram the sector southeast clockwise through southwest were cousidered
rayoroblo for all types of shots, with an extension of the sector to east
" southeast and west scuthwest for barge shots;. The more loutb_orl; the com=
ponents in these levels, the more favorable the pattern W, vith tbo
exception that mid-level winds moving .trm toward W.XE Island were
considered to be less favorable for & land surfase shot, but reasonsbly
favorable for a barge shot. The limitations on the sector to the east amd
west were entirely due to the native atolls to the east and ENIWETOK to the
west. | . .

(b) ENTWETOK hodographs PFor ENIWETOK, thé asceptable
mid=level wWind directions wers more flexible in two major ro.aputh Mrss,
the limits on cloud travel to the east eould be "stretched” somewhat to -
allow west southwost mid-level wdnds for all types of shots. This was due
to the fact that the fall-ocut impast on BIKINI was not critical due to

flexibility in plans for mowng any test personnel from that ares, and due
&
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to the fact that a shot on ENIWETOK Atoll added another 180 miles cloud
travel time between Ground Zero and the nativee atolls east of BIKINI.

Sccond: the western limits of the favorable fal]t-out. sector oould be extended
to the point of accepting winds from at least east northeast, and with
reservations, from northeast. This was dus to the absence of any land masses
to the immediate west of ENIWETOK except UJELANG approxirately 120 nautical
miles southwest. The primary additional advantage of ENIWEIOK therefore

was favorability for ''deep tradesi, i.e. easteriies throughout most levels,
including the mid-levels, a situation not at all uncommon during the
operation,

(c) Other considerations: The net result of the above
was the relatively firm requirement for the mid-level winds to have direc-
tional components such that resyltant winds to the levels involved oou.l.d_
lay within the acceptable fall-out sectors, i.e. within the sectors west
northwest clockwise to east northeast for BIKINI shots and from about southe
west clockwise to east northeast for ENIWETOK ahotg. Although it would
appear that the ideal shot atoll would be ENIWETOK, having & much wider
accertable fall-out sector, certain other factors entered into the decision,
which’, in fact, made this atoll less favorable. The primary factor was a
consideration of yleld. On the basis of MIKE results, it was gonsidcud
hasardous to accept the relatively high probability of fallout, ss well as
 blast effects, on the highly developed and populated camp sites at ENIWETOK.
Although evacuation would have resolved the fall-out problem, the problem
of attempting aerial operations from a base likely to require evacuation
for both fall-out and blast, was just one of the major problems raised.
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Nrther, although wind patterns could develep in whioh mid-level resultantd |
rd.ndl’w in the aceeptable sector, the voctor sumation of these winds rush
have sufficiont southerly component to carry the bulk of the mid-lovel debris
far enough north of Ground Zaro so that the crosswind and upsdnd ipreed of
contaminationt over the atoll does not overlap the carp sites. 4 not m
sondition appearcd at ENIWETOK several tinmes during tho operation in whieh
the mid-levels to about 40,000 feoct had southerly wind with westorlics above,
such that the vector sumation of all the levels placud the dulk of eone
tamination within fifty rmiles to the north of Ground Zero, The proximity

of the samp sitos to the fall-cut fron suclh pattemns, plus the added un-
certainty of its stability (i.e, the uncertainty of the socutherlies holding
favorable) was the prime factor in not accepting such a patterm for ENIWETCK,
This problen was rolatively insignificant for Bildint ’toll shots, atold
contarination not being a problen due to completely ship-based operations

at that atoll. The caly "real esfate® risk teken on EIKINI shots wes thas A
on the AMM on stations to ba ro-sstivatod for another shot.
Fortunately, the farmer risk tumed out insignificant; the lattor risk wee
overcons through officient control of ro-untry rosovery and work perties,
uamm&w; it would appesr thot the weight givn to yield as &
factor in the decision and choice of a shot atoll, should bo revised, IS
would now appear that barge shots with yields md winds on the order of
ROMED, UNION or Y/NKEE could be detonated in the vicinity of MIKE crater as
ENIWETOK wdthout undue risk from fall-out, It would appear reasonable
however, to maintain an evacuation capabilit;: 1n the event sueh bocans

nocessary,
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(2) RLDEXES:

- (a) Surface RADEX: The forecast surface R.DEX waus
obtained fran the basic forccast hodograph, In dotail, it was detarmined
by the limiting bearings on tho pattern of rosultant winds drawn frau
Ground Zero to all significant lovels. To these lirdting bearings, an
additional fifteen degree soctor was added to allow for diffusiont, changse
in the wind pattern fron that foreeast and to allow for deviation fron a
point source origin of fall-out. Usually the R'DEX eonsisted of twé sestor
areas, one defining the low-level tradowind portion of the cloud, and the
other, the nid=levels, For all surfase L.DEXES, a radial distanee for the
sestors was taken as that average distance representing six hours of fall
&b 5,000 feet per hour, This ancunted to eonsidering the outer arca lirite
on the surface contarination reeulting fron the fall of particles of all
sises during the six-hour period. The surfsse RADEX was {ssued for o walid
tine of B o H plust 6 hours, and was revised as necessary dus %6 siangos ia

“the shot forecast winds,

(b) Adr RiDEX: The foresast iir RiDEX wes ecustrwsted
in the ecaventional nammer (Ses /S Mamual 105-33). In general, 4R nsihed
used on C/STLE considsred two gemersl regions, i.e, the wlg- of oome=
taninated air fren 10,000 feet and up and the volune fycm 40,000 feel and
upe The first voluw was defined for the prinmary use of .all tost and servies
aireraft opersting in the shot area fran H to H plus 6 hours, and wes
digserzinated for the purpose of assisting those aireraft in awoiding son-
taminated regions. The second volums was. defined for the primary use of all



cloud sampling aireraft operating during the same period, and was die~
.m:l._gstod Lo the pn'pon of assisting these aircraft in finding the besh
sarmpling ares, In gemeral, tho construction of tho air RIDEX consistod
of selecting an altitudo at the bottom of the vul'me under comidcraﬁd;,
considering this altituds as a surface, and constructing & hodograph o
this "quasi-surface” using aprropriate winis abo'vo tne surface, Cone
taminated aréas were then definod by the use of diffusion factors applie®
tinc-wise to the resultant winds obtained, and modified to accoustd 209
deviation frem & point source origin of fall-cut. Ths air RIEX wes also
issued for a valid period of H to H plus 6 hours, tevised as mesesssty,
and disserinated te¢ all test persomnel with particular attentiom So ite
avalladility and use by the /ir Operations Conter.

(¢) Yew Teghniques: / new techmique to defise the
close-in fall-cut was developed to explain the sho atoll phencmsit, sad
was used partisularly to evaluate tho foresast effects dlﬂ&le&ﬂw
DIIWENK canp site. (Ses Incl 3 of Tab D). This methad, ixt getesal,
enploys & methematical approach to the initial elose-in distrtdution of
fall-out, :

(3} PMall-out Mots:

(a) The primery fall-oué plot technique planned ad
initially used on C/STIE involved & joimt amnlysis of e surface RAIER
and the 72<hour air particle trajestory foresast to define the area of the
first twelve-hour period of falle-out, and to formulate some opiniom as to
the orientation and extent of the ares imwlved subsequent to the first
twelve hours, PFor BR.VO an attempt was made to employ the method of
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elliptical approximations described in 1 (3) (b) below, howevor, its use
was extremely limited dus to tho great uncertainty as to its applicaticn
for high yield ovents. /s the operaticn progress.d, it begamy ppparont
that a more meticulous method wns needed to clecriy define ‘he fall-out
froo the high yields, The elliptical approdmation motiiod and a linear
oxtension of the surface R/.DEX were both ltnitadlby the fact that they are
built upon the ground gzero winds. .. new and dynamic method was needed to
take into account the changes in the wind systome as particles drifted
farther and farther from ground zerc, .t the request of the task forece
Radsafe Officer, Dr, Gaelen Pelt of L.SL and TG 7.1, working direetly
with Major 0. W. Stopinsiki, Meteorologis®t from the Task Force Weather
Central, undertock the devolopment of such a method. The end resalt
(static and dynamic plots) ig indicated in Inclom 2 of Ted D as used
cn the last three shots of the CiSTLE series. It should be noted thes all
mothods except the dynamic plot (Inclosuro 2, Tab D), were used on the
last five shots, and all methods on the last three shots. This was dmne
to evzluate each method in 4¢s relation to oﬁhca"m because no single
method was sufficiently tried and proved to the complete satisfaction

of all. In this respect the Radsafe portion of the Comond Briofings
became scmevhad complicated, although viewed in retrospect, it appesrs
that a better apprecistion of all the fastors inwlved in the fall-cud
mechanism arcse from this examination of the various differend approaches
to the problem. For example, the limitations of same methods were high-
lighted by others, and the presentation of old techniques simultanecusly
with the new, served to emphasise the need for better answers and the
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relative amount of effort which should be expended in the future to get
such_answers, '

(b) The method of elliptieal approximations of the
infinity isodose lines as mentfoned in le (5) above was used on all
forecasts from about H minus 18 hours up through the final pre-shot
forecast. In goneral, the method consisted of ciroumscribing ellipscs
over the hodograph between major shear levels., The minor axss of the
ellipses were determined by tho amount of angular shear in the intorval,
and the roentgen values of the elliptical hodon. lines and the over-all
envelopes werc determined by sealing, The entire method is based on
empirical data from the NFG, however i{ts sussessful use on the low yield
shots at that proving ground, gave rise to an insreasing amount of
confidence in the ability of the system to predict the fall-out ares aM
some of the difference botween high and low ylald shots had been pro=
gressively rosolved during C.STLE, .

2. Limitations of RADEXFS and Pall-out Flote:

a. In gmrd; RLDEXES and Fall-out Flots suffer from the
_same “discase®, namely, thoir complete dependence on the forecasts of
the wind field, It is this ome factor alane which primarily precludes
the attalment of high procisien in fall-out foresasting, Much has been
"dons on Operaticn CASTLE to define the sigmficant cloud heights for falle
out from high yield shots and to put numbers on_predicted isodose lines,
There is now a better appreciation of the time involved for significant
fall-cut to cocur, The effect of the conditions of the shot site are
better understood. Murther, a significanmt step has been taken to release
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£222=cit plets fives soaplete dependunse upon the statie ground sevv wind
systas, Bad the feot shill temaing (st sty systes of fall-cud fodevawting
has a maximm upper 1imit in efficioney defined by ths peetision of e
wind field forecasting, The diseussiom herein i»s not intended te iply
that CASTLE westher forecasting was poor. To the contrafy, thle serviee
during C/STLR was mach superior to previous work at the PPG,

be 8inco any improvoment in tho meteorological field will
ultimately reflect itsclf in improved eonditions in falleoud !om;
it seems imperative that weather and radsafe people eontinue to sspport
and assist each other and to maintain the cloge mutual interest in future
operations as existed on C.ASTLE. Recognixzing the limiting difficultiese
vhieh constently hound tho westher forecaster in the Pacific, it seemm
thad the logical future stepe for both westher and radsafe foresastert e -
olear, namely, . o

(1) Continued researeh and study of tropical metoorolegy.

(2) Contimued devolopment of new technicues amd refinsme®
of the eurrent fall-out foresasting systems, particularly thoss deweloped
on C/STLZ, Bl .

(3) Continued studies of particle-sise paramsters and the
"affeot of the tropopsuse in the fall-out mechamism, |

() 1n recognition of the possibility for error in cither
the wealhier cr fall-cut forcsast, the development of mitual weather/radsafe
" techniques to "follow through® H-hewr wdith complete post~shot forceasts
and observations in order to obtain the earliest possible warning of the
development of post-shot zdverse faklecut conditions.
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ce Steps were taken both during and after the CASTLE Operation
in l:l.n_o with the above. Many of the concepts of the role of weather and
its effects on the cperation were changed. For example, the increasing
importance of the problem of deposition of radicactive debris in the test
area led to the beginning of a complete re-evaluation of the techniques
of forecasting areas of fall-out and greater consideration of the long-
range effects of the wind flow, It was found advisable to have a duty
forecaster work directly with radsafe persomnel during periods just prior
to the shot. It was necessary for this forecaster to be completely familisr
with the current flow patterns at all levels, and the forecast changes
through twenty-four hours after the valid time of the forecast in line with
the procedure for constructing air particle trajectory forecasts. In order
to take into account the effect of the wind, the forecaster was prepsred
to give wind forecasts for levels as high a.l ninety thousand feet for a -
period of twenty-four hours over an area of approximately 500 miles in
radius., The problem reached such a magnitude during CASTLE that ocontinuing
extensive work is to be done at the Los Alamos Scientific Laboratories
utilizing the services of a qualified forecaster experienced in PPFG
weather requirements and the talent and know-how of scientists presently
on duty there. It is folt that this problem is one cf the most important
to be solved for future weapons test operations. Of equal importance is
the further research into improvement of weather forecast techniques and
procedures for the Marshall Islands area, currently being extensively
investigated by Dr. C. E, Palmer of the Oahu Research Center at Wheeler

AFB, Hawaii, All of the above represents attempts to improve the systems
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of Weather/Madsafe foresasting, There remains the last suggestiom abow;
nanely, better use of existing tochmiques to "follow the shot through®.
In recogniticm of the fact \hat foreecasts can fﬂ; the system should
provide & measure of admummord&th&t aypropﬁ.atom
cauld be taken ocarly to awoid the sevore aspects of unexpested falleout.
On C.STLE tho Weather Central maintained a contimuocus sshedule of post-
shot observations by its network of stations., Thase were studied by
radsafe persamnel in eonjunction with revised air particls trajestories,
cloud tracking efforts and reports from manned growmd monitor stations,
Continuing tho complote pre-shot type weather/radsafe forecasting
techniquos from H hour through about H plus 24 houre could consideradbly
improve the results of thess efforts.
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PART FOUR; FADSAFE ORGANIZATION (See Charts 1 & 2)
1. Tasi Force fesdguarters fadsufe Opganisstion: During the planning

stage of CASTLE, staff work required to set up the necessary services and
procedures tc cope with the Radsafe problems was well within the capablility
of one officer and one clerk stenographer. However, once the shot phase of
the operation started, the work-load became considerably greater.

a. In particular, the requirement existed for a Radsafe officer,
completely conversant with the entire Radsafe plan of action, and with the
developing Weather and Radsafe situation for the shot, to be on duty from
about H minus 24 hours to approximstely H plus 24 hours. It was during this
period that the crucial Radsafe work had to be done. Prior to the shot, a
succession of command briefings (at least 4) required a considerable amount .
of preparation of briefing displays for wind patterns, fall-out plots and
transient shipping information. ‘Alcng with the briefings, a string of ad-
visories and directives were required to go out to various agencies both
external and internal to the task force, some of whish occasionally required
revision in accordance with significant changes in the wind forecast. After
the shot, the problem became one of reconnaissance to determine the close~
in and long-range fall-out aspects. Answers had to be obtained relative to
the safety of task force ships; the problem of serdal contaminatien drifting
toward ENIWETOK and UJELANG Atolls required early evaluation; winds aloft
observations had to be plotted and continually analysed together with both
observed and forscast fall-out information; constant checks were required on
the cloud sampling operation to assure the conduct of these operations in
accordance with reasonable radsafe precautions; advisories again were re-
quired to inform internal and external agenciss of critical, dsvelopments;
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cloud tracldng eperations had to be continuously and elosely monitored and
analysed relatin to populated areas cemtm te the tosts sides and neces—
sary adjustmntl made according te the developing situation; information on
lagoon and island contamination had to bo analyzed and re=gntry plans made
arsordingly. On a normal shot, the tempe of the Radsafe operations decrea-
sed eonai&erably by about H plus 12 hours, however, the remaining activities
(1imited primarily to cloud tracking) required the continued presence of a
qualified Radsafe officer until at least H plus 2, hours. The net result of
che above was a shot-phase requirement for additional personnel to assist in
the required functions. For this purpose the tasi: force Radsafe staff agensy
was designated the Radsafe OFFICE during the shot perica (as distinguished
from the Radsafe CENTER, the primary operatioual and intomtional center of
the Radsafe Unit of TG 7.1). \ddit.imal personnel wero gathered togother
1n the Radsafe OFFIC!: on a tenporary hty basis for t.h. lhot period to per-

~form port:lom of the various mnct.im a.nd to muntun a eonthmmo dy-hour

duty status, These perscnnsl and their tenponry uugud dutiu were as
mdicateci in the functional shart of Tadb G,

| be The Radsafe OFFICE for shot times was designed to bo the primary
task fox;ca shot-time agency fer all radsafe matters requiring headquarters
staff action and for all ra«iufo {nformation having an impact on the various
operational decisions which were expected to alriu. Its sources and channels
of information wers as indicated in the Radsafe Check List, the functional
chart and the communication facilities chazju of Tab G, These facilities
were, with minor exceptions, completely adequata for their purpose,.

Ce A8 stated above, one of the primary hmef;:una auun'od to the

Radsafe OFFICE was that of conduecting the Radsafe portion of the Command

T
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Briefings for shot decisions, This p;.rucular Mieu alone accounted for
a major portion of the Radsafe Officer's time. .In kmrd, the subject
matte; of the briefings covered not only he primary function of detailed
forecasting of fali-out areas, bub alse eo'nrod many operational problems
or plans upon which the radsafe situation had a ;nator or lesser impact
depending upon the wind pattern, A detailed account of the factors conside-
ered during the radsafe portion of the command briefings is presented in
Teb G. Briefly, these consisted of the presentation ef the forecast and the
observed hodographs relative to the development of the wind patterns during
representative intervals prior to the driefings, the surface RADEX for K to
H plus 6 hours, the forecast outlook for various critical atolls in, and oon=
tiguous to, the test area, and the outloocks for task ferce ships, transient
ships, air routas and surface ‘mutu. The presentation also tncludod infore
metion recommended for the task tor«l comander's routine sdvisories to cnlc-
PACFIT relative to the mutual Task Force and cn:cp.‘.cui responsibilities for .
populated areas in the Pacific and protocuon of air and surface shipping,
Alaﬂomalﬁl.,aﬁﬂlbﬂotmgumnmdm“lumataw-
mately H minus 18 hours and H minus 6 hours, Abbreviated versions, consis-
ting primarily of the tmcm_and observed hodographs, wers normaily given
st approximately H minus 36 hours, at H minus 12 hours and at approximately
H mdnus 3 hours. |
d, The secondary function of the Radsafe OFFICE, to maintain dis-

plays for briefing and record purposes, required an assembly of suitable
charts of such a sise to allow complete modility, The mobility feature of
the displays was a oritical feature, On the command ship, for ex-mple,

/ briefings were held at some distmce from <u2 space alloted to the Radsafe
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OFFIC:. The charts used for briefing pur-oses had to La of such sise to
allow thi-l to be carried through the narrow ship passages and up h_ddoro,

and yet large enough for the entire camand briefing group to pread with ease.
Due to the split-atoll operstion, and the eventual eetablishment of the caps—
bility for firing at either atoll timntmly,’ soms of the Radsafe brief-
ing and display charts, files and plotting equipment had to be amenable to
quick packing and ease of transport, As a conséquence, all chirbs wire
mounted on 30" by LO" heavy carboard and covered with acetate. Posting of
information was done with china marking pencils. For rapidly changing data,
permanent records were made on separate small forms during tle frogleds of
the shot, The remainder of the data was. transferred to permanent record
charts or forms at the completion of the shot. In general, the briefing

and record displays used were as follows (a detailed description of each is
given in Tadb G)s :

(1) Briefing displays consisted of seversl polar charts for the
display of all pertinent observed and forecast hodographs and the surface
RADEX, a chart (prepared by the llesther Central) for the forscast air par-

" ticle trajectories, charts for fall-out plots for each of the msthods in use
for the shot, a chart showing the danger and search arJas together with
pertinent contacts made by search aireraft, a chart showing the transient
shipping in and near the Danger irea, and a chart indicating the locations
and populations of atolls in the general area,

(2) Radsafe OFFICE record displays consisted of the above
briefing charts plus the followingt The Air RADEX, Cloud Tracking Operations
chart, Shot-atoll radsafe situation plots, Off-ocite radsafe situation plots,
and charts for the recording of radiation intensities on task force shipe,
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ihe status of roecocery and oritical weather and sea i.nfomticn'.

