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- POREWORD

. Classified material has been removed in order to make the information
- available on an unclassified, open publication basis, to any interested

N parties. The effort to declassify this report has been accomplished

:-: specifically to support the Department nf 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

y nuclear test program by making as much information as possible available to \
l 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 egquipment vulnerabilities and is, therefore, not appropriate for open
publication.

The Defense Nuclear Agency (DNA) believes that though all classgified
material has been deleted, the report accurately portrays the contents of the
original. ONA also believes that the deleted material is of little or no
significance to studies into the amounts, o~ types, of radiation received by
any individuals during the atmospheric nuclear test program.
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Hcadquartors
JOINT TASX FORCE SEVEN
Washington 25, D. C.
AS A19.1 LL April 1953

SUBJECT: Change Nc. 1 to Operation IVY Final Report

T0: Chief of Staff, U.3. Army
Zxecutive Agant
Department of the Army
iasnington 25, J. C.
ATTN: &ColS, G=3°

1. The following cha.gs to CJTF 132 final roport on Operaticn IVvI is
hereby cade a matter of record and 1s <ffective upon recaipt.

Pags 2 - Undar 2SCOMT:TATIONS, ocaragraph 9, 2nd line, ciangs the
word Mazprova' to "mote'.

Pcga 20 - Last line, change the word "LIXE" to rcad "K1.05".

2. 3y separate iction, five \§) cooles = tals change hava zsesn for-

warded > the Chairman, atemic Zrorcy Ccudssion.
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. FINAL REPORT BY THE COMMANDER, JOINT TASK FORCE 132

to the

JOINT CHIEFS OF STAFF AND CHAIRMAN, ATOMIC ZNERGY COMMWISSICN

on

ARMED FORCES PARTICIPATION IN THE 1952 NUCLEAR ALD THERASKUOLEAR .
EAPERIMENTAL WEAPON AND DEVICE TESTS

OPERATION "IVY®

References:

o, ey
.

Ialoicie

THE PROBLEX
1. To present a report of rae activities of Joint Task Force 132 in
operation IVY to the Joint Chiefs of Staft in compliance with paragraph &
of Znciosure "C" o J.0.5. 217G/.5; an! to the Atozic Energy Comamissicn
sursuant to the Jelegation of autiority contained in a letter from the
hairman, aZl, tc the Coumander, oTF L2, lJated 2T ~ugust 17%2.
<. See Eacleouure.
<CNCLUSICNS
2. The mission of Joint Task Torce 132, a3 deiineated in J C,3.
220l was successfully accormplished.
L. Tae design prinmciples incorporzted in the therzonuclear device wsre

3wcsessfully confiraed.

6. The delegation of aut.ority to tne Task Force Ccrmmander as 3 special
representative of the atoclce Znergy Comndssicn facilitated overseas olera-
%ler3 oy estabilshing a single authority for operational sontrol,

Jn-site Tas« Force operations would be sreatly sizolified if all
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8. In p;rogram.mg for operation CASTLE, the military Services should

LRI N
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4
.

consider the savings which wouid accrue through reassigning to the Task
» Force certn.i_.h ships and aircraft already modified for IVY at substantlal
sxpense.
RECCMMENDATIONS

) 9. That the Joint Chiefs of Staff and the Atomic Energy Commission
a;;"we the above conclusions.

10. That a joint ATOMIC ENERCY COMMISSION-DEPARTMENT QF DEFENSE stats-
oAnt be released to the public immnediately after each dstonation to pre-
cliude premature announcemsnt of such information through personal mail or
through other unceontrollable or unforeseen circumstances,

ll. That the Joint Task Ferce organization for overseas atomic tests
be maintained as a permanent command providing for rotation of the Executive

Agent and Comngier at such times as may be considered appropriate by the

Joint Chiefs of Staff.
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ENCLOSURE

DISCUSSION

INTRCDUCTION
1. Joint Task Force 132 (JTF 132), commanded by Major General P. W.

Clarkson, United States Aray, was activated on 9 July 1951, with Headquarters .

at Washington, D.C. The command post of the Commander was opﬁnod on Parry
Island, Eniwetok Atoll, at 03002, 17 September 1952 and was closed at 00012,
2) November 1952. These latter dates indicate the period of the operaticnal
(on-site) phase of operation IVY.

2. One very high yield tnermonuclear device (MIKE) and one high yield
nuclear weapon (KING) were detonated. In cnjunction with these detonations,
eleven experimental prograzs were conducted. This raport describes the de-
vice and weapon and experimsntal programs, giving as many preliminary con-
clusions as can be drawn from early analysis of data. More definitive con-
ciusions will appear in the fifty-four volumes of technical reports planned
and referred to in paragraph 50a(3). This report also covers in summary the
coerational, security, logistical and fiscal aspects of JTF 132. Detailed
info:mation regarding these subjects will be included in the History of

Cperation IVY and in the Technical Report on Communications contemplated in

paragraphs 50a(l) and (2).

3. The planning date of 1 October 1952 was established for detonation
of the MIKE device per J.C.5. 2179/13 and J.C.3. 2179/1S. The scheduled
shot, date of UIKE was changed tc 1 loveuber 1952 per J.C.3. 2179/26. In the
resort by the Cozrander, Joint Task Force 132 (CJTF 1i32), to the EZxecutive
Agent, dated 21 August 1952, CJTF 132 stated that the Task Force was pre-
parad to conduct its first test (UIXE) on scheduls, 1 November 1952, and
that the KING weapon would be detonated as soon after 1 Noveamber 1952 as
possible, prooably by 15 November 1952.

a. Actual detonation dates cccurred as follows:
(1) KIKE - 1 November 1952
(2) KING - 16 Novemper 1952
. The ability of the Task Force to meet the operaticnal dates as

scheduled is attributed to the following important factors:
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.(1.) The successful prognostication of favorable weather on the
scheduled dates. (Paragraph 26 deals with the details in this respect).

(2) The ability of the Task Force to conduct the operation as
planned in all its esssntial features.

4. The conduct of operation IVY indicates the effectiveness of olan-
ning in considerabls detail an opor'a.t.ion of this nature well in advance and
then initiating the operational phases by brief operaticnal directives.
DETONATIONS

S. MIKE Device

a, Objective of Detonation. The objective of MIKE shol was to

test by actual detonation the theory of design for a thermonuclear reactiopn
on a large scale, the results of which could be used to design, test and

produce stockpile thermonuclear weapons.
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d. 6gution. To assure that a thermonuclear reaction progressed

to a desired zmagnitude, the MIKE device wis essentialiy over-designed. This

»

LT RS

vas done 3o that the chances of the successful performance of the device

R &

wuld be as high as possible.

o, Yield. The yield of the MIKE device is coansidered to be within
the range of six to twelve Megatons (MT). A better yield figure is not

available at this date pending a more complete analysis of test data.

f. Remarks. It is desirable io point out that the thermonuclear

device tested was not a weapon. AlL of the diagnostic experimsnts were de-

‘- signed to measure certain specific reactions in an effort to confirm the

. predictions of theories that went into the design of this device This type
: of thermonuclear device may be adaptable to a major redesign for weapon ::
i ourposes. It is believed that the overall size and weight can be reduced :
- and that the cryogenics systea can be simplified to make a usable weapon.

i 6. XING §eapon

a., QObjective of Detonation. The objective of the KING shot was to

—

test a ~ veannn desigrned in accordance with a

Departzeant of Defense (DOD) requirement

*. vV TREEES .
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d. Qperation. The standard implosion system
caused the large mass of active material within the pit to be compressed

into a super-critical mass which fissioned.

-

e. Yield. The preliminary estimates of yield are éiven by radio-
cheaistry to be 550 £ 50 KT, while the photographic analysis indicates the
yield to be 570 £ 30 RT. It therefore seems probable at this time that the
yield for the KING shot lles in the range of 530 to 600 KT.

. Remarks.

‘;The KING shot provided valuable information on thermal,
blast and radiation erfects of nigh yield fission weapons.

7. Introduction. The foliowing paragraphs present an ocutline of the
objectivgs, cethods and general results of the experinental programs. At
such an early date only the most preliminary results can be presented. For
soze projects, in fact, the only result than can be presently stated is that
data was or was ~ot obtained. It should be stressed that conclusions based
on the information containea herein may be inaccurate since wore extensive
data reduction often leads to different results. Attached to this rezort
are Appendices A through X covaring the resilts of the sclentific projecte
in as mucn detail as is available at present, together #ith statements on
the objectives of each test and methods of obtaining the information. Effort
nas bsen made to give aore detailed informaticn on projects having opera-
tional or technical aspects of specific military interest. Projects invol-
ving purely diagnostic information are presented in much simpler rorm. This
nas beer done to increase the operational value of this report.

8. Program ) - Radiochemistry. The objective of this program was the

colection and radicchemical 2rnalrysis of atomic debris samples, the primary
surpose of She analysis deing *ne determination of yields. For MIKE shot,

an atteampt was nade to obtain certinent diagnostic fnformation (whether or
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o not, and to what extent, the desired thermonuclear reaction took place and
propagated) by mesans of further analysis designed to detect activity in
:’ selected "tracer" materials

L

.;_t: The quantity of gaseous and particulate atomic debris samples ’
.' collected from the detonation induced clouds, utilizing collectors mounted
'-::‘ on sanned P-8LG aircraft, was adequate. The aircraft were based on Kwajalein
‘:'-:f and required inflight refueling to accomplish their mission. Shielded flight
-;'.: clothing to reduce rzdiation exposures was effectively used on MIKE shot by
T the pilots of these aircraft. Instrumentation of the clothing indicated

-:“'_: that low energy gamua radiation was oresent in the MIKE cloud during some cf
. the senetrations. The radiation exposures received by these pllots were in
'-::f all cases well within the prescribed limits. Laboratory analysis, wnizh ls
_-,ir being accomplisned at Los Alamos Scientific Laboratory (LASL) is not complete
::f:_ as of this writing. Preliminary analysis, however, indicates the 7ield of
E':-: \OKE shot as 5-7 MT and of KING shot as 550 £ 50 XT. The discrepancy be-

‘.“ tneen this rield for UIXE shot and that given by ball-of-fire ohotogransny
(see the discussion of Program J nerein) has not yet been resolved. At ore-
o sent, however, it appears that the hall-of-fire result is zore reliable.

: 9. Program 2 - Progress of the Nuclear Reaction. This prograa was

2 desizned to analyze the performance of the device and the weapon, utilizing
: various diagnostic measurements. New and untested experimerntal r.echnj.'ques
.r were used on MIKE shot; hence the large ampunt of data obtained was very

:.-::_ gratifrng.

.

«

_The data for these measurements
\ #as recorded in a concrete bunxer 9,000 fest from the device, and connected

: : to the device cab by a helium filied tunnel thrvugh wnich gamma ray and reu-
'i tron signalis couid pass witn little attenuation
5: All other MIKE shot
:f i

7
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masuremnts‘were highly successful.
FPor KING stot, alpha and transit time (time from firing signel o
first nucleai- reaction) were measured, the latter by a resote msasurement

technique capable of tactical utilization.

10. Program 3 - Scientific Photography. This program had many objec-

tives, esach of which invelved photographic documentation of some aspect of
the detonations. Ball-of-fire growth, cloud dovelopment and illumination
versus time were measured for both shots. For MIKE shot, an indirect mea-
surement of the ‘nternal temperature distribution w»as made by observing the
light signals from selected spots on the outer surface of the steel case.
The very early MIKE case disintegration was ocbserved by high speed photogra-
phy and the MIKE crater structure was documented by pre-shot and post-shot
aerial photography. For KING shot, the precise position of the burst was
measured. In addition, Bhangmeters (devices designed to obtain a remote and
juick yield result from light signal observation) were utilized for ooth

sSrous.
Generally speaxing, three tpes of cameras were used to accoiplish

the apove - one type sroducing a record made up of a aucber of discrete
photographs or frames; another producing a continuous "streax" record; and a
third producing a single picture at 3 known time after detonation. Depending
upon the phenomenon being photographed, film speeds f::m sixteen framnes per
second to 3,500,000 frames per second were utilized.

A great amount of data was obtained in spite of scme egquipaent
failures. Most of the film records nave yet to be compietely analyzed, but
preliminary analysis of the fire ball growth {ilms indicates the foliowing
7ield valuyes:

8., MIKE Shot 12 £ 1Nr

b. KING Shot 570 £ 30 X7
The KING shot burst position was determined tc be:

a. Circular Error 570 £ 35 feet

b. Height of Burst LL80 £ 20 feet
c. Designated Height of Burst 1500 feet

-

il, Program & - Heutron deagursmentl. ?Program 4 #as primarily devotad

to tne measurement of total anumbers of neutrcas, {n various known energy

-3~
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ranges, u'ri\;ing at fixed points on the ground. Such neutron "counting" is
accomplished by laboratory analysis of the neutron induced radiocactivity in

selected "threshold detector™ materials such as gold, tantalum, indiua,

iodine, zirconium and others. For each shot, many detector stations were
ostablished in radial lines extending outward from ground zerc. In addition,
an attempt was made to measure the total nunbor.cf neutrons arriving at a
few selscted points as a function of tizms, utilizing a device known as a
"Fission-Catcher Camera”. The basic differencs between these Lﬁo measure-
ments should be noted. The first allows only a counting of neutrons and
provides no information as to when a particular aeutron arrived, whereas the
second does allow such a time separation.

Since the detector station positions for MIKE shot were selected on
the basis of an exp-ected relatively low yield, many of the samples were lost.
Thirty-five samples mere recovered, however - some from within the weapon
crater - and are being analyzed at the present time. Thirty-eight of the
KING shot samples were recovered and are also undsrgoing analysis. All of
the "Fission-Catcher Caneras" were destroryed by the blast.

The relativ;Ly large amount of measwement station destruction and
resuiting potential data loss suffered oy this program is nc;t. indicative of
a poorly designed experimsnt. The high attenuation of a neutron signal
passing through air dictates that sucn stations must be relatively near
ground zero and the values of such close-in diata is well worth the risk of
losing an inexpensive station. OCne of the great potential values of these
neutron oeasurements is to explain why a device failed or detonated with a
7ield aurch lower than predicted.

12. Program 5 - Gamma Ray Measurements. This program was devoted to

' studying the phencamenology of a detonation. Measurements were made of the

gamma ray intensity as a fuaction of both time and distance, including that
dus to fall-out and of the ‘otal zamma ray dose as a function of distance.
The close-up instrumentation was also designed for diagnostic studies and
studies of shock wave effects upon gamma radiation. The more distant instru-
mentation was concerned largely with fall-out and included utilization of
several newly developed collection and recording devices,

Total dose wao measured with fila badges oo both shots, many badge

-9-



stations bei.:ig established on radial lines extending from ground zero,.
Close-in intensity versus time (one ten-millionth of a second time resolu-
tion) was measured with phospor-photocelloscilloscope-camers combinations
for the first few seconds. kore distant intensity versus tios measureaents
(few seconds iime resolution) were nade with ionization chamber-recorder
combinations. Fall-out samples were collected both over land and over water
at selected points ranging from a few to several hundred miles from ground

zero. ’
for MIXE shot, the {ilm badge stations were nearly all destroyed.

Meager data will be extracted, however, froa those more than 4,500 yards
from ground zero. High resolution intensity records were obtained in suf-
ficient cuantity to indicate the pronounced effect of the shock wave _

Lower tice
resoluticn intensity records were obtained on seven islands of Eniwetok Atoll.
Thus far no such data has been recovered from ths off-atoll stations, al-
though fall-out has been recorded on Kusale Island and Ujelang Atol)., Usa-
ble fal.-out samples (socze of them as a function of tims) were collected on
the islands of Zniwetok Atoll, on rafts in the lagoon, on buoy-type sea
stations and at other atolls, It is expected that analysis of these samples
and the ifonization chamber-recorder data will definitely augment undsrstanding
of the overall fall-out hazard problem, particularly becsuss of the time de-
pendence of portions of the data.

For KING snot, the filyp badge stations out to 1,200 yards were de-
stroyed, apparently by a large block of concrete whicn rolled down the line
wrecking both fil:n badge and neutron detector stations. The remainder of
the badges were recovered and are undergoing analysis. Usable intensity
versus time data was obtained with both slow and fast time resolution. It
is interesting to note trit the pesk radiation level on Runit (2,000 yards
from ground zero) was 5,000 roentgens (r) per hour flve seconds after zerv,
and had dropped to one-half r per hour approximately one minute later. No
significant fall-out was recorded on any otrer island of the atoll and none
was reported at any off-atoll station at this mriting. Samples were ob-
tained from twenty-four fall-out colisctor stations on {slands on the atoll.
These samples exnibited extremely low activity, however, indicating from

very slizht to nc fall-out.
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13. Pm‘gu 6 - Blast Mgasuremsnts. This program »as designed to study

the characteristics of the MIKE and KING blast waves, their propagation
through A.u',’nhr and earth, and their transient effscts upon these media. -
In particular, data was sought to document pressurs versus time as a function
of distance from zero at the surface; maverial velocity behind the shock
froat at known positions in space; shock wind, afterwind and sound velocity
before, during and after blast wave passage; wmter surface motions in both
desp ard shallow water; sub-surface earth accelerations; sub-surface pres-
sure3 in both deep and shallow water, to include acoustic pressure maves at
great distances; air density versus time before, during and after shock

mave passage; and air pressure versus time at known positions in space. The
treszendous energy release associated with MIKE shot and Lhe quasi-operational
nature of the XING shot alr-drop assured that great interest would be shown
in this prograa -v both the AEC and DOD.

The uxperimental techniques utilized to accomplish the above were
too many and varied to allow description in a sumcary of this type. As an
exazp.e, they included tiny self-recording "indenter" gauges and completely
instruzented bomber-type (3-36D and 3-478) aircraft.

A large amunt of usable data was obtained, every project reporting
at least partial success in its cursory report in spite of unforeseen dif-
{iculties dus to inclemant weather. Some tentative conclusions that can be
drawn are:

a. The basic blast pattern from nuclsar explosions now appears to
be establisned cn quite firm theoretical and eampirical grounds in a self-
consistent theorz veginning with the growth of the ball-of-fire and extending
to pressures less than one pound per square inch.

b. Atoospheric inhomogensities markedly affect the blast varia-
bles at great distances for large yield weapons. In particular, wder ner-
mal temperature lapse rate conditions, peak pressures at great distances are .
oarkedly reduced.

¢. Blast hydrodynamics offer considerabls immediate promise as a .
diagnostic %ool on tests of atomic weapons. .

The following facts o interest have resulted froam preliminary

inspection of the data:
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::::-: a. ‘Water surface displacement was two to four feet at Runit Island
Sa

’.,':"}' and one to three feet at Parry lsland for MIKE shot. The waves produced by
% e

S N . .

NS this shot were, generally, much smaller than predicted, being approximately

d one-tenth of those expected within the lazoon and nonexistent in the open

sea.
b. A newly devised light and inexpensive deep sea mooring, utili-

zing thc top of under-sea mountains rising to some 5,000 feet under the
surface, was proven highly successful. This ability to establish semi-rigid
refarence points in wmid ocean may well offer a valuable contribution to
ocean studies in general.

c¢. On MIKE shot, the B-36D horizontal tail bending moment was
approximately sixty-two per cent of design limit, although bending moamsnts
in the wing due to gust were very low. At shock arrival, this aircraft was
approxinately 22.7 nautical ziles froa ground zero at an altitude of LO,000

feet.
d. Identical peak pressures were zsasured on Parry Island for MIKE

and KDIC shots - 0.36 oounds per square incn. This anomaly appears to be
due to a refraction effect.

li. Program 7 - Long Range Detection. FProgram 7 was- des.gned to aid in
the develoomsnt of a;xd obtain calibration data for specialized equipment and
techniquas for the detection (an analysis, to whatever degree is feasible)
of a nucioar exploaion at great distances. The techniques utilized were ex-
tremely diverse in natwre, covering the fields of electromagnetic radiation
transport; airborne low ‘requency sound; seisnic wave propagation; the
detection of fire ball light; and the tracking, collection and analysis of
airmrne debris sazples.

The quantity and general characteristics of the data and samples
collected by this program are indicative of a successful operation, but

practically no data has been reduced and analyzed in detail at this writing.

Zxisting cloud cover and smoke obscuration nake the Bhangmeter results ap-

1
v

pear juestionable. Final conclusfons, however, must await film analysis.

Communication difficulties lessened the effectiveness of KING shot air samp-

R
A

ling operatiocns, but the samples obtained are adequate for at least partial

analysis, 4IXE shot air sampling was aore successful. Mos: remote statlons

L WAy

reported reception of excellent aignais in conjunction witn MIKE shot. for
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KING shot, nc; reports have yet been received from these stations, but no
difficulty is anticipated.

15. Prog'rm 8 - Thermal Radiation keasurements. This program was de-
signed to investigate the thermal radiation emitted by an atomic detonation.
Near ths earth's surface, attempts were made to measure the total thermal
energy received as a fuaction of distance Irom ground 2ero; the time varia-
tion of therazal intensity received; and tﬁa energy spectrum exhibited by
this radiation. In conjunction with these geasurements, and to aid in the
interpretation of results, the atmspheric attenuation (transmission property)
along light paths of interest was studied. Instrumanted bomber-type air-
craft (B-36D and B-47B) were employed to study, in free air and at altitudes
significant to delivery aircraft, the thermal intensity versus time and the
associated radiation induced aircraft sidn temperstures. The latter infor-
oation is essential to studies of safe alrcraft delivery techniques. The
instrumentation utilized to accomplish the above included thermocouples,
bolometers, photocell-recorder combinations, high speed spectrographs and
scin catches.

Resulrs sere moust gratifying, the only serious loss of data occuring
in the "total therzal" project for KING shot. A great amunt of data; the
quality of wnich appears to be excellent, was obtained on both shots. Cur-
sory analysis points out the following facts:

a.

This valie is uncorrected for clouds and dust and hence is socewnat Lo;.

b. On MIKE shot, the left wing access door of the B-36D experien-

ced a temperature rise of 93°F. The thickness of the aluzinuxz was C.025

inches and the aircraft was approximately fifteen nautical miles slant range

" from zero at an altitude of 40,C00 fest. This aircraft received a rela-

tively high thermal flux of 4L6.9 BTU per square foot. The predicteq value
tased on 3 6 KT yield was 36 BTU per square foot.
c.
16. Program 9 - Electromagnetic Phenoxsna. This program mas concer%ed
aith the detection and measurement of various eslectrogagnstic phenomena
3associated with nuclear detonations. One oroject studied the correlation

between nuclear explosion induced ionospheric disturbances and the

-13=
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interruption of radio communications. Anothar mmde & feasibility study of
radar scope phot.ognphf as an Indirect Bomb Damage Assessment (IBDA) techni-
que. In addition, two projects ccncerned themselves with documentation of
the broad band slectromagnetic signal given off by the exploding detonation -
‘one being particularly interested in selected "standard" radic frequency

(20 kilocycle and 4L.215 megacycle) bands; the other dcvoted to testing the
feasibility of this ecchniqui for making remote diagnostic measwreaents, and
hence being particularly interested in the early (first few millionths of &
second) signal characteristics.

The techniques used to obtain data for the above included airborne
radar scope photogrsphy, the reception and recording of selscted radio trans-
mission and the documentation of lonospheric height and coatinuity. Juanti-
tative measurezants of the gross explosion induced electromagnetic signal
were made possible by first displaying portions of that signal on ths faces
of cathode ray tubes.

The results of this effort were excellent. Al' projects obtained
usabie data on both shots, the detaiied reduction of whicn is being carried

cut at sresant.

A Navy P2V aireraft flying
200 miles west of Eniwetok and transmitting a continuous wave signal to
Bikini was able to contact Bikini approximately two hcurs after MIKE shot,
‘ndicating no long time disruption of the ionosphere, Also, for this shot,
the radar scope photographs show both fire ball growtnh and shock progress.
17. Program 10 - Timing and Firing. The timing and firing prograa was
primarily one of support rather than experimentation., As its name implies,
it aas devoted to furmishing the various experimantal projects with re-
quired timing signals (for starting equipment.) on both shots and with
supplying the arming and firing signals to the MIKE device. In addition,
vital information was telemetered from the vicinity of the MIKE devico to
the control room aboard the YSS ESTES (AGC-12).
dith the exception of a number of "Blue Boxes", which failed to
trigger for MIYE shot, tnls zrogram can be consldered highly suczessful. A

complete photographic record of the MIXKE shot telsvision monitoring was ob-

talnad.
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18. Program 1l - Preliminary Geophysical and Marine Survey of Test Ares

This progran was designed to obtain detailed information as to the
conngu.ntio'n ard structure of Eniwetok Atoll in order that the effascts of
MIKE shot {and other high yield shots presently planned for future tests)
upon that structure might be more readily and reliably interpreted. In
addition, it included a study of the biological contamination effects re-

sulting from an atomic burst near =»ater,
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i Prior to MIKE shot, btoth acoustic soundings and seismic refraction
J:"\ surveys were conducted on and around the Eniwetok reef. Ground shock tests
t\ were accomplished in conjuction with high explosive detonations and two deep-
drill holes were sunk to unaltered basement rock. In addition, samples nf
B marine life were collected both before and after the shot in order that the

tiological effects of radiation contamination might be subsequently analyzed
in the laborstory,

The only appropriate prelimirary statement of results for this

:\"_: program is that ysable data was recovered and is being reduced.
OPERATIONS

- 19. Qrganizatior and Compand Dela:'cnshizs

ro a. Jcint Task Force 132 was organized into a Héadqunrters and
.‘.E four functional task groups designated as:

(1) Task Group 132.1 (Scientific Task Group)

(2) Task Group 132.2 (Aramy Task Group)

(3) Task Group 132.3 (Naval Task Group)

»
v
v

(4) Task Group 132.4 (Air Force Task Croup)
b. The basic plan for operation IVI was set forth in J.C.S. 2279/15.
Forces were dramn froa the Atomic Energy Commission and its contractors, and
from the three 3ervices, Appendix L depicts the general organization for

opsration IVY. Appendix M depicts the organization of the Headquarters,

ESOSHNE. AAN

.

Joint Task Force 132. The peak task force strength overseas numbersd ap-

:." proximately i1,000. Appendix N indicates the phasing of task force elements
overseas.

:::5 ¢. Task Group 132.1 (1G 132.1), activated on 2 January 1951, was
—m cocmarded by Ur. Stanley ¥. Burriss of LASL. TG 132.1 was responsible for

~
”
»~

designing and constructing all test facilities in the forward area and
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conducted the experimental programs. Ths "J" Division of LASL, formed after
operation SANDSTONE in 1948 to provide continuity in weapons tests activi-
ties and headed by Dr. Alvin C. Graves, formed ths nuclsus of TG 132.1.
Actual design and construction of facilities and the cperstion of 31 boats
and small craft were accomplished by the firm of Holmes & Narver, Inc.,

Los Angeles, Califormia, which reached a peak strength of about 1,250 on
Eniwetok Atoll. Other elemsnts of TG 132.1 ware drawn, wxler AEC contrac-

tual arrangements, from certain universities and from private irdustry or

‘through assigament by CJTF 132 from military sources and Service laboratories.

