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1. To present a summary report on Operation GREENHOU SE to the Joint Chiefs of

Staff in compliance with paragraph 8, Appehdix to Inclosure "FU of JCS 1998/13, and
to the Atomic Encrgy Commission pursuant to the delegation of authority contained

in a letter from the Chairman, Atomic Energy Commission to the Commander, Joint Task

Force THREE, dated 13 February 1951. e * e
DISCUSSION M ‘féf«o-;a ......

. ‘
2. See Enclosure, i- N EKBF{'% g
‘ L -5 0

CONCLUSIONS -
3. The mission of Joint Task Force THREE, as delineated in the JGS 1998 Series,

was carried out successfully.
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¥ § 6. The close agreement between prodicted and measured weapon performance is

TN § proof of the reliability of Los Alamos Laboratory's prodictions.  Greater dependence

G H R

P AT
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, /. Military offects programs will yield much data useful to the design of tac—

tics, structures and equipment. However, due to the complexity of analyzing data ’

additional time will be requircd before this data will be avalilable.
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8. The assignment of the task force commander as representative of the Atomic
Energy Commission as well as of the Joint Chiefs of Staff whilc overscas f&cilitatcd’
operations by establishing & single authority. The principle of functional task
groups proved sound. In combined Armed Forces-htomic Energy Commission operations
of this type, commanders in all echelons should again be chosen from cither the Ato-
mic Bnergy Commission or the Armed Forces, based solely on adaptability and qg;lifi—
cation.

9, Further improvement in management of Jjoint military activities can be made
by a more complete adhcrence to the management fund or aingle appropriation princi-
ple, standardization of definition of '"normal' and "abové normal® costs, and by
developing a niform system of cross financing between Services.

10. Full scale test operhtions such ag GREENHOUSE arc excellent opporﬁunities,
for training military personnel in the practical aspects of radioactivity. Instances
of adverse psychological rcacﬁions at ENIWETOK, when consorv&tiﬁe expoéure dosages
were exceeded and were detected by highly sensitive survey meters, indicates the
nced for the Services to stress in theoir training progroms the practical aspects.of
radiation ais well as to furnish treoops a less sensitive survey meter. To asglst in
training personncl in the prescnce of higher level radiation such as will exist in
atomic war, higher level cyposure standards éhould bc adopted where feasible on fu-
turc test operations;

11. 'Adeqpate arrangements have been made for the completion of residual tosks
of Joint Task Force THREE.

RECOMMENDATTONS

12, That the Joint Chiefs of Staff and the Atomic Energy Commission approve the
above conclusions.

13. That a copy of this report be transmitted to the Research and Development
Board by the Joint Chiefs of Staff. ’

14. Thdt, subject to the comments of the Atomic Encrgy Commission, Joint Task

Force THREE be inactivated by the Joint Chiefs of Staff as of 30 September 1951,
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ENCLOSURE

DISCUSSTON

INTRODUCTION

1. Joint Task Force THREE (JTF-3), commanded by Licutenant Gencral Elwood R.
Quesada, United States Air Force, was activated 1 November 1949, at WASHINGTON, D.C. .

The command post of the Commander was opcned at PARRY ISLAND, ENIWSTIOK ATOLL, on

3 March 1951 and was closed 27 May 1951 (Easﬁﬂggqgitugngates)v

"I conjunction with these .

tonation, eight (8) experimental programs were conducted. This report describes
the weapons, devices and cxperimenbal programs, giving as many conclusions as possi-
ble which can be drawn {rom the incomplete analysis of data. This report also covers

the operationzl and fiscal aspects of JTF-3.

WEAPONS AND DEVICES
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" EXPERIMENTAL PROGRAMS

6. Bight (8) experimental programs were conducted as set forth in the JCS 1996

Series. Minor additions and alterations to programs were made under authority grant.

ed the Commander, Joint Task Force THREE (CJTF-3). DMuch of the experimental data
has not been analyzed or evaluated. The conclusions presented herein are those that

can be drawn at the present time,

7. PROGRAM 1.0 - LOS ALAMOS EXPERIMENTS

The objectives of this program were threefold: to mcasure the performance
of each of the weapons and devices described above; to increase bagic knowledge in
phenomenology such as blast, thermal and nuclear radiation; and to develop methods

of méasuring weapon performance by simple, remote means.

a, WEAPON PERFORMANCE

Three (3) diagnostic measurcments were made for cach weapon and device;
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transit time (time from firing signal to first nuclear resction), alpha (rate
of rise of the nuclear reaction) and yield. Transit time measurcments on all
detonations agreed very closely to predicted values which indicated that each

high explosive systom reacted as expected, Alpha measurements on each of the

first three detonations agreed very closcly with predicted values, |
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b. PHENOMENOLOGY
The characteristics of the blast wave werc studied in detail, These

data, as they are compiled, will be of assistance in cvaluating specific .effect
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. -sbudics as well as ruvising theorctical studies, such as height of burst com-
putations., In addition to blast, thermal, visible and nuclear radiastions werc
also measurcd. It is ekpected that these oxperiments, once the data are analy—
zed, will fill many of thc gaps oxisting in theory prior to GREENHOUSE.

c. REMOTE WEAPON PERFORMANCE MEASURBMENTS

’In‘an effort to simplify weapon proof testing in the future as well as
to provide possible means of measuring weapon performonce in combat, simplificd
instruments suitable for usc in aircraft woré tested., These instrumonts were
designed to measure transit time, alpha and yield, Preliminary work was done
2t LAS VEGAS, NEVADA in January 1951,durihg Operabion RANGER. Successful in-

. struments to measurc bransit time arc now available. Some difficulty in measur-
ing yield wiﬁh the BHANGMETER was encountered; however, improvements made in
this dovice during the tests moke it appcar thata satisfactory instrument camn bo
made available with further mechanical and clectronic engincering. Further stud
and expefimgntation is required in the development of the romote alpha measuring

equipment.

¢. TFor a morc dctailed discussion of Program 1.0, see Appendix "A",

8. PROGRAM 2.0 — BIOMEDICAL

The objcctive of thoAbiomcdic&l program was to obtain information which can
be used in planning effective medical care for the vicbims of atomic warfare} Swine,
dogs and mice were exposaed in ofdor to determine the blast, thermal and nuclear
radiation effects as related to time ond distance from ground zero. The biological
effocts observed were approxinately the same as those prudictod by loaboratory tésts.
For animals coxposcd in the viecinity of ground zero the lethal range duc to the blast
effects did not extend as far as the lethal range due to the nuclear radiation ef-
fects, The thermal burns causcd by the atomic cxplosions werc due primarily to the
visible light region of the spectrum and occurred during the first one-half sccond
after the detonatioﬁ. he nuclear radiation produced by the atomic oxplosions ap-
peared to be 30% to LO% morce cffective biologically than the high voltage radiations
produced in the laboratory. Measurcments of radiation dosage by analysis of effccté
on plants, sceds and animals compared fairly closcly with mcasurcements obtaincd by
rqdiation instruments and calibrated film. In the case of the larger animals, doé;

appeared to be more satisfactory than swine in the determination of lethal radiation S5
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dosages. This was probably duc to the harmful effect of the enclosed containers
in which the swinc were cxposcd at shot time. Clinical studies made of animals that
sustained more than lethal dosages indicated the essential similarity of radiation

injury in man and large-animals. One of the most significant pathologlcg} {indings

was the cvidence of early radiation injury to the intestinal menbrancs.

gliminary c

Program 2.0, sece Appendix "BY.

9. PROGRAM 3.0 — STRUCTURES

a. The broad objectives of this program were to test methods of analysis
which had been de#eloged before the tesbs to provide predictions of damage to struc-
tures from.atomic blast. Such methods will be used for predicting target damage for
of fensive operations and for prepuring designs of structurcs to minimize damage in
defensive operations. In order to carry ouﬁ these objectives of the Army, Navy and
Air’Force, a well rounded program of tests on 26 bulldings ol various types and de-
‘signs was conducted. In general, buildings were designed and planned so as to suffer
some deformation, yet notffailﬁcomplﬁtely. Thiz goal was rather well met although
a few structures collapsed and others had considerably less damage than had been pre-
dicted. An essential part of the program was the measurement of blast pressures iund
structural behavior by clectronic rocording, by motion picture pholography and a
complete survey of damage after the tests. Useful data werc oblained from 95% of
the transiont measurements, which is an outstanding achicvement. Since a large mass
of data must be studied, final resulls will nol be available for some time. The
Public Buildings Service spdusor@d a program of tests on windows, glazing and methods
of stopping glass fragments for the Federal Civil Defensc Adminiatration, which
should provide useful information., A fow tentative conclusions may be stated as
follows:

(1) Results of limited analysis with mcasured pressurcs on the building

indicate that they behaved generally as predicted. The chief problem is the
prediction of the pressures on the various parts of the buildings as the wave
passes over them.

(2) Current shelter dc$igns cf the Corps of Engincors offered adcquate
protection against the cffects of the 50 kileton burst ab 1700 feet from the 300

4 -

foot tower. This distance was sclected to provide the samce pressure as that
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occurring directly under the same bomb at the optimum height for a 10 pound
overpressure. |
(3) Analysis of the relationship of geometrically scaled models and
prototype structures is promising and may well lead to useful methods of pre-
dicting damage from scaled models,
| b, For a more detailed discussion of Program 3.0, scc Appendix “C',

10, PROGRAM 4,0 — CLOUD PHYSICS

a. Program 4.0 was concerned in a broad sense with the measurement and

‘documentation of the various properties of the atomic clouds, their size, appearance

electrical and radioactive~chara¢teristics, temperature, turbulence, water content,
wind velocities, vertical. and horizontal mixing, rate of growth, dispersion charac-
teristics and also the related field of tropical mebeorology. OSignificant results
were obtained in all phases of the program. Several of the most important results
from the standpoint of strategic and tactical application of the weapon are:

(1) Tt appears that a far greater than expected portion of the radio-
activity is carried on particles of nonfilterable (submicron) size, This find-
ing focuses attention upon the difficulty'of filtering air for pressurized crew
spaces in strategic and tactical aircraft,

(2) The order of magnitude obtained for velocity of the afterwind indi-
cates that past thinking and conclusions have greatly overemphasized the import-
ance of this phenomenon,

(3) Results obtained on the water content of atomic clouds indicate
that "seeding" (dry ice, silver iodide, etc.) of an atomic c¢loud is not feasible

(4) Extremely valuable dato and experience in the field of tropical
weather forecasting was obtained., Recently developed analysis techniques show
promise.

b, For a more detailed discussion of Program 4.0, sec Appendix "DV,

11, PROGRAM 5.0 - RADIAC INSTRULENT EVALUATION
The objective of Program 5,0 was to evaluate all ground and air radiac
(Egdiationlgetection, Indication and Computation) equipment currently available as
service or experimental items, to the end that improvéd equipment for military and
civil defensc applications may be designed and produced. Nineteen types of dosi-
meters, sixteen types of survey meters, three types of laundry monitors, and one mo-
bile radiological field laboratory were tusted, No individual dosimeter was found

to be entirely adequate and thore was little correlation between types. Several
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dosimaters can be made adequate with minor changes, althoﬁgh there is little possi—
bility that any one type can be made‘adoquate for all intensity ranges. No particu-
lar type of survey meter was entircly satisfactory, although several can be correci-
ed by the elimination of minor flaws., Telemetering craler survey units dropped by
aircraft pérformcd fairly satisfactorily, although some modifications are Necessary.
Airborne radiac equipment performed adequately, For a more detoeiled discussion of

Program 5.0, see Appendix "BE",

12. PROGRAM 6,0 - PHYSTCAL TESTS AND MEASURLEENTS
The objectives of this progran were Lo detormine many physical cffects and
characteristics of atCmic bomb detonations., Those included: particle sive and dis-
tribution studies, thermal effects on materizls, cxposure of combat vehicles, fall-
out distribution, interpretation of survey meter data, evaluation of filter mater-
ials, contamination and decontamination studies, rediation ficld of the atomic cloud:
cvaluation of prot@ctivé clothing and collective protector vauipment, Instrumenta-

tion, in general, operabed very well.