‘s, Additional responsidilities of the Radsafe OFFICE involved
Liaison with representatives of the Health and Safety Laboratory, New York
Operations Office, AEC (HASL NYKOPO), with the tagk force Biomadical .\dviser
and Staff Surgeon, with .\FOAT-1l representatives, and with other special
advisors to the task force ccomander,

(1) The first responsibility involved the furnishing of working
space, clerical assistance And task force Radsafe data to the H..SL NYKOPO
group. In turn, the H.SL NYKOPO group made available to the Radsafe OFFIC.B
all data collected by aerial surveys, fixsd stations and 'lhip stations and
maintained pertinent situation cl‘aarn in the Radsafe OFFICE. In addition,
the H.SL group provided and maintained four newly developed HiSL scintilla-
tion~type gamma rate meters for use in WB-29 cloud tracking operations.

(2) The second responsibility involved close coo'r_dimf._ial; with
the task force radiation medicsl advisor on such matters as health hasards
on distant atolls, waiver of MPE, staff action onr over-exposures, and ho.alth
aspects of special cloud sampling missicns, The pelicy of m.:l.ntainin( on-
the task force staff a medical officer specifically trained in the radiclogy
field and with field exporience on nuclear tests was most profitable ;n.th.
proper handling of major radistion incidents. Further, it provided a quali-
fled medical authority available during the test to preclude minor radiation
incidents reaching absurd proportions or causing undue adverse nmic;no .'m.
commands or agencies external to the task force, The officer selected was
assigned to the task force on a TDY basis since his presence on the staff
was required full-time cnly during the actual shot period. It was agreed
that, during the planning stages of the operation, interim services as



ne cassary, could bs accomplished on & consultation and coor<ination basis.
" (3) The third respensibility involved the furnishing of per—

“fvont radsafe information to \FOAT-1l on initial cloud drift and ready accese
tc facilities allowing early .FO.T-1 evaluation of cloud sampling results.
Yeather information was also made available to .JFU.T-1l by the Weathor Central,
directly in some cases, and through tho Radsafe OFFICE in other, The favorw
able physical location of the Radsafe OFi'IGB with respoct to cofimand post
facilities m:nd information sources, together with the Radsafs OFFICE/.FO.T-1
mrtual interest in cloud sampling, drift nd tracking was the primary basis
for the eventual liaison working status accorded the \PO.T=l representative
at the task foree command post,

(4) Other special sdvisors were integrated into the work of
the Radsafe OFFICE as necessary by the circumstances of specific shots, In
particular, one advisor for Radsafe matters was assigned opuiﬁc functions
for all shots as indicated on the functional ehart in Tsb G.

(5) .s a result of the .abon arrangements, and coﬁnidorin‘
the personnel manning problems indicated in paragraph la abovo; the H.SL
NYKOPO and AFOAT-l representatives and the task force advisors were integra-
ted into the Radsafe OFFICE as working members during shot times. Specifi-
cally, the HASL NYKOPO representative was assigned responsibility foro curreat
information and displays on matters of mutual interest, The AFO.T-l repre-
sentative was assigned the function of Radsafe Air Operations dfﬁ.cor with
the particular function of supervising the task foree cloud tracking plan.
The Biomedical Advisor was assigned supervision of the off-site surface rade
safe situation, particularly in regard to the health hazard aspects and was
made responsible for staif action on waivers of MPE and over-exposures,
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Tho B&dl_&f. AMvisor was assigned opno‘mc functions primarily to assist and
aivise the task force Radsafe Officer,: All prao;:ml intograted in this
mumner were considered under the direct control of the task force Radsafe
07ficer during critical shot times only, In general, the detailed Radsafe
"Check List" items were assigned to the individual for whom the information
was of primary interest. In some cases, assignment was made to bhe indivi-
dual whose information from other sources had 4 direct impaet on the action
roquired. In the latter cases, it wWas the responsibility 8¢ action officers
to effect the necessary coordination on outgoing and incoiing informaticna

f. Project Book. In order to integrate thd variocus personnel in-
to the Radsafe OFFICE, a Project Book was issued to be used as the Radsafe
OFFICB Handbook during shot times, This book contained detailed instructions,
check lists, maps, ekample messages, reporting codes; conmnication- foeili~ ' .
tieg ard voice calls, safety i:nltrucum and such other references as were - ,
considesed necessary for frequent use during the shot. (Some of the major
itens contained in the Handbook are attached in Tab G.) The Handbook, coupled
with the mutual interest and enthusisem of all concerned; were the primary
factors in qu.tckl: arriving at an otﬁgtout orgmiut.iog ot'. personhel gather—
ed together briefly from several sources and working toward a common goal,

g.. Spscial cormunications facilitissy Two special radlo circuits
were brought into the Radsafe OFFICE for the sole use of Radsafe traffice,
The first of these was VHF voice circuit with the TG 7.1 Radsafe CENTER for
the interchange of information of mutual interest. The second, was a CW
station used primarily to intercept WB-29 cloud tracking reports and to relay
radsafe instructions dircct to the WB-29's from the Radsafe OFFICE, These
two circuits were vital to the successful accomplishment of the Radsafe Plan.

9
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h, Tape Recorders, Considorable use was made of tape recorders
0 preser-n the abundant verbdal information avail_able during the first few
ncurs”after shot time, Particular use was made to record conversations over
the direct VHF channel with the TG 7.1 Radsafe CENTER. In genoral, the tape
recorders served as a convenient method during the Radsafe OFFICE "rush hour
neriod" to preserve information until such time as the significant portions
could be extracted for the record,

2, 7Task Group Radsafe Orgmn on: Jinee Radicloglcal Safaty, simi-
lar to otiter forms of safety, is a camand responsibility, éach task group
was directed to set up its own self-sufficient Radsife Unit, The delegation
of tha major detallod radsafe responsibilities _of the task group units \as
contained in Annex N to CJTF SEVEN Operation Order 3-53 (TAB A)e

a. In general, each task group unit was directed io be self-suffi-
cient in terms of manpower, eq\;ipmm, maintenance and training, Ezxch unit
was designed to cope with the routine radsafe matters and those prohlesn
unique to the particular service, agency or functions of the task groups.
In addition, each task group unit was delegsted special functions to perform
for the primary benefit of the task force as a whole and for which the parti-
cular groups designated either had a direct interest or were perticularily
adapted to the accomplishment of the function, These were as followss

(1) Task Group 7.1. The TG 7.1 Radsafe Unit was charged with
the major functions concerning on-site recovery opocrations. Specifically,
it was designed to perform the radsafe control of all working partics in
contaminated areas regardless of the task group involved, The principal
problaonm in this function was the control of parsonnel engrged in recovery
operaticns, post-shot cleam-up nd meking-ready for the next event. Othor

80

+» cunap ey



spacial functions includod the photodosimetry program for tho entire task
furce, laboratory radiochemical analysis of water and other type scmples,
sersrdd of packaging of radiocactive sources mad samples, provision of the
accarsary personnel, plans and equipment to ascomplish such spocial and un~-
nyual radsafe services as required during the operation, ~nd the assunption
¢ TG 7.5 raisafe responsidilities during the on-site phase of the operation,

(2) Task Group 7.2. The unit of this group pr‘ovidéd:moniitbn
for security sweeps of both atolls and maintaitted a pool of b¥iinéd motiitors
and decontaminstion operators as required for emergehcy back-up of 1G 7.1.
'tbe; idea of maintaining a pool of back-up monitors and decontamination opera-
tors arose from efforts to reduce the tctal number of personnel assigned
to the Radsafe Unit of TG 7.1, It should be noted that manning with a large
number of personnel whose only duty is Radsafe Monitor, is, to a gfoit extent
a waste of manpower, Pouonnoi in this category have little prodt.xctin"
work to perform except in connection with plans for recovery trips and the
performance of monitor duties during the relatively short period of the
recovery trips. Further, since the radsafe responsibilities of TG 7.2 were
relxtively light compared to the other groups, and since there was a defi-
nite need for TG 7.2 radsafe imow-how during the interim garrison phase as
well as during the relatively 1ight cperationsl phase, TG 7.2 was selected
to train the "additional duty" monitors and decontamination operators required
This solution assured coverage of 7G 7.2 intermal radsafe problems, and, at
the same time, provided TG 7.1 with the necessary emergency back-up within
the framework of a more streamlined and conservative-sized unit,

(3) Task Group 7.3. This group provided facilities afloat
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f~r completely ship-based recovery opbrationa together with gh- necessary
n;ucopt;r services, It further provided for ths basic rediological safety
75 eribarked task force personnel during periods afloat. In addition, nd
inasruch as TG 7.3 had a2 prime interest in the post—shot contaminatica
sstus of the lagoon, the Radsafe unit of this group was directed to prepare
F.208 for lagoon water sampling by helicopter and small craft. Samplas
sollected in this manner were analyred by the TG 7.1 radsafe laboratory and
the results used by the task force headquarters initially for re-entry do-
cisions, by 1G 7.3 for continuing ship operation in the lagoon and by TG

7.1 in scheduling recsvery and make-ready operations.

(4) Task Group 7.4. The unit of this group, wit.h the usio-
tance of interested scientific project personnel of TG 7.1, was charged wi.t.h
the radiological safety of the aircraft cloud sampling pro;x'an. Over a
period of operations both at the NPG and the PPG, procedures and equipment
hsd been developed to cope with the unusual problems inwolved in cloud samp=
ling. CASTLE, however, presentod a more complex problea dus to the large
number of high yleld events and dus to a plan for early (H plﬁ 1 to H plus
2 hour) low level (10,000 to 20,000 feet) spseial sampling by WB-29 aireraft.
Further, since the Alr RADEX was of primary intersst to the Air Task Group,
the responsibility for preparation of this RADEX was given to TG' Tbe Ac=
tually, the 1C 7.4 technician involved worked physically with the Radsafe
Office at ths task force command post, and with t.h.c TG 7.}. Mr Oporaﬂ.ona
Center, in preparing the RADEX which was ultinatelr put out to all task groups
as a task force directive., In addition to the above, TG 7.4 was charged
with the nocessary aircraft operations inwvolved in the conduct of the task -

force cloud tracking plan.
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(5) Task Group 7.5. This group was relieved of radsafe res—
ponsibilities during the shot phase of the operation, Since its general
requirements for radsafe services wers similar to those of TG 7.1, i.e.,"
control of working parties in contaminsted areas, its rupomibuiuh for
radiological safety were delegated %o TG 7,1 during the shot phase, 171G 7.5
was, however, charged with making plans and eoniucting on-the-=job training
w#ith the TG 7.1 Radsafe Unit preparatory to assumption of radsafe responsi-
oilities for the entire PPG (Except ENIWETOK Island) during the interim
operation period following C.STLE,

b, Personnel. With the exception of TG 7.1, tha bulk of the red-
3afe personnel for the entire task force wers "additional duty” types with
a few "primary duty" staff and supervisory pooph.‘ For examplo, the Airmy
Task Group trained "additional duty” persomnel in each activity of the group,
ccncentrating to scme extent on the lﬂ.utar.y Police. The ﬁivy Task Group
placed radsafe under Damage Control in aceordance with routine Navy organi-
zational practices, The \ir Task Group utilised nzgua' crew msmbers as
‘monitors and maintenanee personnel for alrcraft deecntamination since the
major prob’-ms wers encountered during flight and during post flight air-
craft washedowm and maintenance, Since the ,'.nc Task Group's problems were
similar to those of the Scientiffs Task Group, the latter, as mentioned
above, assumsd overall shot phase naponaiunty, with the understanding
that the former would assums the relatively light work load during the in-
terim operational period using TG 7.1 equipment retained in the Forward irea
and TG 7.5 personnel trained on<the-jodb, The-one exception to the "addi-

© tional daty" policy was in the case of the TG 7.1 unit, Since this unit was
designated the major Radsafe Unit for on-site opsrations and given the res—

ponsibility for specific centralised ard highly techrical redsafe services,

considerable mannirig problems had to be sclved to assemble the necessary
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"prinary duty® tesnicims, However, ‘eve for this wnit the "additional
duty” ph:l.looophy wvas ut.mud f&, pereonnel eccnony, For example, each
project had cne or more working persons within tlu project specifically
designated and triined dy TG 7.1 to perform routine radsafe recovery monie
toring for the project. In adddtion, TG 7,2 had bdeen directed to train 50
"additional duty”" radsafe monitors and 10 deecntamination operators for
emergency back-up of the TG 7.1 unit if euch a requirement proved necessary.
Consequently, the TG 7.). Radsafe Unit was adble to reduce its radsafe moaitor
section to approximately 10 psople. This small number of highly trained
monitors were used 1n particularily critical circumstances or in fields of
unusually high radht;oa.

.9. Equirment and Maintenance: Bach of the military task proups -
was moM to procure radsafe equipment from sources of their own service.
TG 7.1 was directed to procurs standard military equipment from military -
stocks, and the remainier (nop-standard items) by purchase. In sccordance
\ith previous agreenents, the AEC had agresd to purchase all necessary items
non-standard to the military serviees; standard military items were to be
furnished as normal servies support, ‘In the matter of maintenance and repair,
each task group was Mod to provide its owm facilitiss, with the excep~ '
tion that t.l}. major repair fagility of TG 7.1 was made available to assist
1f um;gq., 10 7.5 problems in this matter were solved wnder ¢ 7.1 plans,

d. Training: Individual and group training vas ecnducted by the
staff and mporvhory' personnel of each group, using task group schools and -
“he various service schools as necessary and available. Also, each task
group was nn;gn_od at 1«% one Radiological Defense or Nuclear Engineer,
together with appreciable numbers of qf.h,or personnel with varying levels of
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experience, In the case of the 70 7.3.ships, mich of the training of the
crews had been campleted, o separate dirocticiz; prior to the ships! re—
porting to the Navy Task Group, In each task group, training emphasis was
mace in acecordance with the major proum. each tzask group expected to en=-
counter, .

. Personnel Dosage Records. Ais inlieated in Tab A, the réiponu-
bility for perscnnel dosage control, ‘necluding the supply and procud.ng of
film dbadges, was placed under the Radu.s.tc Unit of TG 7.1. The reascns for
aseigning this service to TG 7.1 were as followss

(1) The primary users of ths film badge would be the members
of the scientific task group during resovery operations, Use of the film
badge by cther eatogori.u of personnel wou‘ld .bo essentially imscd to
representative distribution among groups of pououul in oxder that a "
dosage could be assessed in th; svent of unexpscted contamination og t.ho )
groups. '

(2) The film badge is not a standard item of military issue
through-out ths three Services.

(3) Although each task group has a command responsibility for
its ~wn radiation safety, the setting \‘pp of a ‘pbcto-dooinptry supply and
laboratory in each task group would not only be uneconcadcal fron a_workload
viewpoint, byt of far mato.r inpoﬂanéo. would result in a confusing lack
of uniformity among the task groups in the choice of the typs of film badge
for issus and in the processing procedurss used, Considering the fact that
the filn badge types presently available for persomel dosimetry are nor-
mally susceptable to inacouracy for a variety of reasons, the cholee of cne
central supply supply and proceasing l.a.b&tbory renoves ab hu§ the two
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variables of film badge type and processing procedure,

(M) Centralisation of highly skilled teehnicians assures
standardiged and reliable radiation dosage measurements amenable to scmpari-
son on an Sver-all military md eivilian dasis.

(5) From the personnel maming standpoint, the centralisation
of highly tecinical Raisafe services results in the most economical assign-
mert of the limited number of highly skilled technicians available, Since
the major radsafe working unit was assigned to the sclentific task group,
the photodosimetry program was considered to be best plased in this wit,

2 Inclss ' . !
1, Organization Chart
2. Organization Chart
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P $ AND
1. Conzlusions ,
a. General: |
(1) The significant fall-out ares from large yield shots was
a sone on the order of 100 miles wide and 300 miles long., Because of varia-
tions in the wind -foroeuto. diffusion of the atomic eloud along its peth of
f~11-out and changes in direction of drift of the cloud u it moves outside
the influence of ground sero winds, a much larger exclusion area had to dbe
sonsidered associatad with the forecast fall-out sone.

(2) The employment of large numbers of search aircraft to sweep
vast forecast fall-out areas was an expensive operation, Successive daily
ropotit.i&n of the sweeps was often necessary due to shot delays arising
from unfavorable wirds and the difficulty in making aoccurate long-range
weather forecasts. .

(3) Although the sise of the area set up prior to the opor-atiou
for diversion of transient shipping was adequate, it did not extend to all
nationalities,

(4) The adoption, after the first shot, of a large Danger irea
for the remaining period of the CASTLE Operation was the logical solution
to the transient shipping problem for two major reasons:

(a) The Danger .rea applied to all nationalities.

(b) Due to advanece clearanse of the entire Danger irea,
aerial sweeps nf the major portion of this area were dasically in the cate-
gory of checking compliance with the Danger irea notice rather than attempte
to eontact and effect time-ccnsuming diversion of shipping, .s a consequence,
the sweeps were made later in the pre-shot preparstions ani with loss chance
of repeats arising from shot delays dus to weather,
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(5) The sources of informaticm on transient lhipﬁns, eouplhd.
with the Danger Area modificatiocn discussed above, were alequate for i:roho-
tion of all surface shipping following the first shot.

(6) Advance plans for evacuation of the. ENIWSTOK camps and
nitive atolls for fAll-oud were adequste.

(7) Ship operatidn in thd shot atsll lageon was nod a sarious
emtamination prodblem. Detalled simpling of the lagoon water it critical
locations and counteimeasures taken by ships' crews ware adequata bo cope
with the opsraticnal nuisance encountered, .ivailable dvidence indicates
that contamination in thé lagoon waters concentrated on dowwind reefe and
" in the lower levels of the lagoon. Since no violent storms were encountered
on the operation, the effects of such disruptions in produeing wniform mix-
ing of the contamination are wnknown,

(8) The relations and agreemerts developed for the mutual dis-
charge of CINCPAC (CINCP.CFLT)/JTP SEVEN responsibilities relative o the
utgt.y of Pacific populations were adequate. Hinpr exceptions are indicated
below:

(a) Native populations were not briefed in advance on the
general aspects of the operation, to ineclude¢ approximate sbarting date of
the operation, gross phenomena which would be manifested, possibilities of
hazardous conditions requiring evacuation and gensral native preparations to
coptralise and anmticipate evacuation.

(b) Native atolls were not provided with manned monitor
stations and film badiges,

(9) The M.RSH.LL IaWO~ in the southwest quadrant were
originally considered to be in a favorable location with respect to fall-out.
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However, ths air particle trajactories for eack shot indicate a simdlarity
in that, regardless of the initial -irssticns of the winds, the mldi-level
winds normally shifted to westerlies 1% varylng. distances from ground sero.
The not eonsuquence of this action was ﬂ‘l eventual tx;anopon of the most
a‘gnificant layers of contamination to the east.. Upon subsidence cf the
13bris into tha tradewind flow, contomination was drought back into the gene-
&2 area of the tests and the northemn Marshalls, The amrunt of fall-cut
ai1iving at populatad atolls depenicd upon thae proximity of the air particle
troJuctories to a west-sast line thr:ugh ground sero., Except for BR.VO, the
intensity of fall-out was low. The fact remains, howover, that the contimual
deposition of small amounts of long-livaed fission products builds up 2 back~
ground which emgeivably could result in prohibitive level.n causing cossation
of tesu..ng, or permanent removal of native inhabitants.

(10) Due to mutual interests and over-lapping roapondbﬂ!ft)iu‘,
the close working relation botween tho Weather Officer and the Raisafe Offi-
cer of the task force was a majcp factor in the swoessful prue'ntaticn of
sound inter-locking data for operational decisions. - To assist this rehtq.on
and insofar as the possible, the physical loscations of the “eather and the
Radsafe Sectione were adjacent.

b, Weather

(1) The weather, primarily the mid-level (20,000 to 60,000
feet) wind patterns largoly determined the schedule of detonations.

(2) Realistiec fall-owt predietions for high yiecld weapons re-
quired reliable wini forecasts fof the first 24 houiw following the detona=
tion in ordor to de assured that significant fcll-out cot 13 occur within
aceertable time ami area limitations, | |
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~ (3) Prequent post-shot wind foroeasts should be made during
the interval H to H plus 2!. hours {n ordap that the actual orieantation of
£-11-out pattern may be more accurately analysed in conjuncticn with the post—
slot weather and radsafe observations,

(4) The frequency and secouracy of pre-shot weather forecasts
wora adaquate for realistic planning and fall-out forecasting following the
m 14¢1ication discussed in paragraph la (4) above.