Approximately 113 officers and 171 enlisted men of the military Services
ware assigned to TG 132.1 to assist in administration or the conduct of &x-
periments, as well as to receive special training. TG 132.1 was organized
along military lines and at peak strength numbered about 2,12L. The organi-
zation and missions of TG 132.1 are shown in Appendix O,

d. Task Group 132.2 (TG 132,2), activated on 1 August 1951, was
commanded by Colonel George E. Burritt, USA. TG 132.2 operated all base
facilities on Sniwetok Island; provided off-atoll communications, less
Alrvways and Air Communications Service (AAC3); and provided land security
throughout the atoll. A force of 167 military police was assigned to ac-
complish this latter function. In addition, all military personnel on
Eniwetok Atoll were organized and trained into a ground defense force capa-
ble of resisting hostile action, if such an emergency occurred. The peak
overseas strength of TG 132.2 during the operational phase was a_oproxi;matel]
1,230. The organizaticn and missions of TG 132.2 are shown in Appendix P.

e. Task Group 132.3 (TG 132.3), activated on 8 February 1952 at
vasnington, D.C., was commanded by Rear Admiral Charles W. #ilkins, USN.

The Task Group consisted of nineteen ships and thirty-five 'sunl.l craft.

Naval air participation consisted of Patrol 3quadron TWO based at Kwajalein
with ajrcraft detachments aboard the USS RENDOVA (CVE-ll4). TG L32.3 con-
ducted security operations in the forward area, served as an afloat base
during MIKE shot evacuation and provided logistical and technical support to
TG 132.1. ALl vessels were fully operational at the time of reporting to the
Task Group and at peax strength the Task Group overseas numbered §,487 per-

sonnel. The organization and aissions of 1C 132.3 are shown in Appendix Q.
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£. Task Group 132.4 (TG 132.4), activated on 2 January 1952 at
Kirtland Air Force Base, was commanded by Brigadier Genersl F.E. Glantzberg,
USAP., The Strategic Air Command (SAC), the Air Research and Development
Comnand (ARDC) and the Military Alr Transport Service (MATS) sugmerted the
Special Weapons Centar (SYC) in the organizing, manning, equipping and
training of subordinate task units. The Air Materiel Coazand (AMC) provi-
ded technical and logistical support to the Task Group. TG 132.4 operated
experimental and liaison aircraft and provided, in cocllaboration with other

Task Force slaments, such services as weather infcrmation, communications,
search and rescue and documentary photography. During the training peri'od,
simulated operaticns were conducted and a complete, detailed rehearsal of
IVY air operations was staged at Bergstroa Air Force Base in August, 1952.
One F-84 was lost during the operational phase at Eniwetok, resulting in the
death of the pilot., One RB=50 was destroyed »ith no perscanel casualties.
At peak strength the Task Group overseas numbered 2,513 persocnel. The or-
ganization and aission of TG 13)2.4 are showm in Appendix R.

g. It is believed that a peraanent Joint Task Force organization
wouid result in more expeditious and economical progression of effort from
one overseas operation to the next. A pemanent organization would elizinate
aany of the following repetitive activities which have typified previous
test operations due to the lack of continuity froa one task force to another:

(1) Assiznaent, post-operation release and subseguent repro-

curegent of stalf personnel indoctrinated in joint planning.

,.;-_, (2) Assiznment, post-operation releass and subsequent repro-

cureqent of specialists and units specially trained for atomic energy test

;.! operations,

Pt (3) Time consuxing and costly processing of new AEC "Q"

E.-\‘ security clearances. |
:::;:: {4) Activation, post-operation deactivation and subsequent ‘
F.... reactivation of Naval small craft used in off-continental tests.

,F. (5) Modification, post-operation demodification and subsequent

; remodification of ships, aircraft and equipment employed in these tast :
v operations. :
e |

<C. Planning and Training

.

a. 3Shortly after the organization of the JTF 132 Headquarters,
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Training Megorandua No. 1 established the policies for the famlliarization

and training of Headquarters personnel. The .amorandum outlined a required

X background reading and orientation course; eamphasized utilization of appro-
. priate courses of instruction and orisatation in the atomic field offered

';: at Sandia Base, Albuquerquo, New Mexico, and later at Maxwell Air Force Dase,
:::. Alabama; and emphasized the importance of staff visits to installations and
- organizaticns concerned with the activities of JTF 132. Followdng this,
Training Memorandum No. 2 set forth the military training pelicy of CJTF 132
;i for the personnel assigned to the Garrison Force at Eniwetok. This aemoran-
:5 dum had as its purpose the welding into a combat unit all the various cccu-
i pational grades making up the Garrison Force, as well as the orderly conduct
-- of Task Force matters in the forward area,

’:. b. As the aission and concept of operation IVY becames xnown,

:\ Operation Order No. 1-52 was {ssued for the purpose of guiding the formation
t and early training of the Navy, Alr and Scientific Task Groups. As the

concept became more firz, Operation Plan No., 2-52 was i{ssued. This plan
was designred to cover final training throughout the Task Force and the cove-
zent overseas,

2l.° Cn-Sitar Qoerations and nehearsals

a. Joint Task Force and Tasi Group command posts were estaolished
in the forwmard area by 17 September i952. This marked the beginning of the

ooerational {on-site) phase. Tasik Groups then prepared to receive and take

N = PR RN S

operational control of major air and surface cocoponents allocated for IVY.
Arrival of major components in the formard area was phased i{n accordance
with the iznmediate operational needs of the Task Force. For exaaple, the

security vessels and aircraft assigned bagan arriving on 15 September 1952

. CEURC L
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to correspond with the arrival of RESTRICTED DATA materials; drop aircraft
and ajreraft instrumented for effects began arriving on 25 September 1952
for on-site rehearsals; and evacuation transoorts arrived on 20 Qctober, in
sufficient tire for preiiminary loading. Meanwhile, the following on-site
activities coamenced to increase in tempo by mid September:

(1) Construction of test facilities progressed substantially

as scientific personnel arrived with instrumentation eauipament and sucer-

M _ R AT g

vised its installation and calibration. ConcwTently, basic survey and
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construction work was begun at Bikini in preparation for ooeration CASTLE.
(2) Port operations and air traffic reached a peak as a result
of the influ:x of materiel and personnel.
{3) Assembly of the MIKE device components and preparation of
its circuitry and cryogenics systems commenced.
(4) Electronics and communications check-outs were conducted
with aircraft and vessels involved in the scientific measurement programs,
(5) Security surveillance and weather reconnaissance activi-
ties were intensified.
(6) Refinement of operational ,.rocedures for inter-atoll and
tra-atoll air and surface lift was cade to effect maximum utilization of
capabilities provided.
b. By 20 October, all Task Force elements had arrived and Task
Groups were near peak operational strength. Rehearsals for individual
phases of the overall operation had already been taking place prsparatory to
a full Task Force final rehearsal, MIKE JRAY Day (MX Day). The conduct of
a full renearsai was coapllicated by the need {or remainiag time to be devo-
ted to actual preparation for the test without interrupting the effort witha
rehearsa.; the reduixvmnt for an inflexible period of three days batween
X Day and UIXE Day (L Day) for cryogenic servicing of the MIKE device; and
exceedingly goor weather conditions, However, on 28 October, the Task Force
firal renearsal was conducted with limited air particination due to unfavora-
ble weather at Xwajaiein, The MX Day rehsarsal was successful with nt;
serious discrepancies disclosed in any phase of the operation. The UICE
device was successfully detonated as scheduled on 1 lNoveamber .952. The
magnitude of detonation did not pose any serious obstacles to complation of
scientific tests or data recovery, nor did it resuit in any significant
damage to installations on Parry and Zniwetok Islands. On 9 November, a
final renearsal for the KING event, KING XRAY Day (KX Day), was conducted.
A3 pre-snot evacuation of the Task Force was not necessary for the {ING
event, and as there were no thermonuclear or cryogenics problems involved,
the XING shot phase of the operation was nandled as a conventional air-droo
test. ZIxperience gained by alr elesents during UIKE snot and gerfect wea-

ther conditions on XX Day contricuted to the complete success of the XING
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rehaarsal. After two postponecents due to unfavorable weather the KING wea-
pon was successfully detonated on L6 Noveabsr 1952, three days beyond the
13 Noveamber date planned at the time or'mentry after MIXE shot.

22, Ogserations Afloat

a, Because of unknown factors involved in a detonation of the mag-
nitude of MIKE, complete evacuation of Eniwetok Atoll was required for this
phase of the cperation. The CJTF 132, CTG 132.1 and the weapons party es-
tablished their conmmand .post.s for this period aboard the USS ESTES (AGC-12);
CTG 132.2 >stablished his command post on the USNS COLLINS (TAP-1L7); and
C7G 132.3 was in his flagsnip, the USS RENDOVA (CVE-114).

b. With ths exception of the small weapons party and an upper air
soundiang team, evacuation -- begun on M-4L days — was practically completed
by 2000 on Y- day. CTG 132.4 boarded tne ESTES at L1700 to act as Staf? Air
Controller. The weapons party boarded the (SS CURTISS (AV-4) by Ol25. The
evacuation flees, under the operational command of CTG 132.3, was clear of
tna lagoon by 0315 and the last snip was on 3tation by OLLS.

¢, At the tize of detonation all unips were in a sector bearing
ncrtheast te south, at a dlastance of thire - 2dles or zore froc ground zero.
The exact position of several of the ships wap dictated by thneir use as
recording and zeasuring stations in various scientific programs.

d. The ships remained at sea until a radiological safety survey of
the :agoon was made. Upcn completion of this survery on the moming of ¥41,
reentry into the lagoon was coczenced. With tne compietion of surveys cf
the carp areas the moveament ol personnel ashore was begun.

23, Post-Shot Reentries

a, Within one hour after the MIXE detonation, reen‘r;y operations
comnenced by hellicopter launched from ths RENDOVA at sea. Movemsn' of the
Task Force ashore was geared %o reactivatiocn of facilities and was completed
by U#l dags. On M{£) day, radiological safety (RadSafe) conditions pesrmitted
gZeneral reeniry into the atoll ty the Task Force and on M¢2 day- ths Task
force moved ashnre. As radiation levels on the instrumented !slands de-
creasad, recovery operations progressed. By M41l2 dags all sigiificant data
wag recovered,

A,
b. Recovery operuticns following i&é—ﬁot scsed fewer obstacles

-20-
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than those following MIKE. As the KING detonation was an air-drop, radiation

levals were almost negligible. Thus, recovery schednles were advanced and

recovary work was completed by K/7 dags with excellent data obtained.

24,. Disposition of Forces and Equipment

a. As tasks wers completed, units of the Task Force were de-
ployed and individuals returned to the ZJ] or reassigned in a normal phasing
out process immediately after XDMGC shot. As operation CASTLE had been pro-
sracoed to follow IVY after only a short interval of time, the roll-up of
IVY was planned in such a manner 2s tc provide for continuity of operations
and for economical, expeditious support of CASTLE.

b. Consideration was given to the savings which would accrue
through reassigning to the Task Force certain ships, boats and aircraft al-
ready activated and modified for IVY at substantial expense. Retention of
olanning staffs and certain troop elements was a.so accoaplished.

25, Search and Rescue. Throughout the operation, search and rescue
{SAR) responsibility for the Task Force was assigned to CTG 122.4L. This
proved to be a workable arrangezent in view of his proximity to the Kwajlalein
Area SAR Cooriination Center during the less critical periods and the versa-
tility of control facilities available to hia during renearsals and shot
periods in his Air Cperations Center in the Coatat Information Center (CIC)
aboard the ESTES. Winch and float equipped helicopters, radar equipped
P2Vs, destroyers and AVR crash boats combined with airborne control air~raft
and the latest type fixed radar equipment of the ISTES provided superior SAR
capabilities. To pruvide a margin of safety approoriate to extensive over
wniter jet fighter operations, including inflight refueling, two "duxbo"
equigped SB-29s and two SA-l6 amphibious alrcraft were assigned tc remain
airvorne throughout critical periods.

26, W@eather

a. The weather problem in operation IVI was one of the most diffi-
culit in the history of ameteorology. Total requirements for weatmer; tne
absolute demands with respect to terminal conditions at Eniwetok and Kwaja-
lein plus the air route bDetween the two locations; and the rigorous condi-
tions cf minimum acceptability of upper wind structure controlling radio-

active fall-out througnout the Marsha.l Islands crvated a problem with only
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a remote probability of all conditions being favorable.

b. - The fact that ths problem was solved successfully should not be
permitted to obscure one important fact. MIKE was detonated on the only day
duriag a period of almost a whole month on which acceptable conditions pre-
vailed. Cond;tions were unacceptable for the fourteen days preceding and
the nine days following L November. The fact that ths weather organization
was able to recognize and predict conditions for that one day reflects zreat
credit on the Task Force Weather Central and its supporting components on the
outlying islands. KING shot was no less complicated because of the added
requirement for a visual drop.

¢. It is clear that more flexibility azust be built into subsequent
overseas tests in order to orevent costly delays which coamit key scientific
and military personnei and equipment for long periods of time, First, con-
sigeration should be given to planning for the most favorable period of the
sear, January - April. Secondly, all participating programs such as saaoling,
phntograohy and sciemtific diagnosis zust oe made aware of the fact that im~
oositicn of individual weather requiremsnts can eventually create an insol-
vadie probled. It is vital, therefore, that demands be held to a minimum.
=a tids respect, all efforts should be extended to simplify the cloud sacp-
i.ng problem. fFinally, an effort snould Se nade to scnedule ail srots not
earlier than noon in order that weather reconnaissance aircraft zay be ef-
fective.y employed during the f{orenoon hours in foraulating tne final command
cacision, especially with respect to weather in the local area.

27. Radiological Safety. (3es Appendix 3).

23. Documentary Photograohy. Cperation IVY was documented by the uti-
ilzation of voth stil. and zotion pictures denicting the scope and concduct
of tne overation. The motion picture fila depicts on-site cperaticns and
these activities of pre-cperational nature which were necessary to give it
sroper continuity. Lookout Kountain laboratory (1ML), an Alr Force organi-
zation, fulfilled all the flln requiremsnts ang functioned as the documen-
tary photographlc unit of Task Group 132.1.

29. Qfficial Observers

a8, A3 & result of the difficulties experienced by previous task
fcrces with their respective official cbserver prograns, it w~as hoped that
the program lor IVY would preclude two of the most serious pitlalilis, name.y,
tne nomlnation of official observers too late to maxe adequate preparations

for wheir orientaticn and the nomination of i{nd{vidua.s as cbservers wno were
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not invited principals but administrative or officer assistants. In spite of
early planning it was not possible to secure firm lists of nominations froam

0D and AEC a'gcncies. Also, similar to past experience, not all the princi-

_ pals invited could make the trip with the result that assistants were desig-

nated as the official observers.

b. The offlicial observer program in the forwsrd srea included in-
spections of the shot island, the KIKE. device and related instrumentation as
well as briefings regarding Army, Navy and Air Force operations and partici-
pation in the scientific programs.

e¢. Notwithstanding the difficulties experienced during IVY and by
previous task forces, it still appears a sound concept to attempt to secure
the names of ths nominated observers mell in advance of the event so that
planning may proceed on an orderly and timely basis. Efforts should be ex-
tended to insure the participation on a need-to-know basis of the very
izportant peoples nominated and not their administrative assistants.

d. It is clear that the Task Force must accept the respoasibility
Tor the conduct of the official obdserver program as it is futile to atteapt
to have any other agency assume this responsibility. The Task F?rce can
cest recomcend the number of observers who can be accozmodated with the
available facilities, the schedule of orientation, the transportation invel-
ved and the housekeeping reguired as well as the handling of all the pre-

lininary arrangements.

3C. Hostile Action Alert Plans. CJTF 132 was cnarged by the Commander

n Chief, Pacific (CINCPAC) with the responsibility for security of the
Zninetok Atoll area, During the aosence of CJTF 132 from the forward area
during the planning phase of IVY, the Comnander, Army Task Group, as Atoll
Coamander, niwetok, discharged this responsibility. Hostile action alert
plans during the pre-operational phase took cognizance of the probability
that direct enemy interest in the Eniwetok area would more likely manifest
tself during tne operational phase when sensitive materials were present
and critical operations were underway. However, during the pre-operational
period all military personnel of the Garrison Force (TG 132.2 Service troop
elements, augmented by 3mall Navy and Air Force detachments) mere trained as

a ground defense force. The nucleus of this force was a mobile, company
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size unit ctpl.blo of rapid ezployment against an enemy reconnaissance landing,
& sabotage effort or limited ground attack. During the operational phase,
CINCPAC provi.&ed Navy forces consisting of an escort aircraft carrier, six .
FLU fighter aireraft, four TBM aircraft, four destroyers, a P2V patrol squad-

ron and an underwater detection unit for harbur defense. These forces pro-

vided adequate surveillance of the Eniwetok Danger area.

SIGNAL COMMUNICATICNS AND NICS

31, Introduction. Principal adainistrative communication facilities for

JTF 132 consisted of a direct radio teletype circuit to los Alamcs, N.M.,
and to the Aray Primsry Relay Station at QOahu from the Parry Island communi-
cations center, the latter of which served as a minor relay cemter in the
Aray Command and Adm._Lnisr.muve Network. The control and keying of all cir- :
cuits was at Headquarters, JTF 132, Parry Island, with transmitting and re- .
ceiving equipment on Eniwetok Island. When the cozmand was zoved afloat for

MIXE shot, comrunications equipment of the ESTES replaced the land based

squipment which was closed during the perlod of operatioans. The lower power

of the ship's transmitters made it necessary for Honolulu to take over the

control of the Los Alams direct circuit. The close proximity of so aany

relatively higi'l power transmitters and such sensitive receivers as were neces-

sary for the operatior. generated considerable mutual interference., Ionos-

pheric disturbances tamporarily interrupted communications at infrequant .
periods of relatively short dwraticn., The transfer of communications from

land oased to water based and return was rehearsed several times to lnsure '.
smooth operation. After MIKE shot, administrative comrunications rewained
land oased. W®ith the departure of Headquarters, JTF 132, from the forward .
area, the control of all circuits reverted to CTG 132.2 on Zniwetok I[sland.
- 32. 3Signal Security. The Signal Security Detachment of Headquarters, .
JTF 132, wonitored all Task Force circuits for security violations and for :
traffic analysis. Particular attention was given to voice radio circuits.
Security violations which were detected were handled in accordance with &
existing security regulations.

33. Command Communications.

a. During the pre-operational period, communications were estabd-

lished as smown in Appendix T. During the operational period for MIKE shot,
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communications were convertad to those shown in Appendix U. The use of dis-
cone antennas enabled the AN/TRC to be used betweéen shore and ship without
respect to ého heading of the ship. Extensive use was made of SCR 508
radlo sets for communicatlions for transports and asall craft., For KING
shot, operatiocas were conducted froam Parry Island. Headquarters, JIF 132,
with the Joint Operations Center, RadSafe Center and Weather Office, was
reestablished aghore. Movement of coamunications facilities froa ship to
shore »as conducted in accordance with prior planning which proved sound in-
asamuch as communications for KING were adequate and efficlent. The Weather
Central and TG 132.2 were reestablished on Eniwetok Island, while TG 132.1
was reestablisned on Parry Isiand and Headquarters, 132.3 remained in the
RENDCVA. The CIC Air Operations Center was asincained aboard the ESTES.
Yessages routad over the long haul communications channels suffered some
delay dus to misrouting. Also, the time required in the communications cen-
ter for encrypting nessages appsarod excessive.
b. It appears that the wide separation between CJTF 132 and CTG

132., was detrimental to cohesive staff action, Loiered the adaminjstrative
and operational efficiency of the Task Force and contributed %o security vio-
lations cdue to the exchange of planning information over the alr. It is
further concluded that the operation of the Task Force afloat nas less ef-
ficient than {t aould have teen had the facilities been established ashore.
This was due to the wide dispersion of JTP 132 Staff personnel among the
several snips, the inclusion of scientific personnel in the crowded juarters
afloat, tne congestion of operating facilities and the radio interference
generated by the close proximity of the numerous relatively high powered
transmitters and sensitive receivers. It is also concluded that more space
should be provided ashore for cryptograpnic and comaunications center faci-
lities.

3L. Scientific Zlectronics. The various scientific projects engineered
their oan comaunications facilities utilizing frequencies assigned through
Headquarters, JTF 132. There were no reported failures of thess facilities
and interference to them was negligible.

35. Test Measursment Tocmunications. Test measurement communicaticns

were conducted over telemetered radio circuits and over landlines to recording
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equipment on Parry and Eniwetck Islands. During MIKE shot these facilitles
were operated unattended.

36, Fig'gg Circuits. PFiring clrcuits were installed and operated by
Program 10 personnel as previously described.

37. Iiming Signal Net. Local time signals to alrcraft and scientific
projects were broadcast by Headquarters, TG 132.1, on 126.18 Mcs. Headquar-

ters, JTF 132, monitorsd, recorded axi relaged these signals to each of the

N mejor ships. These signals were then disseainated over the general annocun-
i~

Ib::\:: cing systeas of these ships. Llong range timing signals were broadcast over
::::- two frequencies simultaneously by Headquarters, JIF 132. The circuit was

keyed by the autogatic keying device known as ABPACAS and wag relaged by

USARPAC employing & 15 KW transmitter at Honolulu. The output of the relay
transoitter was beamed towmerd San Firancisco and Alaska for ultimate receipt
vy u.ing agenciea.
SECURITY, INTELIIGENCE AND PUBLIC INFORMATICN

38. 3ecurity

a. Security for operation I/Y was maintained in accordance with

apcilcabie AZC and ICD regulations and directives. TFourteen Security Lei-
ters were published by Headquarters, JTF 132, to provide specific instruc-

tions for the Task Groups in such zatters as personael clsarance, security

indoctrination, badge identification and security couriers. ALl personnel

who required access to RESTRICTED DATA froa AEC contractors wers processed

National Agency Check clearances. The CJTF 132 was not authorized to imoose

censorsnip of personal mail. However, self-censorship was stressed through-

1

for "3" clearances. All other mempers of the Task Force were processed for : “
|

|

|

|

|

out the entire ocpsmtion.

v

14

b. Coordination was maintained with the FBI, CIC, CID, OSI and ONI

.

SRR
o)

_, in all areas in which e)ements of the Task Porce operated. Security plans

I""‘;-{ for such activitisas as the shipment of nuclear material to and from the for-
ward area involved all of the above agencies as well as military protection
.';:;.'5 provided by CINCPAC and JTF 132.
, ¢. Three instances involving breaches of security are as follows:
k./; (1) On 1 November 1952, a SECRET-3ECURITY INFORMATICN message
jl Ziving time and detonation of MIKE was transmitted in tnhe clear {rom the
s
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USNS DAVID SHANKS (TAP-10). Though the reasons underlying the breach of
security are not clear-cut, it was not intended that any message relating to ’
test programs be sent from transports to destinations cutside the area.

However, this was done through error by the officer in charge of a tast pro-

graa. .
(2) There were sixteen separate newspaper accounts describing

MIKE shot. These "ayewitness" accounts derived froa letters written by per-
sonnel in the forward arec to friends, relatives or families. All perscnnel,
who have been identified, have admitted they were indoctrinated in security
precautions and self-censorship. Censorsnhip of personal cail was studied
during the planning phase of operation IVY and was not used for a number of
reasons peculiar to the nature of the Tasx Force and its maission. Primarily,
corsiderations mere logistical and legal. The logistical aspects of the
operation decanded that personnel be returned to rear areas by increments
poth before and immediately after each shot. After departing the forward
area the personnel comprising thess increments would seldom rexzain under Task
force adzinistration or operational control nor de subject to Task Force
censorship. ZSuch an absence of the neans Jor ccnsistent control over person-
ael would, in a large zeasurs, serve to defeat tne Latent of any censorship
regulations which zight have been applied, f.h-o net effect being amerely a
delay in the opportunity to send an uncensored letter. With respecs: to the
legal aspects of censorship, {t should be noted that pescetime censorship

of personal =zail cannot be establ!shed except by the President or Secretary
of Defense. Considering tne unusual status within the Task Force organiza-
tion of the zany civillans - ooth scientific and contractor - complete Task
Force censorship for civilians could have baen established only through re-
course to special legislative action. It is doubtful if this could have

been secured. Censorship of personal nail in previous atomic test operations
overseas has never been applied nor was it being used in Korea. If it had
teen establisined for oceration IVY., it was felt in many quartevs that it
would have invited attention to the cperstion in such a manner as to indi-
cate that special significance aas attached to JTF 132 activities. Such
attention aight possibly nizhlizht the Eniwetok tests in a manner considered
undesiraole and inconsistent with AEC public announcements. Censorship

aculd serve only to delay disclosure of information. It is telieved that a
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prompt m-ﬁoo announcement iomediately after each test wuld remvs the
extreasly difficult problea of trying to keep from public knowledge un-
authorized l:n.tormuon of the fact that & test had cccurred.

(3) A briefcase containing information classified up to and
including SECRET-RESTRICTED DATA-SECURITY INFORMATION was left in the
0fficers' Quarters at Fort de Russy, T.H., by a asmber of the Sclentific
Task Group. The incident becams inown to the press in Hawail and caused
considerable undesirable press comment. The briefcase was deteramined to
have been in military custody at all times until delivered to AEC authori-

ties.
{4) ALl instances related above are presently under investiga-

tion by ths Service agency concerned, the FBI and the AEC.
39. Intelligence

2. Intelligence sunmaries, as well as estimtes and comments re-
ceived from intelligence departmeonts and Service agencies, were evaluated
and collatad so as to determine their affect upon the plans and operations
of the Joint Task Force.

b. Contact reports in the forward area received irmediate evalua-
tion. None of the several reports received were determined to have derivsd
from an eneay source.

L0. Public Information .

a. The public information policy was tempered by the realization
trat tne IVI tests would exert zZreater iampact upon United States foreign and
domestic policies than previous tests. Consequeatly, the policy as resolved
by the hational Security Council called for a ainiaum of public reporting on
the tests. This reporting was % de limited to one brief announcement after
the tests {in addition to the two brief pre-test announcements on the organi-
zation and timing.

b. Prior to receipt of the National Security Council decision on
the Puolic Informaticn Plan for operation 1VY, the CJTF recommended to the
Chief of Staff, U.S. Army, Executive Agent, that aa AEC-DOD announceaent be
zade immediately after each shot. Two reasons appeared pertinent at that
tine. Flrst, personnel in largs numbers would be released for return to the
21 iamediately after UIXE shot, thereby increasing the danger of uncleared

statements reaching the puolic. Secondly, if the press learned of tnhe shot
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prior to {inal announcexent, the Commander, his Deputies and high ranking
observers would be constantly beseiged for statements. Subsequent events

have proven the desirability of an official announcoment after each shot,

LOGISTICS

L1. ZTransportation
a., Shortly after activation of the Task Force, CINCPAC oublished

directives outlining broad policies ard procedures for control of MATS air-
1ift and ¥ilitary Sea Transportation Service (MSTS) surface transportation
allocated for JTF 132 use. Personnel and cargo space requirexents via air
and surface were subcitted by the task groups, incluaing AEC and its con-
tractor, to CJTF L32 for screening, consolidstion and submission through nor-
oAl channels to the Executive Agent.

b. Shipament of personcel and equipment from the West Coast to the
forward area and return was accomclished orimarily by MATS aireraft and XSTS
ships, exceptions being shizments via vessels of the Naval Task Group, air-
craft assizned to the Navy and Alr Force Task Groups and Special Missions.
Special Alr Mission (SAM) flights were reguested for ey Staff personnel,-
VIPs, return of radiological samples and critical o>riority material.