 The mazcimuan thevmdl effect was observed
from one-third to one~half second after detonation; dust greatly reduced thermal
radiation, espccially at close stations. Practically all thermal radiation damage
occurs in the visible and infr&red regions of the spectrum, The experiments with
1-26 and M-46 tanks‘showed that, for a 50 kiloton, 300 fool tower detonahion, hoth
radistion and blast effects would cause a very high percentage of deaths among the -
crews within 1000 vards. Depot maintenance would be vequired on vehicles within 750
yards; beyond 1200 yafds no damage would be incurred. The Study‘of fall-out showed
that over 90% of the tobal cctivity of the samples collected was contained in the
greater than 20 micron fraction. Individucl particlcs wore mostly black spheres,
elther along or attached to sand grains; The interpretation of survey moter data is
conbimiing; no definite results are avallable now, Preliminary results on filter
materials indicate that filter efficiency of the materials tested approximates that
determined in the laboratory. In the contemination-decontamination sbudies it was
determined that cleaning methods must bc carefully sclected on the basis of both the
material and the type of contaminént. In studying the cloud radidtion field it was
found possible to accurately define the cloud boundarics, and thal the greatest
radioactivity occurrcd where thoe greatest particle density occurred., The study of
protective clothing showed that ordinary laundry facilities are entirely successful
in removing ﬁadioactive contamination. Collective protector equipment appeare ;to
=T
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operate satisfactorily. For a more detailed discussion of Program 6,0, see Appen-

di:,( IGFH .
13, PROGRAM 7.0 -- LONG RANGE DETHCTION

Operation GREENHOUSE provided an opportunity for ﬁegtimg the world wide
detection nct operated by Headguarters, United States Air Force, and also permibied
the gathering of much additional data which will be employed in evaluating atomic
explosions produced by foreign powers. By collection of bomb debris in air ond
ground filters, measurenent of atmospheric shock waves by acoustic devices, measurc-
ment of shock waves in the earth's crust by scismic instrument53 and detection of
borb debris by atmospheric conducbivity apparatus ilnstalled in alreraft, any suspect-
ed atomic explosion is capable of verification and, within limits, description as to
location and yicld. Because many of the Air Force detection installations are lo-
cated in remote parts of the world, complete information from the world wide net
concerning Operation GREENHOUSE has not yet been correlated. Some conclusions can
be drawn, howcver, on the information available. Collection of samples of bomb de—
bris was highly succeésful and preliminary results are gratifying. Acoﬁstia,signais
from all shots were identified at a dis,anée of 2,500 n@utical niles east and west
of ENTWETOK. Seismic installations detected all explosions at preat distances, the
greatest being 5,200 nautical miles on two shots. Bach shot was also detected by
’Sound, Finding andiR@nging (SOFAR) equipment at Point Sur, California. By Joint
Chiefs of Staflf decision, the Commander, Joint Task Force THREE was only rosponsible
for activitics within the MARSHALL ISLANDS areé. Headquarters, USAF (AFCAT-1) shouls
be consulted for further discussion of this program,

14. PROGRAM 8,0 — BLAST EFFECT ON AIRCRAFT

This program was primarily concerned with pressure, gust ond temperature
effects of an atomic explosion on aircraft in {light and on aircraft components on
the ground. In addition, several specinlized projects related to air operations and
blast were carficd on under this progrom.

a, DBIAST EFFECT ON AIRCRAFT

Structural'damage, verying from negligible to fairiy severs, occurred
on T-33 and B-17 drone airblancs. On "BASY" shotl, one (1) T-33 drone went out
of conbrol shortly after arrival of the shock wave and crashed in the occan.

No data wore obbtained in this case since the telemetoring system was inoperative
throughout all tests. Some heat effecls wore noted on the drone ailreraft, such

as scorched paint and a burned tire. The crews of manned wircraft noted some,




but not exnessivé, heat. However, it is clear now that consideration must be
given to protection of thc crew and certain portions of ailrcraft from heat, if
the aircraft arc to operate up to safc limits of blast and gust., Operations

up to safe limits of blast and gust with protected crews may, however, be limi-
ted by the lethal radius of prompt radiation. For a discussion of cxperimenta—
tion in lethal effects of radiation, sce paragraph 8 above and Appendix "B,

b. RELATED PROJECTS

These projects included tests of interferometer gauges, radar scope
photography, measurcment of cffects of atomic explosions on radio propagation,
aerial photographic damage study,zand film fogging studies. The interferometer
gauges, designed to mecasurs air pressurc dircctly, proved to bo simple to oper—
até and inexpensive, and, in general, were highly satisfactory. The results of
the radar scope photography project are not yot availablc, although it is known
that the cquipment operated satisfactorily and that picturés wore obtained.
Similarly, no definite results are yet available concorning the effects of ato-
mic explosions on radio propagation, although, here too, a large amount of data
was obtained. Work is progressing on the aerial photographic damage study;
apparontly3 the photographs taken were cnbircly saticlactory. A preliminary
report on film.fogging studies hag already becen forwarded to the Strategic Alr
Command , at whose request this project was initiatod.

For a morc detailed discussion of Program 8.0, sce Appendix "GY,

OPERATIONS |

15. ORGANIZATION

JTF-3 was organized into four functional task proups designated as Task

Groups 3.1, 3.2, 3.3 and 3.4. Forcoes werc drawn from the Atomic Encrgy Commission
and its conbractors and from the three Services. Prior Lo the appointment of the
Joint Proof Test Committee, preliminary plansAand preparations had begun independent-
1y by the three Services and by the Santa Fe Operations Office (ARC) aﬁd by Los
- Alamos Laboratory, The basic plan £§r Opcration GRELNHOUSE was set forth in JCS
1998/13. Appendix "H" indicates the organizatién of JIF-3. The peak task force
strength overaeas was 8,916 personnel, Appendix "IM indicates the phasing of c¢le-
ments of the task force to ENIWETOK. Appendixz '"J9 shows schematically the communi-
cations system of the task forcc, |

16. Task Group 3.1 (TG 3.1),‘commandod by Dr. Alvin C. Graves, Los AlamosALabn

oratory, was activated 17 March 1950, The mission of TG 3.1 was to conduct all G




perimental programs and to design and construct all facilitics with the excoption of
construction of facilities on ENIVETOK ISLAND, The nucleus of TG 3,1 was the "J"
Division of Los ﬁiamos Laboratory, headed by Dr. Graves, and formed after Operation
SANDSTONE in L9948 to provide continuity in weapon test activities. Design and cone
struction functions were performed by the firm of Holmes and Narver, who, ai peak
strength, numbercd 1,800 personnel ét ENTWETOK ATOLL, Other elements of TG 3.1 were
drawn under contractual arrangements, or by assignnont by CJTF-3 from the"hree Ser-
“vices, Service laboratories, universities and industry. Approximately 170 officers
and 200 enlisted mpen were assigned to TG 3.1 to assist in administration or conduct
of expefiments as well as to rececive special tf&inimg. TG 3.1 was organizeod alang‘
militory linesAand abt peak strength overscas numbered 2,401 personnel., The organi-
zation of TG 3.1 is shown in Appendix "K", TG 3.1 operated 50 miscellancous boats
and craft.

17. Task Group 3.2 (TG 3.2) was successively commanded by Brigadicr General
Frederick A. Bubler, Brigadior General Don G. Shingler and Brigndicr General Arthur
R. Walk.: TG 3.2 was activated on 12 January 1950 and deployed Lo BNIWETOK on 16
March 1950. The first mission of TG 3.2 was to construct facilitics on ENTWETOK
ISLAND, the design dnd raterials for which were furnished by TG 3.1 thfough its con-
tractor, Holmes and Narver, TG 3,2 consisted primorily of the headquarters of the
7th Enginecr Brigade and the 79th Construction Battalion, with supporting services,
until construction was completed., These two numbercd units werc deployed to the
FAR EAST. (See JCS 1998/30). The peak overscas strength of TGx3.2 during the con-
struction phase was 1,434 personnel, The second mission‘of‘TG 3.2 was to operate
base facilities including thosc required for Task Group 3.4 on ZNIWETOK ISLAND,
JTF-3 off atoll communications less Airways and Air Communications Service (AACS),
and to provide land seCufity throughout the atoll. A force of 227 military police
were assigned to accomplish fhis latter function, The peak overscas strength of
TG 3.2 during the operationmal phase was 1,398 persomnel, The organization of TG 3.2
for the conduct of its second mission is shown in Appendix VLU,

18, Task Group 3.3 (TG 2.3), commanded by Rear Admiral Richard H. Cruzen, wasg
activated on lﬁiJuly 1950, This task gronp consisbed of threo mrjor ships; USS
CURTISS (AV-4), USNS SERGEANT CHARLES E. MOWER (TAP-186) and USS CABILDO (LSD-16) ;
two destroyers, USS SPROSTON and USS WALKER; VP 931 consisting of {ive P2V2,and Tour
P2V3W alreraft, plus one PRM; USS LST 859; and thc boat pool which consisted of sixty

four miscellancous boats and croft. The units which formed TG 3.3 were all assembloed
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and were in the operating area, or performing btask fofce duties enroute, by 17 Feb-
ruary 1951, except for the SERGEANT MOWER which reported for operational control on
11 March 1951, The peak personnel strength overseas of TG 3.3 wos 2,585 which in-
’cluded 17l officers, 2,233 enlisted men and 178 civiliens, exclusive of certain sta-
tion vessels which were based at ENIWETOK and KWAJALEIN, under the Commander, Service
Force, U.S. Pacific Fleet, for purposes of logistic support.- No special manning of
TG 3.3 was necessary sinée all units were in commission or in a status of being com—
missioned when assigned, The operations of TG 3.3 were generally without incident
with the exception of two aircraft éccidents causing major damage but no injuries.
The organization of TG 3.3 is shown in Appendix "M",

19. Task Group 3.4 (TG 3.4), commanded by Major General Robert i, Lee, was or—
ganized by the Air Proving Ground Command on 24 March 1950, pursuant to a directive
issued by Headquarters, United States Air Force. The Continental Air Command, the

“Tactical Air Command, and the Military Air Transport Service supported the Ajir Pro-
ving Ground Command by organizing, menning, equipping and training subordinate task
units. The Air Materiel Command provided certain experimental aircraft and techniQ
cal and logistical support of the task group. The 3200th Guided Missiles Wing, prdor
to the organization of TG 3.4, had been’desigmated to perform the experimental air
operations to be conducted dufing GREENHOUSE and had made comsiderable progress in
the training of crews, refinement of drone operating techniques and the proving of
new equipment to be installed on experimental aircraft. TG 3.4 operated all experi-
mental airceraft; provided weather observation, reconnaissance and forccasting; pro-
vided operational air cémmunications; operated liaison aircraft taxi scervice; air
search and rescue; and documentary photography. TG 3./ conducted simulated opera-
tions during the training period and on 15 Hovember 1950 a complete detailed rchear-
sal of the air operations was conducted at Eglin Air Force Base. The delicate nature
of some of the electronic test and control cquipment, its unproved status and the
extensive installation period seriously limited the time available for searching out
and correcting’defects. Extremely heavy tropical rains and an extended period of
unusual high humidity‘priof to the first test contributed to the electronics diffi-
culties, The redar control system {AN/MSle) functioned well and closely positionod
drone aircraft from radar readings, and the Target Position Indicator {(TPI), associa-
ted with an AN/FPS-3 search radar, gave an excellent picturce of tﬁe close-in air
situation., The radio control system for dronc aircraft functioned only after c¢xben—
sive field modification and after meny essenbial radio services had been silenced.
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The drone radio control sysﬁem,should be reengincered to utilizc UHF (about 4OO-450
mes), rather than the present 30-40 mcs band, and to render the equipment far less
susceptible to interference. TG 3,4 operated the following aircraft: 16 QB-17 drones“
16 DB-17 mothers, 5 QI-33 droncs, 5 DT-33 mothers, 1 B-17 RADIAC airplanU; 1 pPav
RADIAC airplane, 12 WB-29s, 1 XB-47, 4 B-50s, 6 F-80Cs, 16 L-13s, 7 L—Ss, L H-5s5,

2 SA;lésg 2 SB-17s, 5 C-47s and 1 C-54. Experdmentzl aircraft, both manned and drone
were flown successfully on all tests, Controi difficulties inherent in the usc of
drone jets contributed to the loss of three of these aircraft. One (l) B-17 drone

on the last test was lost to remote control during the pre-detonation érbit and
~2rashed immediately prior to the detonation. Three (3) L-13s werc lost during a
year's operation at ENIWETCK., There was one fatality as a resull of air opérations.
Ihe peak strength of TG 3.4 overseas was 2,397 personncl. The organization of TG

2,4 is shown in Appendix "NW,

20. GARRISON FORCE
Coincident with the roll-up of the operating forces, o residual military

garrison of 31 officers and 358 enlisted men was organivzed under the Commander, Task
~ Groun 3.2, and based on ENIWETOK ISLAND. The 4BEC's contractor organized a 452 man
labor force, based on PARRY ISLAND, to carry on remaining AiC rcsponsibilities in
maintaining the proving ground facilities and in accomplishing the final clean up of
ANC GREENHOUSE materiel., The military garrison force was organized from the elements
of the three military task groups. This garrison force was designed to maintain
stored Armed Forces equipment, provide local security of ENIWETOK ATOLL, support the
U.S. Coast Guard long'range novigation (LORAN) station on ENIWETOK ISLAND, operate
minimum base facilities, and continuc the.iﬁétallation in operational condition for
use by succeeding task forces., On 1 July 1951, the Commander in Chief, Pacific and
U.S. Pacific Fleet (CINCPAC) assumed responsibility for movement controi, logistic
support, and area security of the ENIWETOK area. Technical control over operation
‘of the ENIWETOK PROVING CROUND remained with JTF-3. On 31 July 1951, those remaine
ing military units assigned to JTF-3 were transferred to Joiﬁt~Ta5k Force 132. Op-—
erational contrcl of other military JTF-3 clemcnts, not organically assigned, was
assumed by Joint Task Force 132 on the same date. ‘Tha ahGls Manager of Santa Fe
Operations is responsible for AEC activities at ENIWETOK. The organization of the
garrison force is shown in Appendix "0OM,

2l. GSPECIAL AIRLIFT OPERATIONS

The Military Air Transport Service furnished special airlift for delivery




of critical weapon éomponcnta and scicntific instruments to ENIVWETOK and for the ro-
turn of radioactiveAcloud samples requiring carly laboratory analysis. A& lotal of 9
westbound flights were dispatched to deliver the weapon components and scicentific
instruments, A total of 22 castbound flights were utilized in the return of post-
shot sémples. Speeial security and salvage measures were taken on all flights carry-
ing weapon components. »éamplo mabterials werce given cxpediﬁiousAhandling by transfer
to waiting aircraft at HICKAM Alr Force Base ahd by direct flight from HICKAM Air
Force Base to KIRTLAND Air Force Basc,