(5) Continued research and study of tropical meteorology is
saquired in order to improve long-range wind forecasts.

(6) The employment of constant altitude balloons as a fore—
casting tool, although not successful on CASTLE due to opsrationmal, supply
and mechanical difficulties, is still considered a valuable adjunct to the
Juather/Radsafe forecasting tofhniqul. |

(7) Rawinsonde balloons frequestly "iced” and burst at the cold
tropical tropopause, As a consequence, critical wind observations were
sometimes :t,crm.mtod prior to reaching the maximm significant wind levels.

~ (8) Dus to the tenlency of the winds to be westerly at points
to f.h- nar‘h of ground sero, adiitional rawinsondc sites in the northwest
and northeast quadrants would have been extremely useful.
' ¢s PFall-out forecasting
| (1) Assumptions: '

(a) Ais a general rule, the assumptions of 24 hours and 500
nautieal miles as the upper limits wighin which significant fall-out could
ogeur were valid, Although air ecortaminmation from water surface shots extends
the time to approximately 2 to 30 hours, the aerosol-typs clcad from such
shots prealuded significent fall-ow levels at such lats times. It appears

probabTa. AEeveyr, on the basis of available evidenesy vhat .a “shine affest?
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could be significant for more than 24 hours. .

(b) It ppears that the altitudes involved in significant
long_range fall-ocut from high yleld weapons are 20,000 feet as 3 lower limit
on a'l types of bursts, 60,000 feet was reascnable upper lim,t for water
surfice shots and, 80,000 faet should be considered for land surface shots.
T w8t inte.nse portion of the fall-out apparently comes from t.lid 20,000 to
€0,000 fest interval, however, 1% is notei that the selected limiting alti-
tuces =2 €2,C00 or 80,C00 feet may be a function of the atmospheric stability
a.”’ altitude of the tropopause sone which is lstitule-dspendent.

(c) Particle sizes down to at l.em 70- microna,'and pos-
sibly to 50 microns, apperently crntributed to the significant fall-out
observed.

(d) The assumption that the fall-out intensities resul-
ting from a water surface shotr would bo a tact.;:r of 10 to 100 less than those
of a land surface shot was apparently aceurate in part only, Nogloctiné dif-
ferences in wind patterns and the fact that three water surface shots were
detronated in eraters of previous shots, ;dmw comparison of close-in in-
tensiuo.o (within 20 ﬁlel frem GZ), indieated a rough equivalence for the
water versus lond types. .t greater distances, there was considerable evi-
dence that the aoroool-trp'o cloud of the water surface shot was highly resis-
tant to fall-out and, as a sonsequencs, p;xjniltod primarily as a relatively
significant aerial hasard for 2, to 30 hours, It is conjectured that the
close~in fall-out from the water surface type shot was oonsiderably aided by
the scavenging astion of large quantities of liquid .water', plus some heavy
bottoa or suspended material, yaochf.ad with the oar]i close~-in fallout,

(e) Prior to the operation, das;a on surface bursts were
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extremely limited, complete documentation of this type burst being confined
to ne low yleld shot at the NPG., The cnly high yield surface shot (IVY
MIX® at the PFG) had not been documented excert on the shot atoll itself,
C.~TIE Radsz{a planning was based on the information from these two shots,
Or. the basis of CASTLE radiation measurements, the assignment of actual in-
tensity values to long-rangs forecast falleout patterns for high yield shots
c'n now be done with a great deal more confilence.

(£) IVY MIKE ecrly crosswind and upwind iso-intensity vale
uc: scaled to a chart »f BIKINI atoll reasonably fopnunbad (with allowances
f~v yiecld wnd shot ocnditions) the values observed close-in on C.STLE. Also,
a new technique devoloped to determine the initial distribution mathemati-
cally was used to same extent and success on the latter pu't of the seriss.

(g) The assumptim of & oi.rcuhr source of 15-ailé radiue
was adequate for the water surface shots, For the land surface shot, the
radius is estimated to have been on the order of 25 miles. ilthough the
true source was assumed to be elliptical with major and minor axes in a rastio
of 2:1 to 311, & circular sector adequately described the upwind and cross~
wind opn'ad.

(n) Ccmputed surface R.DEXES required a factor of safety
applied to the forecast region due to errors in the wind forecast, diffusion
of the eloud, initial sise of the cloud soures and changes in the wind psttern
in areas outside the influence of ground sero winds. On C.STLE the aidition
of a fifteen-degree sector on either side of the computed area was adequate
for this purpose.

(1) The ottcc'; of yield versus crosswind and upwind spread
of contamination over the shot atoll was ;\neh_ that, from a fall-out viewpoins



st least, aad sssuming squivalent viads, the high yield water surfae shote
ROMEC, UNIOE and TANKER could have beem detonated in the IVY MIKE crater ab
INDETR Mol | |

(2) Wind Pattern Criteria

(s) As a general rule, the winds in the M.RSHALL Islands
were east northeasterly Lo easterly in the ﬁnr,- or trade-wind levels (up to
sbout 20,000 feet) and casterly in the high levels (above tropopause hedght
or at, and above, about 60,000 feet). "rlu mii-levels betweem were not only
variable, but involved the most d.gunm portion of the cloud from a fall-
out viewpoint.

(d) Use of two shot mm ‘i.l'poud further restrictine on
shooting dus to the effect ofashot &b one atoll o the populated aress of the
other,

| (c) The primary land -nnn !.qwlnd in determining the ,
relative favorability ot wind pattems were the t.wo shot atal.h. WEL.NG * :
loMofmrm,MWMlehmmmm ;

(d) wind. psttems lccopubh at BIKINT were acoeptable at
ENIVETOK. The mmmmtalmo&m.

(o) For smn -not.-. d.d-lovcl \d.nda from southeast alock~
wvise to southwest were tmnhlp for d_.]. sypu'of chots: ‘id-level winds from
east mmuut slogkwise to weet southwess were acoeptable for water surface
shots. The more southerly the components in these levels, the more favorsbls
the pattern Lecame,

(2) Por ENIWETOK shope;, mid-level winds from east northe
east closicvies to west southwest wers nwnblo for all ‘types of shots; mide
level winde from approximstely northeast elosiodss %0 west southwest were
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acosptable for water surface shots.
| (5) Although vind pattams ean develop im which mid-level
winds_are {rom favorable dircetions, t;u vector sumation of the winle must
have sufficient southerly ecmponent to carry the bulk f the mid-level debris
far enough north of ground sero 8o that erou\d.nd' ani upwind spreal of ocn-
tamination does not overlap pop\naw areas of the shot atoll,

(h) Trade winds act in excese of 20,000 feet for water
surface shots st BIKINT present no fall-out problem for ENIWETOK, and prodably
no serious Embl- in the case of land surface shots, Trades in excess of
20,000 fest could be serious for the land burst, and progressively so for
water bursts.

(3) Fall-out Forecasting Systems

(a) Porecast systems dased i the ground sero winds were
useful for close~in fall-out predictions and for RADEX plots valid for periods
up to sbout six hours. B

(ﬁ) The method of vector sumation of the winds as used at
previous opsrationa st the NPG aad the PPG was inadequate to cope with the
- significant long-range (beyond about H £ 6 to H £ 10 hours) fall-out encoun~
tered on high yisld shots. The i.:jor inadequacy of this system, and of all
other systems u:uuu prior to the op;u\_q,on, is its complete reliance oa
the grownd sero winds, 1,0. on a \dnd pattem for one geographical location
and for a spepifis time, Originally, this system was extended by a general
analysis of the foreecast air puﬁch trajestoriss. Subsequently, the dyna~
mic system of long-range fall-ou$ plotting developed during CASTLE corrected
these deficiencies by progressive forscasts 'tcr beth time and displacement
for the firet 2-hour period posteshol. '

b3



(¢) Dynamic systems of forecasting fsll-sub using air
particls trajectory analyses and progressive forecasts of wind patterns in
accordance with time and displacemert. aspects of the cloud, were found to
be feasible within the time limitations of an operaticnal decisicn, Practi-
cal methods were divised to apply such a system to the last three CASTLE
shots for a valid forecast psriod of H to H plus 24 hours,

(d) Alr RADEX plotting for H to H plus 6 hours was used
to advantage to define exclusion areas for operational aireraft and for de—
fining appropriate areas for cloud sampling,’

(e) CASTLE data and efforts were sufficient to suppord
profitable interim studies on new forecasting techniques and refinements of
current systems for the development of reliable fall-owt predicticns,’

d. Dosimetry

(1) The routine Maximm Permiseible Exposurs (MFE) of 3.9r for
the operation was inadequate, in some cases, for the number and yh'm'or'
the shots detonated,

(2) The apeeial MPE of 20r for erew mmbers of cloud sampling
airoraft wag adequats, .

(3) In recogniticn ~f the inadequacy of the routine MPE, euthori-
satim was requested from, and gramted by, the Surgeons General of the three
Services »nd by the Director, Division of Biology and Medicine, AEC to revise
the MPE through waiver from the Task Porce Commender in individually desig-
nated cases when circumstances indicated the nsed and justificatiom therefor,
This authority, exsrcised for a relatively fow number of individuale, was
adequate for the completion of essential CASTLE missions.

"~ (4) The primary factor in the maintenance of perscancl dosages
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within established limits was the Righ degree of Radsafe sentrol exsrcised
over working parties, iircraft and ships opsrating in contaminated areas,

= (5) Perscnnel dosage eontrol while conducting a completely
ship-based opeitation was extremsly diffieult for the BRAVO shot, duwe to the
necessity for unusually large mmbers of working parties to perforn frequent.
sorties into contaminated areas, the many ships used as housing afloat and
the centralisation of tho £1ln badge processing laboratory faoilitise oty one
ship.

(6) Numerical values of limiting criteria for evacuatica of " /
task force populations depended upon the stage ol completion of the opera- |
tion, sites and yields of remaining events, and the average lswvel of person-
nel dosages already acquired, In general, the levels which could be tolerae
ted without evacustion were higher for shots at the end of the series than
for carlier shots, As a general rule,.a dose rate which would result in two
to three times the MPE of 3,9r (and possibly as high as 20r) for the remin-
ing period of the operation was considered aceeptabls without resorting to
the complexity, expense and disruption of an evacuation,, Similar valuss, with
a further consideration of lifo-time dosage aspscts, were considered aseep- |
tadble for native populations,

(7) Comsidering the high resistence to fall-out exhibited by
the asrosol-typs clouds from water surface shicts, and the unusually rapid
"apparent decsy" of intensities off-site from shots following BRAVO, a rea-
sonable conelusion could be drawn that a "shine effect" was present for all
such shots (and probably for the BRAVO shot as well)., Since this effect was
not instrumented, it was impossible to assign it a numerical valus. Based

on mesger evidenes, however, the "shine effeet” was estimated to accomt for
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at least 50% of the dose rate seen during the period of "shine” and falleou$e
¢, Radsafe Survey

- (1) The plan for cloud tracking to sweep critical areas rather
than to follow all segments of the ¢loud was adequate and well within the
capabilities of the aircraf® available, Continuous analysis of the raw data
received through in-flight reports was the primary method of rapidly deter-
mining the relation between forecast and actual particle trajectories, This
information, combined with reparts from ground monitoring stations, made
possible rapid general determinations of fall-out patterns after each shot,

(2) Manned monitor stations on the several islands were very
useful to assist the post-shot evaluation of all-out and %0 augment the sye=
tem of aerial radsafe reconnaissance. In scms cases the scals range of the
radiac instruments was inadequate and was corrected, Although the BRAVO
event indicated that more stations were needed, personnel. and self-sufficient.
housing and commmnications equipment were not available dnri.ng the shot phase
to put them in operation. hso, the absence of critical populstions after
BRAVO, made such stations less urgent. The existing network of stations,
equipped with appropriate instruments and ecmmmications facilities, provided
& valuable safeguard for populsted areas within five hundred miles of the
shot site,

(3) The use of routine operational and test aircraft to assist
in the definition of All-out areaa on the shot atoll and between ground sero
and the task force fleet was inadequate. It was found necessary to divert
WB-29 eloud tracking aircraft to make low-level sweeps between the ships and
the shot atoll and to assess the pitysieal md radsafe damago to the BIKINI
airstrip,
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(k) Athough the cloud tracking plan included 10,000-foch
aerial n;npo up-wind of populsted areas on shot day and low-level prescision
aerisl sweeps on shot day plus one, it was found desirable to make low-lsvel
passes over the northern MARSHALL Islands on shot day, For this purpose,
WP=29 cloud trackers were divertéd Lo over-fly these islands at approximately
200 feet from about H plus 10 to H plus 12 hours fora gmeral estinate of the
existing conditions, Since major fall-out could occur within 10 %0 12 héurs
after shat timo, the data obttained by these flights gave réasonsble and time-
1y assurance tq operational decisions relative to the existence of & feal
hasard at the atolls inwolved,

(;) Considersble progress was made tiy.lcicnti.no projects in
defining the fall-out pattern over-water by.q:ung the vater itself and
by low=level asrial survey of the coutm water using sensitive scin-
tillation-type gama rate Mo;t. The use of rg’t or buoy fall=out colleo=~
tors to measure the over-all pattemn was gmnny unsuecesaful Auo to opera~
tional difficulties l.n locating the sollectores, and dus to losses 'ot collee~
tors arising from fallure to logate and from shot delays. 7The new methods,
using a few rafts or bucys to tie i.ntchnlmrioalnl\lﬂ of intensity
shows great promise in solving the major fall-owt documentation problem for
future operations at the PPG, L

f. Personmel o -

(1) The shot phase of an opsratica of the magnituds of CASTLE
requires at least two Radsafe trained officers, at the {hﬁ: Porce level
prefirably Shree, and st léast three clorics’. assistants, A full time sssis-
tant Radsafs Offises available during the 2lwhour period immediately preceding
and imnediately following each shot would have precluded the requirement for



one such officer remaining excessively on duty without rest, The necessity
for preparation of displays, sdvisories and forecasts and maintaining a
perfodic Command Briefing schedule through about H minus 3 hours, followed
by at least a twelve-hour post-shot period of detailed analysis of the close-~
in and long-range fall-out aspects of the shot, ani the preparation of addi-
tional advisories and directives, were not compatible with the assignment of
~ne officer to this duty. Although "additional duty" officer personnel were
available to assist during the critical shot days, these pecpls were neither
available between shots to carry through on documentation of the shots and
preparation of historical material, nor can it be expected that similar per-
sonnel will be freely available in the future for even the critical shot days,
The amount of between-shot work that could be properly ccmpleted was 2l.1.-1.t.od.:s i
Extensive prepsration of documentary and historical material, while still. . -
fresh in the minds of the participants, could not be properly acccmplished
with the available personnel. Further, clerical assistance was adequate only
tl}mgh excessive and frequent after-houre duty., -
(2) The shot phase stage of develomment »f the dynamic fall-
‘out plot (par 1 ¢ (3)(c) above) was such that approximately ome and one=half
to two hours work was required by cns man to complste the forecast. Alt.hou;h{
this time factor can undoubtedly be improved, the fact remains that, within
the time limits avallable for preparation of material for an operational ;
decision, additional responsible personnel must be available to prepare other:
material needed for the decision. :
(3) The preparatisa of the dynamic fall-out plot requires the
full-time assistance of a weathor forucaster familiar with tho long range '
eir particle trajectories and with at least tha general nature of the fallw-

” .

f

i TR S S —— i R e e R A R T N v R T R ] R o



out problems,

(4) The task force Biomedical idvisor and Staff Surgeon was of
invajuable assistance to Radsafe due to his special training in paiiology
and previous field experience cn atcmic tests. . '

(5) The principle of ccmmand responsibility for Radsafety with
self-sufficient Radsafo Units in each »>f the task grcups was sound., The
manning nf these units primarily with group=trained aiditicnal-duty person-
nel was not only a saving in total numbers of peopls, but entirely adecquate
for task group needs, In particular, the principle of rrojsct recovery moni-
tor as an aiditicnal duty of project personhel, anl the organization of a
pool of amergency back-up monitors, were outstanding economy factors.

(6) Nuclear Engineers, or equivalont, were assigned to each
task group (excent TG 7.5) in order to conduct general. md specialiged group
training and to organige task group units capable of carrying ocut task group
radsafe responsibilities,

(7) Due to the unexpected requirement for a completely ship-
based operation for the roll-up of the contaminated T.RE camp and for simule
taneous split-atoll operations, the total numbers of porsonnel in the Rad-
safe Unit of TG 7.1 was inadequate.

(8) The number of personnel assigned to the special fall-owt
program conducted by the Health and Safety Lab.ratory, New York Operations
Office, /EC was such that routine task force support was, at times, inade-
quate, Oceasionally, special arrangements hald to be made with available
equipment and clerical perscnnel in order to support the program.

8¢ Commnications
(1) The special woice raiio circuit between the Radsafe OFFICE
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at the Command Post and the Radsafe CENTER of TG 7.1 was alequates The.
special CW station sat up in the Radsafe OFFICE and tied into the WB-29
Clowz Tracker and the Weather staticn net to intercept in-flight radsafe
reports i1nd to rolay changes in flight track, was the key to the successful
accomplishment of the cloud tracking plan, Rapid and accurate means of com
mmication were the indispensible ingredients of all post-shot efforts to
assess and anslyse the fall-out aspects of the shots,

2, Recommendations:

a, General:

(1) in adequatc danger area should be established for future
operations at the PPG, Danger irea notices relative .to the esteablishment.
shoul! be given wile dissemination,

(2) Native pcpulations within 500 miles of the test site should
be briefad in advance on the general features of the oreration and the generel
nature ~f the safety measures to be taken for their protection.

(3) Studles should be made relative to the ccnecentrations of
hagarcous long-livod fission products on the MARSH.LL Islands to the eask
of BIKINI,

(4) Manned radsafe monitor stations should be rrovided for at
least the northern MRSH.ALL Islands, Stations should be equipped with
roentgen range instruments and with ralio communication facilitios, and should
be in operation from H hour until approximately D plus 3 lays, The primary
mission of the stations should be to determine and report significant inten~
sities, to obtain the time variation of intensities, ani to evaluate "shine

effects.
(5) Film baiges should be provided for a representative number
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of inhabitants -f all populated atolls within 500 miles ~f the shot site.
Responsible persons shoull be selected to wear the badge, or the badges
cachod on the atolls anl as little. publicity a2s possible given to the prosence
of film badges on the atoll. For standardization, task force facilities
should be used for supply and processing of badges.

(6) For lagoon surface operations, reasonable ani routine
radsafe procautions should be prescribed, In the event of violent storms
within several weeks following a detonation, lagron surface operaticns should
be precoded by an extensive raiiological analysis cf the lagoon uat.arL

(7) Space, facilities and personnel of the weather ani radsafe
sections should be physically locatel to stress maximm cooperation and coor—
dination in the discharge of th.o matually f;ver-lappin; weather/radsafe funce
tions,

b, Weather: .

(1) The health hasard risks which can be introduced by poor
falleout predictions, and the cost of maintaining the entire task force at
the PPG extra lays cue to inaccurate weather forecasts, should be emphasised
in their relation to the cost of suprorting a small meteorclogical research
staff,

(2) A better constant altituie balloon project should be plan—
ned and supported as part of the weather/raisafe services for future opera~
tions,

(3) Better rawinsonde balloons, capable of resisting the effects
of the cold tr&pical tropopause, should be obtained for future operations.

(4) Frequent post=shot revised wind forecasts should be issued
covering the period of H to H plus 24 hours,
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(5) Rawinsonde sites shuuld be established in the northwests
and the ‘northeast quadrants.
- 6. Fall-out Forecasting: .
(1) Asmptioﬁ: The basic assumptions as used and modified
by the CASTLE shots should be used for future PIG operational planning,
(2) Wind Pattem Critor!.a.x The basic criteria as used and modie
fied by the CASTLE shots should be used for future PPG operational planning.
(3) Fall-out Forecasting Systems

(a) Falleout forecast systems based on ground zero winds
as used on CASTLE, should be retainei for furture operations, but limited
to a valid time ~f approximately six hours,

(b) The dynamic fall-out to.recm system developed on
CASTLE should be refined for future operations and the construction technique
simplified to reduce its ccmpio:d.ty and the time involved in its construction,

(¢) The iir RADEX construction technique, as modified for
source sise on C.STLE, should be used on future operations at ths PFG.