¢. Phasing of personnel to the forward area began in March 1952,
and was completed in Qctober. Shisment of supplies and equipment proceeded
on a continuous basis., The required types of equipment presented a problem
in that more deck stowage was necessary than »as rcraally available and ves~
sels calling at Eniwestoc Atoll had to be self-sustaining inasmuch as heavy
lifts could be discharged only when adequate ship's gear mas available.

d. To facilitate and expedite the osrocessing and movecent of Task
Force personnel and equipment through transshipment points, liaison officers
were stationed at Naval Supply Center, Oakland, California; Travis AFB,
California; Hickam AFB, Qahu, T.Hd.; and a Lovement Control Agency which was
established at the Naval Station, Kwajalein Island, M.I. (NAVSTAK/AJ). The
three liaison officers first noted above ware further designated as Moveagent
Control Agents to insurs that security policies wers carrled out in accordance
with CINCPAC instructions.

e. During opsration VY 3ome 157 veasels were employed to trans-

sort 2,%62 passengers and 143,.L7 neasurement tons of west and eastbound
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cargo, exclusive of personnel and cargoe carried in Navy Task Group ships. A
total of 12,235 passengers and 2,225 short tons of freight were airlifted
west and et'stbound. Appendix V indicates the number of personnel and tons

of cargo moved by air and water transportation to and from the operaticnal

ares.
f. The transportation organization at Eniwetok consisted of a

small Port Command, a transportation stevedore company (less one platoon),
a transportation truck company and a small MATS teraminal detachment.

g. Inter-atoll transportation was provided betweea Eniwetok and
Kwajalein Atolls and the wsather islands of Bikini, Ponape, Kusale and
Majuro. This service was provided by the USS LST 836, the USS QAK HILL
(LSD 7), two PEM-5As of the Navy Task Group and four C-47s of the Air Force
Task Group.

h. Intra-atoll transportation consisted of small craft, liaison
2ircraft and helicopters. The requirement and utilization of this equipment
was based on essential operational needs only. Appendix ¥ shows ths perfor-
zance data on this type of transportation for the months of July tnrough
Hoveaber 1952.

L2. -3hot Phase Svacuation

a. Preliminary planning for operation IVY envisaged the evacuation
of all personnel and movable equipment from Eniwetok Atoll prior to KIKS
shot. Based on a later evaluation of probable shot effects, this concept
was revised to cover all persocnnel and only equipment of a delicate or cost-
ly nature.

b. To accomplish this nission, an Evacuation Coomittee was estan-
ilshed, composed ¢f desigmted representatives from each element of the Task
Force. The committee formulated the evacuation policies and procedures and
monitored the execution thereof. 3ome of the major problems confroating the
coanittee were the loading and stowage of equipment; movement of personnel
and equipment from the northern islands to Enimetok or Parry Islands; secu-
ring of vehicles, small craft and aircraft against possible damage; coordina-
ting the movement of evacuation craft; establishing communications from
shore to ship and between vessels; and the rehearsal, actual embarkation,
oilleting and sustering of oersonnel aboard ships.

¢, The evacuation procseded as planned, commencing 18C0 hours on



M-L days. A‘ppro:d.ntoly 3,00C personnel were evacuated to eleven Naval ves-
sels, including two WSTS transports. Fifty percent of this nuaber were
embarked by'].BOO hours on M-2 days and the remaining perscnneél were aboard
by 2000 hours on ¥-1 day. AllL vessels proceeded to sea on schedule. Rean-
try into the atoll commenced on U]l day and was handled as expeditiously as
facilities sshore became available. All personnel were debarked by M{L days.
L3. Supoly

a. Supply support of operation IVI was divided into two distinct
but concurrent phases. One phase covered the period of orgasnization, plaa-
ning and training in the ZI and the cther entailed the supply build-up in
the forward area.

b. In the 2I, normal support of the military elements of the Task
Force was orovided by the respective Services through the acpropriate field
commanders while support of AEC eiements was provided by LASL and associated

activities,

¢. In the forward area, ailitary elements were provided routine

support by ZI activities with the excention of POL supplies. The Army Task

Group #as supported by the Cverseas Supply Division, San Francisco fort of

Sabarkation (SFPE); the Navy Task Group by Naval Supply Center (NSC),

Al LR
St et R

Oakland, California; and the Air Force Task Group by Sacramento Air Material

)
.
-

A
.
BN

rrlrS0S0

Area (S4AKA), Sacramento, California. Emergency support was provided by

4

USARPAC, COMSERVPAC and Hickam AfB. The AEC elements in the forward area

were supported in the same zanner as in the 2I, utilizing military port and

I

oo\ ¢

shipping facilities. All FOL support in the forward area was provided oy

1A

B Cocmander, Service Forces, Pacific Fleet (CCMSERVPAC).

;‘! d. Technical and non-standard items peculiar to operation IVY
:;:E:: were obtained from coamsrcial, AEC or Service sources by special arrange-
:j_.:":f zents in each instance.

e. No major problems of consequence were encountered in the sup-
ply of ths Task Force with the exception of the usual difficulties encounter-
ed In the fulfillment of late rejuiremsnts. There was considerable delay in
obtaining certain items of Alr Force technical equipment due to the inade-

quacy of the precedence rating initially assigned by Headguarters, USAF.

This resulted in delivery of large quantities of equipment and spares to the
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Nest Coast iat.e in the operational phase which, in turn, resulted in heavy
alrlift requirements to meet operational dates in the forward area,
L. Hospitalizaticn, Evacuation snd Sanitation

a., Medical facilities and orocedures in the forwmard area were
adequats. All emergencies were met without difficulty and facilities could
have been readily expanded in the event of an epidemic or catastrophs.

Cases requiring lengthy hospitalizaticn and those which could not be proper-
ly treated in the forward area were evacuated by air to Tripler Generai Hos-
pital, Honolulu, T.H. During the operational pha;e fourteen patients were
evacuated.

b. Sanitation in the forward area was anaintained at a high standard
by cantinuous liaison and close cooperation between the medical authorities
and tae operating activities.

¢. The health of the comzand was superior. Persoanel in hospital
or on quarters status never exceeded 0.4%¥ of total strength and average be-
twneen 0.2% and 0.3%.

4L5. WLainterance

a. Maintenance of tne fixed slant in the lorward area was 3 re-
sponsioility of AEC on Gniwmetok Atoll and COMNAVSTAKWAJ on Xwajalein Isiand.
Due to prior mutual agreemsnt with AEC and with COLNAVSTAKVAJ, no problans
of consequence were encountered.

b. Organizational and field zalntenance of Alr Force aircraft in
the forward area was the responsibility of CTG 132.4L. There were eighty air
Force aircraft (eignteen different types) based at Enimetox and Kwajalein
during the operation. Maintenance at Kwajalein posed a definite problem due
to the large number of aircraft (fifty-nine), the diverse types (fifteen)
and the limited facilities and equipment. The astablishment of a central
maintenancs control system proved effective in ainimizing this problem by
integrating and coordinating the activities of all Air Force maintenance
units and detachments based at Xwajalein. No difficulties of consequence
were experienced with the three types of light aircraft based at Eniwetok.
Prior to the operational phase, however, critical delay was experienced in
the return {rom overhaul in the ZI of engines, props and carburetors for L-.3

alrcratft. Naval aircraft in the Enimetok area were maintained oy the RENDOVA
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\ under the supervision of CTG 132.3. \Maintenance of Naval patrol ajircraft
5:::52 based at Kwajalein was coordinated by CTG 132.3 utilizing facilities provi-
::‘t'_j ded by COMNAVSTAKWAJ.

. c. Naval sssll craft were maintained by the OAK HILL under the
i:‘ supervision of CTG 132.3. AEC small craft were maintained by the AZC con-
:E‘S : tractor, Scheduled maintenance {nsured adpquate craft avallability at all
" tises.

! d. Field maintenance of motor vehicles was accomplished in central
’:- motor pools located on Eniwetok, Parry and Kwajalein Islands, Ttge Eniwetok
: facility was operated by TG 132.2 and the Parry facility by the AEC contrac-
'." tor. The Kwajalein maintenance pool was operated by COMNAVSTAKWAJ with aug-

\_ aentation personnel orovided by CTG 132.4.
-‘:; e, ZIxcess aaterial retained in the forward area for use in subse-

quent ocerations is being processed for tropical storage, It is anticipated

that in-storage maintenance of materiel on Eniwetok Island will be difficult

PNgERS

due to the questionable condition of the VWorld #ar II buildings at that
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instaliation,
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L6. Personnei
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a. At the tize JTF 132 =#as activated, a number of personnel were
present in the Headquarters as meambers of JTF THREE and needed only to be
) ::‘I transferred to the new organization to occupy similar sositiocns on the JTF
132 Staff. After activation, howeve:-, Headquarters, JIF 132, nad to procure
additional personnel to fill spaces established in T/Ds for both the Head-
quarters and for the task groups in accordance with established Aray, Navy

and Alr Force procedures.

f:: b. For morale purcoses, and in addition to the normal welfare and

recreational activities, arrangezsnts were made through COMSERVPAC for USO

:: shows to visit Eniwetok during non-operational periods. This activity is
'. still in effect,

¢, Civiiian and criminal law enforcement for Eniwnetok Atoll was

coordinated with the Departaeat of Inteiior. On 1 July 1951, administration
of the Trust Territory of the racific Islands was transferred from the Navg
|
X~ to the Departzent of Interior. (ertain lands and facilities were reserved

[0 BERERENEATRINEN

for use by the Armed Forces, thoush it was indicated by the Navy that such

et
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reservatlon of land and facilities was not iatended tu affect the responsibi-
lities of the High Commissioner, Trus. Territors of the Pacific Isiands,
pertaining to civil a—4 crimipal law enforceisnt as established by the trans-
fer agreemsnt. After a conference between repressntativss of the Department
of Interior and the Task Force Headquarters it was agreed that the responsi-
bility for civil and criminal lamn enforcement at Eniwetok was & function of
the Departzent of Interior and the High Commissionsr was authorized to depu-
tize two Holmes & Narver employees as Deputy U.S. Marshals.

d. The ceiling of twenty official observers of each IVY dotonation
was recommended by CJTF 132 and conzurred in by the Executive Agent and AEC.
Cf the total number of spaces allocaterd, the Department cf Defense and AEC
each received ten spaces for each shot. The Executive Agent, through the
office of the Assistanl (hief of Staff, G-3, Departaeat of the Aray, oonitor-
ed the selection of official observers and CJTF 232 issusd appropriate in-
struct ions and guldance to DCD and ~ZC agenciss, covering such matters as
security instructions, invitational travel orders and transportation. The
orficial obsarver orogram in the forsard area included inspection of the
20t sites, the device and related instrucentation and information reg>~ding
Aray, Nay, Alr Force and Scientific ooerations and parciéipation in the

tests.
6. In generzl, the personnel and adminictrative procedures of

operation 17Y were satisfactory and with a few adjustament3 can be used for
future ocperitions of this rature.
FINANCIAL

L7. Funding Opcevations. Expenses of conducting operation IVY were
shared by the Armed Forces and AEC in accordance with the fiscal and accoun-
ting principles snucerated in Annex K to J.C.S. 2179/15. All norzal opera-
ting expersas, such as pay, subsistence and madical care of personnsl wers
oorne by the three military departaments and AEC utiiizing regularly budgeted
funds. Above nomal or "extra military" operating expsnses incideat to
Arzed Forces participation were borne from funds made avallable to the Task
Force Commander by the Secretary of Defense, Obligations agalu-t "extra
allitary" funds totaled $2,931,135 as of 31 Deceaber 1952 (see Appendix £).
Direct costa of the eleven scientiflic programs were shared by the Ar-ad

Forces and AEC in accordance with the degree of intereat. Programs ., 2 and
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10 were sponsored solely by AZC while Programs 7, $ and 11 were funded en-
tirely by the Armed Forces. Programs 3, L, 5, 65 and 8 were of joint
interest e.nc; received financial support from both major participants.
Appendix Y provides details of the Armsd Forces financial support of the
scientific prograas, which totaled $5,0L1,322 in obligaticas as of 31 Decem-
per 1952. Funding of the Armed Forces intesrest »as through advance to the
Task Force Comrander from thes Emsrgency Fund of the Secretary of Defense,
utillzing the appropriation Research and Development, Aray, as provided by
law, and based upon recocaendations subaitied by the Chief, Armed Forces
Soecial Weapons Project (AFS/®) and approved by the Chairpan, Research and
Development Soard. Office of the Secretary of Defense and the Assistant
Secretary of Defense, Cocptroller.

L8. Cost Accounting. A cost system was placed in effect in compilance
with the provisions of Public Law 216, 3lst CTongress. Inasmuch as neither
the ailitary departzeats nor AEC utilized a cost system which could easily
be adopted in i%s entirety for t=is operation, a :wdified system was estab-
isred wnich accounted for the total. cost of the operation by ope_ratir;.g and
capital costs, by test programs and projects, by departzeants and by task
goups. This zodified system, altiougn patt.erned sozewha* along the lines
of tha cost reporting system used by the Alr Force, was a cocprocise between
established Service cost accounting systems; the systen utilized by AZC; and
the. ultinate srstem desiravle for loin' *fons, which only tize and fu-
cure experience can produce. The total ed costs of operation IVY

amounted to $65.9 miliion as of 31 Decesber 1952, This figure was comprised

of B49.7 million cperating costs and $16.2 aillion capltal costs. Of the

T

total reported costs, 334.9 million was borne by AZC and 331.0 ailliion by

the Departaent of Defense. 3ee Apperdix Z. -j
L9. Reporting and Graphic Procedures. A reports control aystem was Eé
operated to facilitate the timely and economical submission of all reports 2
to the Headquarters. A statistical file was :nai.n:'.aj.ned of selected reports —::
#ich enabled the Task Force Comptrolier to present graphically and publish
periodically control documents for the cocmand. :3
-

%G. Reports

a. A series of detailed reports op operation IVY are being
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prepared for distribution within AEC and the Department of Defense, These
reports, described below, will constitute the IVY library which will be

officially deposited with LASL and AFSWP.

(1) History of Operaticn IVY, c..- voluae.
(2) Technical Report on Communications, Operation IVY, one

volums.
(3) Technical Reports on Scientific Projects, Operation IVY,

fifty-four volumes.

b. The History, the Communications report, and the Security,
Intelligence and Public Information report are scheduled for publication and
distribution by early Spring, 1953. The majority of the scientiflc projects
reports ars scheduled for submission to editing agencies during the Spring
and Summer of 1953. Final publication and distribution dates are relatively

indeterminate at this tinse.
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APPENDIX A
PROGRAY 1: RADICCHEMISTRY

1. Project 1,1 - Yield “easurements (!OKE-KING) (AEC)

a. Object
(1) Any experimental program built around an atomic detonation

is clearly dependent upon post-shot yield knowledge. Regardless of whether
the weapon or device is a stockpile model or a radical new design, its
actual yleld is essential to the theoretician,

(2) This experiment is concerned with the radiochemistry
aralysis of post-shot radiocactive samples, the only absolute method of
efficiency deterrination available at present,

b. Yethod

(1) For fission shots, the energy released by an explosion
and the ruclear efficiency of the boob in utilizing the most valuable ingre-
dierts of its core, is rather directly (by mears of established conservation
of erergy wrinciples) related to the number of fissions which take place
duriﬂg tre exglosion. In crder tc zet the nutker of flgsions occurirg in
the bomb or device during detoration, ore recovers a sample (see the dis-
cussion of Froilect 1.3) representing some small fraction of the bomb or
device and determines the number of fissions which took place in the
mate .1l rerresented by ths sample. This quantity is arrived at by radio-
chenical analysis to determine the efficiency from the ratio of fissiored
to unfissioned active material or to examine one of the active zroducts of
riuclear fission. In the iatter case, thre radicactivity of such a craduct
at ary given tire after “he explosion is proportional to the nurber of
fissions whicl: have taken place, and the constant of oroportionalit; is
capable of laboratery Jeterminationm.

(2) For fusion shots, the problems are esentially the same
but somewhat more complex in detail, For present purposes, it is sufficient

to state that the YIKE shot yiela will be determined in the following
manner, if possible:
{a} The fissicn yield #ill te determined by the rethod
outlined above,

(b) The fusion yield will be found >y -adiochremical
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determination of the neutron-induced activity of properly collected gas and
partizulate samples, this activitr being theoretically related to the total
runber of n;utrons arising from all nuclear processes, From the total
population, that portion due to the fissions will be subtracted. The re-
maining potulation will te theoretically related to the energy released by
the thermonuclear reaction, '

(¢} The sum of the fission and fusion yield will give

the total energy release.

(a) Prelimirary yield estimates have been made or the
basis of total uranium analysis on two samples and by y235 analysis on four
samples, The following assuzptions were made in calculating the results
from U235,

1. It was zssumed that the ratio of cactures in U235

to fissions in U?35 was 0.10,

2. It was assumed that 15% of the f{issions occurred
in nuclides other than U235,

The resultis are:

Sample Mo, ET by Total U KT by <35
291 — 584
29, 517 583
295 502 580
296 —_— 589

Average ._5;!(‘1' IKT

{b) Trere 1s, at present, no explanation for the discrepancy
A=2
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O
'; in ylelds by the two methods, Although thers is more confidence in the
- U235 analysis, the preliminary yield should be quoted as 550 §# 50 XT.
. 2. PréJect 1,2 - Irterral Muclear Detector “easurements ((CKE) (A=C)
. Ootect

This project was designed to document various processes of the
detonation, using the following techniquea. Selected amounts of varicus
substances are included in, or placed in the immediate vicinity of the
device, These substances have little or nothing te do with the primary
nuclear processes of the explosion, but serve only as remote indicating
"tracers”. The existence of a tracer substance in or near the exploding
device is assurance that such a tracer will te bombarded with reutrons and
gamma rays., If the substance has been properly selectad, ard if the tracer
has been located sufficiently near the cevice to be thoroughly mixed with
the device debris, such a borbardment will result in easily detectable
activity in every sample subseqﬁently aralyzed, FHerce, careful positioning
of tracer substances can furniah informaticn as to the detailed action of
soze zarticular gortion or comporient ol the device design.

The experimental procedures involved are essentialiy the
laborator: araiysis techniques used on sacrples tarer ‘rom the atomic cloud.

The complete results >f “:ls crolect are not available at %his
time, Continuing studies are ir grogress to gather, by this methcd, dlag-
nostic inforration as to the detailed ther=zcnuclear 2rocesses of the device
during the detoration period. These studies are inter-related with elficiency

of deuterium ourning or radiochemical fusion yleld rsasurements.

3. Proiect 1.2 - Cloud 3arcling (MI¥3 - KING) (AZC)

e This project was designed to collect appropriate samples of the
::? atomic cloud, primarily in support of the radiochemical studies of Pro'ects

E 1.1 and 1.2, The project was corsiderably complicated by the specifications )
'i; f3r an "adeguate sanple', namely winimum acceptable physical size, arsence

of contamination 2uring collection and snirment, sufficiency of nuclear
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activity And availability for relatively immediate recovery and delivery to
the Laborstory for analysis,
b, Method

(1) Sixteen F-84G's, manned sampling sircraft, were maintained
on Xwajalein in order that a minimum of twelve could be operaticnal for esch
shot. A total of twelve filter samples were considered essential for the
analysis required by Projects 1.1 and 1.2, Two papers from & given aircraft
constituted & single sample, Since these carriers were required to have a
flight capability of five hours, ten inflight refueling tankers were main-
tained (also on ¥wajslein) for support purposea. One B~3é and one B=29
were used as primary and alternate operational air command posts, or traffic
controllers for the project.

(2) Sampling devices and associated equipment installed on
the F=8LC aircraft consisted of the following:

{(a) A fllter was installed in the forward section of
each wing tip tank « the filter paper area in each case being approximately
one square Zoot, The ‘ilter moﬁih was supplisd with a shutter which cculd
be opered or ciosed bty the pilot to preclude the possidbility of rain wasning
the paper.

(b) A enap sampler (consisting of a poly-ethylene bag in
a petal case, with a valve controlled inlet probe) was mounted in the nose
of the aircraft,

{(¢) An lonization chamber was mounted in the pight tip
tank filtering unit - to act as the detector for a dose rate meter in the
cockpit. This meter gave the pilot an indication of particulate sample
strength collected,

(d) A second intensity rate meter, with its associated
detector, was mounted in the cockpit. This meter gave a direct reading of
dose rate to which the pilot was sublected at a given time,

(e) A total-dose meter was also mounted in the cockpit
to give the pilot a direct indication of how many roentgens of gamma he had
received,

(3) At zero times, two of the spare F~8LC's were in the shot

area - ready to perform reconnaissance as required to establish:

(a) Base of the upper cloud.

A=l




(v) Lowest altitude of prominent features of the cloud
created by wind shear,

(¢} Lowest altitude at which a useful radiation intensity
was present.

This information was relayed to the control aircraft, and was used to
determine proper take off times and ‘rugm. altitudes for the twelve carriers.

(4) A much larger component of "soft" gamma radiation was
expected to be present in the cloud r;diatioh-tlux from MIKE shot than one
would expect from "normal” detonations. Fortunately, much of this soft com-
ponent was sbout 70 kev in energr and could‘so "screened out" by a relatively
thin layer of an absorbing material such as lead. The pilot was therefore
shielded by a protective gown of lead impregnated glass fabric to reduce
the soft component by a factor of about four,

(§) To protect tre carrier pilot from ingestion of radioactive
material, adequate precautions were taken to filter any air that entered
the pressurized compartment,

¢, Results

(1) YIr¥ sShot

(a) 7Twelve samples were obtained by the F=84C aircraft,
ircluding the two used for early recornaissarce, Aircraft operated in three
flights of four aircraft each,

(b) Samples obtained by the first flight, as well as one
sasple from the second [light, wers each ap-roxinately the size predicted
and were satisfactory for yield determination. Two samples of the second
flight and the four samples from the third flight were approxcimately onee
third of the size of the best four and were satisfactory for the purpose
of ratioc and detector studies., These samples were from five to tan tirces
snaller than they should have teen because of unforeseen operational limi~
tations beyond the control of this project (Par. Je (1) (g) below). The
two reconnaissance aircraft gave very small samples which were usefuwl for
ratio checks,

(c) Sample quality is governed by the capability of
penetrating the zain body cf the cloud. In genera), all samples, =xcept
four which were taken at radically different altitudes or sections of the

cloud, are considered to be as representative of the cloud as possible,

A=5
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Exeluding the exceptions, the samples were taken at altitudes between 42,000
to 44,000 feet which was in the region of the juncture between tihe upper
toadstool and its stem.

(d) Crly the first flight aircraft approached the planned
operational radiation exposures to pilots. Failure to attain the planned
axposure in the other flights is reflected in the lower sample sizes which
they cbtained., The first flight exposures were in the 3 to 4 r level, the
second flight in the 0,5 to 1 r level, and the third flight in the 0.2 to
O,4 r level., Becauss the aircraft had been carefully hand-polished, the
cockpit background was very much lower than expected. The total radiation
exposures were approximately 4LO% less than had been anticipated. In view
of the fact that these aircraft saw radiation intensities in excess of 500
r/hr, the low exposures achieved by the first flight should ve considered a
testimony to the skill of its pilots.

(e) Use of the shielded flight clothing br the first
flight apparently gave about a four to five-fold reduction in radiation ex~
posures, The effect did not aprear to te significant for wne second flight,
aithough for the third fiight there again appeared to te & significant
protection. The protection afforded the first flight aprarently correspords
to evidence that a considerable fraction of the radiation flux in the cloud
durinz this flight's penetrations was due to the decay of 1239 which glives
a 73 kev gamma ray., This evidence was gained from an analysis of the decay
rate of reported peak radiation intersities in the cloud,

(£) The MIKE burst formed an upper cloud about 1CO miles
in diameter with a stem in the center approximately thirty miles in diameter.
A white vaporous undercloud, forming a collar around the stem, was present
and had a diameter about the same as the upper cloud. It was initially
targent tc the upper cloud at the juncture of the stem with the uzper ¢loud
(45,000 feet) but during the course of the day appeared to subside to about
LO,000 feat, Several projecti.g fingers were present in the neighborhood
of the juncture of the stem and upper cloud, and some of the sagpling air-
craft wers directed to sample in this region, Under these circumstances,
the altitude ;rerformance of the aircraft wa3 satisfactory. The maximum

aititude attained by any aircraft was 45,000 feet, indicated. \Then such

alrcraft are available, it would be desirable for very high-yield devices
A=b
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e in the future to have about 5,000 feet additional ceiling capability in
order to sample well into the main body of ths cloud.
(g) Successful sampling requires that the duration of the

sazpling mission be limited not by the capabilities of the aircraft but by

.

the maximum allowable radiation exposure of the sampling crew, This condie

¢

ISRV AVATEN

tion was true only for the first flight. The unforeseen operational limita-

AR AR

tion in flight times mentioned atove arose because tha IFF blips from the

sampling aircraft were obscured on ths radar eguipment Ln-tha control B-29

s 88
PN

<. by cloudy weather which existed at the time of sampling. As a result, the

FRN

sazple control B-36 was directed to fly farther from the main cloud mass than
' it should have been. Eventually the details of the cloud were lost to those

. in the B~36; hence the sampling aircraft were required to fly excessively

long distances to reach the cloud vicinity. They then had to conduct a

oL, e

cloud search as well as a sampling mission, although the former was to have

been the function of the B-34., After sampling, the aircraft then incurred

e}
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the risk.of rmmning very low or fuel by having to return over a great distance

- /'c

to the refueling area. In view of these considerations, the F-24LC aircraft

e v w®
D
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in the secord and third flights did not meet the requirement capability of

sperding two hours in the sampling area,

:_':.: (2) KXING Shot

TS; (a) As in MIKS shot, cloud samples were obtained on KING
using manned F-8LG sampling aircraft. The cloud structure was initially

2: good for large saxples, but rapidly dispersed due to strong wind shear at

* several altitudes.

,r: (b) Although somewhat smaller in absolute size than

= those collected during MIKE shot, the XING shoct samples should prove to be

..:;' entirely adequate for tne necessary radiochemical analysis.

;; (¢) The operational problems experienced during MIKE shot

‘. were not present for this shot, primarily because the weather at the refuel-

ig ing altitude was very favorable, The good samples obtained, in spite of the

Y

widely dissipated cloud, are a tribute to the skill of the pilots of these
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aircraft. The radiation exposures of the sampling pilots ware 211 belcw the

¥

nominal limit,
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AFPENDIX B

PROGRAN 2: PROGRESS OF THE NUCLEAR REACTION
(MOTE: The results of the program presented
herein are very preliminary, Errors have
been listed sufficiently large to take into
account the rough status of the analysis;
however, the ultimate accuracy of the experi-
ments should be considerably better than
indicated, On the basis of preliminary
analysis, it appears that all experimsntal
equipment functioned properly.) -

1. Project 2,la - Alpha of the Fission Phase (MIKE) (ASC)

a, Object

(1) Regardless of whether the desired thermonuclear reaction
took place, it was important that information be available as to how the
fission phase operated, To obtain such information, it was natural to
fall back on the classical diagrnostic measuremants for fission weapons, such
as the measuremsnt of alpha and yield., Since fission yleld measurements
treuld be overshadowed in the osresence of a large scale thermonuclear reace
ticr, Lt was necessary to rely upon the measurement of alpha as a primary
indization of the propver functloning of the fission aspect of the reaction,

(2) Mlpha may be defined as the logarithmic rate of rise of
tre fission reaction, Essentialiy it is a measure of the neutron aultipli-
cation rate in the array - that is, 3 measure of the rate at which the
fission chain reaction compounds itself,

b. Method

The classical method of measuring alpha is an indirect one,

involving the measurement of gamma ray fluxes, This is feasible sirce the
nunber of gamma rays given of{ is proportional to the neutron population,
which is in turn proporticnal to the number of fissions, Two scintillation
detectors were placed outside the LTKE case and the signals from these
detectors were fed by coaxial cable to a recording station 3,000 rards
distant on the island of Bogon. A permanent record was obtained by photo-

graphing the face of a recording oscilloscope.