22, RADIOLOGICAL 3AFSTY

Responsibility for ensuring r&diological safoty followed command lines.
finch element of the task force, operating in the vicinity of radiation, had its own
trained personncl. Radiation dosages of personnel, in gencral, were maintained well
elow pre-established levels, The permissible radiological cxposurc was establighed
at 0.7 roentgen per calendar week. This ﬁolorance, slightly morc liberal than the
current 0.3 roentgen per week limit used for continuously exposcd radiation labora-—
tory personnel, was ﬁdOpted. Under unusual circumstances, an additionel accumulated
exposure up to three roentgen in specific cascs, where required for a limited nuaber
of individuals, could be authorizced by the Commander. RADIAC (Egdiaﬁioa Detection,
Indication and QpnputatiOn) cquipment performed adequately when used for the purpese
for which it wds designed., Spccialized standard airborne RADIAC cquipment is non-
existent, howover,‘a nced exists for continucd development work in this field, Falluy
out predictions, with particular roferunéu o health hazards of significance to the
task force as well o Lo pcrsonnclrin arcas outside the immediste ENIVWETOK Danger
Area, were madce the fodus of particulorly corclful study. Upper wind analysis and
trends of uppcr air resultant wind paticrns, together with fall-out data on particu-
lete matter, werc of especial importance in operationzl declsions. Additions and
improvements in fall-out pfedic%abiiity were evalved on successive shots from lessons
learned on preceding shots, Olight fall-out, of no significence as o health hazard,
ocourred on inhabited arcas oi the ENIWETOK ATOLL after "DOG" ond VYITEM! shots. The
prompt fall-out which occurrcd after "DOG" shot was uncipected, since large particle
vfall~out had not beeh observed on Operation SANDSTONE., Obther shols had thelr maximum
fall~out over uninhabitcd islands of the atoll and over the open ocean. HExpericnee
on Operation GREENHOUSE has shown clearly that present highly sensitive instruments
tend Lo greatly alarm c¢ven well trained laboratéry technicions and Scrvice trained

monitors who work with laboratory dosage standards and instruments, It is belidved
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that the continued employment of these standards and instruments can casily produce

conditions of panic under practical operationé, especially with inadequately trained

monitors, Descriptions of radioiogical safety operations are found in Appendix "P".
23, WEATHER‘

Special weather facilities for Operation GREENHOUSE consisted of a wéather
central on ENIWETOK ISLAND, four (4) outlying island weather stations (an average of
750 miles from ENIWETOK), and an Alr Force weather reconnaissance squadron based on
KWAJALEIN ISLAND. In addition, the Navy P2V antisubmarine squadron furnished weather
information at each position report. Wind direction and velocity, cloudiness, and
rain had a direct effect on radiological safety, drone operations and certain experi-
mental programs; On each shot the stress on thesce clements variced considerably. For

~example, rain could not be tolerated on "EASY' shot because of its atbenuabing effect
on blast. Radiological safety, involving mainly thc upper wind structure,,ﬁas of
prime importance on "GEORGE" shot because of the very large expected yicld, lower
tower and unstabilized surface, During the éperation? two typhoons affected the
area. The first one, Typhoon MGECORGIA", moved just south of ENIWETOK ISLAND shortly
before the first shot. Heavy rain fell for secveral days while this typhoon was in
the vicinity, but winds did not exceed L5 knots at the surface on ENIWETOK ISLAND.
"DOG" operation was delayed one day due to interfercnce in preparing instrum@ntatiom,
The weather on "DOG" day was clear until about 10 minutes before the detonation when
a thin, low cloud layef moved in and persisted for about two hours. This interfered
‘somewhat with low level photography and with visual observation, but otherwise did
~not hamper the experimental program. The winds aloft produced some Llight fall-out
on inhabited islands. On "EASY" shot the weather was favorable in all respécts, al-
though special measures were taken to observe chance showers approaching the shot
island., On "GEORGE" shot the weather was dominated by a typhoon (JOAN) té the north-
west producing exceptionally favorable winds from the fall-out standpoint, but mar—
ginal from a drone operatiorial standpoint. Heavy rain and high humidity on the two
days preceding the detonation, however, interfercd considerably with instrumentation,
both on the ground and in aircraft. Directions of take off and landing‘wore 1.80°
from normal and low cloud and shower activity during take off resulted in a reduction
of the air effort. Showery wcather at KWAJALEIN prevented the take off of the blast
kB—Q? airplane, On "ITEM" shot, the wcather was favorable although the upper wind re-
sulted in very light fall-out at the southern end of BNIWETOK ATOLL. For a more de—

tailed discussion of meteorological aspects of thc operation, sec Appendix “Q”f”

~1h—




24 SECURITY

Cperation GREENHOUSE began during a period of growing international tension,
The USSR was pgiven the capabilities of interfcrence with or the compromise of the
mission of JTF-3 by cspionage, sabotage, overt action5 observation or unauthorized
instrumentation, The foundation of JTF-3's security policy and the primary safegusrd
against penctration of JTF-3 by foreign cspionage was the "Q" clearance of all per—
sonnel who were to have any access to RESTRICTED DATA. In February 1951, cortain'
changes werc made in the Department of Defense's policy on access to RESTRICTED DATA
by military personnel. However, JTF-3 held consistently to its policy of straight
"ot clearances. In addition to these clearances, Notional dgency Checks and other
types of investigation were applied to the remainder of JTP-3 personnel who werce not
to have access to RESTRICTED DATA, The island geography of the ateoll lent itsclf
well to tho establishment and control of EXCLUSION and RESTRICTED creas, all of
which were guarded by military police. By a system of sccurity control badges and
access lists the traffic of personncl was limited to the necessitics of their jobs.
One security measure did cause individual delays at HONOLULU and KWAJALEIN and it
involved a greater volume of communication traffic than should have been necessary.,
(JTF-3 agreed to comply with CINCPAC Serial 0116 which required a prior dispatch on
all persons entering the ENIWETOK Danger Arca). To counter possible hostile mili-
tary actions or rcconnaissance threots, air and sea reconnaissance of the Danger
Area and ground and alr reconnalssance of the atoll was conducted. The forces avail-
able in the ovent of emergency included two destroyors, a squadron of P2Vs, a flight
of six F-80C interccptors znd 227 military police, reenforced by a limited number
of Army personnel for whom arms and ammunition were stocked, During the actual test
period there was only one known violation of the Dangur Area; o Japanese fishing
vessel, Out of all the recomnaissance sightings mnd reports there emerged only one
identified "possible submarine! and this was about 130 miles outside the Danger Arca,
There is no reason to believe foreign powers penelrated the Danger Area by sen or
air,

25. LOGISTICS

a, CONSTRUCTION

The construction program on ENIWETOK ATOLL was initicted in October of
1947 by the AEC through the firm of Holmes and Narver, LOS ANGELES, CALIFORNIA.
Task Group 3.2 sugmented the contractor force. The consbtruction effort consist-

ed of both rehabilitating World War II structures and in consbructing new faci-
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litics. Housing and messing, health and sanitation, utilitics and recreational
facilities werc built to support 2,900 persormcl on ENIWETOK ISLAND, 1,500 on
PARRY ISLAND and 125 on JAPTAN ISLAND, Temporary living facilities werc proVi»
ded on shot islands to accommodate construction crews and scientific personncl
preparing the tost sites. Shot island housing was augmented by the use of a
naval trénSport and one LST. The construction program included rchabilitotion
of 400,000 square feet of old buildings, construction of 400,000 sguare feet of
new aluminum buildings, 200,000 square feet of tent slabs and frames, 12 miles
of electric lines, 100 miles of submarinc cable, 16 milcs of water disfribution
lincs and 10 miles of scwers and petrolcum, oil and lubric&tion sysﬁems. Corm—
bination power and water distillation units permancntly installed provide 3000
kilowatts of power in addition to meeting the fresh water nceds of the aotoll.
The 7,000 foot coral runway and supporting taxiways, parking ramps and decon-
tamination areas were rchabilitated and surfaced or compacted. Construction
required directly by the cxperimental programs such n2s shot towers, test struc-
~ tures and instrumentation required approximatoly 35% additional effort to that
tabulated above, The nccessity of basing some JTF-3 clements at KWAJALEIN be-
came evident during the initial planning period. In cooperation with the.
Commander, Naval Operating Basc, KWAJALEIN, utilizing a Navy contractor firm
already performing construction at the base, additional temporary facilitics
to support approximately 1,400 personncl werce constructed. Thesc facilities
consistodiof two new tent caﬁps and rehabilitation of messing, rccreational and
health and sanitation facilitics.' In addition, somc augmentation was made to
the permanent facilities planned for KWAJALEIN. To recduce the requirement for
new construction, onc APL was berthed at KYAJALEIN and used at that site durdng

the entire. operational period,

b. TRANSPORTATION

éurfacc tranSPOttation was initially provided by the Navy through the
Service Force, U,S, Pacific Fleet, The increasing load of JTF-3 cargo eventu-—
ally necessitated utilization of Military Sea Transport Service (MSTS)‘for car—
go and personnel movements. The Service Force, Pacific Fleet, continued to
provide reefor ships, POL transportation, and storage afloat during the entire
operation. Air transportation of cargo and personncl was provided by lilitary
Air Transport Service (MATS), including special air mission flights for person—
nel and transyortationAof critical testrmatcfial. JTF-3 submitted all trans—

portation requirements directly to the furnishing agency without the nccossity
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for processing through any of the sepqrat@ Services. This direct chamnel
assisted immcasurably in fulfilling emergency requirements and in making adjust-
ments Lo requifements necessitated by the nature of Operation GREENHOUSE. JTF-3
liaison officers werce stationed at principal ports and air bases supporting the
operation. Total surface movements included 201 Vcssels'calling at DNIWETOK
which moved 13,575 passcngers and 273,492 téns of cargo. 13,071 passengers and
1,850 tons of cargo were moved by air. Sce Appendix "R,
c. oSUPPLY
Service supply Supporﬁ ws rendered through the Overscas Supply Depot,
FCRT LASON, CALIFORNIA for Army items; Sacramento Air Materiel Aren, HC CLELLAN
Adr Force Base, CALIFORNIA for Alr Force items and the Naval Supply Center,
OAKLAND, CALIFORNTA for Navy items. Potroleum, oll and lubricants of all clas-
ses was supplied by the Service Force, Pacific Fleet. Points of cmergency
supply werc U.S. Apmy of the Pacific (USARPAC) for Army; Sacramento Air daterial
Area for Air Force znd the Naval Supply Center, PEARI. HARBOR, for Navy. The
contractor firm of Holmcs and Narver obtaincd construction and maintenance sup-—
plies through their commcrcial channels for transportation by Service vesscls,
Subsistenéo supplies were obtoined by Holmes and Narver through the Naval Supply
Centor, OAKLAND, CALIFORNIA. Accountability for all supply items was maintained
through establishment of appropriate property accounts at ENIWETOK and substocks
at KWAJALEIN,
d, MAINTENANCE
Maintenance of equipment at ENIVETOK was limited gencrally to routine

care and replacement., ajor overhaul andArepair items were poburned to appro-
‘priate depots or shops in HAWAIL or the continental U.S. Since all cquipment
originally shipped to ENIVETOK was in first class condition the provision of
overhaul facilitics was considered unwarrented in view of the expected short
duration of the operation; This decision wns substantiated by the cxperience
encountered, High temperatures, humidity ond heavy saline content of the air
preéented serious problems in control of corrosion, and maintenance of electro-
nic equipment and intricate office machinecs. 4 systemabic procedure for treat-
ment to prevent corrosion was Ostaglishcd early in the operation; however, this
problém continued to requirc an inordinatc amount of manpower, One centralizod
motor pool for general purpose Army and Lir Force vehicles was cstablished at
ENIWETOK. This resulted in incrcased utilization, some reduction of manpower

and a concenbration of skills permitting more efficient usc of men and squipnent
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Marine maintenance was accompiished by the USS CABILDO (LSD-16) for military

water craft except the DUKWS which werc maintained by TG 3.2 in the centralized

motor pool. TG 3,1 marine maintenance was performed by Holmes and Narver with

assistance from the USS CABILDO for spocialized repairs beyond the capabilitics.

of this installation,

c. SALVAGE
Salvage of damaged or worn equipment was handled by each Service and,

generally, on items not salvagcable locally, consisted of the peturn of the

material to depots in HAWAII or the iONE of INTERIOR.
FINANCIAL

26, The funding responsibility for Operation GREENHOUSE was divided among the
three military departments, the Atomic Encrgy Commission and‘thc Commander, Joint
Task ForcevTHREE. The departments, including the Atomic(Enérgy Commission, were
responsible for funding all of their normal operating costs. The Commander, Joint
Task Force THREE funded all above normal Department of Defense operating costs from
monies furnished him through the Air Force Management Fuhd which had becn approved
by the Research and Devclopment Board, The Air Force was held responsible for fur-
nishing full financial support for thc Long Range Detection Program (Program 7.0),
~and the Atomic Energy Commission met all fund requirements for Los Alamos Laboratory
experiments (Program 1.0). The Commander, Joint Task Force THREE was kept informed
of all GREENHOUSE expenditures through the participating agencies' fiscal reports.