(d) 0ld and new falleout forecasting techniques in general,
should be studied and suprorted on the basis of C.STLE &ta, ad with con-
siderntions similar to those outlined above for meteorological research,

d. Dosimetry:
(1) The Maximm Permissible Exposures, as modified by the waiver
proviaion, should be used for future operations at the PPG,
(2) Personnel dosage control should be made a spscial subject
for task group and unit commanders, and positive mesasures taken to insure
compliance with necessa~y regulations and eontrols,
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(3) Irrespective of other factors, centraliszed film badge
supply a.nd processing should be retained, and constant efforts male toc main-
tain standardized techniques for the reduction of the many variables involved.

(4) The dosages acquired by native populaticns from the CASTLE
series must be considerad in setiing up radiation dose criteria for critical
M RSH.LL Islands on futurs operations, | |

(5) The "shine effact" for distances up to 500 miles must be
evaluatod on future operations for its contribution to total dose and for its
possible impact and revision of doses acquired during the C.SILE series,

e. Radsafe Survey:

(1) Tho C.STLE cloud tracking plan (as modifted below) should
be re-instituted for future tests, and augmented by manned ground stations
spreail throughout the M\RSH/,LL Islands,

(2) A srecial cloud tracker should be flanned to perform exten-
sive aerial reccnnaissance at various levels in the vicinity of the task.
force fleet and the shot atcll.

(3) A special cloud tracker should be planned to porfirm low-
lovel (approximately 200 fect) passes over the northern M/.KSH/LL Islands on
shot day. The timing should bu such that significant fall-out could have
oceurred prior to the survey,

(4) Support of C.STLE-developed methods of measuring the occean
fall-out pattern by aircraft and ships, should be given high priority on
future tests,

f. Personna.:

(1) The Radsafe Section of tho task force headquarters should
bs auzmented during the shot phase by the following persomnel:

10,



() Two Nuclear Engineers
(b) One clerk typise
B (2) One weather forecaster should be made available to the Rad-

safe Section of the task force from about H minus 20 hours to about H plus
12 hours to work directly on the preraration of dynamie forecast fall-out
plots

(3) The task force headquarters should be augmented Juring the .
shot phase of the operation by one medical officer, trained in radlology,
and with previous field experience on atomic tests. This officer and the Rad-
safe Officer should work in close coordination on matters of mutual interest,

(4) The policy of assigning Nuclear Engineers (or equivalent)
to each task group, and the principle of manning Radsafe Units with personnel
trained in radsafe as an additional duty, should be retained for future umi a

(5) A large pooi (at 1oub. 100) of. emergency back-up radsafe
monitors should be organised for the Radsafe Unit of TG 7.l. Personnel should .
bedrmmmia&groupaoruittnotmw,mmmm ;

(6) Puture plans to support falleout programs for the Health
and Safety Laboratory of the AEC's New York Operativns Office should include
a practieal and substantial mwbsr of personnel to assure acecmplishment withe
in routine task force support «ipabilities, The plan should consider the
assigmment of mlitary personnel to this program in view of the mutual Task
Foree /CINCP:CFIT/Trust Territory/AEC interests, especially in the category
of manned stations within 500 miles of the test site,

gs Commamications:
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(1) Positive two-way radio facilities linking the task force
Radsafe Section with the Radsafe Unit of 1G 7.1, the cloud trackers ani the
nanned monitor stations should be a high priority requirement .ou future

operations,
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Annex N to CJTF SEVEN Operation Order No, 3-53

RADIOLOGICAL SAFETY

‘1, Radiological safety of all task force military and civilian person-

nel is & command responsibility and radiological safety activities
will be performed through normal command channels.

2. ~The Commander, Joint Task Porce SEVEN will:

3.

'

a. Specify the measures necessary to insure the radiological safety
of task force perscnnel and furnish technical advisory assistance to

task group radiological safety officers.

b. Inform CINCPAC of radiological hazards which may exist in areas
outside the task force responsibility.

c. Maintain an information center (RadSafe Office) with displays of
current air and surface radexes, radiological situstion maps of
atolls and peripheral aerial and surface areas and such other allied
data as may be appropriate.

d. Arrange for the designation of monitors and couriers to accom=
pany radiocactive and special cargo shipments on sample return air-
craft and to monitor loading and unloading of such cargo. : .

Task Group Commanders will:

a. Provide radiological safety units within their task groups and -
insure that these units are in the required condition of readiness
to carry out the radiological safety missions of their respective
task groups.

b, Provide camplete allowances of radiac equipment and special clo-
thing. The requirements of CTG 7.5 will be included in the allow-
ances of CIG 7.1 for necessary issue to TG 7.5 personnel during the
operational phase and for subsequent loan or sale to CIG 7.5 for
post-operational use at the Pacific Proving Ground.

¢. Prior to the first shot minus 10 days, forward to C1G 7.1 (for
use of the RadSafe Center in conjunction with £ilm badge radiation
dosage control) a listing of task group personnel to whom film badges
will be issued during the overseas phase of the operation. Within
five days following each shot, provide CTG 7.1 with additions to
previous lists. Lists will indicate full name, rank or rate, serial
or service number if applicable and home station or laboratory as

appropriate.

The Coomander, TG 7.1, having the major technical radiological safety
anit, will:

a. Perform all ground monitoring services associated with scienti-
fic missions except those in conjunction with aircraft and airborme
collection of scientific data.

b. Provide laboratory services and technical assistance to all task
groups, to include: A .
-1
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(1) Provision of standard type film badges an ::.cified supple-
mentary items of personnel radiological safety equ-.aent.

(2) Laboratory services to dcniop and ﬁtorprot film badges.

(3) Records of exposures from film dadges. (Duplicates will be
furnished task group commanders).

‘(4) Laboratory services for the radiochemical analysis of water
-samples.

(5) Provision of primary facilities at PARRY ISLAND radiological
safety building for calibration, repair and maintenance of instru-
ments and storage of spare parts of radisc equipment. Similar limit-
od facilities will be maintained at BIKINI during the operational
pbase at that atoll.

(6) Monitoring the removal and packaging of radiocactive sources
and samples except, as indicated in paragraph 4a above, removal
operations from aircraft will remain the radiological safety respon-
sibility of the task group to which the aircraft are assigned.

c. Provide radiological safety surface situation maps after shot
times to the task force and task group commanders.

d. Provide and issue special high density goggles to specified por- "
sonnel of the task force.

e. Provide and maintain radiac equipment and protective clothing as -
necessary for TG 7.1, TG 7.5 and specified recovery portonnol. Y

f. Provide technical personnel to assist task group cc-nndm in -
the inspection of radiologically contaminated items and the certifi-
cation of destruction, disposal or unserviceability of such items as
required.

g Maintain a radiological safety center (RadSafe Center) for the
control of TG 7.1 radiological safety operationms.

h. Provide personnel and equipment decontamination facilities for
radiological safety survey and recovery operatioms.

i. Perform limited fall-out studies within the Pacific Proving
Ground for radioclogical safety documentation only.

J« Assume radiclogical safety responsibilities of TG 7.5. during the
overseas phase of the operation.

k. Integrate within TG 7.1 key radiological safety personnel made
availadble by CTG 7.5. Such personnel will assist CTG 7.1 during the -
operational phase and will be assigned duties amenable to training

in the fundamental radiological safety services to be assumed by CIG
7.5 upon completion of the overseas phase of the operatiom.

1. Assist CTG 7.3 to the extent of providing equipment, persomnel

and supervision for rough operational decontamination of aireraft
ashore at BIKINI ATOLL, Decontamination will be limited to washdowm

of exterior and vacuum cleaning of interiors. No detailed decon-
taxination will be attempted by TG 7.1 personnel. Aircraft crews

B
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6.

. will assist in this operation.
The Commander, TG 7.2 will:

a. Perform all ground monitoring services associated with ENIWETOK
ISLAND except in those aress or activities assigned to other task

© groups. -

b. ‘Provide own radiological safety monitors, fifty (50) of which
—will be "Q¥ cleared for emergency monitor support of TG 7.1 if re-

quired.: -

¢. Provide own decontamination personnel, ten (10) of which will be
~designated for emergency decontamination support of TG 7.1 if requir-

od,

d. Provide om radiac equipment and protective clothing.

e. Provide own repair, spare parts and calibration facilities for
radiac equipment.

f. Provide contaminated clothing laundry facilities for 1G 7.4.

g. Provide contaminated equipment storage area with the necessary
security.

The Commander, TC 7.3 will:
a. Provide own radiological safety monitors, including one airborne

monitor for each mnlti-engine aircraft crew assigned to 10 7.3. - " ..

b. Provide own radiac équipment and protective clothing,

¢. Provide owh repair, spare parts and calibration facilities for
radiac equipment.

d. Provide monitors and decontamination crews aboard each ship with-
in the task gromp,

e. Provide facilities for personnel decontamination on the CVE.

f. Whiloe the task force is embarked, provide space for use of the
radioclogical safety unit (RadSafe Center) of TG 7.1.

g. Provide decontamination crews and facilities for all aircraft at
BIKINI ATOLL, Limited assistance ashore will be furnished by CTG
7.1 in accordance vith paragraph 4L , as required.

h. Provide decontamination crews and facilities for om aircraft
aboard the CVE at INIWETOK ATOLL., lLimited assistance ashore will be
furnished by CTQ 7.4, as required,

1. Provide necessary helicopter air service for radioclogical sur-
veys and post-shot recovery operations (monitors furnished by T¢ 7.1).

J. Collect lagoon water samples.

k. Provide water spray equipment aboard all vessels likely to be in
the fall-out ares. A-3
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1. During the BIKINI phase provide for air to gr. . reporting of
approximate air radiation intensitiss encountered by all aircraft
operating between ENIWETOK and BIKINI from H Hour to H plus 24 hours.
It is not contemplated that aircraft should be scheduled for this
specific requirement alone. Reports will be routed to the RadSafe
Office at the task force command post by the most expeditious means.
Reports will be prepared and coded in accordance with paragraph 7/,
below,

The Commander, 6 7.1 will:

a. Provide omm radiological safety monitors, including one airborne
mamitor for each multi-engine aircraft crew assigned to TC 7.4.

b. Provide own radiac equipment and protective clothing.

¢. Provide own repair, spare parts and calibration facilities for
radiac equipment.

d. Provide facilities for personnel decontamination on ENIWETOK
ISLAND,

e. Provide decontamination crews and facilities for own aircraft at
ENIWETOK ATOLL.

f£. At ENIWETOK ATOLL, assist 1G 7.3 in aircraft docontui.muon with
TG 7.4 equipment, ae required.

g. Provide necessary helicopter and liaison air service for rul!.o- =
logical surveys and post-shot recovery operations (monitors furnished.
by TG 7.1). . .

h. Provide monitoring services for the removal (by 1C 7.1 por.onnol)
of radicactive samples or data collected by aircraft.

i. Provide cloud tracking aircraft for post-shot radiological safe-
ty "situation data" up to radius of 500 miles in the significant
uadrant for a pericd of 48 hours, starting at approximately H plus

hours., Reports will be prepared and coded in accordmcc with
paragraph 7/, below.

J. During the EHIKINI phase, provide for air to ground reporting of
approximate radiation (air) intensities encountered by all aircraft
operating between ENIWETOK and HEIKINI from H Hour to H plus 2j hours.
It is not contemplated that aircraft should be scheduled for this
specific requirement alone. Reports will be routed to the RadSafe
Office at the task force command post by the most expeditious means.
Reports will be prepared and coded in accordance with paragraph 7f,
below,.

k. Employ simple codes (to be furnished separately by CJTF SEVEN)
an conjunction with the periodic weather reconnaissance reports to
report approximate air radiation intensities encountered on regular-
ly established weather reconnaissance or cloud tracking flights and
for reports required from aircraft operating during the BIKINI phase
between ENIWETOK and BIKINI from H Hour to H plus 24 hours. Reports
will indicate the approximate position, altitude and order of magni-
tude of radiation encountered.

A4
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1., Develop the air RADEX for each shot.
8. The Commander, TG 7.5 will:

a. Develop a schedule of requirements for radiological safety serv-
ices required from C7G 7.1 and assist CTG 7.1 in decontamination of
AEC facilities and equipment as necessary.

b. -Provide key radioicgical personnel for integration into and

= training with the radiological safety organization of TG 7.1 during
the overseas phase of the operation. The total number and qualifica-
ticns of such personnel will be as determined nezessary by CIG 7.5,
ccmmensurate with the assumption of responsibilities indicated in
paragraph 8c, belcw.

¢. Assume residual task force radiological safety functions at the
Pacific Precving Ground upon completion of the overseas phase of the
operation. Required equipment and supplies will be made available
at that time 1o CTG 7.5 on a loan or sals basis from stocks provided

by CTG 7.1,
P. W. CLARKSON
Major General, U.S. Army
Commander
Appendix

\ I - Radiolegical Safety Regulations
II - Radioclogical Safety Office and Center
III - Hazards Resulting from Atomic Bomb Explosions

CFFICIAL:

ﬁm S. COWART, ’

Colonel, U.S. Air Foxfe
Assistant Chief of Staff, J-3
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Apperdix I to Annex N

Radiological Safety, CJTF SEVEN Operation Plan No. 3-53

1.

2,

3.

RADIQLOGICAL SAFETY' REGULATIONS

General

a. ‘Radioclogical Defense (RadDefense) operations or Radiological
Safety (RadSafe) operations, short term RadOps, are general terms.
They are used to denote the means by which a unit can control and
confine the damage and radiological effects of an atomic explosion
or of radiocactive material spread by other means, thereby preventing
and avoiding health hasards to perscnnel. They are interpreted to
include measures such as training, organization, distribution of
radiological personnel, development of techniques and procedures,
use of detecting equipment, protection or removal of exposed person-
nel and decontamination of personnel, structures and equipment.

b, Follcwing each detonation there will be areas of surface radio-
logical contamination and areas of air radiological contamination.
These areas are designated as Radiological Exclusion Areas (RADEX),
Prior to shot times, the forecast air and surface RADEX will be
disseminated by CJTF SEVEN in the target area. These RADEXES will
represent a forecast from H Hour until dissemination of a later sur-
face and air RADEX at about H plus 4 hours. The later RADEXES will
be based upon the master radiological "situation map" maintained in
the RadSafe Office of CJTF SEVEN. Since the air RADEX after shot
times will be based on monitored tracking by aircraft over signifi-
cant large ocean areas, information promulgated from the forecast:
air RADEX may have to bs extended beyond the originally anticipated
4 hour period. )

¢. The surface RADEX will be determined by actual survey with
Radiation Detection, Indication and Computation (RADIAC) equipment
after shot time. The most rapid method of accomplishing surface
survey in the early stages will be by helicopter flight in and around
the surface of contaminated areas. From the radiation intensities
measured at a known altitude, it is possible to obtain an estimate
of the radiation dosage rates which would be encountered on the sur-
face of the ground or water. Actual water samples from the lagoon
will also be utilized. Ground survey will follow these guides to
determine definitely the contaminated regions and objects. Formal
ground survey of the shot atoll, as feasible, will be accomplished
on H plus 24 hours.

The Maximum Permissible Exposures (MPEs) and Maximum Permissible
Limits (MPLs) as stated herein are applicable to a field experimen-
tal test of nuclear devices in peacetime wherein numbers of person-
nel engaged in these tests have been previously exposed or will be
continuously exposed to potential radiation hazards. It may become
necessary from a study of personnel records to ,educe the MPE for
certain individuals who have recently been over-exposed to radiation.
Further, the MPEs and MPLs are subject to revision by waiver from
the task force commander in individually designated cases when cir-
cumstances indicate the need and justification therefor.

Due to the special nature of field tests it is considered that a
policy of strict adherence f.& the radiological standards prescribed
A :
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7.

8.

for routine work is not realistic. The regulations set ’srth herein
have been designed as a reasonable -and safe compromise ccnsidering
conservation of personnel exposures, the international import of the
test and the cost aspects of operational delays chargeable to exces-
sive radiological precautions. In all cases other than emergencies
or tactical situations the ultimate criteria will be limited by the
MPEs for personnel. Special instances may arise such as in the case
of an air-ses rescue within the RADEX or in the case of tactical sit-
uation in which operations will be carried out without regard to the
MPEs and MPLs prescribed herein. For such emergency or tactical
operations the criteria prescribed below for tactical situations will
be used as a guide. Wherever possible, however, film badges will be
carried and RadSafe monitors will accompany such operations to de-
termine the extent of the actual radiation hazard experienced in
order that appropriate medical action may be initiated,

Task force radiation dosage control will start on first shot minus
fifteen (15) days and terminate upon departure of individuals from
the forward area or on the last shot plus fifteen (15) days, which-
ever occurs first. All personnel will be considered to have arrived
at the Pacific Proving Ground by first shot minus fifteen (15) days.
Prior and subsequent to this period, radiation dosage control will be
as prescribed by C1G 7.5.

a. The MPE for personnel involved in this operation, as defined by
paragraph L4, above, is 3.9 roentgens (gamma only). This exposure

may be acquired at any time during a thirteen (13) week period of

the operation. Provided no previous over-exposure remains for com=
pensation, 3.9 roentgens may be acquired without regard to the indi-
vidual's past radiation history. This MPE will be considered further
augmented (without separate action) by 0.3 roentgens per week for
each week in excess of thirteen (13) weeks required during the opera-.
tional period defined by paragraph 4, above.

b. A special MPE of 20 roentgens (gamma only) is authorized for the
operational period as defined by paragraph 4, above, for crew mem-
bers of air sampling aircraft.

c. All exposure to external gamma radiation will be regarded as
total body irradiatiom.

Those individuals exposed to ionizing radiation in excess of the
value computed by paragraph 5a, above, will be informed that appro-
priate remarks will be included in their medical records. Military
personnel in this category will be advised that they should not be
exposed to further radiation until sufficient time has elapsed in
order to bring their average radiation dose down to 0.3 roentgens
per week., Civilian personnel in this category will be informed that
limitations on further radiation exposure will be as determined by
the laboratory or agency having administrative jurisdiction over such
personnel.

All atoll land and lagoon areas in or near which a detonation takes °
place will be considered contaminated until cleared for operations
by the task force commander. Entry to and exit from contaminated
areas will be via RadSafe check points only.

Contaminated land and water areas will be delineated as such. Per-
sonnel entering these areas ;11% be subject to clearances by the

Nt
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11,

13,
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15,

16.

RadSafe Office, TG 7.1, ard will normally be accompanicd by a RadSafe
monitor. RadSafe clothing and equipment will be issued to the per-
sonnel. .

Contaminated land areas of intensities less than 10 mr/hr (gamma
only) will be considered unrestricted from a RadSafe standpoint.
Arsas coming within this limitation will be designated specifically
by CJTF SEVEN prior to unrestricted entry.

RadSafe monitors assigned to individuals or groups working in con-
taminated areas or with contaminated equipment during recovery opera-
tions will act in an advisory capacity to keep the recovery party
leader informed of radiation intensities at all times. The recovery
party leader is expected to accept this advice and act accordingly.
It is the responsibility of both the leader and the members of the
recovery party to adhere to the limits established in these regula-
tions. The RadSafe monitor will limit his activities to monitoring
and will not engage in actual recovery operations.

Film badges, dosimeters and protective clothing (coveralls, booties,
caps, gloves, dust rsspirators, etc.) as deemed necessary will be
issued to personnel entering contaminated areas by appropriate task
group RadSafe supply sactions. All personnel dosage film badges will
be procured from and returned to the laboratory of TU 7, TG 7.1,
where all processing and recording will be accomplished. .

A1l personnel within viewing distance of an atomic detonation who
are not supplied with protective goggles will turn avay from the -
detonation point and close their eyes during the time of burst. At
least 10 seconds should be allowed before looking directly at the
burst. .
The arrival and proposed use of radiocactive sources at the Pacific
Proving Ground will be reported to the RadSafe Officer of TG 7.1.

Transportation of radicactive material to and from the forward area
shall be in accordance with AEC regulations for escorted shipment of
such material. The assignment of couriers and RadSafe monitors will
be the subject of separate instructions. No radiocactive material
shall be removed from the test site except as authorized in experi-
mental projects.