2, Project 2.1b - KING Alpha (KTMG) (AEC)
a. Oblect

Bel
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" As was mentioned in describing Projsct 2.la, the measurement
of alpha 1s a classical diagnostic experiment for fission wespons. Since
the KING weapon was designed to exhibit heretofore unobtainable efficiency:
a reliable and relatively complete alpha versus time measurement was

particularly important to theoreticians in the field of weapons design.

b. Method

The method used herein is identical in principle to that out-
lined for Project 2.la. An air drop, however, precludes the use of
detectcrs placed near the bomb case, The bomb was fired at some 5,700
feet north of Station 250 on Runit Island, at an altitude of approximately
1,500 feet, The detectors were placed on the north end of Runit and their
signals were piped through three-inch coaxial cable to recorders in Station
250, Yence, the nearsst detectors were some 2,0C0 feet from the point of
detonation, Additional detectors were placed near Station 250 in ordqr that
various portions of the intensity curve could be documsnted. The recorders
for the latter mere also in Station 250 and various recording sensitivities
were used to prevent gaps in the curve.

¢. Results - KING Shot

3. Project 2,2 - Timing in the Fission Phase (MIKE) (AEC)

a. Obect
Consistent with the idea of obtaining as much diagmeostiz

information about the thermonuclear reaction as possible, this experiment
was designed to determine the timing of the fission phase

Knowledge of
this time 1s important as it indicates whether or not the process took

place in the predicted marner, \

B=2
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b. MNethod
Appropriate gamma signals were transmitted through a helium
colum and recorded on the Island of Bogon, 9,00C feet distant.

¢, Results - MIKE Shot

L. Prolect 2,3 — Rise of the Fusion Reaction §MIKE2 (AEC)

a, Ubject
This experiment was a continuation of the diagnostic program

for the MIXE device. It was designed to document the rise of the fusion
reaction in order that the theory upon which predictions of such pheromena
are based may be substantiated,
b, Msthod
The measurements for this project were made in a manner similar
to Prolect 2.2 and recorded at the same station,

¢. Results = MIKE Shot !

5. Projlect 2,4 - Provagation of the Fusion Jeaction ((TKE) (AEC)

a. Object
Consistent with the idea of obtaining a maximum amount of

diagnostic information from MIKE shot, this experiment wes designed to
measure the propagation of the fusion reaction throughout the device.
b, Yethod
The measurements for this project were made in a manner similar
to Project 2.2 and recorded at the same station,

c.r_Results - YWIKE Shot

6. Project 2,5 - Measurement of Transit Time (KING) (AEC)

a, Obtect
The transit time of a fission weapon is defined as the slapsed

time from the firing of the detonators to the initiation of the fission

reaction,

i
g
j
.



b. Yethod
(1) The zeasurement was nade by obssrving, with the appropriate

equipment, the duration of a modulated signal sent out by a tranamitter on

the bomb.

o (2) Two small radio transaitters were installed within the
ballist.: casc of the weapon, The sigrals from these transmitters were

zonitored by four receivers, two of which were located in each of the ¢two

siela e el

3-50 aireraft which accompanied the B-36 drop aircraft. The signals were

keyed by the slectrical impulse which {ires the detonators, thus supplyirg

the initial time to the receivers, The flood of gamma radiatior, which

accomranies the start of a nuclear reaction, ionizes the air around the
berb ard makes the transmission of radio signals ‘mpossitie, Thus a cheno-
menon (nanely, the interruption of a signal) is observable at the receivers

to indicate the end of the transit time period, Both of these signal

4
!
4

perturbations (the pulse anc the interruption) and a time index wers sup-

.

plied to the verti:al deflection plates of an oscilloscope and the resulte

a0 "

*ata®ata’a

recorded by photeogrinny of the oscilluscope face,

. )
P ¢. Results - KINC Shot .
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' The measurements were made using a TENEX technique with the

e

helium column of Projects 2,2, 2.3 and 2.4 as A neutron path, Three

detectors were placed near the recording station behind differential shield

e 8Vt .

ing to discriminate against gamma rays.
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Legajrfo o o 4,

¢, Pesults - MIKS Shot
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- APPENDIX C ;
- PROGRAM 3; SCIENTIFIC PHOTCGRAPKY .
. (MoTE: Program 3 is made up of those projects concerned -‘:

with technical photography of the MIKE device and its
effacts. The work was divided among three organizations. 9
Edgerton, Cermeshausen and Grier, Inc,, were responsible R
for that photography concerned with large-scale effects,
ball-of-fire photography to determine yield, cloud rise .
and cloud motion, etc. Their work also included photo- D,
graphy for the blast program (Prog. 6) and ih connection b
with timing and firing (Prog, 10). Lookout Kountain
lLaboratory was concerned with before and after photographs
of the reef where the device was detonated. LASL=J=1l5
Division was concerned with detailed photography of the 3
very early stages for information about radiation flow -
down the channel, shock velocity in the steel case, etc.) -

.
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1. Project 3,1 - Ball-of-Fire Yield (1TK= - KING) (AEC
s. Qbject
(1) The only available "absolute” method of determining yield
is that which involves radiochemical analysis of atomic debris. By an

absolute method it is meant one which gives, as its Zinal result, the yleld

PEI@R NN G

of the weapon directly, rather than a number proportionsal to the 7ield,

.-
B

Tre existence of hydrodynamical scaling laws, however, has made sevsral ) .

"relative" methods of yield measurement available., Cre of these maxes use

L M o)

of the ball-of-fire diaceter at early tizes, By a relative method, it is

meant one which gives as its result a number which is proportional to yleid,
N In this case the magnitude of the proportionality factor must be deduced
i from comparisons of ball-of~fire photography results with results of radio- X
g chemical analysis methods, Such comparisons have been made on previous “
- experimental programs, with the result that the above mentioned proportion- ~:
< ality factor is well established for 7ields up to 100 KT. B ‘
! :
. (2) A distinct adrantage accrues in having complete and ::
; reliable information as to the size of this factor over as wide a range of ﬁ:
:; yields as possible, Operational usa of atomic weapons will undoubtedly make :
- impediate knowledge of weapon yield imperative, thus preciuding the use of
. time-consuming laboratory techniques of radiochemical analysis; also, it ‘
.‘ may well be unfeasible to collect acceptable bomb debris samples in the "
. face of enemy defenses, Ball-of-fire photography is a potentially feasitle -
"E method for determining weapon yield quicklr and under cogbat conditions. E'.:
: -1 \
| 3
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- (1) Eastman (200 frames/sec) and Uitchell (100 frares/sec)

\": . motion picture camsras were operated from appropriate positions to measure
Ay this phenomena.

' (2) Rapatronic (single frame, with very fast exposure, at a
:.::t: definite delayed time after zerc) cameras were operated froam photo towers,
' - It is hoped that sufficient reliability can be built into the Rapatronic
:';:-: technique and that sufficient confidence can be developed for the scaling
L of its result, so that the Eastmans may be eventually discarded in favor

L of the Rapatronic for this measurement. An obvious decrease in the cost
and complexity of the expsriment would result and evidence already exiats
%92 support the opinion that no accuracy would be sacrificed,

¢, Results

(1) MIXE shot

(a) Sixtsen Zastman cameras were used with 79% operating
properly, 7 % lacking velocity markers, and 14% faiiing to run due to faulty

contactors, The records are c¢f excellent quality;
o Twelve Rapatronics were
used, with 17% giving excellent pictures, 50% providing rather weak but

usable records, 25% giving no images due to lack of light in the early

U stages of balleof=fire growth, and &% failing entirel; because of mechani- i
_:\:,' cal shutter failure., One Yitchell camera operated 1CO%, giving good images |
:':; during the interval of ball-of-fire growth, These cameras were located as i
:;::: follows - five on Zngebi Island, two on the ESTES and the remainder on Parry. i
(v) Preliminary neasurements from one skipborne Eastman ‘
,'_::: camera and eight Rapatronic plates gave the yield as 12 £ 1 T, The ball- 2
;:: of-fire growth is regular and the outlines are smooth, so that film- i
J measurement errors are believed to be small, ‘l
—‘ (¢) The time to the light minumum was 300 to 330 milii- 5
./-: seconds from Zastman cameras. ;
::S (2) KNG Shot ;
;‘ (a) Seven Eastman camsras were used. All of them operated ;
:-" properly, all had timing markers, and all showed the intended images. Only E
'js five showed the initial burst and ball-of-fire growth. The remaining two |
s
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were started late to cover the possibility of a long time of fall,

(b) Twelve Rapatronic camerss were used and all showed
images. Five of these (in the interval 0.1 to 10 milliseconda) gave good
msasurable images, Four others were too weak to read and the remaining
three showed clearly the ball-of-fire after shock separation and minimum
time. These htto; were interesting pictures and one proved useful for
Project 3.8 (Burst Positjor.), though they ¢id not give information for Pro-
Ject 3,1.

(e) Preliminary measurements from five Rapatronics and
one Eastran in the time interval J.1 to 90 milliseconds, show the yield to
have been 570 ‘,f 30 KT. The ball-of-fire was perfectly spherical and
resenbled EASY shot of BUSTER in appearance.

2. Project 3;2 ~ Cloud Pheromena (IO¥E - KDIG

a. Cbject
(1) To those interested ir fall-out hazards, tactical bomb

deliver- planning, or the planning for aerial collection of bomb debris,
reliable answers to the following derendert questions are o paramount
{aportance.

(a) "Mmat will be the maximum alti:uce of %he top of “he
cloud as a function of the yleld of the weapon which produced it?

(o) What will be the size and shape of the cloud, &s a
function of altitude, time after zero, and yleld of the weapon?

{(c) What is the vertical velocity of the cloud top., as
a function of altitude and weapon and weapon yield?

(2) The IVY cloud phenomena project was designed to extend
this search for data, ‘particul&rly in the high energy release range which
{s not available from ZI experiments., The Project involved photographic
measurezents of the cloud throughout the pericd of its rise to maximum
altitude.

b. Yetrod

Uotion picture and still cameras were cperated from appropriate
land, sea and air sites.

¢, Results

(1) MIKE shot

Five itchell cameras (100 frames/sec) were used, of which
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80% performed properly. The reason for failure of the others has not yet
been determined. These records docuzent the early stages of balle-of-fire
rise, but the later stages were obscured by natural cloud cover. Two Spced-
Craphic cameras were usec iboard out also failed to documsnt the rise
btecause of cloud cover, Two Spé.- /iraphica and one A-6 movie camers were
employed in two sircraft at approximately seventy to 100 miles. These
cameras gave satisfactory photographs.

(2) KING Shot

Six Yitchell cameras were used, of which two falled to
run becauss of a power failure at the control point. One Cine-Special
camera was operated manually on Parry. One A=S camera was ocperated succeas-
fully in a C-i7 aircraft, and the same cpsrator exposed an extensive series
of stills with a Speed-Graphic camera for one hour. Another Speed-Graphic
was used on Parry but for only twelve minutes, since the cloud grew much too
large for the camera's limited field of view.
3. Profect - Hot-Spot Cbservation (LTIKZ) (AEC
a. Chfect

One necessary item of diagrostic informatiorn for fusion weapon
design is the temperature distribution inside the device prior to disinte-
gration since the relative success of a fusion reaction is closely
associated with temperature, This axperiment was designed to supply scme of
that information in an indirect fashion, involving the theoretical inter-
dependence of the speed of explosicn wave in the metal case, strength of
the sxplosion wave and temperature behind the wave.

b. Hetred

An observation of ths time at which the shock wave broke
through portions of the steel surface of the tamt was made using six Bowen
streak cameras in s shelter on Bogallua Island, Six spots on the device
were obcerved -

'The path difference for
the shock in coming out of the device at each of these positions was
approximately one inch of steel, The light from these spots was piped to
mirrors which were on a line approxmately 45° to the line between 3cgallua

and Zlugelab, and the Bowen streak cameras then observed the rise of the

light sizna) on these mirrors. All cameras observed all mirrors.
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c. Results - MIKSE Shot
‘All equipeent operated satisfactorily and, at this writing,

datz taken is being reduced and analyzed.

L. Project 3., - Bomb Case Yotion (MIKE) (AEC)

a. Object
This experinent was designed to supplemsnt and extend such

"early time" documentation by observing the device case disintegration and
initial ball-of-fire growth directly. A detailed knowledge of how the
device case disintegrated is invaluable to thcss interested in internal
temperatures, pressures, reaction rates, stc. The early formation of "lats"
are also of great interest, as they are indicative of non-uniform expansion
(or compression) and may explain the existence of temporarv asymetries in
the shock wave,

The case was cbserved directly with two groups of 3 careras,
the first group crerating at a speed of 1,5CC,CCC frames/sec and *he second
&rsup cperating at a speed of 30,CC0 franes[a(’;A The first group was de-
signed to document the case diaintegratiégg ard the slower group was to
docurent the initial ball-of-fire development. The six cameras used in this
experizent were housed in a fall-out proofed shelter on Sogallua, the saze
stelter used by Prolect 3.3.

¢, Results - YIKZ Shrot
All equipment operated satisfactorily and, at this writing,

data taken is being reduced and anslyzed.

S, Proilect - Dlunination as a Function of M™me, With (R-SL¢
Cameras (MIKE - KING) (AEC

a, Object
This project was included in the Scientific Photogravhy Program

to augment the collection of data on illumination as a function of time from
exploding atomic weapons. Cne value of such data is discussed under Project
3.8, Another value is the establishment of a fund of information with which
to design and adjust photographic equipmernt being used under the light condi-
tions generated by atomic explosions. For example, the success of such

prejects as 6.2 and 6.4a was completely dependent upon good photographic

C-5
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records peiné obtained - which {mplied that suct thirgs as film sensitivity,
shutter speed and auxiliary lenses (filters) must have been aslected with
great care, 'Knowlcdgu of the light intensities to be experienced is essen-
tisl in making these selections.
b, Method
For MIKE and KING shots, two GR-Slit careras were operated on

the Parry lsland photo tower.

¢. Results
(1) MIKE Shot

(a) The two Slit cameras were operated with 100% success,
Data obtained is currently i{n the process of reduction and analysis.
(2) KING Shot
(a) The two Sl.: cameras operated properly and data
reduction and analysis is currently in progress.
6. Prolact 3.6 - Bhangreters (YIFKE - KII'G) (AEC
a. Cbiect
(1) As wae mentiored in the discussion of Project 3.1, there
exists 3 defirite requirement for a device capable of measurirg weapon yield
during tactical overations. Ideally, such a device will be:
(a) Scoall, light and sslf-cortained,
(b) Sufficientl: rugged to withstand normal operational
use without impairment of its oreration or accuraey.
(c) Capable of beirg operated by its user at a rel;tivcly
great distance from the explosion.
(d) Capable of supolying its user with a yleld numter in
a ainimum of tine,
(e) Simple to operate.
Shangmeter studies represent an attempt to develop such an ideal device.
In its present form the Bhangmeter is a steel box, eighteen inches long,
twelve inches wide and five inches deep, welghing approxisatelv thirty
poundas,
(1) The theory behind Bhangmeter operation can be described

a3 follows. The light intensity emarated from an atomic bomb explosion
first rises to a maximum with extreme rapidity, It then falls quite rapidly
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to a minimum and rises again, scmewhat less rapidly, to a second maxyimym,
with the magnitude of the second maximum being very much less than that of
the first., After passing through the second maximum, it falls off rather
graduslly (on a millisecond tize scale) to background values., Past experi-

once indicates a measurable relation between weapon yield and time to first

minioum,

_ (2) The inclusion of thia project in Operation IVY will augment
ealibration methods, AQd continue what might be called the Bhangmter
feasibility studies, especially in the relatively high yield range.

(3) For MIXE shot, four Bhangmeters were installed on the ESTES.
For ¥ING shot, five Bhangmeters were in operation at a.oropriate sites,

¢. Results
(1) MIKE Shot
- Of the four Bhangrmeters installed on the ESTZS, one

trigeered but give an incorrect reading, All four irstruments were wet
from salt spray,

(2) KING Shot

C{ the five Shangneters used, all cperated. Tour of tre

instruzents gave readings of 68 milliheconda, and the £ifth read &4 msec,
The reason for the discrepancy is rot kmown, but the 68 msec reading has
been verified by examination of the Eastman films,

7. Project 3.7 - Preliminarw Photograohic Crater Survey (MCKE) (DOD/USAF)

a, QOblect

This project was designed to obtain a preliainary photographic
survey of the crater caused by MIKE shot for use in the study of earth
shock., It was also hoped that a correlation could be established between
photographic evidence of surface perturbations and the fracticn of the
device's energy release that coupled with thu ground. Expsrience on previous
tests has shown that early ground surveys of craters were precluded by
radiological hazards, :

b. Ysthod

A number of accurately surveyed ground points were sstablished
close to thne shot island, with adequate marking of these points to assure
contrast and definition when photographed. These positions mere s0 salected
43 to be easily distinguishable after the shot as well as before. Precise

c-7




location of ground gzero in relation to thess positions was essential, and
sufficient aerial photography of the shot island and adjacent islands

prior to the explosion was planned to confirm the ground control, Obliquse,

. -
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vertical and vertical stereoscopic photography was planned to provide the
necessary coverage for analysis.
¢, Results ~ MIKE Shot

Due to the configuration of the urg;t area, only one of the

three requirements - the exact location of ground zero after blast - could
be accurately destermined by photographic means. This point was determined
by cocparing pre-shot and post-shot photographs. The quality of the photo-
graphic records was good,
8. Protect 3,8 - Burst Position (KING) (AEC)
s. Oblect

Experimental air bursts, such as KING shot, impese the unique

I SUR RPN S

problem of determinirg their actual burst position in space, Prior to the
shot, a ground zero is selected and the detonation mechanism of the bomb is
set for a ziven height of burst. The combiration of bomdbing inaccuracy and
the irkerers iraccuracies of the detonation mecharism, however, make it
extremely unlikely that the burst will actually take place at the pre~
selected point in space, Cn the other hand, the success of many experimental
projects is deperdent upon lnowing the point of detonation with good ac~
curacy. As a result, a rather precise photographic technique was used to
locate the position (in space) of the light flash which characterized the
exploding tomb,
b. lethod

The proposad bomb zero point was 1500 feet abtove the ground and

5,700 feet due north of Station 250 on Runit Island. The —egion in space

PIR RIS L ASENE LSRN \ . APPSR

o which includes this point was observed photographically by cameraz on Coral
; Head and ‘n the Parry Island photo tower. In addition to seeing the light

::7 flash from the axpleding bomb, each camera was positioned to see two lixeq

- points, the location of which (with respect to the camera) were lnown with

'..

::' great accuracy.

! ¢, Results - ¥ING Shot

- (1) Four theodolites, set out on the first K-l day (KING shot
Pl

= wes twice postporned because of unfavorable weather) and subsequently
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serviced tw‘léo, failed to operate. A fifth theodolite was set up on Parry
the morning of K-Dav and operated properly. Tre failures were due to water
in the cameras, water on the film and lens, rusting of the shutters and
soaking of the "Blue Box" batteries, It was extremely fortunate that Maval
Research Laboratory (MRL) had installed & lé-mm GSAP camera on Coral Head,
since this provided data leading to a reasonably good position of burst
figure. It was also a fortunate circumstance that the array of rockets was
used by Naval Ordnance Laboratory (NOL) (Project 6,13), since these provided
the reference point from which position of burst wss calculated,
(2) Position of burst
(a) The coordinates (IVY Grid) of the burst were:
N 108,450 £ 30 ft
E 123,650 # 20 ft
(b) Relative to the target, the burst was:
N 300 4 30 £t
W L8O 4 20 ft
(c) The circular error was thus: 570 ¢ 35 ft

(d) The heignt of burst was: 1.0 £ 20 £¢
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APPENDIX D

FRCGRAM 4: NEUTRC! MEASUREMTNTS

(NCTE: The flood of neutrons which emanate from an
axploding atomic device is of great interest to
workers in at least two independent fields - that
of bomb design (and the associated diagnosis of
bomb performance) and that of "effects on things"
(materials and animals ir particular). The Neutron
uUsasurements Program of Cperation IVI was designed
to augment existing data on neutrons and to cone
tinue the development of field measurement tech-
niques in order that the ultimate goal of complete

-
'

2
I A

PR , .
Sl A5 A
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‘o
(:' documentation of neutron econcmy will be closer.
o In addition, especially for MIKE shot, the program
25 was designed to supply diagnostic information as
;{ to the "modus operandi” of the device,

Although Progran 4 measurements were designed
both to satisfy the DOD requirement of lnowing the
neutron flux and to help the theoretician determire
the total neutron economy of the bomb, their primary

AL
‘e

.
L)
e

:ﬁ: purpose was to measure the above Qquantities as a

s function of distance and time in order to asaist in

analysis of the device in the event of a fractional
vield, However, enough samples were recovered to

< supply external neuvtron information.)

u..‘

’

i. Protest 4,1 - Slow leutron Cbservations (MIRKE - KING) (AEC)

s a, Chlect

This project was part of a centinuing program to determire the

space distribution of low energy neutrons literated by various sizes and

tvoes of atomic bombs.

b, ltethod

(1) MNeutrons of energy in the range from thermal (on the

K
v

order of ,025 ev) %o .25 ev are essentially ail captured by the element

,“j cadmjum, Also, cadmium i3 quite transparert to reutrons of energy greater

:- than ,25 ev, These facts permit the design of a "target” which, when

;‘: bombarded witn neutrons of many erergies, is capable of measuring the

:_: number of those neutrons in the energy range from .025 to ,25 ev,

«. (2) For MIKE shot, pairs of tantalum and gold samples (one :

‘. of each being shielded with cadmium at each staticn) were placed on a line x.

‘: extanding along the reef toward Bogallua, The first pair were 100 yards '::

»: from ground zero, and a pair was placed every 100 7ards f{rom there to :

"2 2,500 yards, The sample recovery technique involved fastening the samples ':

:. to a steel cable which could be hauled in after the shot., For MIKE shot d

, these cables were arranged so that they were covered by water for thermal -:

’,.' protection, using oressures developed in the detonation to drop the string :’
;
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of detectors into the iagoon.
(3) For KING shot, the same technique was used., The line of

sasples started on the reef (300 feet from proposed ground zerc) and extended
down the center of Runit Island to the reglon of the airstrip (7,200 feet
Zron proposed ground zers).
c. Results )
(1) MK Shot
Due %o the large energy release, relatively few of the
detectors were recovered, Analysis of these few is currently in progress.
(2) KING Shot
A larger percentage of detectors were recovered than for
!JKE; however, analysis has not been completed.

2. Project 4.2 - High Energy Meutron Cbservatiors (MIEE - KING) (ASC)

a. Cbisct

This project was designed to extend the measuremsnts of Frolect
4,1 by docuzentirg the flux of neutrors exhiditing energies considerably in
excess of ,25 ev, that is, up to 1. zev,

Threshold detectors of sulphur, arsenic, gold and geld sur-
rounded by indium were used in a manner similar tc Prolect L.l and placed
at the same positions.

Cc. - Results
(1) Y%= Shot
(Same as Project 4.1)
(2) KING Shot
(same as Project 4.l)
3, Protect ~ l'sutron Spectrum-Nuclear Ermilsions (MIKE) (4EC)
This project was designed to determine the total neutron energy

spectrut versus distance; however, the projact was doleted from the IVY

programming because of tne addition of Project 2.6,

L. Protect L,4 - Veutron Intensitz as a Function of Time (MIKE - XING)

The neutron detection Istrods outliinred irn Frojfects 4,1 and L.2

offered no information as to the time distribution of the original floed of

neutrons, This prolect was desigred to gain information as to the total
=2
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E:-.: number -f u'z:iving slow neutrons versus tine at given distarces f{rom ground
‘: zero.

! b, Msthoe

.‘ "Fission-Catcher Cameras" were used at close-in stations for
o both UDEE and KING.

n ¢. Results

_;:. For both MIKEZ and RING, camers stations and equipment were
': destroyed by the detonaticns,
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APPENDIX B

PROGRAM §: GAMUYA RAY TASURSITNTS .

(NOTE: This program was concerned with the measurement
of the gamma ray intensity as a function of time and i
position, incliding that due to fall-out, and with the
total gamma ray dose as a function of distance. The

close up MIKE work was largely diagnostic, and proposed )
to determine the time between the two main reactions, .
and the fission yield. The more distant work was con- )
cerned largely with fall-out, and was cunducted by DOD,

The gamma radistion rr~m a weapon such as KING
shot would be expected to be similar to that frou any
fission bomb when scaled to this yield except as modi-
fied by the effects of the shock wave, These effects
would he expected to be large, the irreveraible heating
of the shocked air removing a large part of the attenu-
ating medium during the tims wi2n fission {ragment
activity is domirant and movement of the ball-of-fire
still has not yet removed this source, The shock wave
- should also have a rather large effect on the nitrogem
- capture gammas for close distances. An attempt was
made on KIVG to obtain data to support these ideas,)
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_.; 1. Protect 5.1 - Total Dose (VK= - ¥ING) (AEC) ;
:-f a. Cblect :
::: Tis experimental project is rart of a cortiruirg progranm,
the ~urpose of which is to cbtain as much <doeuwicntation as possible of -he

. ' gara radiation fields ostablished by explodirg atomic weapens. In i
:.' particuiar it was designed to supply information as to the total gaara ::
?.j dose received by points located at various distances from ground zero, :j
N b, lYetrod s
(1) For !TKE shet, two measurement lires of film badges were .
- established out to 6,000 rards from Elugelab to “he “ar end of Bogallua, :
"‘:; ard one Irom Tlugelab %o the far end of Engebl, The rpacket cositions were
:. on land only, and were spaced at 1CC-yard irtervals insofar as possitle, J
. Three filn badges were placed at each position, the first of which was .
-:: designed to remainr ogenly exposed t¢ rediation until recovery, The second

:; ard third badges were desiyned to be openly exposed initially, but later to

. 2drse into preparec shielded positions, “he: second dropping 0.2 secords sftan .
- the explosion, and the third dropping sixty seconds later.
(2} For “IMG shot, a lire of film badge stations were placed
. down the mizdle of “uni®, spaced at approximately 1CC-gyard intervals out to .
f.: L,00 yards, Zach station consisted of a post %o which ore or core film -

'

badces were attached, All tadges were openly exposed un.ili recovery, The

2
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film used for these measurements covered the range from 0,1 to 30,0C0 r,
c. Results
(1) MIKE shot
The bulk of these stations were totally destroyed, only
those at the e;trems ranges being recoverable. The stations from 4,500 to
6,000 yards should give meager datz but, dus perhaps to the low surface
brightness of the ball-of;tiro, the dropping arrangement failed on nrearly
all stations,
(2) KING Shot
The stations out % 1,200 yards were destroyed, apparently
by a large block of concrete wnich rolled down the line destroying both the
film badge ard the neutror sample stations >f Program L. Film badges were

recovered from all stations bevond 1,200 yards,

Z. Pro'ect 5.2 = Samma Intensity as a Tunc-jon of Time (MTXT - KDG)
(A=C)

a, Cblect

(1} Consistent with the idea of evertually -aving complete
docuzentazicn o the "fielé variables” associated with an atomic weapon
detcrazion, <his groject was intended to measure the time deperdence of
gamma rar irtensity (at certain fixed distances) from snortly after.zero
to plus thirt; seconds,

(2) The time dependence of the prompt ganras was documented
by the alpha experizent (Prolects 2,la and 2.1b) and was rot considered
here, This experimsnt was designed to start at 0.2 microsecond for Y=
shot (1 ~i1l4secornd for KIVG shot) and extend for ayproximately 20 seccnds,
thus measuring the tize dersndence of the major portion of the delayed
gammas.

b. Yethod
The detection method used here was essentially the same as that
used in Project 2.la.
c. Results
(1) MIXE Shot
(a) The gamma ray intensity versus time »ith a tima
resolution of 0,1 microsecond was recorded at a blockhouse on Ruchi, 2,5C0

7ards fron ground zero. Satisfactory records wers obtained until the shock

E-2 '
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broke througﬁ the domes protecting the detectors.