27. ZFunds budgeted dircctly for GREENHOUSE totalcd $74,000,000. $52,000,000
was furnished by the AEC gnd $22,000,000 was furnished by the Department of Defense,
through approvai and supervision of thc Rescarch and Development Boald. It is o
pected that actual obligations for GREENHOUSE will amount to $73,000,000 and, therc-
fore, the Chief of Staff, USAF, Exccutive Agent was advised‘on 12 Junc 1951 that the
‘balance of $1,130,751 in the Air Force Management Fund could be withdrawn for usc
/on other projects. A statement of‘the application of funds is prescnted in Appen~—
dices Y"S" and "TY, | A

28, A cost system was placed in effect in compliance with instructions contain-
ad in JC3 1998/13. Inasmuch as neither the military departments nor the Atomic Ener—
gy Commission had a cost systém which could ecasily be adopted in its entirety for
- this operation, a modified system was cstablished which accounted for the total cost
of the operation by operating and capital costs, by test programs, by departments

and by task groups. This modificd system, although patterncd somewhat along the”
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‘lines of the cost reporting system used by the Air Force, was a compromise bctween
cstablished service cost accounting systems, the system utilized by the Atomic Ener-
gy Commission and the ultimate system desirable for joint operations which only time
- and future expcrience can produce,

29, The final cost of Operation GREENHOUSE totaled $114,000,000 (488,000,000
in operating costs and &26,000,000 in capital assets which reproscntsva permancnt
proving ground plant)., Of fhe total, $52,000,000 was cxpended by the Atomic Energy
Commission and $62,000,000 by the Department of Defensc. Of the total capital items
of $58,500,000 furnishcd GREﬁNHOUSE, $18,600,000 of capital itcms wag ratufn@dwto,
the conﬁributing agencies, while $13,900,000 was consuried in the operation. The .
‘totalroperating cozt of $£8,000,000 reflects an AEC expenditure of $32,800,000 and

- $55,200,000 of Department of Defensé effort., A complete breskdown of all costs in-
curred is presented in Appendices "U" and "V,

30. Necessary arrangements have becn made to transfer to Headguarters, USAI,
the close-out and final settlement of all GREENHOUSE funding fesponsibilities re—
maining after the’deactivation of Joint Task Force THREE., Through mutual arrahgem
ments with Joint Task Force 132, continuity of funding has been cstablished for those
elements transferred.

REPORTS

31. A series of reports covering Operation GREENHOUSE in considerable detail
is being prepared for distfibution within the AEC and within the Department of De-
fense. These reports will constitute a GREENHOUSE library which will bé officinlly
deposited with Los Alamos Laboratory and with thc Amed Force Special Weapons Pro-
ject. Distribution within the AEC and within the Armed Fbrces will be madé by thesec

- agenciles. When completed, the GREENHOUSE library will consist of the following
wolumes:
a. History of Operation GREENHOUSE, Volumes I and II,
b. Technical Report on Communications, Operation GREENHOUSE, Volume III.
¢c. HMeteorology of Operation GREENHOUSE, Volume IV.
d. Technical Scientific Reports of Operation GHEENHOUSE, Volumes V through

CXIX (119).

32, Volumes I, II, IIT and IV probably will be¢ available from;thc pfinter in
- late summer, at which time distribution will be made. Some of the finished copies

~ of the Technical Scientific Report volumes may be ready for distribution in late

1951, although most of them will not be distributed until carly 1952. -
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33. In addition to the written reports, a Secret, RESTRICTED DATA, documentary
motion picﬁure of about 1 hour and 15 minutes duration is being completed by the
Air Forcek Lookou£ Mountain Laborotory. This film records the story of the operation
and explains various principles of wcapons and experimentation. Copies will be fur-
nished the AEC and the Services, Viewing prints will be available in AFSWP. A
kpossible public releasablce motion picture on Operation GREENHOUSE, ofw;;out 20 min-

utes duration, is under process of production for the AEC. Lookout Mountein Labora-

tory is also cstablishing a film library of technical photography of the operation.

APPENDICES:
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HEY — Program 5.0 QM — Metecorology
UF" - Program 6.0 "R ~ Logistics Chart
"G Program 8.0 5" ~ Funding Chart
"H" — JTF-3 Organization Chart "I — Funding Chart
1" — JTIF-3 Phasing Chart g — Overall Costs
"J" ~ Communications Chart "Y' - Experimental Program Cost Chart

"K" — TG 3.1 Organization Chart
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APPENDIX MWAH

PROGRAM 1.0 — LOS ALAMOS RXPERIMINTS

1. GENERAL REMARKS

Program.l.O‘was‘divided into threec main parts:

a, Diagnostic measurements designed to measure detailed weapon pcrformgncc
during the process of cnergy gencration,

b. Phenomenology measurements designed to measure and evaluate blast,
thermal and visible radiation, and nuelcar radiations, i.e., guma rays and neutrons.

C. Rcmoté weapon performance measurcments dssigﬁed to measure transit time
and yield under combat conditions by mcans of airborne instruments.

In addition, this program included projects concerned with cryogenic, and
timing and firing techniques.

2. DIAGNOSTIC MEASUREMUENTS

The diagnostic measurcments, especially those concerncd with the under-
standing of the thermonuclear reactions were extremely comploex bub cxcellent results
‘werce obtained. Among the principal diagnostic measurcments for the fission recaction
were The following:

&, Measurements of Malpha! or the'rate of rise of the nuclear reaction.

b, The quantitative chemical analysis of radioactivé isolopes produccd iﬁ
the nuclear reactions with a vicw to determining eneryy releases. Samples for those
measurements were collected successfully by drone and mannod ailrcraft and attempted
unsuccessfully by rockets and spociallykdcsigned ground sampling devices.  The use
of manncd sampling aircraft, first attempied on Operation RANGER, was successful and
crews dld not receive cxeussive tobal radiation dosayes.

c. The "transit time" or time requircd for the device to bocome assenbled
and the reaction to occur after the firing signal reached the detenators,

rd.v Visible radiation mecasurcments which included ball of fire observations
and growth and rise of the atomic cloud.

The thermonuclear cxperiments roquired much wore elaboratc instrumentation

wesigned to measure the detailed progress of the thormonuclear reactions,

wss claborate bub cqually
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important measurcments were wmade by means of neutron camcras and threshold doetcctors
placed at various distances from the bomb to determine the extent of the thermonu-
clear reaction. Other measurements were made in the high cnerpgy ncubron spectrum.

PRELIMINARY VALUES FOR YIELD IN KILOTONS

SN n sie O R
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3. PHENOMENOLOGY

A portion of the blast program was designed to obtain the pressurs -
distance curve from an atomic bomb prior to reflcction of the blast wave from the
ground, This was done by means of detectors isounted on cables supported by balloons
‘and by photographing the intorscction of the shock wave with speclally designed smok
treiling rockets. These two tochniques were highly successful.  Obher measurcments
of blast included pressurc versus distance on the ground and attempts to obtain pros-
gure versus time on the ground as a function of distance. The results of the ground
measurements are at present somewhat puzwling but it is hoped that some of the anoma-
lics may be resolved upon further study. A primary objective of the blast program

- wiag Lo establish the points of similarity and difference between the blast produced
by an atomic bomb and that produced by high explosives. It is hoped that the free—
air pressure curves oblaincd will develop information on this point.

b, THERMAL RADTATION

Measurcments were made of the spectral distribution and tine dependonce
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of the thermal radiation emitted from fission and thermonuclear devices. This seriec
of measurements met with a high degrce of success and it now appears possible to re-
solve various disagreements in the details of thermal radiation from nuclear explo-

sions.
¢. NEUTRONS

Neutron spectra were obtained as a function of’distance and, at a few
locations, as a function of time. The results of this project werc highly gratifyin
in that they filled large gaps in previously available information on bomb neutrons;
only'the most meager data on neutron spectra were available prior to GREENHOUSE.

d. GAMJA RAYS

Measurcments were made of the gomma ray spectra from a microsecond to a
millisecond, and from a millisccond on, Thc objectives of these measurements were
to determine not only the onorgies of the gamma rays ac a function of distance, but
their time dependence and distribution of the sourcés of this radiation as well.
‘These data have not yet been analyzed sufficiently to comment on the degree of suc-
cess of this scries of measurements. The gasmma ray and ncutron ddta have relevance
to the problem of lethal range for unprotected personnel in the vieinity of a nuclear
explosion and the problem.of'adequatelyAshielding against thesc radiations.

L. -HEMOTE WHAPON PERFORMANCE MEASURBMENTS

a. A spceially devised instrument, the ?BHANGMETER”,~WhiCh measured the
time from the {irst appecarance of light to the first minimum in tho light versus ﬁimc
curve, was tested. This device is intended to pgive a dircct reading of the bomb yicl
The first model was not entircly satisfactory beeause its responsc to the rather broa
light minimum.actually present was indefinite. Some changes were made in this model,
however, which included the photographing of an oscillograph sweep, and it is belileve:
that a satisfactory device can be developed., A relabed éxperiment of significance to
military intelligence was conducted to determine whether bomb yiclds could be deter-
mined over long distanccs by analysis of light. This experiment was suggested by ex—
perience on Operation RANGER whereby light from detonation was visible in LOS ANGELES
At 550 miles from ENIWGTOK, significant light was detected by airborne instruments
from which estimates of yicld could be made; however, further work is required to re—
Jine this technique.

b. A remotely recording airbornc device to measure transit time was tested
on the ground successfully, This device transmitted by radio a signal from the bomb
%0 indicate the instant that the detonators were fired. Another signal indicated the
first appearance of ionizing radiations. Thesc signals were rececived at a remober,
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airborne receiver and the time difference, or transit time, measured directly.
c. Remote alpha airborne deviccs werc tested on Operation RANGER but with-
out complete success. No experiments were conducted on this device during GREENHOUSE

and further work is required.
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~ APPENDIX B!

PROGRAM 2,0 — BICMEDICAL

1. GENERAL
The fundamental objecéive of this program was to obtain information which
can be used in planning éffecti&e~mﬂdical’care for the victims of atomic warfare,
énd'for the victims‘of industrial accidents in nuclear energy plants.
2. FACILITIES |
The physical facilitieé of the biomedical program on.PARRK ISLAND, ENIWETOK
ATOLL, consisted of personnel and administrative buildings, animal quarters and cli-
nical laboratories, a total of 51 buildings.
3. ANDNALS
Careful care and attention was given to ihe breeding of swine, dogs and
mice in the tropical climate to insu;e the development of pure strains suitable for
test purposes. At test time, animals to be exposed were healthy and remarkably con- .
sistent in their response to injnfy. -The extent of participation:of‘the animals in

the four tests is shown in the following table:

Number of :
Shot Projects Micedt Dog s Swine _Stationsi
DOG L 1,170 0 0 16
EASY 16 11,39 164 : 178 173
GLORGE 8 1,230 0 22 60
ITEM 1l -0 ' 16 0 8
TOTALS 13,790 180 200 257

¥ Includes necessary control animals,
#*%  Actual number of structures in which material was placed on the shot islands.

4, EXPOSURE EQUIPMENT

Five types of exposure equipment were designed and procured for ﬁhe experi—
mentatidn; cylinders, hemispheres, thermal shelters, high dose stand types and fox-
holes. All of the units were satisfactory except for one foxhole (400 ydrds from
ITEM ground zerc) which partially caved in., There was no general failure of any
equipment, although some of the closest phantoms were damaged by flying debris and
some of the electrical circuits failed becéuse of excessive humidity on GEORGE shot.
The cylinder and hemisphere units were very satisfactory and provided a unique basic

design for exposure equipment to be used in tests of this sort.
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5, MEDIAN LETHAL DOSAGE OF NUCLEAR RADIATION

a. The median lethal dosage (MLD) of nuclear radiation was obtained suc-
cessfully for mice, dogs and swine. The MLD is dcfined'as that dosage at which 50%
mortality is to be expected. On FASY shot, 14,720 mice were exposed in 29 cylinder
stations at distances ranging from 1,000 to 1,750 yards and all were recovered alive
on E day, 6 hours after the detonation. The mortality rate over a period of 28 days
was determined and a smooth curve relating dosage to mortality was obtained, The
MLD occurred at the station which was 1,416 yards from ground zero.

b. On EASY shot, 19 swine were placed in each of nine stations at distan-
ces ranging‘from 1,300 to 1,750 yards, The mortality rate over a period of 30 days
was detefmined, On the 30th day after the shot there worc two swine living from the
station at 1,650 yards and eight living from the station at 1,750 yards. The MLD,
therefore, occurred at séme distance between 1,650 yards and 1,750 yards from ground
Zero.