All samples of radioactive material which are couriered in aircraft
will be packaged and loaded so as to reduce radiation to a minimum,
Prior to departure of such aircraft, the RadSafe Officer, TG 7.4,
will have a survey made of the aircraft cargo to determine if ade-
quate precautions have been taken. The following criteria will de-
termine space and packaging requirements:

a. Prior exposure of aircraft crew, courier and passengers.

b, Anticipated future exposures on trip, considering length of trip,
compartmental loading requirements and capability to isolate person-
nel from radicactive material.

All air and surface vehicles or craft used in contaminated areaswdll
be checked through the appropriate task group decontamination sec-
tion upon return from such areas,

A-§



17. The MPLs listed herein are to be regarded as advisory limits for con-
trol under average conditions. All readings of surface contaminatim
are to be made with Geiger counters, with tube walls not substanti-
ally in excess of 30 mg/cn with shield open unless otherwise speci-
fied. The surface of the probe should be held one (1) inch to two
(2) inches from the surface that is under observation unless other-
wise specified. For operational purposes the contamination MPLs pre- ..
sented below will not be considered applicable to spotty contamina-
tion provided such areas can be effectively isolated from personnel.

a; Personnel and Clothing MPLs

(1) Skin readings shculd not be more than 1,0 mr/hr. Complete
decontaminaticn by bathing will be utilized for readings in excess
of this level. If the tody is generally contaminated and especially
if contamination is on the eyes or gonads, special effcrts should be
made to reduce the contamination level. In general, however, it is
not considered profitable to abrade the skin or epilate the scalp in
an attempt to reduce stubbern contamination below 1 mr/hr (about
1000 cpm)}. Beta radiation exposure to the hands should not exceed
30.0 rep for the operational period, as defined in paragraph L4, above.

(2) Underclsthing and bedy equipment such as the internal sur-
faces of respirators shculd be reduced to 2 mr/hr,

(3) Outer clothing should be reduced to 7 mr/hr.

b. Vehicle MPLs. The interior surfaces of occupied sections of
vehicles should be reduced to 7 mr/hr. The outside surfaces of
vehicles should be reduced to less than 7 mr/hr (gamma only) at five
(5) or six (6) inches frcm the surface.

¢c. Ship and Bcat MPLs

(1) It is desired to point cut that the employment of the ships
and units in TG 7.3, insofar as radiological safety is concerned, is
not considered routine usage within the purview of NavMed P-1325,
“"Radiological Safety Regulations". Current revision of NavMed P-1325
indicates that its provisions do not apply for special operations
such as field tests and that for such operations naval personnel will
operate under regulations set forth by the task force commander as
approved by the Chief of Naval Operations.

(2) In general, ships and boats operating in waters near shot
sites after shot times may become contaminated. Monitors shall be
aboard all such craft operating after shot time, either as passen-
gers or members of the crew, until such time as radiological restric-
tions are lifted.

(3) Task group commanders will take necessary action to ensure
that personnel of ships and boats are not over-exposed to radiation
and that ships and boats are not contaminated excessively. The cri-
terion in both cases is that no personnel will be over-exposed as
defined by paragraph La, above, except in emergencies or tactical
operations, and that after the operational period no personnel will
receive more than 0.3 roentgens per week from contaminated equipment.

(4) Por ships and boats operating in contaminated waters, reasm-
able allowances will be made to differentiate between the relative
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contribution to the total flux from fixed contamination and that due
to "Shine" from contaminated waters., Fixed alpha contamination
should not exceed 2500 dpm(disintegrations per minute) per 150 cm?
of area for enclosed areas (cabins, etc.) and 5000 dpm per 150 cm?
arsa for open surfaces where ventilation is good.

. (5) At the conclusion of the operation, final clearances will be
granted by task group commanders or by commanding officers, if so
ordered, to those ships and boats showing no point of contamination
greater than 15 mr/day (beta and gamma) and no detectable alpha.
Other ships and boats will be granted operational clearances by task
group commanders or by commanding officers, if so ordered, An opera-
tional clearance implies that contamination exists and that special
procedures as necessary are instituted aboard ship.

(6) Individuals on board ships of the task force shall be protec-
ted collectively from hazards of blast, heat and radiocactivity by
movement and positioning of the ships.

(7) No ships with personnel shall be permitted inside the 1.5
p.s.i. line unless specifically directed otherwise. Bearings of dan-
ger from immediate radicactive fall-out for ship operations will be
established by CJTF SEVEN on the basis of forecast wind directions
at the intended time of detonation. This danger section will be
designated as surface RADEX. All ships of the task force shall be
required to remain outside the RADEX - danger bearing, radial limi-
tation and time restriction unless specifically directed otherwise. -
However, if ships are directed tactically into the surface RADKX,
movement of ships shall be governed by tactical exposure guides.

d. Alrcraft MPLs . ) _
(1) The interior surfaces of occupied sections of airecraft should
be reduced to 7 mr/hr. -

(2) No aireraft in the air at H Hour will be at slant ranges
from ground zero less than as determined by the following effects
unless specifically directed otherwise. (Based on maximm predicted
yield and 20 mile visibility).

Hast {at predicted shock arrival): 0.5 p.s.i.
Thermal (H Hour): Fabric control surfaces: 1.0 cal/cm?
Metal control surfaces: 6.0 cal/em

(3) After detonation no aircraft shall operate inside the air
RADEX or closer than 10 nautical miles from the rising or visible
cloud unless specifically directed otherwise. Non-excepted aircraft
involved in routine operations encountering unexpected regions of
aerial contamination will, immediately upon detecting such contami-
nation, execute a turnout. Cloud tracldng aircraft will execute
turnout from contaminated areas at a level of not more than 3.0 rhr.
If a tactical or emergency situation arises where aircraft must
enter the air RADEX or visible cloud, tactical exposure allowances
shall apply.

(4) All mlti-engine task force aircraft in the air at H Hour
within 100 miles of the detonation point shall carry a person desig-
nated as radiological safety monitor, equipped with suitable radiac
equipment and a RADEX plot. A’l‘hi; monitor shall be capable of

A 90 .
HN=2=9 ‘.



18,

calculating allowable exposures under both tactical anc operational
conditions.

(5) All persons in aircraft at shot time or at subsequent times
when engaged in operations in or near the cloud or RADEX track shall
wear film badges.

(4) Crew members of aircraft in the air at zero hour will take
special precautions to avoid (for at least 10 seconds) the direct
and reflected light resulting from the burst. At the discretion of
the airplane commarder this could be done with protective high den-
sity goggles, by “urning away from the burst with eyes clnsed, by
covering the eyes with the forearm, by turning cockpit lights up to
highest intensity cr by any combination of the above.

e, In air and water the followlng continuous levels of radiocactivi-
ty are considered safs from the standpoint of personnel drinking and
breathing (uc=microcurie):
Beta-Gamma tter
Waser 5 x 107 uc/cc (calculated to

H £ 3 days)

Air (24 hour average)
Particles less than 5 micron diameter 10~ uc/cc
Particles greater than 5 misron diameter 10-4 uc/cc:

In tactical situations the military commander must make the decision
regarding allowable exposures. As military personnel are normlly
subject to only randum exposure, health hazards are at a minimm.
Current Depariment of Defense information on exposure ¢o gamma rudi—
ation in tactical situations is indicated below:

a. Uniform acute (immediate) exposure of 50 roentgens to a group of
Armed Forces personnel will not appreciably affect their efficiency
as a fighting unit,

b. Uniform acute exposure of 100 roentgens will produce in occasion-
al individuals nausea and vomiting but not to an extent that will
render Armed Forces personnel ineffective as fighting units., Person-
nel receiving an acuts radiation exposure of 100 or more roentgens
should be given a period of rest and individual evaluation as soon
as possible,

¢, Uniform acute exposure of approximately 150 roentgens or greater
can be expected to render Armed Forces personnel ineffective as
troops within a few hours through a substantial incidence of nausea,
vomiting, weakness and prostration. Mortality produced by an acute
exposure of 150 roentgens will be very low and eventual recovery of
physical fitness may be expected.

d. PFleld commands should, therefore, sssume that if substantial
numbers of their men receive acute radiation exposures substantially
above 100 roentgens there is a grave risk that their commands will
rapidly become ineffective as fighting units.

e, Internal radiation hazards caused by entry of radiocactive sub-
stances through the mouth, through the lungs or through cuts or
wounds do not exist after an air burst. Internal hazards following
a contaminating surface explosion may be avoided if ordinary



precautions are taken. Only under unusual circu: . aces will there
be interna) hazard from residual contamination. 7:iis eliminates the
necessity for masking and consequent reduction of tactical effici-

ency.

19. The RadSafe Officer, TG 7.1, will maintain standard type film badge
records of radiation exposures for all task force personnel. Records
will indicate full name, rank or rate, serial or service number, if
applicable, organization, home station or laboratory, date of expo-

~ sure, approximate duration of over-exposure in hours and minutes
(for Army perscnnel only) and remarks such as limitations on assign-
nent because of over-exposure. Uoon completion of the operation,
disposition of these records will he as follows:

a. A consolidated list of exposures listing military personnel and
clvilian personnel under military control by full name, rank or
rate, serial or service number (if applicable), crganization, home
3tation or laboratory and exposure in milliroentgens, together with
exposed film badges and control film badges, will be fcrwarded to
the Chisf, AFSWP,

b, A consolidated 1list of personnel and exposures as indicated in
paragraph 19a, abowve, ircluding all AEC personnel, will be forwarded
to the Director, Division of Biology and Medicine, AZC.

¢. Individual records of Navy and Air Force military personnel and
civilian personnel will be forwarded to their unit of crermanent as--
signment for inclusion in the individual's health record (Medical
History Sheets, NavMed H-8 and the Individual Health Recort for Navy
and Air Force personnel, respectively). For thcse military person-
nel exposed to icnizing radiation in excess of that defined in para-
gragh Sa, above, a statement will be included to the effect that the:
individual is not to be subjected to ionizing radiation before a
specific date, the date to be computed by the RadSafe Officer, TG 7.1,
to allow sufficient time to elapse in order to bring the average
radiation dose down to 0.3 roentgens per week., Limitations on Navy
and Air Force civilian personnel with reference to over-exposures
will be as determined by the laboratory or agency having administra-
tive jurisdiction over such personnel.

d. Individual records of Army military and civillan cersonnel will
be forwarded in accordance with 33 40-1025-66 dated 21 :ipril 1553 to
their unit of permanent assignment for inclusion in the individual's
field military 201 file or the civilian personnel 201 file (which-
ever is applicable). These records will indicate date of exposure,
amount of exposure in milliroentgens, approximate duration of over-
exposure in hours and minutes and a space for remarks such as limi-
tations on assignment (as indicated in paragraph 19c, above) because
of over-exposures.

e, Individual records of AEC controlled and administered civilian
personnel will be processed in accordance with special instructions
prescribed by the laboratory or agency having administrative juris-
diction over such personnel.

f. Upon completion of provisions of paragraph 19a, b, ¢, d ard e,
above, letter reports will be subtmitted through channels to the
Surgeon General, USA; the Chief, Bureau of Medicine and Surgery,

USN; the Surgeon General, USAP &nd the Director, Division of Biology .
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and Medicine, AEC, indicating, in general, the .ction taken to dis-
pose of individual dose records, ccuments on over-exposures if appli-
cable and any pertinent remarks considered of interest to the above

offices,

20. Training. The inclusion of radiological safety organizations through-
out the task force will require two general levels of training; basic
indoctrination and technical training., The scope of instruction with-

_in each of these levels will vary in szcordance with the requirements
of different operational and staff levels. Basic indoctrination will
include primary, non-technical instruction in radiological safety
measures and techniques. This must be imparted to all personnel of
the task force to enable them to perform their assigned duties effi-
clently within the allowable low exposures, regardless of the pre-
sence of radicactive contaminants. Technical training will include
the training of the majority of the personnel who will be required
to staff the task force radioclogical safety organizations and perform
the technical operations involved. This will be accomplished thrcugh
the utilization of existing Service courses and establishment of
suitable courses at task group level. This instruction will be de-
signed to train radiological defense monitors, decontamination per-
sonnel and radiological instrument repairmen.

21. These regulations have the concurrence of the Surgeon General, USA;
the Chisf of Naval Operations; the Surgeon General, USAF and the
Director, Division of Biology and Medicine, AEC.

22, This appendix has been designed for reduced security classification:
in order to facilitate wide dissemination and may be downgraded te '~ .
RESTRICTED - SECURITY INFORMATION provided all references to Joint .
Task Force SEVEN and its subordinate units are deleted. -

P. W. CLARKSON
Major General, U.S. Army
Commander

O?PICIAL :

S. COHAB.‘I‘,
0010ncl, U.S.Air Force,
Assistant Chief of Staff, J-3
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endix II to Annex N

Radiological Safety, CJTF SEVEN Operation Plan No. 3-53

1.

2.

RADIOLOGICAL SAFETY OFFICE AND CENTER

A JTPF SEVEN radiological safety office (RadSafe Office) and a 7G 7.1
radiological safety center (RadSafe Center) will be established for
each shot.. The RadSafe Office, manned by personnel of the Technical

~ Branch of the task force Operations Division (J-3), will operate as

the task force staff agency responsible for the dissemination of
task force radiological directives, the presentation of radiological
'shot briefing material and the maintenance of displays of radiologi-
cal information having an impact on the overall task force mission.
The RadSafe Center will be established by CTG 7.1 and will serve as
operaticns headquarters for the radiological safety activities of TG
7.1. Pertinent data collected at the RadSafe Center will be for-
warded to the RadSafe Office at the task force command post.

Detailed Duties
a. RadSafe Office

(1) The RadSafe Office, in coordination with CTG 7.4 who will
develop the air RADEX plot, will assemble the overall RADEX situation:
and disseminate the air and surface RADEX prior to shot time (fore—
cast) and will originate messages from time to time after shot time -
announcing R (Reentry) Hour, radiological clearances of previously -
closed areas, radiological directives to task groups, advisciies to
commands external to the task force and revisions of the air and
surface RADEX as required. o2

(2) The RadSafe Office will be responsible for the preparation
of RadSafe forecast information for the shot briefings.

(3) The RadSafe Office will maintain displays of radiological
information pertinent to the test area and having an impact outside
this area to include radiation levels on atoll islands and lagoon,
RADEX information, cloud trajectories and their relation to occupied
atolls and air and surface routes contiguous to the danger area,
ship movements in the danger area, results of water sampling and
such other items of special radiological consideration as may be re-
quired by the operation or the scientific projects.

(&) cal Lccations of RadSafe Office
a. For BIKINT ATOLL shots: Command ship

b. Por ENIWETOK ATOLL shots: Operations Division (J-3),
- JTF SEVEN Headquarters building, PARRY ISLAND.

b, RadSafe Center

(1) The RadSafe Center will maintain radiological situation data
on lagoon waters and islands of the shot atoll, based on air and
ground survey information, supplemented by monitor reports. This
information will be the basis of periodic situation reports or maps
and briefing information furnished to the task force and task group
commanders, A-1 ‘ -
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(2) The RadSafe Center will provide information for t:: planning
of TG 7.1 radiological safety operations and for the disposition of
all woridng parties within the contaminated area., It will establish
radiological safety check points. It will maintain an operations
table giving details for all groups who plan to enter contaminated
areas each day, inecluding name of monitor, destination, general type
of mission (program or project numbor) and time of departure and re-
turn,

= (3) The RadSafe Center will provide special clothing to previ-
ously designated recovery personnel, have cognizance over working
schedules of the radiochemical laboratory, photodosimetry developing
facilities, contaminated laundry, personnel decontamination facili-
ties, radiac repair, etc. of TG 7.1. Personnel decontamination faci-
lities aflcat will be coordinated with existing ship facilities.

(4) Physical Locations of RadSafe Center

a. Fer BIKINI ATOLL shots: The RadSafe Center will initi-
ally operate from the CVE facilities. At a later time, radiological
conditions permitiing, the center will provide a detachment at pre-
prepared positions ashore to opsrate all its activities except radio-
chemistry and photodosimetry.

b, Fer EINIWETOK ATOLL shots: The RadSafe Center will opera-
ate all of its facilities from the radiological safety building on
PARRY ISLAND (Building 57).

P. W. CLARKSON
Major General, U.S. Army
‘Commander

OFFICIAL:

Colonel, U.S.Air Borece,
Assistant Chief of Staff, J=3




Appendix III to Annex N
ﬁi'ological Safety, CJTF SEVEN Operation Plan No, 3-'53

1.

2,

HAZARDS RESULTING FROM ATOMIC BOMB EXPLOSIONS
Nature-of Hasards

a. When nn' atomic bomb explosion occurs, tremendous quantities of
—energy in a variety of forms are released. This energy is propaga-
ted ocutward in all directions.

b. The immediate reaction is intense emission of ultraviolet, vi-
sible and infrared (heat) radiation, gamma rays and neutrcns. This
is acccapanied by the formation of a large ball of fire. A large
part of the energy from the explosion is emitted as a shock wave.
The ball of fire produces a mushroom-shaped mass of hot gasses, the
top of which rises rapidly. In the trail below the mushroom cap, a
thin colurn is left. The cloud and column are then carried downwind,
the direction and speed being determined by the direction and speed
of the wind at the various levels of air from the surface to base of
mushroom cap. Part of the energy from the explcsicn results in an
ocean surface wave which is considered of minor nature directly to
the task force,

c¢. All personnel of the task force will be well outside of the
range of all hazard at the time of detonation, except for the light -
from the fire ball. The light of explosion is so intense that per-
manent injury to the eye may result from viewing the ball of fire at
close range with the naked eye or through binoculars. Ordinary dark
glasses will not suffice and all personnel who do not have the spe-
cial protective glasses, which will be irsued in limited numbers by
TG 7.1, must be facing 180 degrees from the detcnaticn with the eyes
closed.

d. The emission of dangercus nuclear radiation can be separated
into two time periods. The primary radiation which occurs at the
time of the flash is composed of gamma rays and neutrons. Casual-
ties may result from this primary radiation if the exposure occurs
within a certain range of ground zero. Secondary radiation is due
to activation of the soil around ground zero and to fall-out.

e. Follcwing the detonation, personnel entsring shot areas will be
exposed to beta particles and gamma rays comirg from induced neutrom
activity in the soil and any fission products which might have been
deposited on the ground. There may also be a potential alpha parti-
cle hasard from the unfissioned fissionable materials which may be
deposited on the ground.

Brotection

a. Against the primary radiological effects, distance will provide
protection.

b. Against the seccndary radicactivity hazards from radicactive fis-
sion products, induced radioactivity and unfissioned residue, detec-
tion and avoldance provide the best protection. Suitable instruments

cate both the presence and intensity of radiocactivity at a given
place. Area reconnaissance, the maintenance of contamination

A-IE



situation maps, the posting of areas of hazarc . ' -inimizing the
spread of contaminated material into uncontamira:i: areas constitute
the active measures for reducing the radiological hazard.

c. Personnel within an operational radius of ground zero who are to
be facing in the direction of the flash will be required to wear spe-
cial goggles to protect their eyes against excessive light. Person-
nel within the above operational radius who are not provided goggles
will face, with eyes closed, in the opposite direction from the

= flash. After ten (10) seconds, such personnel may turn around and
observe the phenomena.

3. Anticipated Hazard Areas

a., Immediately under the bowb burst there will be an area of intense
radicactivity extending downwind and, to some extent, crosswind and
upwind with gradually decreasing intensity.

b. Extending dewnwind, and to some extent, crosswind and upwind) an
airborne radicactive hazard will exist. Its characteristics will de-
pend on the meterological influences such as wind speed and direction
at various altitudes up to the maximum height reached by the cloud.

¢. Contaminated water in the lagoon adjacent to the shot site may
be of consequence and will be analyzed by the radiological safety.
unit of TG 7.1 immediately after shot time and at other intervals.

d. Unlses care is sxercised, individuals or objects entering cone--
taminated areas may transfer radiocactivity to clean areas. )

e, By means of instruments such as Geiger-Mueller counters and ion
chambers it is possible to detect the area of contamination and to -
measure the intensity of the radiocactivity. Radiation intensity
will normally be measured and reported in roentgens per hour. Be-
sides those instruments, dosimeters and film badges will be used as
indicators of the accumilated exposure to radiocactivity. Only per-
sonnel involved in work near, or in, radiocactive areas will wear
film badges to provide a permanent record of exposure, excspt that
£ilm badges will be issued to ten (10) percent of ship crews to aid
in estimating crew dosage in the event of heavy fall-out.

f. The intensity of the radioactive hazard tends to decrease with
time due to decay of radiocactive materials and dispersion and dilu-
tion, depending upon climatic conditions. As an approximation, the
intensity of the surface contamination from the fission products
decreases by radiocactive decay inversely with the time after the de-
tonation. As a further approximation, the intensity of water con-
taxination decreases by radicactive decay and diffusion inversely
with the square of the time after the detonation.