(b) Gamma {ntensity versus time mesasurements with better
than millisecond resolution and running for several seconds, were attempted
at stations on San Ildefonso (1,200 yards), Cochiti (1,800 yards), and
Bogombogo (4,300 yards) to supplement the data of the Ruchi station as to
the time depandence of the total dose and the effacts of the shock wave
upon the gzamma ra2diation. The near station was at the edge of the crater
and hence destroyed; the station on Cochiti lost the prctective doms per-
cdtting the shock wave to destroy the recording unit, and the Bogombogo
station gave data down to about 30 microseconds and lasting for soce seconds

stowirg the prorounced influence of the shock vave on the gamra radiation -

; Soth nurkers are very rough‘
since they involve working back through a large amount of air subjected to
8 strong shock with unknown loadirg.

(d) An integration of the Sogombegoe data, making an

estizate as to the intensities after ll sec

(2) KING Shot

To study the effect of the shock wave upon the zama
radiatior, three 3USTZR tyye stations were used at distances of 1,2C0,
1,7C0 ard 2,200 7ards. The rear station ran to shock arrival, at w»hich tire
sooe deorls broke through the protecting dome. The intermediate station
ran through the shock and should yield very good data, The far station
camera 3id not run dus to a battery failure, Data from the two statiors
should be adequate to supply the information desired,

Projact - Fall-out Samma Interait:

3.

a8, Cblect

This prolect was designed to furt-»~ the documentation (started
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in conjunctién with Nevada tests) of fall-out intensity versus time at various

fixed points.

b. lsthod

The instantancougs dose rate at a given point was msasured with
an ionization chamber. A permanent record was obtained by using the current
signal to driQe & pen recorder,

¢. Results
(1) UIKE Shot

Camma ray intensity versus time detectors were placed in
operation on the following islands of Zniwetok Atoll: Bo&allul, Ruchi,
20%on, Zngebi, Bljirt, Rinit, Aniyasnii, Eniwetok, Pavry and Rigili.
Additional stations away {rom Zniwetok Atoll were placed on Bikini, Xusaie,
Ponape, .ajuro, Ulelarg, Xwajalein Island and Roi Island in KFwatalein Atoll.
Tre lonization charbers anc their protective canisters located on Bogallua,
Ruchi and Sogon Islands ware destroyed by blast and thermal damage. Lland-
lire telemstoring from Zngebi to Parr- was installed but the line dic rot
survive t-e srtot, Origirally, telemetering from Bogon was plarred but arn
inadeg.ate nurter of submarine lines srecluded this {nstallation. Zata has
been recovered from Engebi, Runit, B1ijiri, Aniyaanii, Parry, Zriwetok and
Rigili, 3Some fall-out has beer. rezorded on Yusale and Ujelang. Plots of
dose rate versus time for Zngebi, 8i{jir{, Wgil! and Runit, although
preliminary in rature irsofar as the absolute magritude of the dose rate is
concerried, are considered well yithin a facter of 2 in accuracy with the
exception of Ingebl where the ionization chamber sustained some camage.
The deca:r rates as plotted and calculated are judged to be accurate within

plus or minuy 10% and incicate tke radiation varies as t~1+3 to t0:8, o

fall-out vdithin the range of the instrusent, 5 mr/hr to 5 kr/hr, was recorded

on Zniwetok or Parry. ilo data is reported for Aniyaanii as the motor of
the recorder falled before srot tize,
(2) KNG Shot
Carma ray intensity versus time recording sonitors as
used for (J¥E shot were continued in operation for *ING shot, New units
were placed in operacion on Bogallua and Engebi to replace units damaged
during JKZ shot excect for the stations destroyed on Bogon and Auchi, The

stations on cff-atoll locations were continued in cperation for KIT'G shot.
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- No significant fall-out was recorded on any of the islands of Eniwetok Atoll
fisg except the shot island, where the range of the detector was 2,000 yards, 02
i Runit the pe'ak radiation was approximately 5,000 r/hr at K ¥ 5 sec, decaying
-?Vﬁ very rapidiy to aprroximately 0.5 r/hr at K £ 1 minute. No fall~out has
;Qli been reported froz any of the off-atoll stations. ' .

:f: Lo Protect 5,43 - Fall-out Distribution and Particle size (1TKF)

DOD/USY) )

i{:: This project was designed to extend the msasurement of fall-out
ii; distribution and magnitude following MIKE shot to distances greater than
. those being documented by Project 5.3,

o b, lethod

:&EE Five trpes of collection devices were enployed on many of the
;5:: Sniwetock Islands, rafts in the lagoon, ships in the fleet and at other

he islande {n the '‘arshall group, In addition, the sea area out to appraxi=-
Ef? mateiy 150 miles was instruzented with collection devices zounted on dan
:;i bSuoys. ‘

P

[
b
o

¢, Jesults - VTKZ Shot

(i) Of the eight land s:atiors, Sogallua, Ingebi, Yeiri,
Piiraai, and Junit were within the fall-out area ard, at all statiors excepnt
Bogallua, scme usabtle {all-out sacpies were obtained, Cr Teiri, “unit,
Ariyaanii ard Sriwetok tre "Bliue Boxes" failed to trigzer., The Bcgallua
station wag demolisred, A total of twenty rafts were placed at their

anchored positions in the lagoon on =15 ard Y-1l.L days. Cn M ¢ 2 and ¥ & 3

a tetal of fifteen rafts were recoversd, Tha "Blue Boxes' on all rafts

¥ triggered. All of the rafis recoversd vere within the fall-out area. !line-
'_{'\
?:‘ ©  teen dan buoy stations vere set cut by !l~-Day., Twelve of the nineteen buoys
e

placed ~ere recovared,

(2) Visual examinatfion of the fall-out particulate collected
indicates that the majority arrived in the form of amall round spheres.
The stheres vary in size from a pin point to about 1/16 inch in diameter,
They are white :und will usually shatter at the touch, Some of them appear
%0 bte hollow arz othe~s ar-ear tn have c¢ancentric rines. Thev are irsolutie
in water and are very tightl: s..ck tc <he surface on which they landed,

The radiation apgzears <o te of lcw energ 3ince in making radioautsgraphs,




., a double thickness of paper accidentally partially covared the film, This
E:‘_ double section very effectively blocked out most of the radiation, The

ﬁ fall-out soe.ms to have been more heavily concentrated on the western side
:-" of the lagoon and axtended down to at least fifteen miles,

::.' (3) One of the reasons for the approval of the dan buoy

;::": stations was to prove tre operational feasibility of such a scheme, that {is,

could they be found after drifting free for several days. It is telieved
that the succegaful recovery of 63% of the buoys deiinitely proves that such
a scheme is feasible. Improved sea anchor connections should increase the
recovery vercertage. All of the buoys except cne which on recovery showed
measurable fall-out sith survey instruments (T1B's), were to the north of a

line running east from Zniwetok.

5. Project 5.4,b - Close-in Farticulate Cloud and Fal.-out Studies
IT¥E ~ KING) (DCD/USA

a. 0Ob je:t
The object of this expericent vas to obtain specific data
frem the clouds croduced by Cperation ITY :tonic detcrations for total
activity {n the sarticulate material; rate of fall-out a.nd the fall-out
pattern or. land areas of Iniwetok Atoll; determiration of the airbormne
concentration of the radioactive particulate ~atter near ground level over
land areas of Zniwetok itoll; determiration of size distribution of gross

ard radiocactive particulate matter; distridbution »f actirity with particle

size; deterxzination of the presence of selected [issicr zroducts in the

particulate matter; and determination of the adequacy of aerial surves

e
:. systens in assessing the ground contaminasion situatisn, This data will
” supplement the previous atomic explosion phenomena obseesvations in the
L, - determination of hazard to gersonnel resulting froa residual fall-out ard
': airborne activity, cortamiration of 2reas and structures, and the develop~
’. ment of decmtanmination measures,
i*." b, Metred )
:f,: (1) The experiment consisted of two parts - fall-out collectors
. operated from H # 15 ainutes until H £ 6 hours on twenty-rour Lslands (thirty-
g
- Lwe statisns), and sloud samcling at high altitudes in conlunction with *
f Programs 1 and 7,

(2) Particulate samples from the two methods expglaired above
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#4111 be aralyzed for activity, particle size and radiochemical content.

Relationship between activity and particle size will be determined, A-

number ratio-of active to inert particles will be attempted.
c. Results
(1) MIXE Shot

(a) The experiment was successful in that twenty-four of
the Chirty;two stations installed were in the area of fall-out, Four of
these stations (those at Sogallua, Bogombogo, Ruchl and Bogon) were destroyed,
and four others did not start dus to "Blue Box" malfunction (those at Rujoru,
Aarasnibiru and two at Runit), Fall-out samples were obtained at Engebi (2},
Muzin, Kirinian, Bokonaarappu, Yeiri, Aitsu, Eberiru (2), Aomon, Biijiri,
Piiraai, Rigili (2), Zniwetok and Parry.

(b) The fact that there was ccrnsiderable liquid as well
as s0lid fall-cut is obvious. The soclid fall-out contaired mary large
particles, sore of which were as large as 1/2 inch in diameter,

(2) K¥ Shot

8

(a) At KNG srot, tre fall-out staticrs used for MI7Z
were 3galin irgirimented it some exceotions, 3.atiin3 were not sel up
at Bogailua, Sogombogo, Auchki and Zogcn tecause of the hign background,
All stations were triggered b-- the Dattery orerated "Blue Boxes"; hecwever,
certain statiors did not operate (protably because of damaze fron heavy
rains,. Ther were Runit, Aniyaanii, ZIniwetok, Igurin and Giriinien. The
fall-out collec-ed from ¥IU: shot was recovered on ¥ # 1 day and returred
to laboratories at Arzy Chemical Center, larrland, TIhese sarmples will -e
studied in the sacie nanner as the !TKZ shot samples since all chases of the
participaticn ir KINGC shot are identical to that for \IKZ,

(b) There was such a amall amount of fall-out from KIN3
shot that it is doubtful whether there is sufficiant activity to complete

all of tre aralytical procedures to te followed for MIKE shot, Few fall-

out samples produced radiation in excess of 10 ar/hr.
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APPENDIX F
PROCRAM 6: BLAST MEASURTMENTS

1, Project 6,1 - Pressurs versus Time on the Ground (KT - KING) (AEC)

a. Cblect
This project was designed to augment the existing fund of
experizertal data on the studies of pressure {ields ne:r a reflecting sur-
face, by measuring pressure as a function of time (on or near the earth's
surface) at various fixed points around Eniwetok Atoll for !CKE and KING
shots,
o. Ysthod
(1) MKE Shot
(a) The pressure ranges extended from 330 psi axpected
o Teiteiripucchl to 0,9 psi expected on Farry. The mrunting arrangecents
were basically:
1. Grourd baffles, in which pressure at grade lsvel
was recorded,
2. DBaffles several feet atcve ground surface and
facirg rarallel to the blast direction, measurirz free air pressure.
| 3. Gauges on buildirss 2o measure face-on pressures,
{b} For all air oressure measurerents the Viarcko Tisted
Sourdor. tube gauge, which corverts thre cSressure flucttaticrns into an
amplitude-mcduiated carrier, was incerporated,
(2} ¥Ir5 Shot
(a; The main blast lire corsisted of eig-t air zressure
gauges along thre reel for the measurement of free air cressures, The
expected pressures on this dlast line rarged from 210 psi to 12 psi,
(b) For all pressure measurements, the Yiarcks Tristed
Sourdorn tune gauge was incorporated. The important consideration in these
Teasurements was the comparison of air pressure functions over water with
those over land.
C, 3Results
(1, MIKE Shot (See Ircl 1 to Appendix F)

Asymnetry was aeasured by twenty self-recordinz irderntor

gauges, ten placed or Ergebi and ten placed on Bogallua a%t the sace radius
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from ground éoro. From the two clusters, and the fact that the impulse on
the Engebi gaugea is known froa the Wiancko pickup near that cluster,
calibration of these indentor gauges should <etermine if symmetry existed
on these two azimuths,
(2) KING Shot
Alr pressures over land were measured at four ground
baffle stations spaced along Runit. A free air pressure mnnsuroﬁ-nt was
made on Parry for a far distant point,
2, Project 6.2 -~ Alr Mass Motion Studies (MIKE - KING) (AEC)
s. Object

This nroject was desigred to provide free-air over-pressure

versus distance.
b, lethod

(1) The method of labeling the atmosphere for this project
involved placing a puff of smoke in the atmosphere in some region of interest,
A motion picture camera was rrevicusly aligned ir such a way that the puff
was well within its flels of view. Subsequent photograshy of the ruff,
ard f:2=2 analysis prccedurss, could ther s 5plr the experimenter itk a
time ristiry of the puff's mction and rerturbatiorn, Such a method was
expected to surply the elapsed ti-e [rom zero to the arrival of the shock
at the puff and the variation in shock strength with tize from its dependerce
on the perturbation or "=zass mction" ¢f the puff,

(2) For !IKE shots. low aititude (~ 4IC feet) labeling of the
air was accomplished wAt: exploding mortar grojlectiles. The distarcee from
ground zero were sinilar to those chosen f{or the Wiancio gauges of Prolect
6.1. The actual positions, however, were auite different. In addition, the
air as libeled with smoke at <en altitudes (8,00, 9,000, 10,CCC, 11,000,
15,200, 1%,0¢0, 20,000, 21,CC0O, 25,000, and 26,000 feet) by aeans of burst-
iug shells from anti-aircraft guns,

(3)__For._§EI.‘ZG shot, only the low altitudes (=~ 4CC Ceet) air

Tt ——
libeling technique was used,
¢, ZJesults
(1) M= shet
Camera operation was 100%; mortar firing was 22% (tre

mortars on Coral Head and Parry failed to receive the radio firing signal);

F=2
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and zun firing was 100%, Total equipment operation was 90%, An analysis of
the fifteen films recoversd shows that the reef mortars may produce limited
data since the thermal dust raised on Engebi obscured the mortar puffs at an
early time, Of the five raft mortar films, two definitely obtained data on
mass motion, one obtained no data, and two were marginal due to prevailing
1ight conditions, The mortar film from Parry contains no data.
(2) KING sShot

The six cameras on Rojoa ran. The Parry camera did not
produce a record due to power failure shortly after zero time. From pre-
liminary viewing of the films, one raft mortar apparently falled to fire;
a second raft mortar shows the mortar firing but no puff visible; all other
mortars fired. The quality of the records obtaired is good; however, thermal
dust was present between the cameras and the puffs at an early time. The
functioning of equipment may be btroken down as follows - camsras at 8% and
sortars at 71%,

3. Project 6,3 - Shonkwind, iftem:ird and Sound Telocity (MIVE - KING)
~ (AEC)

a. Cbect
The objectives of this project were twofcld., 7irst, the measure-
zent of shockwinds and afterwinds at various distances from ground zero, and
second, the measurement of sound and material velocities, both prior to and
after shock arrival, at var:ous distances from ground zero,
(1) MKE Shot
Afterwind and sound vel ities were neasured at four
——pa
stations by means of interferormeters. The four locations used ers Ingebi,
. e

. —

Yuzin, Bokensarappu and ﬁgegp. OU-mamic pressures were measured by means of
iancko pitst tuﬁe;—géa Sandia-desigred "Q" gauges. The "(" and pitot tube
measurements vers made on_Engcbi, 2uzi§: Aomon, Bokonsarappu and Farry.
Temperatures of the air during the blast phenomena were measured by resis-
tance thermorsters at the same locations as the ™" gauges. The element
way shielded frm the direct radiation by a metal cover.

(2) KIIG Shot

Afterwinds and sound velocities were measurea at two Runit

stations by means of interferometers, Dynamic oressures were measured by
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means of Viancko pitot tubes at three locations along Runit Island and at
one station oa Parry. Dynamic pressures were alsc measured on Parry by
oeans of th;'Sandia-designed "Q" gauge. An air tomperature measurement with
the slement shielded fror the direct radiation by a metal cover was made on
Parry.
c. Results
(1) MIKE Shot
Some gauge failures were encountered. All temperature

gauge elements were broken by the force of the blast, High hunidity caused
some opens to occur in the strain gauge elements of the "Q" gauges, Sonic
interferometer failures were caused by coorly designed weather-proofing of
the exposed equipment.

(2) KIIG Shot

In general, all eauipaent functioned properly on KING shot,

L. oject & - Water Nave '‘otion - Shallow Tater - Photograohic
ZLZKEE ZEEES

a. Chtect

T-e purpose of “nis exreriment was %o cbserve the molicn of

water waves in the lagoon near various islards,
b, lethod

Cameras were installed on Zngebi, Fojoa, Runit and Farry. These
were l6-mm cameras with 25-mm le:seg, cperating at 10 frames/sec for a total
runring time of ten minutes. At each location a large raft was rocréd at
3,000 feet from the camera. Ar array of {ive barrels was moored about 1,0C0
feet from the camers and a pole was placed in shallow water near the beach
about 3C0 feet from the catera. These oblects served as markers around
which wave zotion was meecsured br filming.

c. Sesults - 'IKE Shot

All markers survived the shot intact; those at Engebi were
scorched by the thermal radiation; all careras ran, On Engebi, the mirror
on the camera housing, designed to direct tne image downward into the lens,
was blown off by the air shock, so that no water wave pictures were obtained,
Prelizirary aralysis of the remaining three original negatives indicates
displacements of a3 foot or so at Parry and two or three feet at Funit, Vave

arrival at Ro0!ca has not been detected on the film; however, air shock arrival
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at Rojoa was indicated, Cn Engebi, where the camera with no mirvor was
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lookirg overtead, the passage of the cloud chamber effect was detected.

5. Protect 6,Lb - Sea Naves (*TKE) (DOD/USN)
a. Object

The object of this project was to measure the baromstric and

. .
v et
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e

surface waves produced by (IKE shotl.

b, Method

5

c.' »

Commercial recording microbarographs wers used to instrument

L,

AN

the tarometri: waves, while the vater waves were detected with three types
of wave meters in three general locations, Pressure-type remcte recording

wave meters were desigrned to accert only the arpropriate waves by msans of

1
. »
A

:f: i hydraulic band-pass system and were installed on two seamounts (Seamount
}: 26 ard Seamount 72) north of sround zeroc and on islands of Bikini Atell,
‘e
“~

Absolute cressurs recorders (accerting all pressures) were installed in

Ot
[

Sniwetok Lagoon, At distant islands, critically damped witer level re-

corders weve installed which would accept lonz period waves.

c. 3Results ~ (T¥T Shct

(1) The waves frcx !TXZ srot proved to Se such smaller than

~
he expected. 7ithin the lagoon trey were about one-tenth of those expected, {
Y

s and outside none were recorded, llcrobarogranh records wers alsoc far below

those articipated,

A

(2) As an instrumentation program, the prolect was a success

.

.{-.

.\j in the sense that all but ore of tne seven instruments installed were re- .
N !
N \ -
. covered and found to have octerated as excected, Tr= forturate circumstance '
. !

of a natural seismic sea wave on f ¥ 3 dars provided a good check on some

of the instrumentation. A -articularl:- successful aspect ¢t the progranm

e

2_ was that four instruments were placed on a newly-devised light and inexpen-

E} sive deep sea moorings wnich utilized the tops of undersea mountairs which

.} rise to within 5,000 feet of the surface. Records recovered were of good

?i quality, The only station lost was a raft which was not recovered froam )
E: Seacount 26, ;
'?; (3) Thre Znivetok Lagoon stations (Runit and Zniwetok Islards)

!? clearly showed tne shock wave (equivalent to absut four f:et of water at

:3: Aunit ard 2,5 feet at Zniwetok). At Zniwetoik, the shock wave was followed

:E in twenty~fire minutes by four waves with a pericd of about {ive minutes;

¥
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::;: the first wave had a trough-to=-crest height of about tihree feet, and the

t;j; remainder of the waves apceared to be only trcughs about 1.5 feet deep. At
AN Aunit, the shock wave was followed in fifteen minutes by ar irregular ’
::\' disturbance, the largest single mave of which was not only 2,5 feet high.
?Z; As previously stated, no wave records from MIKZ shot were obtained at the
'*:g Seamount stations or at Sikini Atoll; however, small barometric changes

were recorded there,

0k 6. Project 6,5 - Ground lotion - Seismic Ysasurements (MIKE) (AEC)
ey
P a. Cbject
e .
% .
peN This projlect was designed to supply information relative to the
_ zransport of explusion energy b:- the zround as evidenced b earth accelara-
_' ': tions ard resulting motions,
..':'J i
Fols b, lethod
e =200
hye Sarth motions, or, more specificallr, earth accelerations »ere

q

measured at Bogon, Ingebi, 'luzin, Zokonaarappu, Aomon and Farry, For each
s ) PPy, K

s

irstallation the radial, vertical -nd <angential acceleration comgorents
were measured utilizing lancko acceleroseters, The three jauges at each

installazion were placed in a metal case or "bull plug" sutwally serzen-

dicular to each other and placed at an average depth of seventeen feet. An

LS .
y effort was made o match the densii-- of the case to the density of the ccral,

~ vy oy

y The acceleromster case on Soiionaaracpu leaked, ruining the three gauges,

Since the cortractor nad removed nis drilling eguigment, three new gauges

A%

.5,
. _' ‘q

we were mounted in the shel*er as an expedient solution.

t{% c. 3esults - LTKE Sho*

s (Ses Incl 2 of Appendix 7} Data from the pre-srot seismic

i

SZ? surveys and earth attenuation measurements of Program 1l will 2id in the

;ES' analysis and interpretation of results obtained hereirn.,

i;: 7. 2rodect 5,5 - Uicrobarograohi: Ueasurenments (Uf h (AEC}

..T a, Cbiect

v

fi? The prirmarv purpose of this experiment was to determine certur-
:j; bation pressures established in tnhe uprper atmosphere by the nuclear

;;” detorations. The project was deleted from the 1VY program due to incorpora-

i

tion of its measurements in other projects.

.?.\l

-‘:4

AL 8, Prolect 6,72 - I'nderwater Pressures as a functicn of Time and Peak

Y ilater Fresjure a3 a runction of Sistance (i T) (O USD
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The purpcse of this project was to obtain underwater pressure-

IR
e
o
270

tize records in deep mater off the ocean side of the shot island on lIKE

- shot,

e b. Yethod

oy

:::E: To accomplish this purpose, instrumentation was completed on :
‘ three types of underwater pressure measuring devices - a Wiancko system con-
E:::.:: sisting of a variable reluctance pressure pickup of the Twisted Bourdoen tube y
:-‘: type modified for underwater operation and oscillographic recording; an :
e Forizons system consisting of barium titanate pressure pickups employing N
g cagnetic tape recording; and an MRL telemetering system using the output

') sigrals {rom the ¥iancko gauges and transmit*ing them via aircraft relay
E'_:.:: to a remote recording station aboard a Task Force vessel. Tre instrurenta- i
:':" tior was engireered to fit in a snock-nocunted cage inside a first class ;
.: standard can buoy. Sach buoy was ecuipped with a cormand receiver to

E' oterate ‘he seguerce of events bH: re~ote control {rom the nearby aircraf:,.

t}; There vas 2 total of four bucys planned for stationinc on the ocean side of

h srnot island as follows:

, (1) 3uoy Yo, 1 - ‘iarcko self-recording system at §,0C0 K
: feet frox ground zero. ]
:' (2) Buoy lo, 2 = Horizens self-recording system at 9,000 -
. feet from sround zero. y
g (3) Zuoy ¥o, 3 - Wiancko self-recordirz system ard 'RL

- telexatering system at 9,0CO feet from B
:«'.“ ground zero, ’
t:\ (4) Buo; No. L - Wiancko self-recording system and NRL p
e telemetering syatenm at 12,000 feet from .
:_!- ground zero, 3
v c. Besults - WIXE Sot
E. (1) The project succeeded in getting three buoys on station )
"-‘ before UIXZ shot, moored ir 200, 375 and S0Q fathoms of water at the prcper )
:.' distances from ground zero under extretely adverse weather conditions. 2
_i::: Some instrumentition failures occurred in the electronic systems, -
: (2) After MIKE shot the recovery party arrived at the buoy )
&f:: stations on ' # 3 and found nothing afloat. The reefs were scanned thoroughly

'® but nothing was discovered., Telemetered records were obtained; however,

analrasis is rot available at this wmritirg.

9. Prolect 5,7b - Underwater Pressures Along eef (!IKE) (AZC) o

r e s e

W‘b’"v F o ot
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s, Chblect
As a continuation of the underwater pressure field studies,
this project'was desigred o neasure the pressure as 1 functicn of time in
tae shallow water of the lagoon.
The basic irstrrrent used herein was a ‘"lancko gauge modified
for underwater use.
c. Results
(1) MIKE Shot
Four underwater tressure-~time zeasurerants were made at
depths of arproximately 1CC feet and at a cistance of about one mile off-
shore on the lagoon side. These were located off the Islands of Teiteiri-
pucchil, Zrgebi, Aomon and Parry. Wiancko Twisted Bourdon tube gauges
were vtilized, mouated on trigeds ten Teet in heiht to raise thenm off the
lagoor floor.
(2} ¥IUS Shot

An urnderwater gressure-time -mezsurecent was macde at 1

leztr o atiroxizately 10C feet =i -3r7m-, Tvi3 -easurenent v~g not ca’.ed
T2r, tut az the irstallation was comcleted for !7MZ, <he shannel 'ras azain

orened vz,

10, Protect 6,7¢ - Accus*lz Tressu-e "aves L. aer (UTVT . YING) (OCN/15Y)

a, Cbilect

dee: water of acoustic sizrals zererzted > a nuclears detcrnalion, Ag was
desonstirated duwring Cperation TTEEIHCUSE, this sigral can be used as a1 —eans

of arrivirg 2% a rough estirate of yield.

b, l‘ethod

Several 3Sound
and Atlantic Crean 3reas were ale.*ed to detect and record the acoustic
sizrale zenerated, Iuch sigrals are prop-zated in a water larer ahich is
approxizately 250 fathoms under 4he ocean surlics in the Pacific and 7CO
fathoms under the ocean surface in the Atlantic,

¢, 32wesulis

Juccess{.! reccords were Zdefinitely obtained fraom WIFT shot at

3
.

Sur and P4, Arera in the Pacific area, Altlough “he Zata has not yet

ixing and Ranging (SOFAR) stations L~ the Pacific
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- been completely reduced, preliminary indicationa are that the maximum energy

received was aprarently concentrated at a lower frequency than was the case

in Operation GREENHCUSE., (No data is available for KING shot at this

writing.)

11. Project 6,8 - Pre~Shock Arrival Air Temperature (MTKE - KING) (AEC)

This project was deleted from the IVY Program on the basis of the

experience gained during TULBLER-SNAPPER.