¢. On FASY shot, 10 dogs were placed in cach of ninc stations at the same
digtance as the swine. 'The mortality rate ﬁas determined over a 30 day period. Oﬁ
E ﬁlus 30 days there were 2 dogs living from the station at 1,620 yards,‘5 living
from the station at 1,650 yards and 9 living from the station at 1,750 yards from
ground zero, The MLD, therefore, occurred at about 1,650 yards.

d. The best data were those for mice, from which a smooth dosage mortality
curve can be drawn. The observed LD bascd on the theoretical gamma radiation yield

~for the EASY weapon was lower by a factor of approximately 0.7 than the MLD of mice
of the same strain exposed to supervoltage X-ray. The MLD for dogs based on the
theoretical gamma radiation was approximately the same as that obtained with super—
voltage X-ray. When the MLD was based on measurement of film packs placed within |
the containers in which the dogs were exposed, a somewhat lower value was obtained.
The MLD for swine, based on the theorctical gamma radiation, was conspicuously low-
er than the value obtained with superveltage X.ray. Tentatively, this discrepancy
is attributed to the hot, humid environment, which was tolerated poorly by the swine.
It appears that for future field tests, dogs arc more satisfactory than swine for
the determination of MLD and for the study of therapy on the MLD., Results obtained
‘from tﬁe radiatién depth dosage (discussed later) offered some explanation for the

- discrepancies noted in determining the median lethal dosages of the animals,

6, THEBMAL RADTATION INJURY

a&. On FASY shot, 46 swinc and 16 dogs were ancsthetized and placed in six
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stations ranging from 1,325 to 5,600 yards {rom ground zero. Of these, L4 died as
aw;esult of the anesthesia. Satisfactory burns wcre obtained for study and biopsy
on the animals placed in the five nearest stations.

b. On GEORGE shét, 55 swine were anesthetized and placed in two stations
at 3,460 and 4,780 yards from ground zero. Of these, 10 died as a result of aneé—
thesia and inclement weather. The circuits operating the mecchanism for the study of
time dependency failed because of nwisturé. The burns that were obtained were sa-
tisfactory for gross and microscopic study and for the dcmonstrgtion of spectral
dependency.

C. The>equipment used in the burn study funétioncd satisfactorily; it was
shown that the atomic bomb flash burn is caused principally by visible light, less
so by infrared, and least of all by ultraviolet. The of fort to estimate the time
dependency of the burning was less successful. It secms quite certéin that no burn-
ing occurs during the first moeximum of the thermal emission, With the data obtained,
it appears that all the burn is inflicted during the first poftiontof the sccond
maximum and that burning ceases at about 0.3 to 0.5 scconds after the blast. Since
this time interval coincides with the peak of the second maximum and since decrease
in illumination does not occur until somcwhat later, there is uncertainty regarding
the significance of the cutoff, Considerable analysis of other phenomena that occur
simultancously is required before the time data can be accepted. Good kodachrome

photographs of the burns and excellent bilopsy material werc obtained, which should
aid in the precise clinical definition of this type of fiash burn.,

7. BIOLOGICAL DOSIMETRY

a. The principal system of bioiogical dosimetry depends upon the measure-
ment of the percent change in thc weight of the thyms and spleen of mice on the 5th
day after irradiation. OComparison is made with special controls subjected to iden-
tical trcatment except for the radiation. The effect of total nuclear radiation was
-studied in hendsPhcré station§ with aluminum domes; the e¢ffect of total neutron
radiation in hemisphere stations with lead domes; and the effect of fast neubtrons,
in hemisphers stations with lead cadmium domes. For DOG shot, 480 mice were exposed;
for EASY shot, 720; and for GEORGE shbt, 360, All mice were r@covéred alive. A
comparable number of special control mice were placed in the hemispheres as a part
of the dry run for each shot. The mouse thymus-spleen system worked very well with
the expected yield, A consistent difference was observed between the f£ilm pack dose

estimate and the mousc dosc estimate, with the estimate from the mouse system always




lower,

b. Flowering Tradescantia plants were exposed to DOG, EASY and GECRGE
shots at distances whore the predicted radiation intensity was sufficiently low to
produce chromosomal aberrations which could be analyzed. Tradescantia were also

placed in drone aircraft for cach of the three shots te measure the integrated dose
of radiation during the cloud pass. The estimates of dose based»on the study of
chromosomes agreed well with the preliminary reports of the caliérated £ilm,

c. The Tradescantia system was successiul ana the results obtained Were
consistent and agfeed well with the measurcments made by the mouse thymus-spleen
system, The closest agreemént botwoen the dose cstimates based on Tradescantia and
those based on calibrated film was obtained in the drone aircraflt experiments where
the dose rate was lowest.

8. NUCLEAR RADIATION DEPTHADOSAGE STUDIES

a. Depth dose estimations were madc to investigate the quality of the nuw
clear radiation. The specification of the quality of a beam of lonizing radiation
of‘whatever source is a major problem in clinical radiology. The conventional unit
is the half value layer (HVL), and in the casc of X-ray therapy the conventional
technigue involves the use of phantoms constructed from material of unit density.
The abilify to specify the quality of the radiation from a ruclear weapon is inti-
mately related to the problem of the éxperimental production of radiation injury,
since it is possible that cnergy depcndency and dose distribution may be important
limiting faciors in determing the type of injury that results,

b. Spherical lucite phantoms were displayed on TASY and GEORGE shots. In
each case the nearest group of‘phantoms was lost due to flying debris. The ioniza-
tion chambers and film packs were recovered from all the others and were in good con-
dition for study.

c. Swine phantoms which resembled the shape and bulk of the torso of the
swine, or a man, were expoéed on FASY and GEORGE shots. All were recovered and the
film packs éontained in them are being processecd.

d. The data have not been analyzed from the phantoms that contained cali-
brated film. In those that contained ionization chambers, it was found that the HVL
using lucite (density slightiy greater than unity) exceeded 20 centimeters., This
finding indicates a very energetic composite radiation, the mean effective energy
of which was well in excess of 1.0 Mev, It was mentioned above that the biological

gstimates of dose at a given distance were consistently lower than that given by




calibrated film, or theory, by a factor of 0.7. That is to say, the relative bio-
logical efficiency of nuclear radiation was greater than unity when compared to
supervoltage X-ray, These considerationé indicate the need for further study of the
energy depeﬁdence of»biclogical effects caused by ionizing radiations with energies
greater than 1,0 Mev;

9. BLAST INJURY

On "ITEM" shot, sixteen dogs were placed in 8 foxholes, 6 X3 X L feet deep
at distances ranging frém 400 to 1,500 yards from ground zero., Radiation dosimeters
and pressure géuges were also installed. - The hole at 400 yards collapsed, burying
vthe oécupants. Live animals were recovered from all others, Severe radiation ine
jury was sustained;by‘all animals except those at 1,250 and 1,500 yards, Blast in-
Jury to the lungs and brain which might have been fatal ultiﬁately was observed in
animals placed at 600 and 200 yards.

10, CLINICAL STUDIES

a. Clinieal studies of the characteristics and the time trend of radiation
injury wefe performed, In the case of swine, such studies consisted of serially
killing all of the group exposed to the same supralethal dose of gamma radiation.
These animals‘wére killed at intervals of hours and days during the fifst two weeks
after the blast to determine the sequence and the extent of the.pathdlogical changes
that occurred. In the case of the mice, 2,400 survivors of the dosage mortality
study were returned to the Oak Ridge National Laboratory for life time study to ob-

“serve the effects of nuclear radiation on longevity, the incidence of cancer and the
occurrence of cataracts.

b, The clinical studies were successful and excellent Kodachrome photow
graphs were obtained of every stage and type of radiation injury. The most signie
ficant findings (on the basis of gross examination alone since the histological
specimens aré still being studied) was the carly evidence of injury to the intestinal
mucous membrane, This early lesion disappeared after a few hours, but within sever-
al days another rore severe involvement occurred, The gross appearance of these
lesions suggested a vascular injury rather than damage to the epithelium alone,

This obsgervation is quite valuable and should become the basis for extensive experie
mental work in the future, Taken as a whole, the gross pathological findings indi-
cated the essential similarity of radiation injury in man and large animals regard-
less of whether the source is a nuclear explosion or exposure of the whole body to
supervoltage X-ray. Bacteriological studies failed to disclose bactermia except as

a terminal finding in dogs and swine, In spite of this finding, it appeared that
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scpticemia was the causc of death in many animals. The hematological studies dis-
played the typical time trend of the leukopenia and the lymphopenia and further
demonstrated the fundamental similarity of radiation injury due to exposure of the

whole body to nuclear radiation s or to supervoltage X-ray.
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APPENDIX nCH

. PROGRAM 3,0 — EFFECTS ON STRUCTURES

1, GENERAL REMARKS

The structures program was sponsored Jjointly by the Army, Navy and Air Force,
In addition; the Federal Civil Defense AdminiSiration sponsored a test to determine
ﬁhe effect of blast on windows, The program comprised a total of twenty-sceven test
 buildings and shelters erected at various distances from the "BASY" shot ground zero
on three separate islands., The structures were designed in late 1949 on the basis of
the best availéble information on blast loading and structural response, Use was made:
of experimental data from shock tubes, and laboratory tests of materials and elements
under dynamic loading. A medium degree of damage between superficial and collapse
was desired for test purposes, The structures were éo located as to sustain median
damage, baged on energy yield predictions and prassure distance data furnished by Lhe
Commander, Task Group 3.1,
2, ARMY TESTS

The Army sponsored a three-story building having several independent sec-~
tions of different types cf gonstrucﬁion, and a composite shelter of tﬁf@ctsections;
cubicular reenforced concrete, ecylindrical reonforced concrete and cylindrical cor—
rugafed steel, Damage to the three~story building was slight, but it was sufficient
to furnish a hasis for checking design criteria and methods. The shelter sections
were undamaged and provided adequate protection against blast and nuclear radiation
effects,

3.  NAVY THSTS

The Navy had twelve tésﬁ structure;, generally about 20 by 40 fect in plan,
of a type that would be employed for magazines, storage, and personnel shelters, Pre~
cast construction was employed in most of the buildingsAbecause of its adéptability
to overseas use and its relative cheapness,  Two of the structures WQre of heavy feu
anforced conercte construction and were intended to test the feasibility of providing‘

protection at a distance of only 83 yards from ground zero, Damagc to most of the Navy

structures was severe; however, much useful information was obtained on the compara-

tive value of various types of buildings, Dectailed data on the mede of failure of

structural. elements were also obtained,

4o AIR FORCE TESTS

Bu11d1ngs sponsored by the Alr Force were typical of thoue which mirzht be

attackeﬁ. There was no qp901flc design to resist blast but rather a selection of
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distance from ground zere which would provide the desiced dogree of damage. Target
structures consisted of a scetion of a man%facturin; tope bullding with long spans
(such as might be used in tha manufacture of aircraft), one manufacturing type with
short spans, and two resoidential type brick buildiﬁgs of Europcan bype construction,
There were in addition six ¢implificd sbructurcs with vnrious sized window openings
to obtain basic information concerning the efifcct of oporings on structural response
to the blast. Therc was o onc-quarter scale aodel of one of these structures and als:

1

a one—quarbter scale aodel of the alreraft monulecturirng type bullding. The purnposc

of those models was Lo obtain a comparison of the behavier of geomebrically scaled
nodels and their probobypes. Such infovmation right versmit a saving in the cost of
4

structure tests 17 the rolationship of scaled models aad prototrype structures can be

firrly estvablished, The rvesults of the flr Force toests were mixed insoflar as damege
is concerned. It 1s expeeted thal analysis of dabta on bransiont effects will provide

very useful information on methods of predicting barpeh damago.

5 CIVIL DofE(iSE TEST

The Vedoral Civil Deleonso Administrstion sponsorcd and sunported financially
- 2 L 4z
the proeoram to debermine the effect of blost on windows, Plana for the test were de-
[
veloped by the Public Duilding Scerviece, The objective wos Lo test various types of

«

zlgss and glass substitutes, and windows of

the trpe amployed in offices and homes,

There were also tests of methods of stopping flying plass by use of wire nosh, cur-
tains and venetian blindc, The doamags achieved in the windows and glazing test was
well bracketed between exbromes of complete and no damoge, 4 satisfactory test was

gccomplished and much woseful data will be providad,

64 CONDUCT O TESTS

The analysis of tane buildings and predictimh of donnge was acconplishea by
the Army, Navy and Alr Force, The roquiremcﬁﬁs For transiont méasurcmcnts and mo-
tion picture photography were esltablished in ccllaboration with the Sandia Corpora-
tion and Ddrerton, Germeshausen and Gricr. Ixtensive measurcnents of the condition
of structurcs before and after the Lests and damage surveys were accoimplished by
Spohsoriug spencles and with‘thc transicnt daba furnished by the Sandlia Cerporatioﬁ
will be used in making complehe cnalysis and reporbe,

T INSTRIMENTATION

a. The important rcsponzibility for measuring pressurces on the buildings

and for measuring the structural responsc ol the buildings was assumcd by the Sandia

Corporation in sccordance with agrecments cntored into by the Atomic Bnergyv Commission
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"A~gro§p wgé formed at Sandia Corporation cbmpriﬁing corporation cmploycesd, onlisbed
personﬁel from the Army, Navy and Air Force, and college students, teo obtain these
measurements, Technisalevaluaﬁion and procurcment of existing cquipment was accom-
plished offoctively. In some cases equipment had to be devcloped or existing equip-
ment adapted, Installation and opération of the instrumentation equipment by the'
Sandia Group providcd useful data from morc than 35% of the measurements planned,

b, Larze dependence was placed on the measurcment of transient effgcts in-
volving a total of 1,065 gauge rccordings, DBlast pressurcs on the bulldings, both
inside and outside, and comprchensive measurements of structural rcsponsc were made,
HMotion picture photography was used to record motions and.modes of failure. HMeasure-
ments were made of conditions of the buildings before and after being subjoctedyio
blast, such as rod and transit surveys, audio #clocity measurements in concrete,
micromcter measurements of distances and natural period studics of ten structurcs.