4. This appendix has been desizned for reduced security classification
in order to permit wide dissemination to all personnel of the com-
mand and may be downgraded to RESTRICTED - SECURITY INFORMATION pro-
vided all references to Joint Task Force SEVEN and its subordinate
units are delsted.

AL ' P. W. CLARKSON
# I [ ] “IJOI' Gﬁn‘rll, Uos. Am
. . Commander

Colonel, U.S, AirWPorce, .
Assistant Chief of Staff, o3y 2.0 A-~-l)
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Headquarters, JTF SEVEN Special Operating
Procedure 30-2, Waiver of MPE

2 Incle:

1.
2,

Request for Waiver of MPE - Form
Para 2, SO 87, Hq, JIF SEVEN,
4 June 1954
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HEAD JJARTERS
JOINT TASK FORCE SEVEN
APO 187 (HOW), c/o Postmaster
San Francisco, California

STANDING OPERATING PROCEDURE) 15 February 1954
NUMBER 30-2)

PERSONNEL
Waiver of Maximun Permissible (Radiation) Exposure (MPZ)

Paragraph
PUrPOSe.esc-vtereccarscersanecsnsnnsl
SCOP@e.ctsecssacecsovossrscnsssnneed
BOMICYoau o ¢ o'elornie siskorss mrorsiais sis eroia s oFe o3
Recom....n.lltolit....OO'...Q....A

1. PURPOSE. This SOP prescribes the procedure to be followed in the
?ubmi).ssion of requests for waiver of Maximum Permissible (Radiation) rxposure
MPE

2, SCQOPE. This SOP applies to this headquarters and to each Task Group.

3. POLICY. With the concurrence of the Surgeon General, USA; CNO and
the Chief, Bureau of Medicine and Surgery, USN; the Surgeon General, USAF;
and the Director, Division of Biology and Medicine, AEC, CJTF SEVAN will tako
final action on requests for waiver of MPZ for work accomplished at the Pucitic
Proving Grounds for sul inaiviau:ls assigned or attached to Joint Task Force
SEVEN.. Requests for waivers will be considered and resolved in ascordance
with the following:

a. Basic premises.

(1) Authority for granting a waiver will not be re-delegated
except, in the absence of CJTF SiVaN, to individuals in the capacity of Acting
Commander, Joint Task Force S:VEN.

(2) Waiver of the kP: will be used as an emergency measure only.

(3) The need and justification for the waiver of LPE will be
determined on the basis of the technical import and the medical zspects of
the proposed w rk for which the waiver of MPE is requested. This detemin-
ation will be based upon the recommendations of the Scientific Director, JTF
SEVEN, and the Biomedical Advisor and Staff Surgeon or, in the absence of
the above, their designated representatives.

(4) Approval of request for waivers will be in termms of auth-
orization to complsto a job associated with one specific shot. Utilization
of individuals on subsequent shots where exposure to radiation will be ex-
pected, will require additional request for waiver. It is the responsibility
of the project officer and individual concemed to complete the work with
the minimum exposure.
8- . &
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Standing Operating Procedure 30-2 (Cont'd)
b. Forms and Routing.

(1) Requests for waivers of MPS will be in writing and on the
form attached hereto. Normally, requests for waiver will be submitted by
the project officer, or equivalent, of the individuals requiring waiver action.
The reyuest will list each individual by name for whom the waiver is to apply,
however, the justification for the waiver may be general in application to the
entire greup. hequests foi waiver by individuals other than the individual
for whom the waiver is to apply, will contain the following statement: "This
request for waiver of the MPE is submitted on behalf of, and has the concur-
rence of, the individual(s) named below."

(2) This SOP will not preclude verbal a,.proval of a waiver in
the interest of expediency, however, supporting papers will be accomplished
for the formal record.

(3) Reyussts for waiver will be submitted to CJTF SEVEN through
the Radiological Safety units of the respective task groups and this head-
quarters, Task Force and Task Group Radiological Safety Officers will act
in the capacity of recorders insofar as determination of the need and justi-
ficetion for the waiver is concerned.

L. RECOWDS. For purposes of the formal medical record of individuals
authorized a waiver of MPE, appropriate special orders will be issued by CJTF
SSVEN upon termination of Task Force activities at the Pacific Proving Grounds.
These orders will specify the maximum radiation dosage authorized for each’
individual concemed.

BY COLMAND ur madUn Qilichale CLARKSON:

OFFICIAL: E. McGINLSY \
Brigadier General, U.S. Amy
25, cnrigr of Staff
Mf/ﬂ% 915 74

l(ajor USAF ,
Adjutant General

1 Incl
Form - Request for Waiver of MPE

-~ DISTRIBUTION "C"



(HEADING )

(DATZ)
SUBJECT: Request for Waiver of Maximum Permissible (Radiation)
Exposure (MPE)
THRU:
TO: Commander, Joint Task Force SEV:N

APO 187 (HOW), c/o Postmaster
San Francisco, California

1. Request is hereby submitted for waiver of the currently established
MPE for Joint Task Force SEVEN on-site activities at the Pacific Proving
Grounds. This request for waiver of the MPE is submitted on behalf of, and
has the concurrence of, the individual(s) named below. (Omit above statement
in the evert request for waiver is submitted directly by individual concerned.)

Name Current Dose Estimated Dose Increase Reguired

2. The following information is submitted in justification of this
request.) (Include pertinent statements in substantiation of the indicated
factors.

a. Technical import of the proposed work.

be Pre-operational planning for completion of the proposed work
within the established MPE.

c. Unforeseen on-site difficulties requiring an increase in MPE
to insure completion of the proposed work.

d. Other individual(s) qualified as a substitute.

(Project Officer or equivalent, or Individual)
Q-3

Incl No. 1
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HEADQUARTERS
JOINT TASK FORCE SEVEN
WASHINGTON 25, D.C.
SPECIAL ORDERS 4 June 1954

NUMBER 87
=X TRACT

i1

2, In accordance with paragraph 4, Hq, JTF SEVEN SOP 30-2, 15 Feb 1954
and parasraph 2, Appendix I to Annex N of CJTF SEVEN Operation Order No, 3=53,
the iaximum Permissible Exposures (gamma snly) for Operation CASTLI of the
persennel listed belew have been increased by waiver from 3900 millirocntgens
(mr) teo the values indiczted (in mr), This acticn is in conformence with the
intent contained in the authorities listed below and confirms pre-ecvzluations
of the technical impaort and the medical aspects of specific work conducted en
Operation CASTLE which required a departure from occupational safety standards
in situations where completion of missions was essential.

-« AUTH: 2nd Ind Office AC of S, G-4, DeptAR file G4/D2-73C61, Subjects
Radiolegical Safety legulatiens, Oper=ti~n CASTLE, dated 25 Jan 1954; Ltr CNO,
Op-365 B/eia, Serial 08'8P36, Subject: Radislegical Safety Regulstions, Opera~
tion CASTLE, dated 13 Nov 1953; 1lst Ind DeptAT, Hq USAF, file AFCSG-15, dated
13 Nov 1953; ltr DEM, GSAEC, dated 13 Nov 1953,

TASK GROUP 7.1
AUTHORIZED AUTHCRIZED
_EXPOS(RE _EXPCSURE |
5£00 . 5425
4620 5150
4240 6125
5739 4135
7800 5530
4930 6000
6125 6000
5750 6000
4899 4470
5275 5375
78L0 6710
5616 - 6C05
6000 6000
5900 7500
5,0 6000
5500 7500
6000 4655
5400. 5580
6000 6000
4400 6000
6000 7185
6000 5395
5550 6000
6000 5155
6310 5815
6535 6759
6000 75CO
7500 6205
6000 ' 6000
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T..SK GROUP

USS MOLALA
AUTHORIZED
UTHORIZE AUTHORIZED
800 EXPOSURE
5L 78C0
750 7807
146 39
11100
1100 10C00
600 10300
4500 ° 2200
3400 7300
A 73C0
9000 1700
900 11700
= 3700
e 8200
7 4800
o 9600
5400 5300
24 9300
8000 o250
8400 2200
8400 £200
4200 ° 2%
1200 5100
6600
1.5 40
6300 .
o0 7700
S 5700
e 5500
i 4700
6700 7300
%0 7300
7100 700
7200 2300
o0 8300
i 5800
64,00 : 7900
e 7900
bieg 3300
6200 ' 7700
6200 1200
2 2200
7400 2200
/o 8L00
e 6800
i 7600
%00 . 7600
7700
2 .

Lt el il
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T..SK_GROUP 7.3 (Continued)

T USS BaIROKO
AUTHORIZED AUTHORIZED
EXPOSURE EXPOSURE
7800 7800
7800 7800
7600 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800

U3S_ESTES

7800 7800 -
7800 7800
7200 7200
7800 7800
780C 7800
7800 7200
7500 7600
7
* BOAT POOL
7800 ] 7800
7800 ' 7800
7800 - 7800
7800 7800
7800 7800
7600
7800 7800
7800 7200
7300 ~
7800 7800
7300 7202
78CC ' 720
7800 7200
7800 7800
; 7800
7300 7200
7 7800
7300 | 7800
780C ' 7300
= =
72C0
780C T8C0O
7800 TEQD
780C 7°C0O
7800 78CO
7800 . 7200

3’@_4



TaSK _GROUP 7,3 (Continued)

80~T POOL
AUTHORIZZD AUTHORIZED
EXPCSURE EXPOSTURE
7800 7230
7800 7300
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7300 7800
78CO 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
78C0 7800
7200 7800
7800 7800
7800 , . 7800
7800 7800
7800 7800
7800 7€00
7800 7800
7800 7200
730C 7€Co
7800 7820
7800 7€00
7800 7800
USS PHILIP
7800 7800
7800 7800
7 g 7800
7800 7800
7300 7800
780C 7800
78C0 7200
7800 7800
78C0 78CC
7800 7600
7300 7800
7800 7800
7800 7800
7800 7800

72300 . 7800



T:.5K_GROUP 7,3 (Continued)

USS PHILIP
AUTHORIZED AUTHORIZED
EXPCSURE EXPOSURE
7800 72C0
7800 7800
7800 73C0
7800 7300
7800 7800
7800 7800
7860 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7200
7800 ’ 7800
7800 7800
7800 7300
7800 7800
7800 7800
7800 : 7800
7800 7800
7800 7800
7800 7300
7800 ° 7800
7800 7800
7800 7800
7800 780C
7800 7200
7800 7800
7800 : 78C0
7€C0 ' 7500
7300 7800
7800 ' 7800
7800 . 7800 -
7600 7800
7800 : 7800
7800 7800
7800 7800
7600 ) 7800
7800 7800
780C 7800
7800 7800
7800 7800
76C0 7800
78CC 7800
7809 7800
78C0 7800
78C0 7800
7600 7800
7800 ' 7800
7800 . . 7800

78GC0 75800



T.SK GROUP 7,3 (Continued)
(1P

USS PHI
~UTHORIZED AUTHORIZED
EXPOSURE EXPOSURE
7800 7800
7800 7800
7800 7800
7800 7600
7800 7800
7800 7800
7800 7800
7800 7800
7800 7200
7600 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
78C0 7800
7800 7800
7800 7800
7600 : 7800
7800 7800
7800 7800
7800 7800
7800 - 7800
7300 - 7800
7800 7800
7300 7800
7300 7800
7800 7800
7800 7300
7300 . 7800
7800 7800
7800 7800
7800 7200
7800 7200
7800 : 7200
7800 73C0
7800 79C0
7800 7300
7800 7800
7800 7300
7800 - 7800
7200 7800
7300 7800
780C : 7800
7800 7300
7800 7800
7300 7800
7500 7200
7800 7800
7800 7800

¢ g-g



T.SK GRCUP 7,3 (Continued)

S04AT POOL
AUTHORIZED - AUTHORIZED
EXPOSURE EXPOSURE
7800 7820
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 78C0
7800 78C0
7800 7200
78C0 7800
7800 7800
7800 7800
7800 7300
7300 . 7800
7800 0 7800
7800 ‘ 7800
7800 . 7800
7300 7800
78
USS BaIlOKO

7800 7800
7800. 7800
7800 7800
7800 7600
7800 7300
7800 7€00
7800 7800
780C 7800
7300 7800
7800 7800
7800 7200
7200 . 7800
780C 7800
7300 7300
7800 78C0
7300 7200
7800 7300
7800 . 78
7800 7800
78C0 7800
7800 7200
7300 ' 78C0
7800 0 7300
78C0 i 7800
7800 7800
7800 7800
7800 : 7200

Fg-10



T..SK GICUP 7,3 (Continucd)

USS B..IIOKO

ALUTHORIZED AUTHORIZED
EXPOSURE . EXPCSUE
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
7800 7800
78C0 7800
7800 7800
7800 7800
7800 78C0
7800 . 7800
7800 7800
7800 . 7800
7800 7800
£ .

8C0
7800 ;800
7800 7300
90 b
2 ' , 7
£ ' e
: 7
7800 : 7800
;ggg 7800
. ' 7800
7800 7800
7300 ' 7800
7800 : 7800
7800 7800
7800 : 7800
7800 - 7800
7800 7300
7800 ( 78C0
7600 7800
7800 - ;800
£ £
7
7800 7800
7800 7800
7800 7800
';ggg : 7800
300
78C0 '7’800
7800

& G-



' TASK GROUP 7,3 (Continucd)
USS BaIitOKO (HMR~362)

AuTHOWIZED ~UTHORIZED
EXPCSURE o E.POSURSE
78C0 7800
7800 7800
7800 7800
7800 7800 -
7800 7800
7800 7800
7800 7300
7800 7800
7800 7800
7800 7800
7800 7800
7800 7600
7800 7300
7800 7800
7500 7800
7800 7800
L..S5K GROUP 7,4
7800 7300
7R00 7800
7800 7800
“T.SK _GROUP 7.5
6000 6000
6000 6000
6000 6000

BY COiZL.ND OF M.JOR GINEL.L CL..KSON:

OFFICI..L: i E, HeGINLEY

e, se a7 Mzjor Genernl, UdSe wrmy
P ﬂ/:/ T . Chicf of Staff
’ (;"é/ S ENEE

7 ROBERT CHESN

/. iajor  US.F
«djutant General

DISTRIGUTION:
1l = Each individual
AR o8
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T:B iCis

CCRRASPONDENCE AND WINES RILATIVE TO
OF7-SITE RESPONSIBILITIES AND PLANS

1, Inel

1.

2,

3

be

5

6o

Copy 1tr from CJTF SEVEN to CINCPACFLT,

ubj: Rad Hazards in the Marshall Is. Area
During Operation CASTLE, dtd 30 Jul 53.

Copy 1tr from CINCPACFLT to CJTP SEVEN,

subj; Rad Hasards in the Marshall Is. Area
During Operation CASTLE, dtd 31 Qot 53.
Copy 1tr from CJTF SEVEN to CINCPAC, subj:
Schedule of Msgs Concerning Detonations Dur-
ing CASTLE, dtd 3 Dec 53.

Copy 1tr from CJTF SEVEN %0 CINCPAC, subj:
Safety Measures During Operational Phase of
CASTLE, dtd 11, Dec 53.

Copy 1tr from CJTF SEVEN to CINCPACFLT, subj:
Red Hazards in the Marshall Is. Area During
CASTLE, dtd 11 Dec 53.

Copy 1¢r from CINCPACFLT to CJTF SEVEN, subjs
Support of AEC Worldwide Fallout Monitoring
Program during Operation CASTLE, dtd 11 Feb 54.

a. AEC Airborne Monitoring ¥ ‘Schedule °

Msg from CINCPACPLT, [1G 8 FEB 5k
Mg from OINCPACFLY, DTG 1502252 FEB 5k.
Msg from CDNCPACFLT, DTG 2018572 FEB 5h.
Msg from CINCPACFLY, DTG 2502L4Z FEB 5i.
Msg to CINCPACPLT from CJTF SEVEN, DTG
2600102 FEB She

Msg from CINCPACFLT, DTG 2700332 FEB Ske
Mag to CINCPACFLT from CJTP SEVEN, D1G
2807002 FEB 54.

Msg from CINCPACFLT, DTG 1903562 MAR Ske

- ——— . ——
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HEADQUARTERS
JOINT TASK FORCE SEV:N
w“hinmn 25’ D. C.

J=3/903 729.3 30 July 1953

SUBJECT: Radiological Hazards in the Marshali Islands Area During
Operation CASTLE S

TOs Commander in Chief
Us S. Pacific Fleet
¢/o Fleet Post Office
San Franciseo, California

1, References:

a, Report, "Radloactive Debris from Operation IVY," New York
Operations Office, AEC, NYO-4522, dated 28 April 1953.

b, Discissions between Commander Joseph L. Hall, this heade
qusrters and Captain Charles B, Martell during February 1953. '

2. Reference la presents basic information relative to the redio-
logical hazards introduced into the Pacific Ares as a rasult of Oper-
ation IVY. Reference lb involved a discussion on behalf of the cog-
rizant technical section of this headquarters relative to the desira-
bility and need on Operation CASTLE for atomic cloud tracking outside
the immediate danger area, sampling of drinking wator on distant atolls
and ovacuation of nativo populations.

3. As a result of the discussions indicat:d in reference 1b and
relying on the substantial radiological documentation of reference
la, this headquarters docs not plan to mount spocial offorts in sup-
port of tho above listcd safoty moasurcs during Oporation CASTLE.

It appears that it would bo unrcalistic to assumc hoalth hazards of

a mgnitudc conjocturcd or anticipated during the planning for Oper-
ation IVY. In addition, cconomy of forces and oquipment, espccially
in viow of the recent reductions in fiscal yoar 1954 service budgets,
dictate a policy of austority in all phascs of the oporation. As a
conscquencs, all CASTLE Operations havu beon roduced oxcopt whaore pos-
itive evidenco indicates a reasonable need for a msjor effort,

4. Althoagh tho items in question are not progrnammad 28 special
operations during C/.STLE, cortain other aspasts of tho rmdiologienl
safety plan do provide a reasonable and safe compromise. Specifically,
thess ars as follows:

a, Reference cloud tracking, an offort will bo made to
Incl 1 to TAB "C" c-

!
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J=3/903 729.3 | 30 July 1953
SUBJECT: Radiological Hazards in the Marshall Islands area During

Operation CASTLE

determine information rclative to the forecasting of heavy sceondary
—fall-out on the shot site. This will be accomplishad by 3 small nume
ber of VB-29 flights up-wind from ths shot site to a distance of approx-
imately 600 miles. Sincc the up-wind direction will, in genersl,
be toward the populated atolls, minor modifications in -ireraft tracks
should provide sufficient information on conditiocis in thosa aress.
Also, certain specified aircraft operating in the arca of the tests
after shot time will be in positions to provide reasonable indig¢.tions
of actual cloud movements. In addition, as on Operation IVY, tha Task
Force Commander will issue pre-shot forepasts of cloud trajeetcrids
and fall-out areas and will continue such advisories with post-shot
analyses of the sources of information availabla,

b, Refercnce drinking water sampling at distant atells, ex-
isting equipment could, on a limited basis, be divorted to such a post=
shot effort in the event cogent and compelling rexsons arosc requir-
ing sach 2ction. Past experience indicates, however, that such action
is nocessary only under extreme conditions.

¢. Reference svacuation of native popul.tions, no task force
equipment will be available for such an operation. Consideration of
populated islands will, however, be ore: of the major factors in the
Commander's decision to shoot, and will be considerad in its ralation
to forecast winds and fall-out predictions.

S. This command is zonstantly faced with co romise botween the
necessity for certain efforts and the 1imitationa of forces and equip-
ment available to accomplish objectives. Your comments or suggestions
in ccnsonance with tha above are requested in order that task forece
planning may bue realistic and mutually agreeablu to all concerned.