12, Project 6,9 = Air Density Vepsus Time (MIKE) (AEC)

a, Cbject
This prolect was desigred to document the air density at various

fixed pointa in the blast field crior to, during and subsequent to the
rassage of the shock wave.
b, MYetrod

(1) Tc accomplish its purpose, this project utilized a device
nown as the Beta-ray Densitometer. Briefly, the Densitoreter consists of
a fixed source of beta rays, a detectcr which respords to changes in vdeta
rar intersity, and a recording instruzent which converts the detector output
irto a pizture record on a negative filn stric. The attenuation of beta
rays and, hence, the detector output is a function only of the material
density between source and detector.

(2) For MIKZ shot, four Brta-ra- Densitometers were used, ore
or each ol the following islands - Zngzebi, ¥irinian. Bokonaararpu ard Acmsn,
The 2istarces froa zround ~ero to these stations were 12,000, 23,CCO, 31,000
ord L8,300 feet respectively. ’

¢. lesw.ts -~ 'TKT 3rot

(1) The Densitometer at Engebi failed since the carera did
not operate, The Dorsitc.ete= on Kirinian worked successfully and gave gocd
resulty. Densitometers on Bokonaarappu and Aomon gave no results, Cazeras
operated but beta sigral trace did ret ippear until a {ew seconds before
the end of the fillm record. The films indicate a possibilitr of relayrs
operating in reverse sequence, i.s., the -3 second relay operating at -1
ainute, and the -1 ninute relay at -5 secords,

(27 Artival time of blast at Kirinian was 9,5 seccncs after
zero, aximun densit: messur:d was 2.8 grs/liter = 5.3 tines normal density,
occurring aoout 2,2 seconds after blast arrival. In gener:l, during the
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period from 0,5 second after blast arrival to 3,0 seconds alter arrival, the

densit; varied randemly from about 2.5 to 3.5 times normal. This indicates

consideratle loading of the air by dust, petbles, coral and other debris.

Pro‘ect 6,10 - Free Ai- Preassure as a Function of Tize

130

a. Cblect
This project was designed to determine the Iree air pressure as
a function of time using manned aircraft to position the measuring instruments
in space at altitudes significant to delivery aircraft. In addition, data
on the dyramic structural response of aireraft was plarned. The latter will
©e used as a basis for establishing structural design criteria and for
i-mediate use in planning delivery techniques for verr high yield weapons.
b. lethod
To accomplish the =ission 2n instrurented 3-36D and B-47B were
positiored at oredetermined foints in sgacs near the explosion to record
the blast effect cn the aircraft structure, The 3-34D was instrurented with
strain zau:.s, accelerometers and a Coox recorder witn eig-teen charnels
for tlast data, The 3-478 wes sitilarly instruzented and reccrded six
charnels s blast data. Strain gauges were emploved tc determine deflections
of individual aircraft componants. Since the yleld of !TKZ shot was rot
Inowr. excest within broad linits, {t was recessar; to instrument the air-
craft with two distinct sets of -ressure gauges to cover a pressure range of
C to 10 zsi,
¢. lesuits
(1) WIKE shot
Useful cata was obtainred on 1C0% of the chanrels of the
B-36D, with 90% of the recordings of good juality. There was no useful data
recorded on the 3-47B, The aircraft was aprarently too far out froc the
predeternined position and the oscillograph ran out cf paper before the
srock arrival. Shock arrival hsd been computed as 135 to 159 seconds,
depending cn yleld, The recorder ran out of paper 165 secords after zero,
Horizontal tail berding moment f£or the B-24D was approximately 62% of limit,
3ending zomen~s in the wing Zue %o the gust were ver~ low, as excected, At
shock arrival this aircraft was approximately 22,7 nautical ~iles fro-

Zround zerg, at an altitude of 4L0,0CO feet, The B~47B, at shock arr:uval,



' ‘\‘: was at a :lan.t. range of approximately 28.5 nautical miles and a% an altitude
",\‘
‘.. -.
.:\‘,; » of 35,000 feet.
v "(2) KING Shot

‘  This project was executed in the same manner as for MIKE

shot, The B=36D and the B-47B were at slant ranges of approximately 10.4

and 9,1 nautical miles and 2t 32,000 and 35,000 feet respectively at shock

vy arrival, Eighteen channels (95%) of blast data were recorded. The quality

:\.i; of the data obtained appears to be good. i
::‘3 l,. Project 6,11 - Free Air Pressure as a Function of Time, Utilizing

-7 Parachute Suspended Ca (MTKE-KING) (DCD/USAF)

. a. Cblect

‘_"g This project was designed to msasure the {res air overpressure

:‘ versus tize, at a number of differect knovm close-in altitudes and distances

_',-" frem an atomic explosion. It wms an attempt to ccllect data on the attenua-

e tion of a shock wave ir a ron~-homnogeneous atmosphere to aid in the determina-

, ticn of safe (%o flight crew cersonrel} procedures for aircraft celivery of

::Z; iizn 7ield atozic weapors, ard to verif: (or deny) presertly available

o theoreticel aporoximation methods, In addition, free space “hermal neasure- i
\_\'. zents were to be obtained, under the cordiftions of severe raflection or

o

:-:\ absorption (due to cloud coverage) which was expected to exist at shct times, }
£ 2 b. lathod |
-

For this project, the gereral plar of operation was to obtain

55

{
|
pressure and “herzal measurenents at twelve points along a radial iine from (

:: the point of detonation, extending trom the shortest range at which data can ‘
.’J’ be obtained to approximately the operatioral range for canned aircraft. <
'“;- Twelve parachute suspended canisters were dropped on each shot, froz twe i
55,':: 9-29 aircraft flying at aprroximateiy 32,000 feet. The altitude of the ;
::E: caristers at shock arrival time was to vary from approximately 10,00C feet ;
":-.__ for the nearest to 30,000 feet for the most distant. The twelve instruments

were divided into two groups, one to give useful cata in the event of a low

/ vield and ths other adjusted for docutertation of 3 high yield, The two

‘ 8-29's were schedulac to deploy six canisters in such a way that a maximum

b of useful cata would be obtained should either of the planes fail, Zach

:.:: canister contaired 3 pressure ssnsitive element, a thermal sensing cevice,

E..\ ard a telemstering trans;.'.i:ter. They were approximately eight [eet lorg,

8 o1l

)
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fourteen inches in diameter and weighed 275 pounds.
(1) MIKT Shot

Of the twelve parachute-borne canisters dsployed during
\IKE shot, ten caristers functiored croperly in all respects, The radio
telemetry stations recorded all four subcarrier charnels from each of the ten
canisters, \Neasurements of ambilernt pressure, differential pressure and
thermal flux were succesafully recorded, Alrcraft positioning and canister
positioning in space and time were very successfully sccomplished. Two
canisters had a free-fall dus to parachute failure and experienced impact
prior to zero, UYowever, each positior in the canister array was duplicated
by two canisters so that all six positions in the array wers recorded, The
qualit: of the recordings was excellent for eac: :zarister, Thsrmal
measurererts were shtzined freom “2e five canister: rearest ground zero,

The thermal ~easuremerts frcm the [ive canisters zost distant from ground
zero indicated <hat thermal instromercation was rot adecuately sergitive
for the t-ermal radiation existir- 2% thas distarce,
(&) 2Nt s

Cf t-e tweive paricrute-berme caristers decizred during
G shot, e! i~t canisters functicned properly. The radios teleme:r— stations
recorded ill four stbearrier charnels frca each of the eight canisters.
.ieasures of anblern. pressure, Zifferential pressure ard therzmal flux were
success{ i y recorcded. Data res:lts indicate that t7e aircralt arrived at
tre target pc.nt tuent: seccrds ear.y. Crne aircraft cerloyed six caristers
successfully; hcwever, the other aircralt experience: tomt riease & Ti-
culties ancz all six caristers were released by salvo operation. Two c.-i-.ors
incurred a free~fall tec:z :3e of parachute malf.nction resul-in- _~ i-rac*
pricr tc zem., Tws other canister; ircurred electronic failure, In
reference o ne ricormatlion ottalinzd for each arrar sosition, the recordir.s
iodicate trat approxitately 77 jata “'as obta.nec, The qualit: of the .
recordings obtainez wis excellent for esch of the eight canisters. Tremmal
Teasurezens were cttajned froz the five carlsters nearest zround zer>. The :
“nerwai seasurecernts Irom Lie Lhree caristers Tuet diitant Sronm gTound .ers

indicatec %-at <rerzal instromentaticn was ot a‘es :tely sersitive far the

tresTal ras.latiosn exostinz aw trat distance,
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15. Prolect 6,12 - High Altitude Waves (MIKE) (AEC)

Project 6.12 was deleted from the IVY program due to lack of a
feasible aethod of placing detectors at extremely high altitudes.

16. Prostect 6,17 - Yeasurement of Free Air Pressures by Smoke Rocket

Photoi raiE - DODZUSI;

a, QObject
The function of Project 6,13 wes to chtain free air shock

pressure by rocket trail photography. A secondary purpose involved photo~
graphic time of arrival measurements at ground level of any precursor blast
waves which might be formed.

b. Methcd

In this technique, smoke rockets were fired to form a grid of

smoke trails benind the burst. The shcck wave growth was recorded by
shotograghic zeans (Mitchell careras at aprroxisztely 100 fra~es/sec)
against this background, The change of the index of refraction in shock
wave front causes gacs to aprear in the smoke trails, As a result of this,

/ 7
Trofect 5,2, -
-

the tize of arrival curve is obtained. Aralysis of data will de similar to //\I//ﬂ

c. Results - KIN5 Shot

The smoke rockets were fired fror Station 6140 in the fora of
a far with trails every 10° from an elevation of 1C° to 17C°. There were
two others fired at 85° and 959, All the roclkets fired, Cf the three
careras (focal lengths lCCzm, 50me and 3Smm), only the 5Czm £3cal length
failed to furction, The record obtained b the cazera with the telephoto

lens (1CCmm) was axcellent. The other record (35mm focal length) will be

difficult to interpret because of the smallness of detail.
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AFFENDIX G
PRCGRAL 7: IONG RANGE DETSCTICN

(NOTS: The basic objectives of this program were directed
toward obtaining calibration data and in developing
specialized equipment and techniques for the long range
detection of nuclear explosions or events,

.
AN
P

..
a4
0
l’l
* e

)
s,

i g

LI PN

The Long Range Detection System consists of seversl
diversified techniquas covering the fieldis of electro-
: magnetic effects, airborne low frequency sound, seismic
! wave propagation and the distant transmission of ball
‘o of~fire light., Further, the continuing evaluation of
"o airborne bomb debris requires the analyses of close~-in
- bomb debris from iorm U, 3. nuclear detonationas.)

:f':. l, Project 7.1 - Flectromagnetic Z°fects From Nuclear Sxvlosions

a. QObect

RALE A

A
()

XK XA, A reem

~ Wl

g
)
3

- (1) This project is part of a continuing series of experiments
'.:':; investigating alterrative technizues for employmer: by the Atomic Znerzy
\-l

Detection System (ASDS). The existence of an atomic explosion-induced
electromagrietic impulse has baen established at previous ZI tests with
identification at distarces up to 2,CCO niles from the detoration point.

Trese IT! experizents were desigred to gain further 'momledge of the precise

‘A KRS D Dot naa AR S Th Cx s

rature ard character of <he tulse through:

-"

*- (a) Sepsration of this pulse frsm other atmospheric 1
:‘_:*‘f disturbances, d
f {b) Charges in sigral with distarce and determiration of :‘
most favorable detecticn frequercies with distance. ]
,: (¢) Procedures Zor best triangulaiion and sigral coinciderce, '
b. Lethod :
o (1) 2xistent receiving equipment for iigh frequency receotion ]
":': _ was used as nuch as pessible from locations at widely separated peints in 'i
:. the ZI ard outside - 'ui, T. H,, Guar, Alaska, Colorado anc Virginia, :
’ (2) Beveridge, rhombic, vertical and loop anternas were utilized 3
‘ to obtain best sigral for frequercies ercountered in an expected rarge [ronm :
';“ 3 f{ew cycles per second {o possibly 170 megacycles, —‘
::;' (3) ‘tecessary accurate timing was obtained by mesns 5f crystal 1
:::: controlled oscillators tied to world time, \
'.. c, Results ‘..J
(1) !T¥ZE Shot

PR RO

-1

P-4
P
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Of nine stations operating, six reported signals and three
reported questionable signals. Further analysis is being carried on to
correlete all objectives of the project, '

(2) XING Shot
No reports are available at this tice for this project

becausy of widely separated collection points and the sixty-day period needed

for snalysis.

a, Cblect

This project is part of a continuing program, determining
reliabilit:- of acoustic long range detection methods froa detonations of
nown characteristics in application to unknown characteristics from routins
operations of AEDS. The experinert was designed %o record variations in
atoospheric pressure through induced low f{requerc: acoustic waves caused by
ateric detorations and from this recorded data to document amplitude,
freqercy, duration, apparent velocity of wave as well as azizuth 9f
origiration,

b. letrod

(1) Tidely scattered in distarce ard 22im:th, acoustic cetection
stations were set up in Japan, Oshu, T, H,,Alaska, 7asrington State, “fash-
ington, [. C., Arizora and New Jersey.

(2) 1Instrumentation at these stationms utilized microthones -
Sigral Corps Infrasonic System -2 (lodified), MNavy Zlectronic Latoratory
aodifised Aieber !icrobarograpr S:stem and a MYational Sureau of Stardards
tdcrophone System. 3Sigrals from the instruments were trarsmitied over wire
lines to a recording center. One instrumentation system consisted of at
leoast four microphones with one or rore located at each vertex of a quadri~
lateral, sides of which were four to six miles in length. Recordings vere
accomplished with toth zagnetic tape and Zsterline~Angus techniques,

¢c. Resul‘s

(1) MIKE Shot
G-2
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:\\ (2) KNG Shot

A

SN Yo reports are available at this date because of the widely
LR

f]l't

scattered sources of information,

. 3. Prodect 7.3 - Calibrat%on AnE%Esis of Close-in A-Bomb Detris
T [] T - ¥

:f:f a. Oblect
o) .
(1) This project was designed to furnish calidbration data

concerning fission product ratios, residual fissiorable materials and

-{;‘ induced radiocactivitr in airborne U, S. atomic bomb debris, measured by
oo
koo radicchemical, analrtical techniques,
(2) Ulti-ately, the data obtained will again be used in evalua~
ﬁ{:¢ tion of anAlysis of debris
F-’-‘-? b. Yathod
O
-, (1) Solid, liquid and gasesus samples of atomic debris were

collected utilizing specialized sampling techniques and equipment develoced

oo by AFOAT-1 and its ccniractors,
P (2) Saapling at 4C,(CO feet '‘ear Sea level (MSL) ard higher
]

ect 1,3, I addition,

TB-29's (from the Air Teather Service) collected fil-er sazzles on meteoro-

was a ‘oint AFCAT-1/LASL project as discussed under

.'. e

;i; logical and cloud tracidng missions., These aircraft utilized instruments
';i which detected and recorded airborne radioactive debris instantzrasously

; (filter tox monitor), Alsc, gas samplirg and water collection devices wers
e installed., A counting room wzs established at Kwalalein to determire
,ﬁgs activities of filter papers from cloud tracking missiocns. AEDS collections

were coordinated with close-in coerations,

(3) Soil and lagoon water samples were taken near zero point

Sfﬁ before and after detonations,
gs& ¢. Results
?‘i (1) MIKE Shot
zgi Alrborne sampling mirsions were congsidered successful
$;: from sample quantity point-of-view, Quality of filter (solid) and snap
2;3 (gaseous and particulate) samples is in process of being determined. Initial
y estimates inaicate {ilter sanpies zay contain large quantities of natural
:; uraniun which will 2robably be a source of interfersnce with prolected
:} analysis of uranium isotoves but no interference with fission prcduct aralysis,
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Snap sarmples ware cbtained from nine F-84G aircraft, three gas sanrles and

‘three huridry samples from two B-29 alrcraft,

(2) KING Shot
WB-29 sacpling was not very successful because of the

peculiar distribution of KING shot debris at B-29 aircraft operating alti-
tudes. Filter samples will probably be adequate for fission product ard
induced activityllaboratory rork, The samples do not appear adequate for
plutonium ard uranium isotopic analysis and other speclalized techniques.
Mine snap sample gas samples were obtained with F-84C filter aircraft and
four with 3-31 samriing devices., oisture which possibly carries residual
TL w2s successfully recovered Iroa five samples. Detailed sumraries of
ouantity and cualit: of material collected will be available after further
laboratory analysis.

L. : - N TYG) (DCD/USAF)

a, Cbilect
(1) This experinsent was cancermed with characteristics of
selsric sigratures fro2 nuclear detcnaii:ns. It Ls 2 centiruation ¢f measure-
zents from other tests to gain inforratizn on scaiins laws. The effort is
Jirected towvard:

(a) ‘easurements of amplitude of horizontal and vertical
earth =otions,

(v) Deterziration of tizes of arrival of distirciive
phases of seisgrics arnd other factors correlated with ‘mowvn “est ¢cniitions
and selsmic ezuicient.

(¢) Letermiration of coupling ccesficient of ererzy

transmission of atomic bursts to sei:mic energy.

b. Yet:od
(1) Two special standb:- seismic stations were activated i-
Alabarma and Tklanoma, These :ere coordiratec with three regular 21 AZDS
statlons in rorming and one in ilaska. Toreig: seismic stations 4,3CC -
7,°CC niles from zer:z were operaced,

{2, Irstrucertation consisted of Zenioff type seizmogriphs
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with special ;nginoering to insure sensitivity on the order of 1 CPS and
magnification to 109 for IVY. The seismographs at each lccation wers

smployed in a linear array (one to thres miles length cf deployment of four

nicroseians and other forms of "noise®,
Ce Results

}

!

t

{

vertical and two horizontal components) to separate desired signals from !
]

(1) MIKE Shot 1
y

q

{

{2) KING Shot
No reports are available at this writing due to the world-
wide spread in stations and time needed for collection and analysis of data,
5, Prolect 7.5 - Transportatior of \irborne Debris (MX= - KIMG) (DCD/USAF)

a. Cblect
This project was desigred to contribute information on vertical i
mixing in the stratosphere by using the-atomic cloud as a gigantic tracer.
The unusual height and size ot.the cloud was expected to aid in determining
the approximate time required for gaseous debris to diffuse downward to the
surface, the rate of prozression toward polar areas and assist AZDS in its
routine operations. Trese factors, to he measured directly, had never been

made for the stratosphere,

b, Method

(1) At five locations in the Northern and Southern Hemispneres,

it was planned to collect one-gallon atmospheric samples weekly for tritium
‘ detection in rair water. This c¢peration will cover a period from two months

prior to and six months after detonations. All counting of tritium samples
#ill be completed by TRACIRLAB Irc.

(2) Dally humidity samples for two weeks after detonations were
obtained at Honolulu and Guanm,

(3) shipboard radars of Task Force and airborne clinometers
were used to determine cloud height and movement,

¢, 3Hesults

(1) MIKE Shot
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Conflicting initial data relative to cloud height ard
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Additional data will eclarify

movemant precludes a true picture at present.

0

o st probablé height and novement,

(2) KING Shot

Ry

No reports are available at this time,

6., Project 7.6 - Detection of Fireball “izht at Cistances (VIRKZ - KI¥G)
Zngjs:Ajs

a. Object
The 2irst long range detection of ball-of-fire light was made

LT Y W )

e ey
ta T,

B 3

".'
.
PRPR

.

at right on TASY shot of Operation GREEMNHOUSE. The detection apparatus was

e

i in ar aircraft above the cloud cover 630 miles from ground zero, Daylight

i detection, presenting favorable signal-to-nolse ratios, was accomplished
270 miles from ground zsro for all BUSTER shots except ABLE., This project
- was part of a continuing progran to develop a ligrt detection system capabie

of determining bomb yield at distances commensurate with practical operations

b. lethcd
easurements were nale at ground stations on Kwajalein and
Johnston Islands and ore air (C-47) staticn at Ywalalein.
¢, Results
(1) UI¥= shot
Yo results of this project are available at this time,

Yleasurenerts [rom tne C-L7 flying over Ywajlalein are excected ‘o te regative

B \- ¢

LSS

due to the heavy cloud cover between ground zero and location of the aircraft,

v

Ground neasurezents at Ywalalein are also questioned tecause of low and

2
.

neavy cloud cover and smoke interference from the F-84G's during take-off

L,

of these aircraft.

R

(2) KING shot
%o confirmad results of this project are available at

’ )
o 0

this tirne, but cloud cover between ground zero and the aircraft above
- Kualaleir iaplies negative results, Ground measurements at Kvajalein are
- also questioned because of cloud cover,
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. 1. Prolect 2.1 - Intepral Thermal Radiation (ITKE - KL'G) (ARC) w
™ -
" 8, Chlect R

~

This project was cevoted to documenting the total (integral

over time) thermal radiation received at various fixed distarces {rcm an

e
l atomic explosiorn. *
-~

b. letrod
- (1) 7wo metrods were emrloyed to measure total incident thewmal 'N
i radiation. The first of these involved a conventional ballistic thermo- i
. couple tecinizue, The secornd setiod involved the use of so-called "“lack ,_,

e balls", 0

. (2) Tor !T7= shot, s=:x .zlliatic *r:racccuplies were operated - 2
C - £ e k=3 . - Lt B .- - Te - = " 43 44 ud *
q two frem tne Parry phetc tower, .0 on Ingebl and tuo on Bililri. In
.-
- addition, "blacl ball" stations were slaced 3n 31i:iri, Zogailua, Alisu, -
"_
' Zsicnaararpue, “iriniar, Zngebi znd Zozom Tslands, wdth 3till another ¢n o a
'-.
" ciling =evween Irzedi and 2ogon, n2 a2t 3ite ltan,
i (2) For KINZ shot, six tiermcccuples were used - tue on <ne Parry E‘
> ophoto tcwer, two on 2ii!irl and tiro —ounted on Aniyaanii, In addisisn, three
‘I-: "black tall" stations were establisned near the north end of Runit,
"
i ¢, Hesults
2 (1) :3iZ shot -
L -
(a} A large amount of excellent Zata was citained friz tre
o -
v TAny staticrns, As a very crelimirary and rough estimate fram this proiess, o
S X : . . .
o the thercal energ: radiated by tre device "as greater trnin or eg.al 0 C.% "
> .
- =T, by
;. -
L ‘o) "Black :tall" results: The loah instruzent was daraged
v b the snock ard no record was osbtaired, The Biijiri instrument failed of
o it3 ovm accord. The other instrurents worked properlr, their deflecticns
- g
:. about ag erzected, The data hios not teen reduced, .
L]
> -
« » v, -~ )-
b (2) FING Shot A
- -
[ ”.
F- a) Three "tlacik balls" wnere located orn Runit, Doz f:iiled -
».
;' to start and the third, whizh started groperly, ‘famred., This I3 3 seri:u: ~
- 1983 of Zata and was not anticipated on the basis of the drr runy 37 tre DR
e
[ equiprment ard the success sf tre starting techrnisue as evaluated =n !THNZ z2hot. g
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#
?f' (b) ALl but ore of the thermopiles functioned crogerly.
o (¢) The total ircident thermal ensrz’ measured ty each
. ecquipment is listed in the Sollowing table, together with the location of
the equipment and the distarce to zero,
Distance Incident Station Thermal :
e Station to Zero Flux Average Kiloto .
N nna
. (ka) (soules/cm?) (Joules/caf) Lo
E : 802 5.85 29.9 28.3 52
: 8lijirs 25.9
29.1
eCh 1.0 7.83 8.18 LS
Aniyaanii 7.93
8,77
R
T Parry 3.38
3 3.48
SN
‘. b Fad
ks 8ch 1.6 Faliled 6.42 40
. Ceral Fead 6.C .
- 6.8C s
’:~ (d) The values for air trarsmission used nave teern corrected
! . for scatiering in the field-of-view, This i3 a crelininar- correctliorn and
- will te modified wrer cloud locatlons are better !mowm,
S () The Coral Head ard Aniraarii statiszrs irclucded careras ‘
'g ’ set to show cloud obscuration., !ore was acparent, Also, no clouds obscured
the 241240l station or that at Parry,
?f (£) Tre thermopiles wers housed in sealed bexes having -
:i- quartz winrdows, excect at Zarry where a wooden box withcout wirdows irasg vsed, i
'.' at Coral Fead :-e windows were found somewhat fouled br sprar ard sawdust ‘
. . after the srot, A driving rain rnad fallen after the shot ard befosre in- X
spection of the wirdows and zay have partially cleaned them, The Coral B
e Head data is not considered as valuable for this reason and should rot be
_._ included in an averagze. Also, the bormbing error has rot been ircluded in
the above calculatiorns, $
‘?L 2, Profect 2,2 - Ther=mal Intersity as a Functior cf Time (LT7=-y37) (AZT)
- a. Cblact

Trds oroi2ct uas desigred to ducument the tirme variaticn in

trarral irtersit: at several Iixed coints,




b, sthod
(1) In IVY, three methods of measuring total trermal radlation

versus tize wgro used:
(a) High speed bolometers, having appraximately 25 micro-

second time resolution, were used to cover the period of ti-e from just

bafore to several seconds after zero,

r.
»

i

(b) Liquid flow meters, having a time resolution of
approximately 1 millisecond, were used to cover the same period of time as
the bolometer assemblies above,

(¢) For very early tize coverage (0.1 to 1CO microsecords),
photocells were used.

(2) For 'I7= shot, stations on Engebi and on Biijiri each

contained the ‘ollowing thermal radiaticn versus ¢ime measuring eguiprtent:

(a) Two high speed tolometer assecblles,

(b) o photccell recorders - ore sensitive to the violet
porsion of the spectrum and the other sersitive %o the red pertion.

(¢) Cre or tmo of “he azcve -er-icred ror-electrsric

1

“3LTuZents.

(3) For KILC shot, the sta“ion on 2il!irl wag rea:tivated %o
tarve the saze zeasurecents as zentioned atove for LZKZ, In addition, these

Jeasurenencs were durlicated frem the tucnty-five foot tower on Aniyaaspnii.

¢, Resul*s

(1) \I¥= Shot

(a) Trere agpears %o te no sigral at 3iilirl telfcre L

microsecond except a -o0ssible sulse from Teller light, The area under a

3

S therral power versus time curve ‘ntegrated or a linear plot gzives as the
N

NG

;'/ incident srerg- at Bilgiri 50,5 jc:les/cmz. Correctior for atmosgheric

o . .

2o, tranamission and inverse square laws ses a value for the thermal erergy
~

S .

r.".
-t "’

radiated between 0,72 T (where scattering correction for 30° dlameter field-

®

T of-view is used) ard 0,92 YT (where no scattering correction i{s zade), b
¢ J
W (b) At Zrngevi, one of the three photocell s:'stemns zave a {
A readable trace of Teller light froa the fusion fhas: 3f ‘= extlsgion, The i
v saconz Teller lignt aprears %o have come at 3,2 # 7,2 mi:rcseconda, B
~ 3
o (2, ¥I¥5 Shot R
7o .

“ N . . . .
> (a) 2etween tre last instruzert check on #-1 dar and shot .
e g o
. 1
H-3 x
1
)
.
'l
o
o
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time, one insérumene at Aniyaanii becars noisr and, while it recorded power

as a function of time, the results were quite poor., The other three

. - -",.". - Y \'
I A IR I PE N A4

- ." .-_ - .. . ,‘-. . ."-.,.
Dt s A K AR A A

instruments tﬁnctioned properly.
() Three photocell equipments were set up at Biliiri to

measure Teller light as & function of time, Between the last instrument
check on K-2 days and shot time the 2LV tattery which operated the camera
shutters lost charge, making shutter operation impossible,

(¢) Four R Slit Cameras were operated at Parry Island as
strip instrurments, The proposed burst point was imaged on ths slits of the
cansras, bSut in ro case did the errors of rointing match those of borbing.
All records shcw Teller light and give good time histories of bomb lignt

scattered into the instrumert as a2 function time through the first few

milliseconds.