ce The Los Alamos Scicntific Laboratory accomplished the still photography
and the firm of Edgerton, Germeshausen and Gricr accomplished the motion picture
photography? These photograpﬁic rcecords will bo of great vaiuc in analywing struct-
ural damage;

8. CONCLUSIONS

a» The complete analysis of results will require scveral months since it is
neeessary to take all the mecasurced pressurcs and onalyze cach structure to determine
whether the deformations calculatod by the method established prior to the tests
checks out with the measured deformations., In the work which has been accomplished
thus far very good agregmont has becn obtained, The measurcd pressurcs, nowcver; are
quite different in many cases from those predicted by theory and shock tubc cxperi-
ments, It is in this f#igd that the grectest amount of ceffort is indicated,

b. Tho shelter designs of the Corps of Engincers were proven adequate under
Lost conditions at é distance of 1700 feet from the tower. This distance was ine
tended to provide the samc pcak pressurc as for a point dircctly underneath the same
bomb at optimum height for 2 ten pound overpressurc. The conditions of the test;
particularly the effect of the ground, led to some wicer

tainty as to whether the

c“}f; S s I 3 Tl ‘(-4 3
shelters did reccive the same pressurc as would have been experienced dircctly under-

neath the same bomb, From a general viewpoint, however, the tost reosults will be

very uscful in indicating the order of value of the shelter designs,

¢, The analysis of modcls displaycd in the tests is incomplete, The use

of mode . s - " o s
models to investigate diffraction offccts on structurcs appcars promising
.
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In this case rigid medels could be used, If models are fo be crployed as a measure
of structural bchavior certain facbtors such as gravitobional locds do not scale and

mcans must be established for componsating for thuse variablons from scoled bohavior,

4

The results of the tests emphasiuved the fact that aodels at less than onc-quarter

seale arc impractical and also that models of vory sncll size are of doubtful use

bocause of the effcet of irregularitics of thoe ground on the blast wave,
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APPENDIX "DV

PROGRAM 4.0 — CLOUD PHY3ICS AND METEOROLOGY

1. CLOUD PHYSICS

a. This portion of the program was undertaken in order to fully document
atomic clouds during their rise in order to obtain information of use in operational
air drops, and to allow studies of entréinmﬁnt of air, turbulence, and diffusion to
Le made. In addition, it was desired to determine in some detall the temperature
and wéter vapor content of atomic clouds in order to evaluate the possibility of
producing artificially stimulated precipitation.

b, Photograﬁhic documentation of the rising atomic clouds was carried on
both from the ground and the air for DOG, FASY and GEORGE shots. On DOG shot, the
kground cameras failed to obtain a record due to a low overcast, but adequate cover—
age was obtained from the air. Satisfactory grouhd and air coverage was obtained
on both EASY and GEORGE shots and these films are now being processed, Rough analy-
sis of data taken by ground observers, using theodolites, on GEORGE shot showed that
the thifd shot attained an altitude‘of 26,200 feet in 1 minute and 45 seconds, an
altitude of 47,500 feet in 3 minutes and 33 seconds, and a final altitude of 70,000
feet in 11 minutes and 4 seconds. The radius of the cloud at 26,200 feet was 1.2
miles, at 56,500 feet was 3.2 miles, and at 70,000 feet was 5.0 miles. It is inter-
esting to note that the bomb cloud requires from 11 minutes to 12 minutes to reach
‘maximum altitude regardless of yield. It is also interesting to note that GEORGE
shot was the first cloud to actually penetrate the tropopause.

¢. In order to study the temperature and water vapor content of the atomic
cloud, the K@llsman Instrument Company developed a new acrograph which was capable of
‘operation inrdrone aircraft on a fully automatic bagis. A& ltotal of thirty aerograph
flights were made in and around atomic clouds arising from the three shots,

d., Preliminary analysis of a portion of the flights reveals no striking
temperature or humidity features in the atomic cloud as compared to ordinary clouds.
The temperatures as indicated by the aerograph were lower inside the’cloud than in
the environment. This apparent anomaly is being investigated further to determine
whether it is real. Study of the indicated air speed at the time of entrance into
the cloud revealed that in the majority of the traverses a sudden increase in the
air speed was experienced although the power, controls, surfaces, etc. remained at

constant settings.

2. The humidity traces revealed rather low humidities in the atomic cloud.
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These values grouped around 40 - 60 percent relative humidity. This is evidenqe
that the portion of the cloud traversed does not contain liquid water in sufficient.
amount to entertain any speculation about creating rain by artificial seeding, at

least in the tropics.

2. WIND MEASUREMENT

a. The wind measurement project of this program was designed to measure
the wind producéd by the rush of surface air into the rising column of hot gases
produced by the rising fireball, 'The magnitude of such a draft wind on the arca
surrounding the blast has never before been measured, and has been the subject of
considerable speculation, Twenty-five pitot type wind measuring instruments of
standard design were m@dified for this type of measurcment and were partially suc-
cessful in obtaining "order of magnitude" results. One new and untested anemometer
of the hot wire type, and another of the strain gauge type, were also tested for
sultability in this type of service.

b, Useful afterwind data were not obtained on DOG éhot due to the paraly-
sis of the feeording devices by the negatlve or suction phase of the blast which
obscured a majority of theyafterWind obtained. The results of this tést, however,
led to modifications of the instruments.

c. On EASY shot the magnitude of the surface component of the afterwind
was found to be considerably less than anticipated, and measured from 26 to 32 miles
per hour (including normal surface wind component) at distances from 1,200 to 2,300
yvards. The duration of the afterwind was found to be approximately 15 seconds after
passage of the shock wave at this location., This indicates thét the largé quantity
of air which riscs in behind the fireball is drawn from its immediate vicinity, and
that a chimney action from greound level is not sustéined for any appreciable length
of time,

d. On the third (GEORGE) shot, threc instruments yielded records at 1,260,
L,750 and 7,870 yards respectively. Although the pitol tube was destroyed on the
recorder at 1,260 yards, the direction record indicated that for this large shot the
afterwind phase lasted for 5 minutes at this position. The afterwind effects at’the
greater distances (indicated largely by alternation of wind direction) lasted only
12 and 7 seconds respectively, with minor changes of wind speed of 2 to 6 miles per
hour, 7 |

e; It would appear, from the meager results of this test, that any large

afterwinds which might result from the rising fireball must be confined to a radius




of appfoximately 1,200 yerds from weapons of thoApresent tactical size. Since this
i&i;ithin the range of total‘blast destruction, the iny practical application of
afterwinds would be their role in drawing ground debris inte the rising cloud columnf
Tt is possible that with exﬁremelyllarge weapon fiélds the afterwinds may play a
significant part in surface destruction, although this appears to be rather unlikely,

3. TROPICAL WEATHER FORECASTING

a. This project was a part of a long range program in tropical weather
forécasting and was considered to be a part of the GREENHOUSE program only because
of the many weather observations which were available'during the test period. This
work was urder the direction of Df. C. E. Palmer, University of California at Los
Angeles, an eminent authority on tropical forecasting.

b. It is too early to determine the results of the study of the meteorolo-
gical data which were obtained during Operation GREENHOUSE; however, it can be men-
tioned that an improved method of forecasting, strossing streamline analysis, was
tested and found to be encouraging. It should be pointed oulb that the usuwal fore-
casting techniques cemployed in temperate latitudes, involving the interpretations of
highs and lows in barometric pressure, and fronts and ailr masses, arc entirely ine-
adequate in the tropics due to the very minor pressure variations and the uniformity
of air masses., The fiecld of tropical forecasting is almost & virgin one and will
undoubtedly invelve the formulation of many entirely new concepts.

4. ATMOSPHERIC CONDUCTIVITY

a, The last project of this program wes the study of ths ionic structure
of the cloud, A total of four aircraft were equipped with suitable equipment for
the measurcment of conductivity. Two of these were L-13 liaison aircraft, which were
equipped with one small ion conductivity chamber for low altitude crater and local
fall-out surveys. The others were long range B-50A aircraft designed for tracking
the cloud up to 3 days after shot timej; these were fitted up as {lying laboratories.
These aircraft were equipped with instruments to measure both positive and negative
small ijon dénsity and large ion density simultaneously with continuous records of
atmdSphcric nuclgi counts, elcectrostatic ficld, humidity, prossure, temperature, air

speed and samples of the atmosphere.

b. The plan of operations was to intercept the atomic cloud 4 hours after
shot time with the B-50As and run contours around the outer edge continuously to ob-
tain size and rate of growth of the cloud, and at the same time determine the density

of large and small ions on the fringes of the cloud. This was done from 4 hours af-
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ter blast to 72 hours after blast.

N c. General contours of conductivity around the cloud showed it to be aboub
300 to 40O miles long by 50 te 150 miles wide at 6 hours after the shot; and 600 tQ
1,000 miles long by 100 to 200 miles wide at 30 hours after the shot., The above
information was obtained at 25,000 feet for the wind patterns which existed at the
times of DOG and FASY shots. The existing wind patterns indicated that vertical
mixing occurred between the 20,000 - 35,000 foot altifudes. The position and size
of the cloud could not be explained otherwise, since the cloud was several times
longer and farther away than predicted by 25,000 foot wind patterns alone, or by
fall-out, since the size of the particles measured was belicved to be extremely
small.

d. One rather unexpected result of the tests was an indication that a
éurprisingly large portion of the radioactivity might have been carried on submieron
particles which were too small to be filtered out by the’normal filter methods, This
was Tirst suspected when the activity collected on the filter papers failed to éc—
couht for the actual ionization measured by a factor of better than 50 times. So
far it'cannoﬁ'be positively stated that these submicron pafticles are the major con-
tributors to the activity of the cloud as compared to the A to 10 micron particles
collected by the filter papers, but it is very difficult to interpret the evidence

collected to date in any other manner.

e¢. The L-13s made flights at elevations ranging from 200 feet to 4,000 feet,

It Was found that at an altitude of 200 feet thc contamination contours on tho shot
island and adjacent islands could be obtained rapidly from the air and ﬁhat they

agreed very closely with the ground contours drawn by the radiological safety moni~
tors. At higher altitudes, the entire atoll was examincd from the air and the pat-

tern of fall-out from the cloud was easily observeble,



APPTHDIX BN

PROGRAI 5.0 RADIOLOGICAL INSTRUMENT EVALUATION

1. GENERAL
This program was designed to test and evaluate, under the conditions of an
atomic bomb detonation, the many radiological instruments, both surface and airborne,
that have been under development by the Armed TForces since Operation SANDSTONE and by
the Atomic Energy Commission for civil dofense purposes.

2. GROUND RADYAC EQUIPMENT

a., Specific objcctivos of this portion of the program wéro the general
evaluation of available instruments.and the formulation of rccommendations covering:
(1) Adoquacy of equipment for military and civil defenso

applications,
(2) Adequacy and feasibility of existing military characteristics,
(3) The direction of future development,
(1) Improved tost methods,

b. Sound evaluation of radiac equipment could be achicved only at weapon
test sites because the wide ranges of radiation intensitics and encrgics in mixed ra-
diation fields which result from atomic explosions camiot be duplicated in the labora
tory. The factors of inteﬁsity and encrgy arc of primary significance in the design
and usc of all types of ground radiac cquipment. Ninetoen types of dosimcters, six-
teen types of survey meters, a mobile radioclogical field laboratory, and three types
of laundry monitors wero tasted.r These included oquipment developed by or under the
sponsorkhip of the Army, Navy, Atomic Encrgy Commission, and the National Bureau of
Standards., |

ce Cenerally, no dosimeter was found to be ontireiy adequatcs The degrec
of inadeqﬁacy varied among inslruments, While some tvpes wore consistent in them-
selves, little intercorrelation among types was obgérved. It should be noted, how-
ever, that certain types can be made adequate with minor changes, Over the dosage
range that is of common interest to the Department of Dcfonﬁc; the Atomic Energy
Commission, and the Federal Civil Defense Administration, viz,, zerc to approximatal,
600 roentgens, it appears that particular types o. dosimeters are best sulted for
particular renges within the stated limits, Up to 50 roentgens, self-rcading pocket
electroscopes arc most feasible. For higher dosage ranges up to approximately 600
roentgens, solidwstatg (such as a color changing crystal) and liquid state (such as

a color changing organio liquid) are more feasible than gas interaction (such as




argon-alcohol) types. Fubure tests arc required to retest dosimeters modified as a
r@sﬁi% of Operation GREINHOUSE and to test promising now dosimeters. It is also appa
rent that more stringent laboratory testing of new models should be performed prior
to actual field testing.

d. A5 in the cose of the dosimeters,no particular type of survey meter was
found‘to beyentirely adequate. Some types proved éomplotely uscless but others be-
haved exccllently ecxcept for a few minor, corrcetible {laws, In general, the beta
detection capabilities of the various instruments were not satlcfuctory. This is bo-
licved due to the lack of explicitness in the military characteristics which should
be amplified so as to provide suificicnt range and a reasonable degree of uniformity
of sensitivity among‘the different instrument types. It is also roecommended tha£ lakb
oratofy test facilities be extended to simulote various climatic conditions.

o, Operation of the mobile radioclogical ficld laboratory threw a light on
a number of iﬂportant factors, The original designs and proccdures were too sweeping
in scope to allow for efficient ficld laboratory opcration. The lnboratory should

ave been designed and equipped to perform a few specific procodurcs adequately,

Instead, the procedures were developed after the fiecld laborutory was physically in
existence, During the period of operation, procedurcs ware daveloped which in effect
provided the type of information required for laboratory analysis. On the basis of
these procedures, as wcll as on the findimgs reported frem tests performed on the
precurser to the present model of the field laboratory, certain modifications were
found to be desirable, These modifications limited the scope of the ficld laboratory
but stresscd procedures which yiclded the maxdmum of useful information and so, in-
ereased the efficiency of operations, It was found nccessary to augment the equip-

ment, suppliced, both electronic and chemical. It was also found nscessary to remove

;)

seme of the equipment originally supplied. Future operations and tests are required

-

to indicate necessary further developments and medifications.

f.  The results of the lauwndry monitoring will be rcported on in more de-
tail in the final report but early rosults indicate that present procudurcs are not
entirely satisfactory.