FOR 1HE COIL:NDER:

s/Robert H. Cushing

t/ROBERT H. CUSHING
Colonasl UsSa
nctg Chiof of Staff

- ey



UNITED STATES PACIFIC FLEZET In reply refer to:
Headquarters of the Commander in Chief CINC{AC File
fFl-
Al=3
Ser 001355

31 Oct 1953

From: Commander in Chief, U.S. Pacific Fleet
To: Coamander, Joint Task Force SEVEN

Subj: Radiological Hazards in the Marshall Islands Area During Cperation
CASTLE

Ref: (a) CJTF Seeret ltr J=-3/903 X 729.3 of 30 Jul 1953
(b) US AEC New York Operations Office Report NYO-4522 on
"Radiocactive Debris from Operation IVY" of 28 Apr 1953
(¢) CINCPAC Secret ltr FF1-1 Alé~1 Ser 0035 of 22 Apr 1952
(d) CJTF 132 Secret ltr of 14 Jul 1952; Subjs "Safety Measures
during Operational Phase of IVY.
(e) CINCPAC Secret 1tr FFl-l AL~3 Ser 0073 of 25 Jug 1952

1. Reference (a) sets forth preliminary planning of CJTF 7 regarding
radiological safety measures proposed for Operation CASTLE in relation
to those implemented for Operation IVY, and requests CINCPACFLT comments
or suggestions in order that task force planning may be realistic and
mutually agreeable to all concerned. For convenient refercnce, the task
force plan is summarized in paragreph 2 bulow,

2. CASTLZ Radiological Safety Plan Proposed by CJTF L.

a. No ‘special efforts will be implemented by JIF 7 in support of
the following safety measures:

(1) Atomic clcud tracking outside the immediate danger area.
(2) Sampling of drinking water on distant atolls,
(3) Evacuation of native populations.

b. The conclusion to discontinue the above safety measures (estab-
lished for Operation IVY) is based on the following factors:

(1) Discussions between cognizant sections of both headquarters
during February 1953.

(2) Reliance on the substantial radiological documentation ob-
tained for IVY in reference (b).

(3) Appsrent unrealism in the assumption of health hazards of a
magnitude conjectured for IVY.

c-3
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\&s) Policy of austerity in all phases of the operation dictated
by rv-. - t reductions in fiscal year 1954 scrvice budgets.

¢, Spocific aspects of the proposed plan, which are considercd to
provide a reasonablo and safe compromise are as follows:

(1) Clcud tracking will comprise:

(n) "B=29 flights upwind from the shot site out to approxi-
mately 600 mil:s for the purpose of forecasting heavy secondary f:ll-out
on the shot site w'th deviations in aircraft tracks to provido informatio
on conditions in populated atolls near the upwind sector.

(L) Use of specified aircraft operating in the test area
after shot timo to pruvide reazonable indicatiqns of actual cloud move-
ments.,

(c) Pre-shot forecasts of cloud trajectories and fall-out
areas with the continuation of such advisories by post-shot analyses of
information from available sources (same procedure used for IVY).

(2) Sampling of drinking water at distant atolls will be con-
ducted as a post-shot effort only in the event of radiological condi-
tions requiring such action.

(3) Evacuation of native populations is not planned for JTF 7
effort due to unavailability of task force equipment. However, consider—-
ation. of populated islands will be one of the major factors influencing
the decision to shoot.

3. Since IVY provides the sole criterion for the present determination
of adequate safoty precautions for the Pacific area incident to thermo-
nuclear tests, it is considerad appropriate to review the measures im~

plamented for that eperation. For this purpose, the basic directives,

sdvisories and precautions pertinent to IVY safety are briefly outlined
in paragraphs 4 through 6 bolow,

be Basic Directives for Safoty During IVY.

a. Referaonce (¢). In consonance with the JCS decision relative to
responsibilities during future tests at the Pacific Proving Ground, CINCP.
directed CJTP 132 to:

(1) Adviso CINCPiC at an appropriate time of specisl hasards in-
volved in the tests and appropriate precautions required to insure safety
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-of inhabited islands and of surface and air units of the Pacific other
than those of JIF 132, =

(2) Take all possible measures to minimize hazards to inhabi-
tants of populated islands of the Pacific.

b, Reference (e). CINCPAC directed CINCPACFLT to:

(1) Assune complete vesponsibility for CINCPAC and take such
action as nezessary to provide for the safety of all units and populated
areas of the Parific, except those attached to JTF 132, incident to the
hazards introduzed by IVY,

(2) Keep CINCPAC and CNO informed of the provisions for safety
to be taken in the Pacific.

5. Basic Safeiy Advisory for IVY.

a. Raforence (d). In compliance with reference (¢), CJTF 132 ad-
vised CINCPAC as follows:

(1) '™ith respeot to the probability of health hazards, it is
concluded that:

(a) The existence of such a hazard at Ujelang is a possi-
bility and therefore it is recommended that CINCPAC provide a capability
for the temporary evacuation of the native inhabitants.

(b) Air routes through '’ake may be affected for short per-
iods of time,

{2) U.ing weathor as a major safoty measurc, MIXE shot would be:
dotonated al a %ime whea =ind concitions present minimal health hazards
to inhabit:d islands, air and surfice traffic routes of the Pacifie.

(3) Fucthor infcrmation rclative to radiological hazards would
be dispatched *c CINCPaZ in advisory mossages as follows:

fa) At Kk minus 9 hours — a svmmary giving the prognosis of
the atomic c¢loud 4vajesnory for the indtial 70-hcar noriod, inecluding
best estimates of hazaras to air and surface rourvss aid thc radsafs out-
look for Ujclang.

(b) M to K plus 8 days - a daily summary (2000 local time)
of radsafe information based ons
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1. Cloud tracking to 1000 miles in the significant
quadrant, probably northcast from zero point.

2. Monitoring of water samples from certain inhabited
atolls to a radius of approximately 600 milos.

3. Radiological reports from fixed weather stations,

6. Safety Measures in the Pacific Area During IVY,

a. In order to provide for the safety of areas and units other than
those assigned to JTF 132, CINCPACFLT implemonted tha following measures
for IVY:

(1) Teaporary evacuation of Ujelang by a PACFLT vessel.

(2) Airborne surveys of the Hawaiian, lMarshalls, Carolines and
Marianas Islands supplomented by ground checks as practiccoble as outlined
in reforence (b).

(3) Filn badge survey of ™ake and Johnston Islands.

(4) Reconnaissance flights (by security aireraft in 10 i32.3)
to clear itinurant shipping from the predicted cloud passags area out to
800 miles on M minus 2 and Y minus 1 days.

(5) Informod the CAA Ninth Region administrator about the pos=
- 8ibility of intorfarence with air routes through Wake for short periods
of time (a probability concluded by CJTF 132) and made arrangements for
closing or modifying these routes on short notice in the omt such actio
became essential.

(6) On the basis of radsafe advisories from CJIF 132, the Kwaj-
alein-Guam air route was closed from H to H plus 24 hours for MIKE shot

only.

(7) For operational reasons as requested by CJTF 132, both KwaJ:
alein and Eniwetok Air Bases were closed for short periods before and
after such detonation.

7. Comment.s on CASTLE Radiological Safet sed
graph 2 above.

a; "ith respect to atomic cloud tracking outside the immediate

# C-¢
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dmu' area, the proposal to mount no special effort in this behalf is
viewed with concern for the following reasons:

(1) On the basis of IVY reports received to date, no criterion
exists for assuming that significant fall-out hazards from atomic cloud
concentrations will arbitrarily limit such possibilities to within the
confines of the relatively small danger area now established.

(2) During IVY, almost every atoll and island in the Trust Ter-
ritory was surveyed by airborne monitoring as described in raference (b)
even though negative or insignificant residual radiation was anticipated
for the most part. For CASTLZ, it is planned to provide the same capa-
bilitiecs ostablished for IVY, but actual monitoring flights will be imple
mented only in regions where a probability of fall-out is boliaved to
oxist. Since the movoment of significant rediocactive clouds is a major
factor in the definition of precise areas where fall-out may possibly
occur, it is ovident that actual cloud tracking is essantial to doter-
mine appropriate monitoring flights subsequent to each CASTLZ shot.
Although it is realized that similar information can be obtained to some
degree by clcud trajectory predictions based on meteorological cbserva-
tions and continuous monitoring at fixed stations, such prognostic re=-
porta and those limited to predetermined locations will not establish
all possible fall-out regions in the Trust Territory. Consequently,
it would be necessary to repeat the extensive aerial surveys flown dur-
ing IVY if cloud tracking beyond the immediata danger area by task force
aircraft is discontinued.

(3) During prognostication of special hazards inecident to IVY,
interference with air routes through "ako was concluded to be & possi-
bility. Although no intcrferance actually resulted from that singular
instance, CINCPACFLT has no factual data which would eliminate the poe=
sibility of this potential hazard during CASTLE. Tharofors, it is con-
siderod that cloud tracking is the only positive means of guarding
against this hazard with a view toward punctual initiation of appropri-
ate safuty measuras in the event of its materialization,

(4) CINCPACFLT does not concur with the consideration that the
plan proposed in subparagraph 2¢(1) above provides a reasonable and safe
compromise for the following reasonss

(a) 1In view of the fact that "B-29 flights will be conducte
upwind from the shot site and are for the purpose of forecasting fall-out
on the shot site, it is not apparent that this measure will aid in deter-
mining conditions in the significant downwind sector (predicted cloud
passage area). Conditions in the populated atolls near the upwind sector
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present lsast concern since they are situited in a notentially safo -
rogion. '

(d) Eniwstok and Bikini (shot situs) are the only populated
atolls inside the danger area. Units assigned JTF 7 will be thc only
foreces operating inside the danger arca. Since thoe safety of JIF 7 and
the shot sitcs is thec rosponsibility of CJIF 7, cloud tracking within
the dangor aroa will not provide information useful to CINCPACFLT in the
discharge of his responsibilities for the safcty of other units and pop~-
ulated islands of the Pacific.

b, CINCPACFLT concurs in the plan to sample drinking water only if
required by radlological conditions (proposal in subparagraph 2¢(2) above
A sampling program of thc degree mounted for IVY is not considered neces-
sary for CASTLE.

c. In the formulction of radsafe measures for CASTLE, every effort
should be made to eliminate the necessity for evacuation of native pop-
ulations. The temporary evacuation of Ujelang by a PACFLT vessel dur-
ing IVY was implemented by CINCPACFLT upon the advice of CJTF 132. In
reference (d), CJTF 132 &oncluded that the existence of a health hazard
at Ujelang was a possibility and recommended provision of an evacuation
capability. During a preliminary survey of Ujelang to study the situ-
ation and make plans, the capability for evacuating natives on short
notice was concluded to be impracticable, and a planned orderly evacu-
ation was considered to be the only logical solution. The decision to
evacuate Ujclang was predicated not only on reducing health hazards to
the indigenes to an acceptable minimum, but also to protect tham irom
possible radiation hazards beyond the shadow of any adverss reflsctions
on the U, S. Government. From the proposals and conclusions in the
CASTLE RadSafe Plan (subparagraphs 2a(3), 2b(2), and 2¢(3) above, it is
apparent that IVY technical and oporational experionce indicates real-
istic planning mey be based on the pramise that no significant health
hazards will exist in Ujelang or other populatod atolls. Accordingly,
it is considored that planning in this raspuct should include the fol-
lowing basic pramisocs:

(1) The decision to shoot should be roached with the under-
standing that no health hazard to units and populated islands of the
Pacific or radsafe donditions conducive to possiblc advorse criticism
will onsue.

(2) CJTF 7 advisorias on appropriate safoty precautions inci-
dent to CASTLE will not contain conclusions requiring ovacuation of pop-
ulated islands,

(3) In tho romote circumstance that axtreme posteshct conditions
develop a necessity for the temporary svacurtion of any populited island

|
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in the Marshalls, units of JTF 7 would be required to accomplish thia
emergoncy measure upon the requast of CILICPACFLT.

d, Advisoriss issued by CJTF 132 during IVY (parz2graph 5 sbova)
woro entiroly satisfactcsry and are similarly desirod for CASTLEZ subjoct
to the doletion of unrcalistic measures by mutual agrcamant. Althcugh
health hazards of the magnitude summised for IVY appear unwarrantcd on
tho basis of that singular oxperience, it is considured that any down-
ward raovision of the safaoty measures implamcnted for IVY should be jus-
tifiod with refaorence to scicatific findings tending to support this
surrent radsafe concept. To determine adecquate CASTLE precautions,
CINCPACFLT desires recommendations froam CJTIF 7 which include a full
evaluction of moasurcs instituted for IVY as set forth in porograph
6 above. In such analysis, it should be borno in zind that CINCPACFLT
has previously agreed to conduct airborne monitoring (subparagraph éa(2)

«above) in cooperation with the Atomie Znergy Commission.

e. Reference (c) and (e) as briefly outlined in paragraph 4 above
constitute basic CINCPAC directives issued for Operation IVY. It is
contemplated that the basic policies in these references will be retained
for CASTLE and reissued as new directives prior to the oparations,

f. Prior to IVY, CINCPACFLT requested information on the long range
detection program sponsored by the U. S. Alr Force Office of Atomic Tests
(HQ USAF WASHDC (AFOAT-1) which could be used to advantage in the radio-
logical safety program during the operation. This request furthar pro-
vided for AFOAT-1l to furnish any information that might be obtained on
the locations of the clouds from the IVY explosions and the calculated
intensity in these various Pacific flights made by aircraft oquipped with
air filtor devicos. In genoral, the intonsitices rocorded wero insigni-
ficant and these flights reflected no pattorn of correlation with the
actual atomic cloud tracks. In view of tho AFOAT-1l cooperation received
for IVY, it is suggosted that AFOAT-1 be roquestad to supplament JTF 7
tracking in order to provide information of a dogree essocntial to CINC-
PACFLT for the discharge of his rosponsibilities incident to Pacific
safcty.

g+ Under the proposed radsafe plan, the daily information sumaries
for tho post-shot weak (subparagraph 5a(3)(b) above) would be based only
on radiological roports from fixed wwather stations. Considoring the
minute nuaber of such stations in relation to the vaat oxpanse of the
Pacific arca, thess reports will not be nearly as roliablec as those dur-
ing IVY and will havo no value in arcas beyond tho vieinity of thc woathe:
stations,
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h. It is understood that recent develc.monts indicate that only
a very smll portion of thoe radiocactive energy generatod by the LIKE -
detonation has been rccorded in the process of continuous fall-out
" monitoring extrapolated to tho prescnt datu, As e result, two possible
conclusions have been formcd. First, rcsidual radiocactivity is still
scattured above the tropopause. Second, major fall-outs hive occurred
on the open sea which have gono undetccted. To gain more knowledgo of
tha sccond factor, thc AEC proposes to place gummed papcr collectors
on various naval controlled ships transiting the Pacific during Opera-
tion CASTLE. In view of this devalou.ment, it is considered unwise to
place too strong a roliince on ths substantial radiological documenta-
tion obtained in refercnce (b).

8. Roproduction and numbered distribution in local scries are author-
izod whon total additional distribution list is furnishud the issuing
office.

s/H. G. Hopwood
t/H. G. HOPOOD
‘ Chiof of Staff

c ~10



HEADQUARTERS
JOINT TASK FORCE SEVEN
fashington 25, D. C,
=J=3/300.4 3 December 1953

SUBJECT: Schedule of Messages Concerning Detonations Durfng CASTLE -

TOs Conmander in Chiot. Pacific '
Navy No. 128, ¢/o Fleet Post Office
San Francisco, California

1. In order that you may be kept informed of developments dur-
ing the operational phase of CnASTLE, operational priority messages
will be sent to your hoadquarters prior to and subsequent %o the deto-
nation of cach of the weapons and devices in agcordange vd.th the fo].-
lowing schedule:

o+ D=Day minus 5 days:
(1) hnticipated time of detonation (GCT).

(2) Information relative to closing of Eniwetok and
Bikini air bagos.

be Helour minus:18 houre:

(1) Forecast atomiec eloud trajectory for the initial
72 hour period after detonation,

(2) Radiological outlook for natiﬁ populated at.onl.

(3) intieipated radiological impact on air and surfaco
routcs, ineluding recommendations rolative to closi.ng routol. :

¢, HeHour plus 30 minutes:
(1) Exact time (GCT) of detonation.
(2) Safety of personnel,

d. Daily at 2000 hours local starting on D-Day and conu.nu-
ing until significant information ceases.

(1) Vorification or revision of atomig eloud trajestory,

Incl 3 to TAB "C* c -
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SUBM: Schedule of Messages Concerning Detonations During CASTLZE

(2) Verification or revision of radioclogical outloolk
for native populated atolls.

(3) Verification or revisiocn of radiolcgical impact on .
air and surface routes including recommendat;una relative to opening
alr and surface routos,

2. In addition to these schedulod messages, you will be ianfcrmed
as quickly as pcssible of any unaxpected and significant developmcnts,.
If this plen of notification does not appear adequate, it is requested
that ycu indicats your desires to this headquarters.

s/P, ™', Clarkson

/P. "', CLARKSOMN
..te.Jor Genoral, U.S. .roy
Commander

c-/2
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HEADQUARTERS
JOINT TASK FORCE SEVEN
Washington 25, D. C.

_J-3/729.3 11 December 1953
SUBJECT: Safety leasures During Operational Phase of CASTLE

TO: Comaander in Chief, Pacific
¢/o Fleet Post Office
San Francisco, California

1. References:

a, CJTIF 132 Secret letter, subject: "Safety Measures Cur-
ing Operational Phase of IVY"™, dated 14 July 1952.

b, CJIF SEVEN Secret lattsr, subject: '"Schedule of llcssages
Concerning Detonations During CASTLE", dated 3 Decamber 1953,

2. It is anticipated that the shot hazards introduced into the
Pacific Area during Operation CASTLE will, with one exception, closely
parallel those encountored on the IVY-MIKS shot. The xception is
expected to oceur, due to reduced yield, on the ECHO shot at Eniwetok
Atoll., Accordingly, the general information prosented in above ref-
erence on IVY safety mcasurcs, and restated bolow with pertinent modi-
fications, is considured applicable to Operation CASTLE.

a. 'fith respoct to the probability of fall-out hazards, it
is concluded that tho existonce of such at UJILANG is a romote possi-
bility. Similar hazards at oth.r islands in the vicinity of shot sites
are considerod vary remota. Tho impsct of fall-out on populatad islands
will be onc of the mnjor factors in the task force commander's docision
to shoot, and will be considared in its relation to forvcast winds and
other moteorological conditions. In tho evont that cogent and compel-
ling post-shot reasons arise requiring temporary evacuxtion of natives,
task force security ships will be made available to CINCPAC for this
purposa. Personnel with Trust Torritory administration and interpre-
tation experiance would bo required from your command to supervise this
effort.

b, Although various uncertaintios exist in prodetormining
the trajectory of an atomic cloud with resultant radioactivs fall-out,
all possiblo measures to minimizc health hazards will be taken by this
command., CJTF SEVaN will usc weather as a major safety mocasure, deton-
ating the shots at a tims whon wind conditions prosont minimal hazards

Incl 4 to TaB "C" e -13
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SUBJECT: Safety Ucasures During Opsraticnal Phase of C..STLE

to inhabited i1slands and air and surface routcs of the Pacific. Dure
ing the pre-shot and post-shot phases, CJTF SEVEN will advise CINCP:.C
“of sny anforeseen hazards, which may develop during the operations,

and wili recommand appropriate precautions by dispatch of advisory mes-
srges as indicated in reference 1b, B

¢. &iir and surface routes through "Wake and the Marshall Is~
lands may bo effected for shoit pericds c¢f time. Pertinent information
supporting actiocn relative to closing and opening such routes will be
included in advisories to your headjuarters (reference lb).

d. Reconnaissance flights by security aireraft of TG 7.3 to
clear itinerant shipping from the predicted cloud passage area up to
600 miles on shot minus 1 to 2 days will be cunducted in the signifi-
cant fallout quadrant,

3. In the interest of minimizing hazards in arcas and units other
than those assigned to JIF SEVEN, it is recommended that the fcllowing
measures, similar to thuse implemented by CINCPACFLT for Operation IVY,
again be taken with facilities at your disposal:

a. aiirborme survey of significant Pacifis Islands, supplemented
by ground checks as practicable, in coopermtion with the Atomic Thergy
Commissiocn, .

b. Film badge survey of ake and Johnston Islands (extended
to include significant native populated atolls). ' ,

¢. hdvance courdinatiocn with the C... ..dministrator on possi-
ble interference with air rcutes through Wake and the liarshall Islands
for specified periuvds of time, and arrangements for closing or mcdify-
ing these routes on shcrt notico in the event such acticn bec.mes essen-
tial., It is also anticipated that, for operatii.nal reasons, both Eni-
wetck and Bikini air bases will be closod fur short pericds befcre and
after each detonaticn. .ppropriate adviscries to your headquarters
will include informsticn supporting theso actions.

d. «dvance coordinatinn for Headquarters, USAF (.FOAT-1) sup=
port of cloud tracking by supplying radiulogical data frum various Pacifi
flights. By separate communicaticn this support has been requested
for CINCP..CFLT.