Pro‘ect 2,7 ~ Scectroscesr ((T¥E - KING!

a. Cbilect

d-

This prolect was tart ¢of 2 cortinuing series of experizents,

of which 4s %o obtiln as much information 28 possitle corcerning

the zurzcse

“he thermal racdiation scectrun 2ssoclated with warisues sfzae and s-rag of

atomic bursts, detonmated under 2 varlier of corcitions,

(1) For IT¥ZI shot, zevrins film scectrographs were installed at

RIS i}

2iitird At each of these stations, measurements

statliosrs on Zngebdi ard on 24Llird,
were taken with 4wo {lln speeds - one Lo obt:ir 2 scectrum ever~ 2 ~milli-
seccncy and the other to obtiirn 2 s-ecirum erer- 2 microsecends,

(2) In addition, a hi-n resclution of snergies was cttaired on
an integral spectrun, The instrumer: for this measurerment was installaed in

a small rooa directly belew the :hoto tower cab on Parry Islard,

(3) For KI)IC shot, the above zentioned Biij;;i_:nd Parry
irstallations were reactivated., The ~easurersnts taken from thes were %o e
identical to those taren for MIKZ shot.

¢. PResults - MIXE and KI.G Shots

All squipment orerated satisfactorily ard gave excellent

records. Reduction and analyesls of data are cwrently ir prograss.

L. Protect 3.4 - Air Atteruation ((IXE - KDNG) (AEC)

a, Lblect
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This prolect was designed to add to the already existent fund
of knowledge relative to the effective range of electromagnetic radiation
in the stmospkere as a function ol srergr and the atmosphere's ambient
conditions., Its secondary purpose was to satisfy an operationai requirement -
that is, to actuate 8 "go-no-go" systea in the firing circuit. This latter
function was tied to minimum acceptable air transmissicn properties essertial
to the success of priority projects,

b. Lettod

(1) Trarsmissometer (source, detector and recorder) asserblies
were operated over several light paths, For UIKZ shot, the searchlights were
mounted aprroxicately 100 feet above sea level on the Parry choto tower and
the associated receiver was on Zlugelab, A similar system was used betiween
Bogon ard Jogallua, with a sraller eighteen inch zearchlight source on 3ogor.

This pair of iransmissoreter assectlles monitored the air attenuation along

<

-

heir lires of sight at 2ll tizes -rior <o the shot and were made a part of

he "go-nc-zo" grstem in the [iring cirsuds,

o

(2. For KING shot air aiterua-

i

-
w
a1
N
P2
[l
(1

1
I3
3
H
("3
I
o
.
(1]
«r

>
]
[
w
(7]
4

+icn tetweer 2ozb zero and the thermal siatiinms on Farsy {zhetc szwer),

anizaanii and 2iL§iri until some few hours prior %2 the z7ot, A helicopter
was used to hold the light source at the zrogper pesitlon,
¢, lesults
(1) !T¥Z shot
Tre uperational “rarsmissomster furctioned prozerly, The
trarsmissicn from the ot bulliins <o the choto tower at Parry was 1310 at
shot time and the trarsmissicn from the snot building o the thoto bullding
on Zogaliua was 75% at the same tize,
(27 WG Shot
Satisfactor, measurements were rmade in accordance wisit

the needs of tris prolact,

S. Protect 2.5 ~ Therral 2adiatisr as a Funstion of T™i=e in Free Alr
D

Utilizing ‘anned Aircraft (WOXE - KING, (DCD.C

a. Cbjiect

This project was designed tc determine, in free air at altitudes
sigriflicart %o delivery airesraft, the *hermal radiation intensit: as a

function of time and “hne maxiaum associated radiatisn induced aircraft skin
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tenmperature. “Such information 1is essential to studies of safe aircraft

delivery procedures.

b, Liethod

(1) The maxdoum skin temperature of the B=38D and 3-47B aircraft
of Project 6,10 was determined with skin patches located on the inside surface
of the skin. Thermocouples, properly located for representative measurements,
were also used, The temperature as a function of time was correlated directly
with the thermsl radiation intensit:” measurements made with a directed photo-
tube,

(2) Attenuaticn reasurements were made over a two week pre-shot
period, using similar equipment in a 3-29, to determine the air transzission
properties undér conditions as nearly similar to those existing at shot “ize
as possible, A strong mercury arc light source w-3g operated near ground zero
three weeks orior to LIKS shot and atteruation mezsurements were zade on &
nutber of days at about the same ncur of <he dar as proposed shot tine, Such
Zeasurerents were also made i-mediatel: trior to the shot. & similar lizht
source wag cl:zced on 2unit Island and 3s szorc tre-snst attenuaticn Tmeasure-
ments 2s rossible were made durin; <he tize interval Tetveen reentr Ints the
atoll subsecuent to !JKE shot and tne detoration of “IIG.

¢. Results

(1) ZKT Shot

(a) Tre 2-26D recorded thirt:regix charrels of %termal
resporgse. Zlznteen charneles of t‘rermal inforzatizn were rec:zrded i ithe
2.473, "seful data was obtaired on 1CON of the charnels or notr tha 3-24D
and 2aL78, Of <ne reccrdings, S0 are of zood qualitc, It was 2n-arent frem
the aralysis of the “rermal {lux readin:s that t:e 2-L78 was rot taileto at
Zero time, At zero hour, t-e 2-36D anc the 3-L73 were located at slar” rarges
of aprroxizately 13 and 12,4 nsutical niles from ground zero and 2%t altitudes
of LO,0CO and 35,CCO feet respectively,

(b) Prelimirary indications were: The left wing access
door of tne 3-36D aircraf% experierced a temperature rise of 93° F, Thick-
ness of aluminum was C,029 fnch, Attenuaticn measurecents were ~obt comgietelrs
satisfactory and ielded ver:r Little 2ata, The ®-473 alrcralt sa3 acparently

rot in position, lo temperat.re-tape <8%a was ost-aired sirce tre ircremental

.

temperatuire rise atove arhbiert was -st lirge erstut 5 malt ire owest Cetal
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fuse, The B-jéD received a relatively high thermal radiation flux of 46.9
BTU/tt2 (predicted value based upon 6 YT was 36 BTU/ftz). It is noted that
the MIXS drone on Cperation GRSZNHCUSE received approximately 26 BTU/ft2,
(2) KING Shot
The B-36D and 3-4L7B were in position approximately 7.8

and 5.7 nautical miles slant range and at 32,000 and 35,CCO feet respectively

at zero hour, Sixty channels (89%) of thermal data :ere recorded, The

quaiity of the data oSbtained arrears to be good.
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APPENDIX I

PRCGRAL 9: ELSCTROMAGNETIC PHEMNOLENA

(NOTE: Program 9 was concerned with the measurement
of various electromagnetic phenomena associated with
the nuclear event. leasurements of eleactromagnetic
signals were made by LASL
Tonos-
phere effects were measured by the Sigral Corps
Engineering Laboratories, and -electromagnetic radi-
ation throughout the radio spectrum by the Evans
Signal laboratory. In addition, the Wright Air
Development Center used radar scopes and Bhangmeters
installed in effects aireraft to continue their
evaluation of these techniques as usable tools for
Indirect Bomb Damage Assessment.)
1. Project 9.1 - Electromagrnetic Signals ((OKE - KING) (AEC
a. Oblect
The puipose of this project on !IKE shot was to determine, by
oears of electromagnetic sigrals frem the detonaticn,

An additional
purpose on both shots was to continue the investigation of the shape and
magnitude of the very early pertion of the electiromagretic sigral zroduced by
a nuclear detcra-ion., The first 1° aicrcseconds.of the sigral were of parti-
cular intereat,

b, lethod
Recording equirment wasz operated at Parrs Islard and at Los
Alagos, for toth JKI and KI'C shots,

¢. Results

(1) UIYE Shot

Since the phenomera causing the electromagnetic sigrals are not
well understoed, it is rot possible to out an appropriate probable error on
this reasurement.

(2) KING Shot
All equipcent operated properly, and all filzs shew the
appropriate sigrals. Interpretation of these traces is not presently
available,

2, Project 9.2 - Effects on tne Ioroaphere 7ith Sespect to the
Propagation of 2adio Waves (MIKE - XING) (DCD/USA)

a, Cbilect
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This project was designed to observe the effects of atomie

explosions on oblique incidence radio sigrals reflected from the lonoschere

and the attenuation caused ty the ionosphere layers.

(1) A C=3 ionospheric recorder to take continuous recordings
from before the shot to H # L hour and intermittently thereafter fcr four
hours or longer if conditions warranted, was lccated at Bildni.

(2) A F2V plane, flying in ellipses at an altitude-ot 1,100
feet, 200 miles west of Zniwetok, broadcast a continuous wave signal to be
detected at 3Sikdni. The signal path was such that the midpoint of the path
was above TKT shot, To prevent irnterference with other data, the trans-
mitter was cut off at shot time,

(3) The AACS was requestsd to transmit standard teletyope
zessages on the Guam-to-Kwalalein ard or the Tuam-to-Hickam circuits
contiruously from H - 30 minutes to - ¥ 4 hours and send a carbon copy of
the tranamitted ard received messaes L0 the trolect officer, In addition,
tris trafllc vas to be intercectted at Sikini, if ccszidle.

(L) The.s&ae t2ss were scheduled for XING shot as for IV
shet, excerst that instead of intercepting the Gua:-to-Kwa:aléin cireult,
teletyce =essages from Sniwetok were reccrded at 2ikini,

¢. Results - LOKE ard KINC Shots

In general, ro results are available orn this test at this

writing. All experiments apzezr tc have been comzleted im a satisfactors

- Investigzastior of Zlectroragretic 2adiation Throughout
the Racdio 3pectrun Caused %:- ar Atonic Zxtlosion
KE - KNG DCH/USA)

a. Cblect
The oblective of this exreriment was to measurs the pulse share,
polarization and energy distribution of electromagnetic radiation, over the
radio spectru~, resultirg from a ruclear detcraticn,
b, !letrod
A spectrunm anralysis of the radiated pulse was made or Parr
Isiand. C(bservations were rade at Hawaii and 3elmar, lew Jersey, on 12
¥illocycles, using sferics receivers. Cbservaticns were also made 3t such

stations as Tidnawa, Bikini, Califosrnia, and Zel-ar, lew Jersey, guarding
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optimuna propaéation {requencies,
¢. Results
(1) MIKS Shot

(a) On-site Staticn, Parry Ysland

Yo data was obtaired dus to failure to receive a =15
second time signal,

(b) Cff-site

Bikini - 100% of data obtained,
Okinava - Yo report to date.

Cahu, T. ¥. = Yo revort to date,
California - llo report to date,
.kwhnw-Nonmﬁtouu.

(¢) The data obtained from 3ikini indicated definite
recertion of an electromagretic zulse of erergy at the time of tre JKE shot,
Tre tulse was received on 20 dlocrcles (gereral propagation) ard L4.215
megacycles (ionsocheric propagaticn),

(2) FKING Shot

(a) Cnegite Staticr, Farr-- Isla-d

Broad-band osciliograchic reccrding eguizrent was
employed %o measure tulse shape and colarization, ard a li-channel zagnetlc
tape reccrcer was used to measure energy distributicon versus freguency,

Uinet: cercent of data was ottained, Trhe data indicates a ver sharp

regative sulse of over 1LCC wol%s (anterna woltage), then &we positive rulses

of acrroximately 7C wvolts amclitide havirng a durastion of L2 sicroseconds an
a separation of 12 microsecords., The zolarization neasurement indicates a
predominart’- vertical polarization,
(v) Cff-site Stations
These stations were located at Zikini, Cikdrawa, Cahu,
California and Yew Jersey, and ogerated on optimum traffic frequercies (FCT}
to measure ionosgheric and ground waves from the nuclear detoration, o data

i3 availakble at this tice,

cisn 9f Tncgiract 2omb DAFaze Assesscent (I204:
sues (TFZ - XINSY TOCD/USAF)

The purrose :I the I2DA project was tc detersine the cazability
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of the Air Fo;-ce in the detection of the detonation of a thermonuclear device
by radar, with particular emphasis cn the location of ground zero, and to
evaluate the IBDA techniques using Bhangreters and radar scope photography Aas
tools., This project is a continuation of similar test projects conducted at
CREENHOUSE, BUSTER-JANGIE and TUMBLER-SNAPPER. Radar scope data 1s also
avalladble from CRCSSRCADS, SANDSTONE and RANGER.

b, MNethod

T s r o0y l'-'o'o"'l'-'n‘l'-'."'.‘.'i

(1) For WIKE, instrumentation consisted of using three aircraft,

each equipped with the radar set AN/APS-23, namely, one B-36D, one B-47B,
ard one 3-50D, The 3-36D was located at 40,000 feet and at a slant range of

l approxdmately fifteen nautical miles from ground zero, while the B-L7B at

i 35,000 feet and the 2-5CD at 25,000 feet were located at 12,4 and forty-five
; nautical miles respectivelr, All radar sets were loolkdng toward ground zero
.‘. at zero times,

. (2) This project was executed for KIN'G shot in the sace manner
N as for MIYZ shot, with altitudes of 32,0CC, 35,CCO, and 2¢,CCO feet and slant

ranges of 7,2, 5.7 ard nine nautical miles rescectively,
¢. 2esults

(1) MIKE Shot
Tre degree of success of the TEDA is estimated at 1004,

Fila exposed on this mission has been processed and shows the ball-of-fire

growth and the pagsage of the shock wave from btreakaway until reeching the

CIEEEM Y Y R ¢Vt s o

All radar operators witnessed the ball-of-fire growth and cloud

N aircrals.
. rise. Approxizately 120 feet of 35mm motion picture film was recovered,
l: (2) KDC shot
" All radar scopes were lcoking at ground zero and all
radar operatnrs witressed the cetonation. A total of sixty feet of film was ‘.;:-
exposed, "j
‘ >
: ~
; 2
!
: =
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-l APPENDIX J

PRCGRAY 10: TIMING AND FIRING

‘:s.‘; — - e

a (NOTE: Accuracy and dependability in timing and

g {iring are among the most important of the faci-

lities in atomic testing., This was the first

- series of atomic detonations in which this array

O of services tecame a program because of complexi-

o ties involved with an unmanned timing and firing

w penel as well as an air drop of unusual yield,)

m 1, Project 10.1 - Tining and Tiring C(TKE - KIIG

::3: a, Cbiect

:iﬁ; This project was designed to supply all the timing and firing

- signals required in the I77 experinental prcograms, Arming and firing were

R needed tetween the control shiz and Eniwetok Atoll with special sigrals to

i and from the ship for safetv or enmergercy reasons. In addition, television

equirrent was needed teiween the (TXT site and tr= control ship to provide

the necessar; history of the tinming equinoment belcre the shot.
b. lethod
{1) For \IKE shot, the master timin: eguirment was located on

tne shot isiand near zers, 3adio c¢introls were used Lo zive sut rmanually
star-ed signals and to start tne sequence titer., This same radio srstem
could also be used to stop the shot at ary tive before zero “ime, Thre
following signals were sert out b wires to the varicus exgerirzerters:

=30 min =5 ain -2C sec -5 sec

=15 min -1 min -15 sec -1 sec¢

The earliest signal was sent out manually and all later signals by cam-

- ‘_-' operated switches on a seguence tirmer, This tirer was manually started st
‘,'1 the proper time before the -15 minute sigral was dus, and ran through its :
re~
. q
A cycle automatically., Two inderendent television charnels between the shot 1
\
[ *
t:‘_.-, island and the ship were used for telemetering., The two cameras were 1‘
’;;-:: fccused on identical indicator panels which showed the information required %
by the Firing Party Commander tc determine whether or not the detonation i
-
would take nlace in an accertable fashion. An automatic "go-nc-go" interlock :
w
system was connected in the !TfE firing circuit tc stop the shot unless k
A ]
agprorriate firing corditicns existed, \
4
(2) For KING shot, the fcllowing time signals were available: .
1
]
)
4
J-1 N
)
1
.
]
-
- .d
~ .'I'
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-3C ain ~5 min 15 sec =2,5 sec
-15 min =30 sec -5 sec ~l.5 sec
Zero tins sigﬁals were furnished by individual "Blue Boxes", located rear
the equipment with which they were used, The [irst three signals were sent
cut marually and all later signals from an automatic tizer. The latéer was
started by a radlo sigral from the drop aircraft when the bomb wa3 dropped.
Yanual sigrals were based on the estimated bomb release time and automatic
signals were based on the tine of fall of the bomb. "Blus Boxes" were trig-
gered by the sharp rise in light from the explosion.
(1) YWY Shet
This shot was successfully =monitored and Zired at 0714:59
,_l 2,2 sec, 1 lovember 1952 loczl tirme, on Elugelat Island of Zniwetok Atoll,
(2} K73 shot
Scre "Blue Boxes" did rot overate procerlys tut all equipmant

received necessary sigrnals,

For =he air arop, tre secuerce Liter 135 i‘riggered trr the

interructicn of a radio tone siznal wrern the bordb wag releagsed., Thisg ora-

L e

lect [-urrnisred the gtartinz sizral to the gsequence tizer Iin order <rhat the

o -

4ining aigral syste~m <o i< be put ints cteration.

bl

- %, et-sd
zetiad

YN

Prior to releasge of %“-e borm:, a radis icne gisnal wuzs trars-

AR

T
:, o

- nitted from the dropping aircraft, 'rer e tomt left the sraclde, the

w.s interrupted, Interruption of “ore c¢llowed a rela; activaczed

.V
ta
-

k|
w
}—

la ldbEa LN

switeh %o clzse, thus starting the sequence timer,

e
e et W

¢, Hesults - KIUG Shot

T T
»

[ . A
S The shot was scheduled for 1130, 15 !cvember 1952 local tize, d
o ,
P off tre rorih ernd ¢f Punit Isiand of Zniwetok Atoll ard was Zetora‘ted within x
b ’
h"- orne ainute tefore scheduled tize, Tine of fall was §5 £ C.2 sec from 4%,3CC :
S -
. feet, ZIguipment crera‘ted oroperly and 3ll na.d ard timer ocerated sigrals $
. ‘I
) &« #ere sent out. llo equipment failad to receive sigrals but 3cme of “he “Zlue !
|44
v 3 a1 . 1 ;
yo 3oxes! 414 not operite progerly. J
{
. 4
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L APFENDIX K

:: PRCCRAYM 11: FRELDMIMNARY GECPYYSICAL AMND MARIDMT SIRUEY CF THUE TEST ARTA
(MOTE: In studying the supporting msasurements

e necessary for this operation, AFSWP determined

o that the information on soundings in the ocean

'S and on earth blast attenuation was insufficient -~

1 for the operation at hard. Some scundings and

1

some drilling with selsmic measurements had teen
done in the area; however, the drilling had
never reached base rock and the actual depth

of the sediment was not kncwn. The Actual com-
position of the island in question and the
surrourjine area had not been determired at a
depth that would provide good attenuation
nesasuremants in the earth. Under these concepts,
scaled ground snots mwould be needed to calibrate
existing earth attenuztion irstrumentation on
the atoll. 1In cortrast to other scientific
progracs, all prolects in this program (except
11.5) were desired prior to the actual test,)

-
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1, Project 11,1 - Soundin~s s thke Ccean Side of Zriwetok Reef (Pre-shot)

(20D/LY)

a. Cblect
(1) Because of the exyected magnitude of !JKZ shot, theres was
scae zossibilit» that the reef might be shattered and breacred in the vicinity
of the shot site, Although man: wa<er depth soundirnzs have “Seer -ade in tin
Iniwetok Lagoon and in the ceep ocean water outside of =ne island ring, the
conlizuration of the close-in oceanside nrofile of “he reefl was urkrowm,.
(2) This prolect was desizred to grovide not onlr the raef

configuration but information recessary; for possible model studies of the

=

atoll 21 an aid in interpretaticn 3¢ srot-tize zmeaswrecents,

5, Llethod

DR L A
LN
'3 .

s fu e

(1) The experiment employed b the !'avy Iydrograchic Cffice

:
.

L e

was a mcdiflied acoustic soundin; srstex, whereby a vertical "far" of acoustic
pulses was directed against the ocean side of the reef, the echces being
recorded ;- photograthy of oscillographic traces,

(2) Sounding profiles to a depth of several hundred fattoms
were taken at 5CO-yard Intervals for a distance of [ive miles either way '"';
from shot islanu ard at intervals of about one mile for the remainder of the .
reef{ periceter,

¢ Results
Preliminary raport of results indicated successful oreratinns

completed prior to the !TKI event, 3Acef cornfiguration wes determired in

T S T T T Ty

datail.
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2, Eggiggg 11,2 - Scaled Ground Shoek Tests (Pre-shot) (DOD
4. Oblect
.This experizent was carried out to provide particular geological
setting aeasurements ir situ. These messurements were necessary to check
predicted scaling laws and are being used as a measwe of ground shock
attenuation for the particular subeurface conditions at the atoll.
b, lethod

(1) A series of scaled snhcts, i.e., 1, 5, 10, 15 and 20
equivalent tons of TNT were detorated at the saturated sand level near zero
soint for MIKE shot to provide ground shock measurements.

{2) Shots were arranged in a "Beehive" configuration with
seismic recordings made at five stations arownd the atoll.

(3) otion pictures of each shot were taken for prelininary
study of wave action in conjlunction srith Project 6.La

¢, Results

(1) Preliminary repcrts Srox seismic records of U, S, Coast
ard Jeocetic Survey indicated ground metions were lLrregular, reserdling
earthquake wotions,

(2} Conclusions from data or size of shots versus relative
erergy are that erergy reacting a station is rougrly procortioral to the
square of “he ratios of shot size.

(3} Further analysis continues at <ris time,

3, Foo‘ect 11,7 - Teeo Drillinc %0 2ace 2ock (Fre-skot® (LCL/73Y)

a. Oblect
Thls project was devised to give checks on the validitz of
assumptiors concerning the structure of coral atolls by drilling through the
coral cap %o tasezrant structure undermeath. Drill holes to great deptrs at
selected locations on the atoll provided direct information on ‘he geologic
column which could rnot be obtaired in any other way. Such information vas
necessary for interpretation of Prolect 11.4 (Seismic Refraction Surve:s)
and furnished data for deteraining vertical seismic profiles by velocity
snooting,
b, VMethed
{1; Ceap-well type, rmtary 2il well drill rig was used to drill
two holes L0 the tasalt layer at approximately 4,500 feet, The two holes

K=2
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were on tElugelab and Parry Islands,
(2) Cortinuous samples of the drill cuttings were taken at

LN

intervals and cores of the unalterad tasalt, or basement rock, were cut

for study.

.
R
o or
e 'y

e ¢, Results
:," As of 31 July 1952, the project was completed. Plans for a :
n third hole on Coral Fead in the lagoon were dropped, Log of the drill holes

indicated a notably small percentage of hard rock layers in the coral cap,

The data will provide good cortrol for studies still underway on Project 1l.L.

Fro‘ect ll.L - Seismic Refrastior Survey (Pre-~shot) (DCD/USM)

| -
a, Cbilect
" This experiment was designed to furnish seismic characteristics

o of the atoll substructure for the IKZ evernt,

b Jo

ot
LY

(1) Tre measuresent of the characteristics was accomplist=d by

a seisnic survey which utlilized nigh er-losive charges {ired at ore point

LN

VN e

and the resultin- -fracted elastis ave Zecectecd by a recorder at arotier

V.

celnt, 2 varying the 3cacing betusen e-ct3 and recorder, resulis were

-
S inter-reted in terms of the elastlic constants arnd structure of underli ing

:u.': J
~ rocis lirers, ;
'n (2) The Lechnisue was ane used at Bildri for a similar surver,

s Tro shics were usad, cre firin- explosive chargzes and the other recordinr,

- Cetectior vas by 3 trailed hydroohere, Tater 1s cersidered ore larer cf a q
" .
-‘ -l -

A multilayer problem and the rmovm seismic velocity fcr sea and water was used

W
Y]

i B

to measure distance between stips,

(3) ‘easurements were made along traverses criss-crossing the

lagoon, and interpretaticn made in terms of configuration of subsurface

layers under the atoll, The deep drill holes of Prolect 11,3 gave positive

hed¥ control in interpretation,
N
TS c. Resul:s '
A Se3ut-9
(9
2 (1) Cne of the two vessels needed for the selsmic surver was

A%

"‘2‘ deiayed in arrival at the atcll, FHowever, ancther vessel, although rot

"'.'," equizped for listeninz, was made availaols and a major part of the work was
accomplished before the TIZ evers, Additional work continued on-site for
. the deep water phase with arrival of the regular survey vessel,
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'(2) The use of the Elugelab drill hole for listering was an

irrovation which will rasult in irrefutable correlation of direct and indirect

. »
geological sequences. Exgpected higr velocit;: strata were found, and preliminary

velocity profiles were made.
5. ect 11,5 -~ Marine Surve X2) (AE
a. Object
This project, relatively minor in effort, inecluded a coilection
of specimens of zarire life from the rcef and lagoor. before and after MIKE
stot, The purpose was o study uptake by various marine flora and faura of

atomic explosion debris and induced riadiocactive elements in the marine

ervironrent.
b. Yethod
Samples of f{lora and fauna were ottained from the reef and
lagoon with some aralysis on-site but with =zost 57 the study to be done upon

return 2f samcles to the 271,

¢. Zesul‘s
223803
Frelizirary reports indicated comzlete success in obtaining

wne Zesired szecimens. latcrateoyy aralielc is urdermwar,

.
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APPENDIX S
RADIOLOGICAL SAFETY
1. Ceneral

a. The basic RadSafe organization for operstion IVY provided
trained personnel and suitable radiac equipment for each task group. As a
result, individual task groups solved problems peculiar to their re:p?ctive
Service needs. All task group missions were integrated, howsver, into the
fulfillment of task force missions. The RadSafe Unit, Task Unit 7 (TU 7),
of the Scientific Task Group acted as the major techaical servicing agency
to the Task Force for such matters as calibration, repair, photodosimetry,
radicchemical laboratory, equipment and special monitor missions, as well as
for general radiological advisory assistance. This unit was composed mainly
of RadSafe engineers froa the Army, Navy, Marine Corps and Air Force, and
technical personnel from Oak Ridge National Laboratory, LASL, Aroy Radiation
and Chemical laboratory and Evans Signal Laboratory.

b. The main objectives of RadSafe plans for IVY were:

(1) Protection of personrel in tne conduct of operations.

{2) Training of personnel in mu;.me atomic test radioliogical
operations, utilizing methods and equipament evolved from other atcoic tests.
In spite of unusual and some unknown ore-shot factors concerning the deto-
nations, all objectives were met successfully.