3« . AIRBORNT, RADIAC EQUIPMENT,

a. The specific objective of this part of the program was the test and eval
uation of Nevy and Air Force airborne radiac equipment under conditions of an actual
atoric bomb detonation, The high radiation intensitics and wide range of energies

necessary to properly evaluate such equipment are available only at such times,




b. The general types of cquipment testod wore geunnn dosimeters and beta
monitors for aircralt interiors, cloud trackers and detectors, airborne ground in-
tonsity survey metors, and droppable, telemctering crater survey units, The radiac
cquipment was installed in a Novy P2V-2 aireraft and in an Alr Torce B-17 ailrcralt.
The B-17 emphacized tracking the atomic cloud while the P2V-2 erphasized test of the
eloud~tracking equipment for only the first hour or less, devoting attentioh then to
ground survey and dropping of the telemetering units into the erater arca,

¢, The recording gamma dosimeters operated in excellent fashion throufhuuf
the suffieiently high-intcensity arcas werc entered to permit full-scale deflection
of the rccordérs. The clowd-tracking equipment was able to deteet the cloud at dig-
tances up 20 miles but the operation was handicapped by such things as power failure,
The range of detection was highly dependent upon the size of the cloud which, in turn
was dependent upon the yield of the weapon., The lowosh yield shet in which the pro-
ject participated gave the least conclusive and least “ttuf&C1OFy of the results,

d.‘ The ground survey cquipment was hondicapped hy malnbononecce and opeora-
tional problems, bubt in goencral the resulis wore satisfnctory for the purpose. The
droppable, telemetering crater survey units were successfully monitored in only abouf
50% of the cases, The ﬁrincipal cause of this deficieney was believed to have beon
the failue of the antennae to croct properly after the units landed on the ground,

A contributing causc lics in the fact that each unit transmits only 5 minutes of each
hour and uncertainty in the precise time of transmission made 1t diffibultrto receive
cach wnit at the proper time, The uncertainty in time of transmission arose from in-
herent inaccuracics in setting the transmission timo on the clock mechanism. This
source of error was removed before the third shot by starting fhe clock mpchqnlsn.

at procisely determined times shortly before lounching the units from the aircraft.

e« The beta cabin monitor performed satisfactorily in both project aircraft
In order to prevent an excussive radiation dose; the aireraft avoided too close an
agprqach to the atomic cloud, Of nccessity, therefore, the green light, indicating
safe conditions, remained on at all times. Similar equipment, however, was installed
in a drone aircraft which penctrated the cloud and records indicrted that it oporatod
satisfactorily at red light, or danger lovels,

f. A1l of the radiac cquipment ins stallod in the two project aircraft per—
formed satisfactorily during at least one shot md, dn 2]l eases, sufficiently well
to establish the validity of their operating principles and achicovement of their do-

signed performance, Occasional lapses {rom optimum performance arc atiributed to




stringent oporating conditions during the tesl missions, ond were cceasioned lorgely

#

by failure of accoessoples or com.ononts, ©,2., power supplics, tubes, ete, Such
failurcs are to be wxpeeted under ficld conditions in experimental cguipments of this

) N -

type. In no way do thoey bring the basic designs inbte doublt and, in any event, arc
remediable without further development work., A possible excepbion to this stobement
is the antenna ercetion dlfficullty provicusly described. Work to soccure ilamproved

designs is wunderway,

!
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o PROCRAM 6.0 - PHYSICAL TESTS AND MEASUREHENTS -

1. GENERAL

The general objectives of this program werc to determine many physical

offeots and characteristics of an atomic bomb detonation about which relatively 1ittl

oy nothiﬁg was known before Operation GREENHOUSE, This information is not only use-
ful in planning future analytical and laboratory work, but it also contributes mat-
erinlly to defense planning,

-2, CLOUD P.ARTICLE SIZE AND DISTRILUTION

a, The objective of this part of the progrom was to obtain data on the com—
position, concentration, specific activity as a function of particle size, and parti-
cle size distribution, of the particulate mntter in the radioactive cloud produced
by an atomic bomb detonation., For this purposc, samples of the atomic bomb cloud
were collected during the period H hour plus 5 to 20 minutes at altitud33 {rom 16,000
to 30,000 feet, This was accomplished by instrumenting cach of the twelve filter
collecting B-17 drone aircraft with four types of apparatus for collecting of cloud
Qamplcs, and for particle size separation of particulate matter; a snap sampler, an
electrostatic precipitator, o cascade impactor, and a conifuge.

b. The snap sampler operated satisfactorily and obtained an average of six
samples per eight attempts for cach of the threc shots in wiich the project partici-
pated. The samples obtainced are still undergoing detailed analysis by a civilian
contractor and detailed information will be available in thoe final report,

c. The electrostatic precipitator operated efficiently in slightly over
50% of the sampling attempts. Present data from these instruments indicate that the
nmedian diameter of the radicactive component of thc cloud wes 0.8 micron., This ap-
plics’to FEASY shot only, since the rest of the data are still being studied,

d. The cascade impactors operated satisfactorily and preliminary analysis
‘of the samples obtained thercby for DOG shot indicated thet the maximum activity
was deposited on the fourth jet which has a calibration average particle diamcter
of 0.6 micron. It should be cmphasized that this is preliminary information. The
cascade impactor samples appear to be wall suited for particle size and radiocactive
analysis,

e. The low sampling rate of the conifuge limited the uscfulness of its
samples on these tests. It is better adapted for conditions where dilute samples are

pwre desirable,
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,,,,, f., IRadiochemical analyscs completed on samples Trom DOG shot indicate that
the fissiong ylcld curve roughly approximates that of thermal-neutron fission, with a
yatio of fission yields at the curve maxima and minima of about 200,

g. Dccay rate measurements have boen made on thréo samples of the cloud frosn
cach of the three shots, Thesc samples werce taken at maximum, medium, and minimum
altitude of cach shot and included both efficient and incfficicnt collections, Pre-
sent data indicatc a difference in the shape of the decay curves betwecn cf ficicnt anc

ineffieicent collcctions,

3. THERMAL TFFECTS ON MATERIALS

a, The objectives of this part of the program were to obtain drta on the
effocts of thermal radiation on materials, which would provide an adequate basc for
the future conduct bf a laboratory program, and to determine the degree of correla-
tion between the thermal-radiation cffects of an atom bomb and the cffects of sources
presently being used in laboratory studics. This part of the program participated in
EASY shot only.

b. Results showed that the stations werc well-sclocted as to location and
were well-designed and well-instrumentod for the cxecution of the project, Results

“to date indicate that the duration of exposurc and the total radiation received at
various stotions werce lower than had been calculated, The total cnergy reccived at
the far stations was greater than that reccived at the close stations probably be-
cause of obscuration by dust of the lower part of the fircball. Both the peak in-
tensitics and the effects on materials, however, decrecased sucbv85ivcly from the clos
to the far stations, The maximum intonsity was obsorved at about 1/3 to 1/2 sccond
aftor the detonation,

c. It is tentativcly concluded that moterial damazgc is closely dependent
on both the total cnergy and its rate of delivery: that for practical purposes there=
fore the total energy delivered cannot be usced alone as a criterion of damage.

d. No significant amount of damage due to ultraviolet radiation was ob-
served. For practical purposcs, the total damage can be attributed to rédiation in
the visible and infra=-red rcgions of the spectrum, The data have not been studied
to a degree to permit differentiation between relative effcets in these spectral
regions,

Lo EXPOSURE OF COMBAT VEHICLES

a. The objective of this part of the program was to determine the tacti-

cal effoctivencss of atomic weapons whon amployed against concentrations of armored



vehicles, in this case, ten h5-ton tanks, The data have not yet been -fully reduced
and the results given herein are subject to modification in the final report, It
should also be remembered that these results apply to the peculiar surface conditions
of the test site and for an atomic weapon detonated under the low-level conditions
of a tower burst. For weapons detonated at or below the surface, or at heights of
1,000 feet or more, the results prcsented here may not apply at all,

b, Within the tanks, lethal radiation dosage was obtained through 750 yards;
median~lethal dosage through 1,000 vards; serious radiation sickness through 1,250
yafds; moderate radiation sickness through 1,400 yards. The accelerations imparted
to vehicles up to 750 yards, and the resulting movements, would probably causc ser-
ious if not fatal injuries to the operating crews, TFrom 1,000 yards out, the acceler
tions and resulting movements were of no significance, 1Hthin 1,000 yards, the rise
in temperature of the interior walls and the risc in internal air pressurc were found
to be of secondary importance when compared with other factors., Outside of 1,000
yards, these effects were of no significance.

¢, With regard to physical démage of the vehicles, the majority of damage
was limited to external accessorics and appendages.  The liited amount of ma jor dam-
age resulted from the overturning of two tanks and the removal of a turret Irom anoth
The type of maintenance required to rcturn the damaged vehicles to complete combat
effectiveness is indicated below:.

500 yards

H

Depot Maintenance for onc tank; Organizational
Maintcnance for the other,

750 yards

I

Field and Depot Maintenance,
1,000 yards - Ficld and Organizational Maintenance,
1,200 yards anu ovuywid - No maintenance required,

d, Some general conclusions concerning the tactical effectiveness of atomic
weapons when employed against 45 ton tanks under the conditions of this‘particular
300-ft. tower detonation are:

(1) Vehiclesyand their operating crews will not be affected beyond abeu!
1,500 yards from ground zcro,

{2) Vehicles will have immediate 100% combat effectiveness beyond 1,000
yards from ground zcro.

(3) Operating crews of vehicles located from 1,000 to 1,500 yards will
encounter no immediatc combat casualties., They will, however,

eventually sulfer varying degrees of disability due to radiation

s g




., b6, INTERPRETATION OF SURVEY-!nTER DiTA,

a. Therpurposo of this experiment was to obtain information concerﬁing the
interpretation of survey-meter readings in lerms ol hazard, Fof this purpose, it is
nocessary to know not only the ionization associated with the fission¥product activi-
ty, but also the beta and gamma ray energies which produce the lonization.

b, The effective gamma ray encrgy of the radiation field surrounding ground
zero ranged from 0,1 to 0.2 Mev for two shots, Sincc the average energy of the inci-
dent radiation wes around 0,7 lev, it is clear that a very high flux of relatively
low-energy radiztion must have been‘present 28 a result of scattering and degradation
of the incident photons,  Since it is well established that, except for properly de~
signed ion~chamber instruments, radiation-detecting instruments arc unreliable for
energics below 0,2 Mev and because much low-cnergy gamma-ray activity is present in
fission'fields, it is importent that great care be cxereiscd in the future design of
supvey instruments for usc in contaminated creas.

c. JSeven typés of survcy instruments werce tested to determine their res-
ponse to radiation ficlds amanating from samples of fission-product aggregate. The
gamma dosc rate in roentpons and the beta dose rate in cquivalont roentgens wore cali-
brated with sccondary standards ot heights ranging from 20 centimcters to 1 meter
above the surface of radicactive placues., Survey instrumcnts were theon exposed to
these caliorated fields, The work is continuing and the results will be fully tabu-
labked in the final rcport,

7« LCSVALUATION OF FILTER MATERIALS,

a, The objective of this project was to evaluate the filtration cfficiency
of five standard and deveclopmental filter materiels against the airborne particulate
contaminztion present in the atomic bomb cloud, These filter materials arc incor-
porated in gas masks, cbllective protoctofs, and othcr devices designed for res-
piratory protcction and air filt?atibn. The project participated in the first tﬁree
shots; twenty-three out of twenty—four satisfactory samples were obtained from the
filter collecting B-17 dronecs which penetrated the atomic cloud,
| b, S0 far, all samplcs have been counted for beta activity,. and decay data
arc being taken over a period of 8 wecks on selected samples. Radio-autographs arc
bcing made, and information‘on alpha activity is being gathored. The data are cur-
rcntly being corrected for counting crrors and decay, prior to final compilation and
analysis of results, |
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. ¢. Preliminary results indicate that the installation and operation of the
filter-material sarplers was satisfactory for obtaining an adequate sample for the
determination of filter efficiency against cloud contaminants, The filter efficiency
of two of the five types of filter material tested approximates that determined by
standard laboratory test methods using non-radicactive aerosols. The deéay of sel-
ected samples from one shot taken.at the site closcly followsd the expected early

decay of gross fission products.