4. CINCP.CFLT will be informed by scparate ccamunication of de=
taile pertinent to the abuve informaticn,

s/P. ¥. Clarkscn
t/P. 'I. CL..RKSON
injor General, U.S. ..roy
Commander
e/ .
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JOINT T.SK FORCE SEVEN
"Tashingtcen 25, D. C.

J=3/729.3 11 Dccembor 1953
SUBJZCT: Radiologlical Hazards in thc Harshall Islands /.rea During C..STL2

T0: Ccamander in Chief, U.S. Pacific Fleot
¢/> Floet Post Office
San Francisec, Calif.rnia

1. References:

a., CINCP.CFLT SICR=T letter, subject as above, datad 31 Octo-
ber 19530

b.. CJTF SZVEN SICRET letter to CINCP..C, subject: "Schedule
of Jessages Ccncerning Detcnati:n During C..STLE," datod 3 December 1953.

¢ CJTF SEVIN SZCRET letter to CINCP.C, subjects "Sefety
easures During Operaticnal Phase of C..STLE," datod 11 Docember 1953.

2., Information presented in ycur lettor has bean conlidercd in
the rovised C..STLZ radsafo plan (rof.rence lc). C.ments cn critical
paragraphs and details cn primary mattcrs of intorest are prosantod
balow fcr ycur infcroatica.

3. Reference paragraph 2 ¢f your lettor,

3. In ccnsiderati:n of your respsnsibilities and bocruse cf
other task fcree developments since July 1953, the clcud tracking effort
cn Operati.n C.STLE has becn augmented, It is ecnsidered that the areas
of ncst evuncern, in sequence cf pricrity intorsst, are as foll.wss

(1) The dcwn-wind (trado wind) rogica frea Greund Zaro
(GZ). This area would include bcth ths task fcrce camp at Zniwetck
and the native pcpulatod atoll of Ujolang.

(2) The up-wind (trade wind) regicn from GZ. This is
the region frum which sascadary fallcut could ccour ~n tho task foree

carp sito,

(3) The up~wind (trade wind) rogi.n from the native pcpu-
lated atclls in the scutheast quadrant. This area is of ccncermn fcr the
same reason as 3a(2) abovae, but ccnsidercod of less priority due to its
more favor-ble lccatiun with respect to GZ.

Incl 5 to TAB "CH _
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J=3/729.3 , 11 Docember 1953
SUBJZCT: Radiclcgical Hazards in the ilarshall Islands /.rea During C..STLE

(4) .ir and surface routes through "ake and the arshall
Islands. These areas are cunsidered cf lcast pricrity because of sop-
arate advance plans tc close ur swaep the most questiinable areas,

b. Cloud tracking has been plonnad cceordingly ns fcllows:

(1) In support of 3a(l) abcva, starting at H Hour, cne
aircraft vdll mcintain a holding pattern for approximately 5 hours downe
wind from GZ to establish the drift .f c.ntaminati.n toward Eniwetck
and/ur Ujelang. In additicn, the cloud sampling team will repcrt on
drift and intensity of all segments of the cloud frva H tu H plus 6
hours. Further, it is planned that all cperatii.nal end test aireraft
will repcrt any enccuntar with radiaticn while engagaed in their assigned
flight missions. The totality of informaticn above, togother with the
forecast trajectcries, shculd be sufficient to present a reas.nably
clear indicatiun .f future develcpments uf the cloud, and in sufficient
tine to vorify decisicns relative to safety of personnsl outside the
shot area, This informati.n will also be used toc formulate a decisicn
relative to the air and surface ruutes through t he .arshalls.

(2) 1In support of 3a(2) above, from approximately H plus
5 hours to H plus 12 hours, one nircraft will search up-wind in a 30
degree sector, apex on.GZ, and csntered on the average trade-wind for
approximately 500 NL.

(3) 1In support of 3a(3) abuve, from approximately H.plul
12 hcurs to H plus 18 hours, ocne aircraft will searsh up-wind in a 30
degree sector as abuve, with apex un Rongerik ..tcll.

(4) In suppcrt of 3a(4) abcve, from approximately H plus
18 hours to H plus 24 hours, one aircraft will be vectcred along the
routes through ''ake, or through the area forecast tu be up~wind frem
these rcutes, as appropriata,

(5) Twc additional aireraft are planned to search from
H plus 24 hours to H rlus 36 hcurs, and from H plus 36 hcurs to H plus
48 hours, Tha flight tracks cf these airerzft will be detormined after
the shot and :ill be based upon the results of the first 24=h.ur pericd
and forecast metecrological cunditicns,

¢. Other features of the task fcree plan remain unchanged
except that appropriate ccamonts relative tc native evacuaticn ars pre=-
sented below as they apply to pertinent paragraphs cf your letter.

L+ Refarence paragrath 4, your lctter, action has been taken to
inform CINC?.C by reference le of the huzards to bu intriduced into
the Pacific ..rea during C..STLE.

2 C-/6
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SUBJECT: Radiological Hazards in the lfarshall Islands .rea During C..STLT

5. Refarence paragraph 5, your letter, similar adviscries (ref-
ercnce 1b) are planned again for Operaticn C.STLI. Particulzr attenticn
-is invited tc the H minus 18 hcur message. Dua tc¢ sh.t tiues in tho
early mcrning hcurs, and the nccessity for final shit decision brief-

-~ ings to take place after 2ll daylight weather informition hes been col-
lected and analyzad, it is ccnsidered that a tontative H minus 18 hour
planning forecast is nccessary. In the ovent tho H minus 18 hour fore-
cast is significantly in error, a modification advisory will bo dispatch-
zd aftar the cormander's final shot decisicn briefing at abcut H ninus

hours, )

é. ncference paragragh 6, y.uur letter, ths follcwing ccmmonts
and reccmmendati.ns arc mades

a, Temporary evacuatiun of native populated islands ia nct
rqscumncnded as & pre-shct maasuras.

b. .irbirne survey of tha Hawaidian, liarshall, Caroline nd
.arianas Isl~nds, supploaontcd by gruund chocks as prncticabls, in co-
operaticn with tho ..tumie nergy Commissicn is ccnsidsred a valunble
edjunct to the rads~fec plan. Overlap cf infcrmaticn in support of this
effort will be furnished by CJTF SEVEN to¢ tho .EC reprasentative in the
Fecrward ..rea such that actuarl survey flights will bo nccess ry only in
-the ovent fall-out is ferecast ¢r known tc oxist in thc -<rea in quos-
tizn. It is cunsideraed that such cuverage is Hracticable and will be
oxtremely uscful t. ~1ll cimmonds and ageneiss c.ncerncd with clcud tra=-
Jectcry analysis in ths Paeific ..rca,

¢. Film badge survey of ''aks anc J hnst: n Islands., This type
survey is c.nsidered desirable if for n. (thor roas n than tc prcvide
- prsitive ovidonce that nc ccntaminaticn was enc.untercd, Since ths film
badge is ¢ nsidered tho cnly legally acceptable reccrd .f radiaticn ox-
p:sure, it is suggested that such a survoy shculd be extended tc signi-
ficant nativs populated 1tclls, If dosired, task fcree filn badge sup-
ply and proecssing facilities can ba made availablo t. assist.

d. Reccnneissance flights by sccurity aireraft of TG 7.3 to
clear itinsrant shipping frcm the predicted cloud passago area up tc
600 miles cn shct minus 1 to 2 days are c.nsidered a valuable rediol:gi-
cal safcty precauticn. Such flights are planned again fcr C.STLI. It
is suggested that, in the interest ¢f reducing the numbor cf ships tu
be cleared fr m ths area, CINCP..CFLT effcct apprupriate advance diver-
sicns of surface shipping wherever practicabla. .8 a first approxinae
ticn, it is ccnsidered that the sectir area centered un gr.und zerc
clcckwise frum 225 true to 90° trus, maxinum distance 500 nm, shculd
be avoided .n shut day., Task force advisories may bo usad by CINCPAC
tu infurn operatiinal ccatrcl authoritics of further riuting medifica-
ticns as required.

2. It is anticipated that racuamendati.ns will ~gain be made
by this headquartzrs refarence clcsing of air rcutes, C.nsequently, the
Gi scidnistrator sh.uld ba infirmed of possible intorforence with air
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rcutes through Wake and the Marshall Islands fcr specified peri.ds of
tine and that arrangaments should be mado for elosing cr mcdifying these
rutoes cn short nctice in the event such acticn beermss essential., It
is alsc anticipated that, for operaticncl reasons, bcth Zniwetik and

~ Bikini air bases will be closed for shart perid. ds befcre and «fter each
detonaticn. sppropriate advisories to CINCP..C will include information
supporting such acticn,

7. Refurence paragraph 7, ycur letter, the comments below refer
to the numbered paragraphs of your letter:

a. Reference paragraph 7a(l), inf.rmation from atcmic sh.ts
in Nevada indicatc that clouds whieh reach the tripcpause cdrcp cut a
unique and maj r pcrti.n of the fall-out at a distance .n the order
of 100 milas cr less fr-m GZ. On the assumpticn (as on IVY) that the
tropopause acts as a trapping barrier for all ccntaminati:n at or above
this level, it is axpected that high yield shuts should similarly react,
extending perhaps to a slightly greater horizontal distance due t~ the
fact that the Pacific tr.p.pause height is higher by approximataly
15,000 feet., On the assumpti-on that the trapping acticn of the tropo=
pause 18 not so ccoplete as to prevent a gradual sifting of mataerial
from above it, the wide and distant area coverage by NYOO of ..3C is
considered essential, The weak point of the first argument lies in
the fact that, due to operational difficulties, none of the high yleld
shots in the Pacific have been sufficiently documented in this resp:ct.
Consequently, our operatiocnal planning anticipates a rcmote possibility
of adverse conditions out to populated atolls,

b. Reference parsgraph 7a(2), it is suggested that the aug-
mented cloud tracking effort outlined above should alleviate the diffi-

culties presented.

¢. Reference paragraph 7e(l), thae decisions to shoot will be
reached with the understanding that no health hazards to units and popue
lated islands of the Pacific are forecast., It is not balioved the de-
cision can be reached with the understanding that no radsafe conditions
conducive to possible adverse criticism will ensua., The differcntiation
made hore is due to limitations on weathor and radsafe forecasting tech-
niques and due to the many and diverse interpretations of radsafe con-
ditions which are adversa.

de Raference paragraph 7¢(2), CJTF SEVEN pre-shot advisorics,
(based on forecasts) will not contain conelusions requiring evacuation
of populated islands to avoid a hoalth hazard, Information will neces-
sarily be included relative to the probabilitics of something less than
a health hazard occurring.

e, Roferance paragraph 7¢(3), Sniwetok and Ujelang are con=

sidored thu most critical sitass, and since contamination of these sites
will likely be a collataral occurrence, all task force ships will

b C-1¥ .
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probably be engaged in danger area avacuation efforts. In the event
cogent and compelling post-shot reasons ariss requiring temporary evacu-
Aation of any popul:ated island in the liarshalls outside tha Zanger area,
the task force security ships would have tc be used. .

f. Reference paragraph 7d, an avaluation of CINCP..CFLT IVY
measures is included in paragraph 6 abcve.

g. Referenco paragraph 7f, action has been taken to reguest
Headquarters, USiF (.FO.T=1) to furnish tho desired informmaticn on
C.STLE. This rcquest containec a recommendution for direct ccntact
butween your headquarters and AFO.T-l to arrange the details.,

h. Reference varagraph 7g, ausmentation of the eloud tracking
effort should alleviate the difficulty presented.

i. Paragrash 7h, noted in its relation to paragraph 7a 2buve.

8/P. . Clarkson
t/P. '’ CL.RKSON
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UNITED STATES PACIFIC FLZET IN RTZPLY REFER TO
HEADQUARTERS OF THE COMMANDEF. IN CHIEF CINCPACFLT FILE
FFl-1
All
_ Ser 00113
- ' 11 February 1954

- -

From: Commander in Chief U.S. Pacific Fleet
Tos Commander Joint Task Force SEViN
Commander Naval Forces, iMarianas
Commander Fleet alr Hawail
Commanding Officer, Naval Station Kwajalein

Subj: Support of Atomic Znergy Commission ‘iorldwide Fallout Monitoring |
Program during Operstion CASTLE

Ref: (a) CINC:ACFLT Secret msg 1902212 of Jan 1954
(b) CIIICPACFLT Secret ltr FFl-l A4=3 Ser 00849 of 3 Oct 1952
(c) CIUCPACFLT Secret msg 24L0008Z of Sep 1952
(d) US AZC NYKOPO Secret ltr HS:I'E of 8 Sep 1953
(e) CJTF 7 Secret ltr J=3/903 undated
(£) CINCPACFLT Secret ltr FFl-l i8~-6 Ser 001210 of 28 Sep 1953
(g8) CINCPACFLT Secret msg 302221Z of Jan 1954
(h) CINCP.CFLT Secret msg 2204312 of Jan 1954
(1) COMAIRPAC msg 2220207 of Jan 1954
(J) CINCP.CFLT Secrot ltr FFl-=l All Ser 0073 of 28 Jan 1954

1. Reference (a) advised cognizant commanders that Pacific Fleet support
of the subject program will be generally similar to that previocusly ren-
dered during Operation IVY as outlined in references (b) and (c), oxcept
for a rueduction in the airbornu monitoring effort. It furthor directed
CO:HASEAFRON to assist ..EC Project Officors in preparatory aissions
pertinent to the Hawaiian .roea.

2., Purpose. This letter summarizes tho details of tha program and out-
lines the support requircd from cognizant commandors. It further con-
firms carlicr planning and agrecaocnts,

3. Background.

a. This progrcm is a continuing projoct sup-orted by the U. S.
Weather Bureau and other government agonciocs. »s in IVY, wore dofinitive
coverage in tho Pacific during CASTLE tests sorvas the dual purpose
of extonding ~ZX knowlodgs of worldwide fallout pattorns and assist-
ing CINC:..CFLT (as agont for CINCP.C) in disch~rging his rosponsibility
for safety in the Pacific .roca. .

b. Tho airvorno and ground monitoring techniquos previously des-
eribed in rofercnce (b) have not basically changed since IVY. Since
the »C Nuw York Oporations Office has developud Standard Operating
Procedures (SOPs) for tho use of participating activitics, descriptions
of monitoring tuchniques are omitted in this lottor.

Incl 6 to TAB "CY e :
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4. Gonersl Flan. e

a. ..orinl monitoring of the Pacific .reca will be 2gain conducted
by aircraft oporating from Kwajaluin, Guem and Oahu. Support of the
nission at Kwajalein and Guan will be provided by patrol aireraft from
VP-29, and 1t Oczhu by aircraft from Vi-l..

b. Basic flight patterns adapted for IVY (referonce (b)) zrs un-
changod ~nd heva been roproduced by the w2C in the SOPs mentioned in
parngraph 3. avovae. Deviations from these p:ttcrns are authorized if
desired by the ..2C Project Officer.

Cs il represcntatives for this progran have becn assigned to ten=
porary duty with Joint Task Force SZVEN in tho Eniwetok/Bikini ..rea.
»8 indicated in rofererco (a), these rsprescnt~tives ares

(1) Mr. i. J. Breslin Project Officer
(2) r. M. E. Cassidy n88istant Project Officer

d. During aerisl ropitoring operations, radiation measurements
will be made by aircraft crews rather thnn by ..ZC representativas.
This change is justifiod by the ral.tive case of avasurcments decon-
strated during IVY, ~nd furthor simplification of this equipment for
C..STLIZ. These aorial scintillition instruments (SCINT..ETER) are baing
assigned to participating squadrons by the .EC Project Officers who
are instructing squadron personnel regarding their use,

e. lonitoring flights will be requosted subsequent to sach CnSTLE
detonntion by the Project Cfficor on the basis of post shot davelopnents.
ofter cach duotonation, caertain survey flights may be eliminated if data
froa zround install:tions confirn :utoorologlcal praodictions that fall-
out in a given area is unlikely,

f. Ground monitors are being installed at Truk, Yap, Ponapeo, Kusaie,
#ajuro, Rongerik, Ujelang, '/ake and }ddway. ..t these stations, auto-
matic recorders will continuously monitor gamma radistion and count
any concentration of airborne radiocactive dust. arrangaments havo been
made for the attondance of this oquipment by 'leathor Service or Task
Force porsonnul as appropriate, The axception to this arrangement is
i{idway where it is desired th-~t nzval station pursonnel suparvise the
instcllation. In addition to ths abovo network, tho U, S. ilr Force
(..FOL.T=1) has bacn requested to augment gomma monitoring by reporting
from stations at Oahu, Guam, Luzon, Tokyo, and possibly Okinawa, Shemya
and ..nchorage.
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g8+ In the event of special circumstances such as ¢xtensive fallout
in 2 single area or cquipment failurce, ..3C Projeoct Officers may desire
high priority air transportation to that location. Such requasts should
be approved whun feasible.

h. 'r. Breslin, =s Project Officer, will keop CINCP.CFLT informed
regarding the progress of the program through normal service comnuni-
cation channcls, Reports from ground monitoring stations ~nd squadrons
maiking airbornc survcys will be transmitted to the Project Officer for
evaluation., ’{essago reports from the Project Officer to CINCP.CFLT
should include the following type of information:

(1) Proposed schedule of requesite ~irborne monitoring flights
subsequent to each shot.

(2) Completion of airborne monitoring flights including a
brief description of radiological conditions. Under normal circumstances
wh.re readings are genor:lly insignificant, this report should indicate
the highest roading (ar/hr) noted and 2 statement that no significant
radsafe conditions wore encountered.

(3) Unusunl con:iitions, if any, recorded at ground monitoring
stations.

(4) ony spueisl cireunstances of interest to the safety mission
in the Pacific ..rea.

5. Program Details for Kwajalein,

a. Roferaonces (d) and (e) pertain to completed arrangements between
the LAEC and CJTF 7 concerning JTF 7 support of the subject program. Ref-
orance (f£) advised CJTF 7 that:

(1) For C..STLE, it is planned to provide the alrcraft capability
for airborne fallout monitoring both at Guam and Kwajalsin for short in-
tervals aftor each shot, utilizing socurity aireraft (VP) as in IVY.

(2) For airborne survey in any area of tho Trust Torritory, it
is planned to utilize 1 to 3 patrol aireraft (VP-29) operating from Guam
and/or Kwajalein as nceded to fulfill this mission.

b. It is requested thet Commander Joint Task Force SIVaN:
(1) Support the program outlined for Kwajalein with task force

aircraft and facilities in accordance with previous arrangements mon-
tioned in subparagraph 5.a. above,

c-32



CINCP.CFLT FILE
FFl=1

a1l

Ser 00113

. (2) Relcase requisitc sccurity aireraft (VP-29) after cach shot
from Task Group 7.3 to tho temporary oporational control of COLN.VIYRIINAS
for post shot airborne survoys in the !larianas and "festern Caroline Is-
lands (if required).

(3) Conduct post-shot airborne surveys of the iiarshall and
Eastern Caroline Islands with VP=29 aireraft as requested by the .EC
Project Officor.:

(4) Transmit requisite information from the Al Project Officer
to CINCP.CFLT.

c. It is desired that the Commanding Officer, Naval Station Kwaja-
lein provide PE{ flights as practicablo to outlying grcund monitoring
install:=tions in the liarshall Islands. Sincoc the installation at Ujo-
lang will bu battory oporated and unattended, it is expected that at
least one flight to this site will be required after each shot. The
remaining installations in the ifarshall Islands ars loccted at Task
Force Weathur Islands and are attended by Task Force personnel. Thore-
fore, flights to thesc sitos miy be combined with normal PBI trips
scheduled for resupply of weathar staticns.

6., Progran Details for Guam: It is desired that Commnnder Naval Forces,
Marianas support the subject program for Guam in a manncr similar tc
that rendered during IVY. Specific requirements for CASTLZ are:

a. The conduct of post-shot a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>