¢. During the operation, the Task Force supported the Coczander
in Chief, Pacific Fleet (CINCPACFLT), in off-site security o5y 2iving 3ssis-
tance in off-site RadSafe operations, The world Wide Fali-Qut Prograc of
the New York Operations Cffice (NYCO) and AEC encompassed IVY operaticns
with respect to the unusual aspects of the MIKE event., ~Personnel and
equipment froam NYOO were aircorne by Task Force elements in off-site,
general area surveys under the cognizance of CINCPACFLT. These post-shot
surveys coversd the Marshall Islands in detail, using Kwajalein as a base;
the Caroline Islands, using Guam as a base; and the Hswaiian Islands, using
Pearl Harbor as a base,

d. To ainimize unusual potentialities of Rad3afe factors, upper

wind patterns were Ziven careful study prior to shot times. Surveys sucn

as the morld wide fall-out coverage off-site and the intensive ones on-site
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verified the-correctness of the pre-shot assumptions of the detailed cri-
teria established for relative degrees of favorable conditions for shot

tizes. -
e, Future tralning for military personnel should ccastantly stress

ths differences beatwesn ceacetims atomic tests and wartime field applica-
ticns relative to RadSafe operations. In this respect, maxicun pernissible
exposures anc their significance in both classificaticns are the factors
which still seem to be doubtful to the average military individual.
2. Preliminarr Ooerations

During pre-stot phases of the operation, vigorous treining was
employed in all phases of RadSafe activities - especialiy in the types of
post-shot operations required and levels of radiation in fall-ocut expected
from the IVY detonaticns. The Army Task Group was more completely trainad
and provided with instruments than at any other cverseas test. Similariy,
the Alr Task Group solved difficult centrol probtlems in the techniecal
ohases of zanned sampling while the Navy Task Group, for the first time at
any overseas atoalc tests of the scope of IVY, had the capability of complete
salt water spray decontaminaticn with resu.tant protection froa fall-out on
ail weatner surfaces of tne units wnicn 30t underway witn tne emparxed Tas«
Force: _The Scientific Task Group had tne capabiiity and provided a pnogo-
dosizetry program which gave ultimate dosage records on every individual in
a manner superior to that of any previous tests. All these preliairary
speclal steps in the task groups were initiated to psrovide the Task quce
Commander with flexibility and effective zontrol in critical shot time
firing conditions, a Jactor <f great importance considering tne zreat yieids
of devices and weapuns now being attained at the Pacific Proving 3round.

3. MXIKE Shot

a. The MIKE eovent commenced in earnsst for RadSafe operations with
toe estaoiishment of the RadSafe Center on the RENDOVA one day prior to X
Day. At the saze tize the RadSafe Section of the Joint Cperations Center
(JOC) in the ZSTES w#as organized in three groups with one group working with
surface situation data; one working waith air situation data; and the tnird
@aitn the general owerall situation, alr and surface, bSoth in the area o¢
Task Force responsidility and in otner areas of the Pacific Gcean under the

e -

2ognizance of JINCPAC. Liaison was also maintained witn CINCPACFLT, in

ceordiration with the World Wide Fali-Cut Prograam of ne NYCO.
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b. Coomunications between the JCC, in the ZSTES, and the RadSafe
Center, in tha RENDOVA, was vy weans of a direct channel (AN/TRC) Lacked
up by radie teletype. This system was sugmented by a direct radio contact
vetween heliccoter aireraft and the RadSafe Center with intercept facilities
in the JCC. Direct communications also were utilized between the RadSafe
Center and individual boats, DUKWS and ultimately, through tnis meaans, xzoni-
tors cn foot or in Jeers.

c. As a result of a conference with cognizant personnel of CINCPAC
relacive to the safety and security of Eniwetok Atoll, conclusions were
fornalized in a letter to CINCPAC on liL July 1952. This letter ontlined
considerations and :srovided steps to be taken in the case of significant
radiological fall-out outside the iazediate area of Task Force operatioas.
Cne of the consideraticns in this letter indicat:d Lne possidbility of a
realth naza~d at Ulelang Atoll, with a rezote possibility of the same at
Bicini, all as a result of LIKE shot.

d. An LST, under conirol of CINCPAC LT (CCLEAWSZAFRON), tocx sta-
ticn at Ulelang and embarked all tre nztive gopulation at 1700 nours lceal
¢n M-i days, This LST had ear.ier been jlrected o ta«e s iticn at -3° Nerth
161°% zast. In the evening of &-3 déys, a zessage, indicating a 2redicted
clcud path with respect to significant fall-out, was sent to CTG 132.3 to
cover the special PV security sweep coacencing at the earliest daylight of
¥-2Z iays. This aessa,e directed a sweep up 2o 330 niles froz ground zero
on a obtaring of 270° true. At M-2 days, <13C lccal, a detailed com:and zon-
ference and execute crder for LIKE shot was coafirmed. The oonfirzaiica »as
nased on the following conclusions:

(1) The general weatnur picture gave a favorab.ie out.cok.

(2} The weather trend for the predicted fall-out pattern, 1s
determined by a resuitant winds forecasti, pretented an extremely favorable
picture., The four ncur fall-out pattern was f{urecast to lie entirely ia the
northaest juadrant anich, in accordance with the criteria established for
\IKL shot, was ~cst favoraole.

(2) The surface Radiological Ixclusion Area (RADEX) gave a
sattern for tre "hottest” cloud as being froa tne surface to 35,210 feet in

an arc 25C° true tn 3%0° true from ground zero out to a 1J0 mile radius.
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twenty-four r;our closure beginning with H Hour.

(5) #ith respect to surface routes, information from the
special P2V searches on U-2 days indicated one 3ritish ship on course 120°
true at such a position that {f course were contirusd it would be well witn- ,
in the 20C miles radius of Enimetok at shot time. This ship was directed on
M-l day to change course, which it did, clearing the Eniwetok area c; the
requisite 200 mile radial distance. ‘

(6) Early reentry iato Eniwetok for crash parties and maintenance
crews appeared favorable. The early aserial survey schedule by helicopter
also appeared feasibls without additional delay factors. The overall con-
clusion from the radiological standpoint was for a favorable pattern. Firing

\IKE on schedule, with a moverent of Naval vessels from points south of

' A ground zero to a aore easterly position, was recorzended. Since the upper

e wind pattern presented a less favorable outlook than had been indicated at \
L 2 |

s the %¥-2 days conference, the Tas« Force Commander decided to review the

I.‘f"

5" situation azaln at C3CO loeal, &L Day.

o0

e 2. At zidnight, the coserved wind zattern wnicn was considered

.. -.l .

. .
B

cniy favurable for the fall-cut sattern, changed 2o a most faverable Iri-
teria sattern wnich would place all fall-out north of zround zero. On tae
basis of the later command conference at 3300 local, the situation from a

RadSafe standpoint was pecccmended as zost favorable and the snot schedule

was firzly lald on. MNo recommenditions for zoveaent of Naval vessels in the

2

south sector was necessary under thls fall-out pattern. At H-9 hours, a '

B andt |
‘
-

zessage was dispatched to CINCPACFLT ziving the seventy nour forecast tra-

‘.
v

i‘.;:--: iectories of tne ¢ioud and Lnformation on conditions relatlng to RadSafe of A
;-_\% air and surface routes. Thls zessage recomuended closing the Xwajalein to

E:::EZ Guam air route froa H Hour to Hf2L hours, whereas the iake to Guam route

:::\: could recain open up to 10,0CC feet. Mo nealth hazard proolem was considered

:"".' to exist on the surface routes axcept inside the 300 mile radius, rorthwest

;_ juadrant of the Zniwetox area., A final air RADEX was dispatched, giving an

r
.
et
L )

exciusion area bearing clociwise 28C° true to 090° true, maxizum distance

'l

A
PR

£ifs7 ndles for H tour to HE3 nours.,

~ .
1 e s

.

*; n. The UTZ davize was detcnated at 2715 rnoure local, 1 lovezber
i
7.

29°%, and by H4IO cinutes the Eniwetox aerial RadSafe swrvey aas u.ierway oy
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helicopter from the RENDOVA. This survey covered Eniwetok and Parry Islands.
Upon receipt of tho information covering these two islands, two helicopter
flights nere.sont in with emergency parties - one for the Eniwetok landing
strip; and the other, a contractor engirieer group for surveying damage and
checking reefers, powerhouses and the water plant. The next flight of
helicopters for Parry mas dispatched at HALS5 mlmutes. Resulcs.wero success-
ful and the parties returned to the RENDOVA within the first three hours.
Meanwhile, anothsr helicopter transferred scieantific personnel from the ESTES
to the RENDOVA from which point they proceeded to nake an sarly damage sur-
vey. At approximately this tize, the early RadSafe survey team, operating
via helicopter, was as far north as Runit Island where excossive, active
fall-out was encountered. This heiicopter returned to the RENDOVA at H£70
minutes. By this iime, the cloud had reached greater than 120,000 feet in
altitude and in its rapid clizb was farced to bi'low out at the tropopause
ievel though continuing to rise to a still greater height. This billowing
out effect reached to a distance of tnirty nlles in diameter in approxicately
forty minutes and resulted in heavy, =ud fali-out which occurred as late as
HALO minutes anen it was encountered by the initial RadSafe survey team.
Heavy ra'i.n showers were in progress within two nours after the detonation
and were conceantrated sainly within and around the lower cloud stem. All
utilities on Parry and Eninetox were reported in operating condition and the
crash crew was ready to receive alrcraft at the Zniwetox air strip by HfE2

Qowrs.
L. At about 1028 local, neiicopters wuere dispatched 5 rescue a

downed pilot in the lagoon. altaou;n the rescue efforts fai.ed tc iocate

the downed zilot, ovne of the rescue aircraft was heavily contaminatec and
landed at Eniwetox Island. Radiation level on the external surface of tie
aircraft was about 5 r/hr, while readings inside the cockpit were roughl.y
150 ar/hr. Meanwhile, winds wers being received from Bikini which indicated
that tne very favorable pattern of air flow aloft was being malntalned, :.e.,
cloud was moving all to the rorthwest of ground zero up to about 70,3CO feet.
97 445 rours, the early survey of the entire atoll - accomplished at alti-
tudes of 300 to 1,500 feet where necessary to avold excessive zround radia-
tion - had been completed by scisntific and monitor personnel. aAn attempt

to enumerate the exact readings is planned for inclusion in the History of
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Cperation IVY

J. Early reports fram the Navy Task Grous, which was responsible
for the Raﬁ.a.tc of the Task Force while afloat, indicated that no ships nad
encountsred fall-out as of 1600 local, ¥ Day; however, the HORIZON - which
had been seventy-two miles north, northeast of ground zero and had steamed
at shot time in & northeast direction for four hours - reported that she

was just out of the fall-out area and that radistion levels on toard were

U ar/hr average, 50 ar/hr maximum. The topside water spray system proved
successful in reducing this coatamination. P

x. At H{7 hours, a lagoon water survey commenced in accordance with

l a plan initiated by CTG 132.3. This involved a pass across the lagoon on a -
\ control line between Runit and Rigill Islands, taking samples of water at
the surface and 2t thirty-five foct depths with an additional sampling line ;

north of Coral Head in the ceanter of the lagcon. Other water samples were
taken at the Deep Entrance, the anchorage agea and the Wide Passage. These
early sarples indicated no contamination at the southern half of the lagoon.
At this tize, a zessage was sent to CTG 13Z.L prescribing tracks for the

first #B-29 cloud tracking mission, WILLIAL S, taxke-off tize iffi2 nours.

Zarly cloud tracking showed the cloud to be xoving in three general segaents:

one segzent from above 80,000 feet zoving westerly; one segteant betveen

DR Y
s " e
. .

.

40,000 and 80,3C0 feet moving northwesterly; and another segment between the i

surface and LJ,00C feet zoving ricrtheasterly, all at acout sixteen xnots. On

A Day, at i170C, a aessage was sent to Kwajalein prescribing the tracks for

the second WB-29 cloud tracxing aission, WILLIAL 5, scheduled to take off at

_'-. Hé2L hours.

»”

: i. As of C715 local on Ll day, ali ships had reported negative !
_; fall-out and early morning water samplings of the lagoon indicated no con- :
'-x tamination of its southern half., (n the basis of this water sampling and ,
. other evaluation, the tine for reentr7 (R Hour) wes announced and the Navy

h Task Group entered the lagoon at 0900 loccal with assurances that Zniwetok B
‘-J and Parry were RadSafe clesared and significant fall-out was ro longer ex- _
\* fected. The RadSafe control point for all traffic north of Japtan Islard .
'.7‘ #as in Building 57 on Parry Island. All lagoon trafflic south of Japtan was .
;\ unrestricted and swiraing #as peraitted cnly at the authorized beaches. f
: A
: 5-7 ;




m. At M/l day, a careful survey of the stoll - both ground and air -
»as made. Also, P2V flight CHARLIE from Kwajalein in connection with the
dorld Aide Fall-Out survey of the Marshall Islands made & sweep of the south-
western Marshalls, including Ujelang, reporting neagative results. This was
the signal for the disembarkation of natives from the LST. The disembarka-
tion was completed on the afternoon of M{L day.

n. At L0 hours local, a oessage wes sent to Kwajalein directing
the final #WB-29, WILLIAK 7, to proceed to a point LL° North, 165° East and,
from this point, to search an area clockwise from 315° true to 010° trus out
to an approximate distance of LS50 miles at any altitude between 10,000 and
15,000 feet, On this flight, which was we.l out in the northwest quadrant,
readings were higher than on the flignt of the previous day. All flights up
to this tize had indicated negligible fali-out in the northwest and none in
the southeast and southwest quadrants. Radiation levels at flizht altitudes
were, in general, 5 t< 10 mr/hr outside of the alrcraft with an allowance
for a factor of 10 higher for rain showers concentrating fall-out particles
at lowser aititudes. This was considered insigniflicant as a health hazard.
At 2000 local on X{L day a third RadSafe advisory zessagze was sent °
CINCPACFLT stating that no nealth hazard proolems existed on air or surface
routes as 4 result of the MIKE detonation.

0. Early recoveries continued on Wl day and it appeared that
early reentry to Runit on L2 days was feasible. Th's would include rees-
tapidshing a iabor camp with a controi ronitor on Runit so that KING i'nst.ru-
oentation could be initiated.

p. At earliest daylight on Y42 days, World Wide Fall-OQut flignts
ABLL and BAKER from Kwajalein were iniltiated, covering the remainder of the
Marshall group. No significant activity was reported. As of M#2 days, no
TG 132.3 vessels had encountered fall-out other than minute amounts, during
evening showers, of approximately 5 ar/hr on topside decks which reduced to
background by morning.

q. On the night of M2 days, the fourth and final RadSafe advisory
was sent to CINCPACFLT indjicating that no health hazard to surface or air

routes existed anyshers in the Pacific Ocean Area as a result of MIKE shot.

Qutlying weather stations at Ponape, Kusale, Ma‘uro and 3ikini indicated no
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delayed tl.].l;out. as of 1800 local, M#2 days. With this message to CINCPAC
and CINCPACFLT, the MIKE event was officially securesd as s possible hazard
to areas oucaido of JTF 132 responsibility. Messages froa Guam indicated,
subsequently, that airtorne contaminstion reached & mximua of approximately
s ar/hr with no fall-out on the ground on MAL days.

r. On Mg2 days, complete recovery was msde from ths Sogallua bunker.
Recovery prograns were reviewsd each evening between TG 132.1 scientific per-
zoatel and the BadSafe control group. On this besis, sites, sllowable periods
of work and Socat and aircraft schedules - along with the necessary work for
XING shot instrumentation - were established for the following day.

s. One photo documentary plane flying neur the shot island en-
countered fall-out which resulted in exposures of about 10 r to passengers
and crew, Subsequant investigation indicated laxity in scheduling the opera-
tion of the piane as well as general poor monitor umlerstanding of the situa-
tion during and after the exposurs. All critical, manned sampling operations
nere conducted with less than the total allowed 1.9 r for operation IVY, al-
though a separate exigent exposure of 20 r had peen cermitted for this phase
of tre operation, . It is interesting to note tnat _ead icpregnated suits
worn on one of the sampling nissions reduced the dose received by a factor
of appruxioately four.

t. The MIKE device was detonated under al=ost ideal conditions and
Zost certainly under tne favoraole conditions prescribed in sre-shot criteria
for fali-out, The ultimate final fall-out pattern and nonuxistence of
nealth nazards to distant areas ls considered the ansuwer to hazaprds of deto-
nations occurring under these conditions.

L. KING Shot

a. KING critical activities commenced with M/l day and as recovery
fron UIXE projects progressed, instrumentation for KING progressed. By K-3
days it was apperent that the weather trend was becoming more unfavorable.
Tne cloud cover condition for this shot uas critical since the requirament
called for less than .3 cloud below 2,000 feet, preferably none below 3,300
feet and conditions amenable to a visual drop from 45,000 fset. These con-

ditlons do not too frequently exist in this reglon. An effort mas made at

Task Force level o move K Day, then designatsd as Thursday, 1) November,
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1130 local, l:lp one day to Nednesday, 12 November, but the Scientific Task

Group was unable to meet this schedule. The weather picture for K Day cn

13 Noveber was deteriorating and by scheduled shot time it weat "sour". This
necessitated s forty-eight hour delay stand-down for the aircraft concerned,
with a new series of command conferences, which were held on Friday night
(2130 local, li November) and on Saturday night (2130 local, 15 November).
The gensrsl weather picture presented a favorable outlook at the conference
on the night of li November. The four hour fall-out pattern was forecast to
lie in a narrow cone of thirty-five degrees, from 240° true to 275° true, all
within a radius of eignty miles. 3Since the wind directions were so invariant
because of the deep trade pattern aloft, surface RADEX froam the ground to the
top of the sounding, 70,000 feet, was in a cone of 90° measured from 200° true
to 260° true. Twenty-four, forty-eight and seventy hour trajectories were
oresented and showed all cloud levels to all heignts moving west. Overall
conclusions from the radiological safety standpoint were, again, for a most
favoraocle pattern and a recomsendation was zade to detonate KING on schedule.
dowever, because of cloud conditions and general bad weather affectidg air-
craft in the Xwajalein terzinal area, the decision 2 sostpone XIIG for
another tuenty-fbur hours (to Sunday, 16 MNovember) was made at a last minute
coarand conference. This meeting then became the equivalent of the K-2 days
command conference.

b, At the K-l day command conference, the fall-out pattern con-
inued very favorable with zood stronz easterly winds in the lower levels,
{.e., below 35,0CC feet where tne "hot" dirt cloud was expected to extend
after sot tics, Although upoer level winds just below the tropopause
(trapping cut-olf for fall-out considaration) were toward the southeast
jquadrant after shot time, the dirt cloud was not expected to reach these
leveis and the fall-out pattern was considered very favorable. 3urface
RADEX was from 210° true to 29C° true from H Hour to HE3 hours, radial dis-
tance ninety niles. Alr RADEX was concentrated in the west, southwest sec-~
tor. The outlook for specific ltems was as follcws:

(1) No nealth hazard was considered to exist for air and
surface routes, Ujelang, the QAKX HILL (wnich was located in the northeast

jquadrant and seventeen nji.ss from zero) and tha Navy Task Sroup.
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cast one at aidday with a high thin overcast as the KING cloud spread out

::;; .(2) Early aerial survey appeared feasible after shot tize, both

:_ north and south of Runit.

! '(3) Oversll conclusions from the RadSafe standpoint were again

) for a most favorable pattern and a recommenaation was made for the shot on

-. scheduis. A
} c., This led to confirastion of the shot schedule for Sunday, 1130

h local, 16 Noveaber and KING was detonated on schedule. What began as an al-

- most cloudless day with few low, fair weather cumulus clouds becams an over-

radially and eventually in long streaks to the west, southeast and southwest

near the tropopause and above. Also, small convective showers - probably =

;o

caused by temporary slight distortion of the general area circulation - were

.
v

. evident for a period of about two hours until once again the trade condi-
;‘-: tions were reestablished. An emes-gency evacuﬂtion capability for the Task
F Force was zaintained even tnough the lavy Tasx Group was outsides the lagoon
:::: at shot tiage.

ti d. Zarly reentry was concenced at HyLC zinutes excest for tae

. re.lcopters which were on the AENDCVA at d Sour (3 =lles at sea to avoid
blast). They departed tha RENDCVA and landed on Parry at 4413 alnutes. The
initial aerial survey helicooter then azain iocaded the monitor group from
Parry and the group relayed information back from the site at HZSO alnutes.

This survey found iittle contamination on Runit. 3ince the srot tize wind

KRE ( SARRERTAPL AR

PRSI
A

:.-. pattern aith resultant low dirt zloud (acout .9,X0C feet) nad made possidle
::"_: certain pre-shot estizates of the sossibility of early reentry, the rezaining
E. K Jay recovery parties snoved off or scneduie for Hunit and adjacent L{slands.
:J- e. At H?75 minutes, a fairly comprehensive report of the damage

E: and contamination on Runit Isiand mas received. Altnough a water reading in
. the vicinity of the target read zero, a reading of 300 ar at 500 feet above

e
«
[ g

g

the target was registered and the Zround reading at the Runit powerhouse was

3 ar. Two telepncne polss remained standing; tent frames were damolished

and charred; zud had been thrown alapst to the airstrip; there was evidence
of a wash-over of the northem 2nd of the island; the radar target had oeen
dished out; NRL revetzents were sroded; tha blockhouse was left out the sand

mas pne; dilscolorad y/mliow aater was observed 2,000 yards off the beacn,

NI AIVIIESS T

downwind from ground zero; and tre reef was unchangsd. This prelicinary
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survey was oi assistance to TG 132.3 ss an indication of the extent of water
contanination to be anticioated frem the dirt cloud.

f. ‘By H£3 hours mamcf helicopter had completed & lagoon =ater
survey and by HES hours the Navy Task Group had returned to the itgoon. This
action had been anticipatory and predicated on advice from the Task Force
Headquarters relative to assurances on fall-out. These advicea, in tum,
were based on early cloud tracking flights which occurred iamediately d’ur
shot time.

8- By K/l day, the KING recovery progran had essentizlly been
completed and the operational phase of IVY was rapidly drawing to a close.
The RadSafe advisories to CINCPACFLT were simple and concise with no added
ecphasis on health hazards from fall-out in areas outside the Pacific Pro-
ving Ground area. This lack of emphasis on health hazards was based on
documentation of previous atomic tests involving air bursts as well as
actual cloud tracdng of the XDIG cloud. ALl cloud tracking ceased with
flignt WILLIAM 6, thus cancelling WILLIAN 7, the last regularly scheduled
"tracger'", However, it shouid be noted .:’nac oecause of the ball-of-fire.
size, the lower dirt cloud - with inducad activity from soil and water -
was asticated o be a consideration from the standpoint of mxizun per-
zissible exposures. This wmas true since an additional total dsage, even
as small as 300 ar, for soce personnel of the Scientific Task Group and AEC
would have resulted {n casas of total dosages in excess ¢f the allowed 3.9r
for 1VY,

h. The K{Ll day sweep under off-sits cognizance of CINCPACFLT,
utilizing sensitive airvborne special survey equipment of NYCO, was zade
over Ujelang, Kusale and Ponape by Task Force P2Vs operating frmm Kwajalein.
This sweep showed rio appreciaole activity on the ground at these sitas.
Thus, with the XING delayed fall-out ccnsidered finished business, return
of the portable, fleld-type photodosimetry and radiochemical laboratories
to the I aboard the RENDOVA got underway. Final turnover of RadSafe re-
sponsibilities by the RadSafe Unit of the Scientific Task Group to the AEC
RadSafe representative ass accomplished at 2400 hours on 22 Noveaber at

Parry Island with the following recommendations made:

(1) Discourage activity in the area of Sugallus through

- -~ -.'.'\ » - --
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Ebiriru until 1 January 1953.

ST e R S A,

"(2) Initlate a planned srogram for removal of radiocactive

scraps from the upper islands.

sy ' 1rl' '/'.,""/'.-'-.‘.

28

1. ALl filn badge developing ceased in the forward area as of K/L

days
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- . APPENDIX W :
I INTRA-ATOLL TRANSPORTATION - PERFORMANCE DATA A
- Nuzber of Liaison Aircraft and Helicopters Operated:
' TIPE NO. OPERATED
- i
- L-13 15 A
S H=-19 3 )
H-13 3

RS 5

Liaison Aircraft and Helicopter Performance:

-, -

HOURS OF NO. OF NO. PAX POUNDS OF
> v July FINN 1506 1270 7543 3
.. August L6 1527 2LL7 16633 "
September 7LS 3564 3L85 27221
October 1164 5551 5402 L7343
) November 281 1472 L1358 6115
N TOTALS 2874 14,020 13659 104855 3
- Nuancer of Szmall Craft Cperated: ;
TYPE NO. SPERATZD
T LCM Ll .
Lsu 10 .
o L 2 4
- LCPL 4 -
-2 AVR 3 ' .
' LCV(P) 2
. Yater Taxi 2
Uotor .Mmale Boat 1
3ea Mule 1 -
-_ AFDL L -
N Barges (5CC Tons) 5 g
-. DUKN 26 -
g Small Craft Performance: i
iy 3EACH PIERHEAD PASSENGZRS %/TONS Ca ;l
. ACNTH LANDINGS LANDINGS TRANSFCRTED TRANSPORTZD .
- July 2665 333 12039 65744 1
August 7018 582 29577 56152 y
September 7526 523 3L3LL 37L6.
Octcber 8366 1292 55959 105957 X
November 2074 384 26816 46989 3
T0TALS 27649 3219 159235 372303 >
~
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APJENDIX X

ZXTRA LILITARY FUNDS AS OF 31 DEC.MMBER .652

CBLICATIONS ACADNST DOOD

FY 1962 FY 1953 TOTAL
) Treve). $ 140,615 $ 494,768 $ 635,383
o fransportation ol Things 2,896 52,675 55,571
E{L ' Cozmunications 7,812 L, 360 22,172 .
E ' Task Torve Overhead Sxpense # 35,416 26,75'5 62,171
Cargo Hirdlin, - Navy 30,000 30,000
- Ste*ton Maintesance - Kwajalein 25,000 25,000
:\.: Activation, Lodification and
D Imactivation of aireraft 523,477 523,477
Activation, Wodification and
. Inactivation of Ships 256, 500 301,066 367, 5L5
::_l Construction of Real Facilitlies 505,535 : 39,273 544,808 .
é Jocumentary Photography 14L5,259 16,100 163,359
f' Radiological Safe*y 5,940 L,5,158 51,C98
'_‘. weather Se-vice 3,00 3,LC0 K
: Ship Rental ' 437,550 LC7,55C :
a Cperationa. i Logistical Supporc - telei 10,20
. TOT..L 81,653,450 31,237,535 32,931,135

« Incindas expenses sucn as .ocal zrocurement of sjuipment, suppiles and
services not obtairable from the military Services and not ctherwise

classifled.

. # Covers reimbursable expenses incurred by the AEC for DOD scientific pro-

. graas not otherwise orovided ror. R
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APPENDIL Y

OBLIGATIONS AGAINST DOD RESZARCH AND DEVEICPMENT FUNDS AS OF 31 DICAMBER 1§52

PRCGRAM FI 1952
3. Scientific Photography 3 185,000
L. Neutron Leasurements . 50,C00
S. Gamema Ray Neasurenents _. 550,300
6. 3Blast Measurements 2,190,000
7. long Range Detection 212,217
8. Thermal Radiation Yeasurenents 450,000

9. Elactromagnetic Phenomena 335,000

1l, Preliainary Geophysical

Survey of tae Test Area 527,120

FY 1953

87,500
404,485

TOTALS $4,5L9,337

3 491,985

TOTAL
$ 185,000
50,000
550,0C0
2,277,500
616,702
450,000
385,000

527,120

$5,041,322
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TOTAL
OPERATION IVY COSTS
through 31 December 1952

)

10%

T
\ 17.74

TOTAL 65.9M 100%

OPERATING COST 75% CAPITAL COST 25%

TOTAL 49.7M  100% TOTAL 16.2M 100%

AEC 46 AEC 76 %
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