£, CONTAMINATION AND DECONTAMINATION STUDIES,

a, The objectives of this part of the prdgr&m WGTC’tO study the contamina-
tion characteristics of standard materials; to detcrminerthe efficioncies of decon~-
taminating agents and methods; and to determine the capabilitics of those metheds
in full-scale opoerations,

b, The radicactive decay fates of the samples collected for study secmed to
show significant différcnces for diffcrent shots, Some doubt cxists whether the gen-
erally used decay cxpression is accurate enough for the cleose estimation of oxpected
dose which might be accumulated as a result of a military operation during or follow-
ing an atomic attack, This point is being studied now, 4 slight decrease in decon-
tamination efficicncy of various matarials was noted, both through aging and as the
result of alternate wetting and drying. The decreasc was not enough, however, to
have a éignificant bcaring on military or ficld operations,

¢. 1t has been found that the order of efficioncy of different decontamina-
ting agents was about the same for the removal of contamination from samples obtained V
at Operation GREENHOUSE, as far thc removal of syntﬁetic acrosols on which labora-
tory testing is based, However, the laboratory chtaminants were removed much more
efficicntly than werc the GREENHOUSE contaminants. It is concluded,therefore, that
laboratory testing can assess rclative merits of cleaning agents, but cannot. pre-

S dict theoir actual ficld efficiéncy at present,

d. Of the various facfors'which affect Lhe contaminability ol materials
it was found that details of cxposure overshadowed diffcrences duc to the characher-
istics of the material, There seemed to be little effcet due to hardness or chemical
composition, A‘noticeable dacroade in contaminability was observed if the surface
was very smooth, However, this effect was of relatively little importance after the
surface begame only slightly rough,.

8. No consistent trond was found in the study of the fifteen propesed in-

‘dustrial.docontaminating processes studied, excopt that steam cleaning without chemi-
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cal additives gave consistently poeror results than any other method, Laboratory
findings, which indicate that maximum efficiency is obtaincd when the cleaning me-—
thod is carefully selcected on the basis of both mterial and the type of contaminant
having been substantiated. The selcction of any standardized method will inevitably
lcad to a procedurc which is not bptimum,with resﬁect to many conditions which might
be cncountered in field operations,

9, CLOUD RADIATION FISLD.

a. Tho objedtives of this project werc to d cbermine the radiation intensi-
ty within the atomic bomb cloud; to corrclate this intensity with the physical or
particulatc boundary of the cloud; to resolve the manncr in which this radiation in-
tensity fluctuated in relation to the distribution of the radioactive particles com-
posing the cloud; and to determinc the relation that the radiocactivity has to the
visible boundary of the cloud,

| b. The rate meters and jebt impactors. which wore desi@ned for usc by this
project operated in a satisfoctory manner. The rate meters indicated pcak intensi-
ties of as high as 24,000 r/hr and, where the drones in which the equipment was in-
stalled actually ponotratgd the bomb cloud, the jet impactors defined clearly the
physical cloud boundarics. It eppears to be gcncrally true that the highest radia-
tion intensities appear within the particulate cloud and abt the same points in time
and space as the groatest densities of particulate rodicactive matter, This will be
more evident from the graphical presentations which will be contained in the final
report,

10. TESTS OF PROTECTIVE CLOTHING.

a. The objeet of this cxperiment was to test protective clothing with rcmr
ference to pr?tecﬁivo volue, susceptability to contamination, susceptability to de-
contamination, and its handling and disposal under ficld conditions,

b, Preliminary loundering dccontamination methods duveloped in a test pro-
gram at the Oack Ridge National Loboratory were tested undoer conditions of ficld cone-

tamination from atomic weapon bursts. Normel clothing moterials showed little dif-

ference in contaminability cxeept that water-ropellent finishes appeared to pick up
moTe cdntamin&tion and to resist its ranoval to & greater degree than non-water-re-
pallent materials. Contamination duc to fall-out material was romoved as readily

as was contamination by surface matcerials which had been activated by the detonaticn;

Contaminated clothing was decontaminated satisfactorily by laundering with both al-

kaline and withacid clcaning agents, using commercial-type corrosion-resistant metal
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léﬁndry equipment, Commereial launderics canfsafoly,'and on a practical basis, de-

contaminate radioactively contaminated launderable clothing. Personnel decontamina~
tion was satisfactorily accomplished without the use of special detergents, commer-

cial voilet soap proving as cificicnt as specially formulated detergents,

11, EVALUATION OF COLLiCTIVE PROTECTOR TQUIPMcNT,

a. The objoct of this cxporiment was to evaluatc Chemical Corps protective
sheltor methods and equipment during an atomic bomb dctonation,

be The collective-protector unit was located within the Corps of Engineer
shelter and was completely protected from blast demage by the use of a spdeially
dosigned anti-blast closure, Although the collective~protector ceased t&‘operate 5
minutes dfter the detonation, the anti~blast closurc unit and the collective-protec-
tor were in opcration during the detonation and wers subjected to the blast with its
accompanying heavy load of radioactive parﬁiculatc matter following the shock frontf
It is felt that this load of matter was unusually heavy duc to the absence of,végo-
ﬁation on the test éite, frequent pre-shot grading of the surfacc, and the high walls
of loose sand which formed the protective walls along other cxperimental installatim
Under more normal surface conditions, practically 1008 removal of radioactive parti-
culate matber could be expeeted, The method used for measuring the activity of the
oir stream is uot belicved to be the ultimate in experimental technique, Consider-
ablé difficulty exists in differentiating between induced activity, background acti-~
vity, and tho activity duc to particlés in the air strcam, Thc energy spectrum of
the various pafticlcs as well 25 their distribution within the air strcam add com-
plexity to the problem. In addition, the response time of the instrwments and thei
counting efficiency must be adequate for the velocity of the particulate matter passe-
ing the tube. For these reasons the measurcment Qf particulate activity in an air
stream under the opcrationai conditions cncount.red remains & difficult problem.

¢+ No conclusions can be drawn now concerning the offieicney of operation
of the anti-blast closurcs in the field installations because the activating over—

pressures for cach of the field instellaticons is not known at this time,
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APPENDIX nGM

PROGRAM 8,0 ~ EFFECTS ON ATRCRAFT

1.  GENERAL REMARKS

This program was designed primarily to give information necessary for the
safe operation of atomlc bomb carrying aircraft and to develop design criteria for
future aireraft. In addition, several othor projects concerned with airborne devices
and techniques were studied under this program,

2. EFFECTS ON ATIRBORNE AIRCRAFT

~a. The test for determining the cffects of an atomic explosion on aireraft
in flight was the most extensive project of this program, Special instrumentation
for the megsurement of blast, gust, and tempcraturc effects was installed iﬁ Air
Force airplanes, These were flown at predctermined altitudes and distances from the
zero point of the explosion., Distances were based on the predicted yields of the
shots, Complete annlysis of the data received is now under way &t the Alr Material
Command; therefore, only preliminary results or indications are available at this
time,

b. On "DOG" shot one (1) T-33 jet dronec, one (1) B-17 drone, two {2) man-
ned B-50Ds and one (1) manned XB-47 participatcd in the test. Distances at shot time
from zecro point varied from 9,260 feet (T-33 drone) to 52,100 fect (B-50D). Dis-
tances at shock arrival time varied from 11,000 feet (T-33 drone) to 40,900 feet
’(B~50D). Altitudes varies from 7,800 feet (T-33 drone) to 29,000 feet (B-50D). No
structural damage resulted on any of the alrplanes. Damage due to heat was caused
on the T-33 drone and on a B-17 drone at 15,000 feet altitude and 16,150 feet slant
range. The T-33 (which is all metal construction) had scorched paint in several
places. On the B-17, the fabric surfaccs on the under side of the silerons and ele-

rvators were burned away. Black paint was scorched in several other places. The
crew of thé B-47 2t 25,700 feet slant range reported feeling considerable heat.
Rocordings on the specialized instrumentation werc rocelved and arc being analyzed.

¢. On "EASY" shot, one (1) each of the T-33 droncs and B-17 drones were

positioned to receive blast londs in excess of 90% of the ultimate designed load
factor of the aircraft. Two (2) T-33 drones, two (2) B-17 drones, one {1) manncd
XB-47 ond two (2) manned B-50D airplanes participated in the test. Distances at
shot time varied from 6,540 fect (T-33) to 38,000 feet (XB-47). Distances at shock

-arrival time varied from 6,920 feet (T-33) to 33,000 feet (XB-47). Altitudes varied
from 6,500‘feet'to 33,000 feet. The low T-33 went out of control shortly aftcr
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shock arrival time and crashed in the ocean, fho cause could not be cstablished,
and due to inoperative telemetering system, no data were obtained. The telemetering
system failed complctely on all tests. The tow B-17 (11,000 fect altitude) drone's
fabric surfaces had been covered with aluminum foil, a good reflective surface, and
though heat was high (over\QOOGF), no major damage resulted to these surfaces, Con-
siderable damage was apparent to painted sections and one tire was burned to the ex-
tent that it blew out on lending. Some structural ddmage was done to the airplane,
but not to the extent thaﬁ it was unflyeble. After complete inspection it WAS GOl
sidered safe to fiy to the U.S. with minimum load aboard. The airplane has baen
returned to the Air Material Command for detailed inspection. The other B-17 drone
(12,000 fect altitude) went through the top of the atomic cloud‘and minor structural
damage was done. There was no structural damage on the monned airplanes and no re-
ported cbnormal heat from the explosion.

d. On "GEORGE" shot, due to inclement wcather, i1t was decided just prior
to toke off time to fly all drones as manned oirplanes. Positions were changed to
greater distances from the explosion for crew safety, Participating in this shot
were one (1) T=33, three (3) B-17s and the two (2) B-50Ds. Heavy rain at KWAJALEIN
prevented the XB-47 from taking off. No structural damage wos suffered on any air-
nlanes., Several crews reported noticeable heat, but ot distances involved this heat
was not excessive, |

e, Analysis of the data is continuing at the Air daterial Command, Mossam
chusetts Institute of Technology and the Iniversity of California at Los Angeles.
Preliminary analysis indicates the following general conclusions:

(1) Blast and Gust - The permissible overpressure of one-fourth pound

per. square inch now omployed for operational aircraft was definitely proven low,
One (1) pound overpressure is much more realistic and it is believed that Air
Force aerodynamists will bo able to establish safe limits for each type of air-
plane as a result‘of these tests., Safe gust velociﬁies, which an airplane can
withstand, vary with speed and altitude. Safc operating altitudes and speeds,
baged on bémb yields, will be established by the Air Materinl Command as a re-

sult of these tests.

(2) Thermal Radiation - As bomb yields increase, the range of thermal
radiation increases. These were the first tests in which facbual data were ob-
tained. It is evident that for operational aircraft, protectioh from heat will

have to be afforded the crew and portions of the airplane such as fabriec sur-
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faces, paint, ctec. Thermal effects atudies relative to the design of aircraft

"should be continued,

(3} Nuclear Radiation — The results ol Frogram 8.0 when considered in

connecﬁion with Program 2,0 point to the conclusion that aircraft operations
up to safe limits of blast and gust with crcws and aircraft protected from heat
may be limited by the Lethal radius of prompt radiation. In addition, fiight
through the atomic cloud up to within 30 minutes of detonation is extremely ha-
iardous due to radiation.

(1) The MSQ-) radar used for the remote control system for drones gave

very good results; howcver, it was expensive, highly complex and required o

=

large number of persomnel to maintain and operate. A simpler system with a
high degrce of rellability and requiring fewer persormcl should be developed.
Investigation of automatic Shoran techniques is suggestod.

3. EFFECTS ON THiL GROUND

Mmﬂwr;mNAM1m7UmspmgmmwmsthcddwﬂmmmiM1MTﬁmsﬁﬂmtsafthe
blast, thermal and nuclear radiation on aircraft structural mombers. These sbruc—
tural components consisted of conventional aireraft parts such as an F-80 fuscleoge,
F-L7 wing, vented and unventoed airfolls, and speclally desipgned rigid and swept wing
airfoils. They were exposed at distances varying from 4,000 fect to 16,000 feet from
ground zero, The results of this tost under static conditions will be correlated
with the effects on airborne aireraft under dynamic conditions to ascertain whether

ground tests may be utilized in.the future to obtain much of the needed information

‘pertaining to blast cffecets on aircraft structurves, Four {4) identical test installa-

tions were made on four isiands of the atoll, Results from 2ll test sites appear
satisfactory and data are now bhuing analyred at the Adr Materiol Command.' From visu-
al'inspection it appeared that the models reacted to the londs and pressures as pro-
dicted by the theoretical studics. No definite conclusions or recommendations can

be made at this time.

4.  INTERFEROMETER GAUGES

The object of this portion of the program was to obtain pressurc versus
time data at test site locations, and to test o new type of pressure gauge commonly
referred toas the "BUCK! gauge.  This gauge utilizes the principle of the interfer-
crece bands of light produced on the mirrored surfaces of o quartz diephresn. As the
pressure on the diaphragn varies the thickness of the film of aif which separates the
plates, the interforence fringes arc displaced giving a dircet measurement of tho

pressure. This gauge is simple to operate, incxpensive and requires a minimum of

1 RN

.

RioTED 28

:a ooy A
LTERC E¥Aen aab
e

i

pya
1550




personnel. Four (4) gauges werc installed at cach test site., Reduction of data
and plotting of curves were accomplished within 48 hours after the shot. The gauge
‘itself proved satisfactory and will be yaluable for fdture tests.

5. RADAR SCOPE PHOTOGRAPHY

The object of this portion of the program wos to obtain photographs of
radar scopcs during the atomic explosion for analysis and evaluation as a method of
measuring bombing accuracy and estimating bomb damage, Pictures were taken of A and
B scopes of the AN/APQ&Ehvrédars on two (2) B-50Ds for M"DOG", VEASY" and "GEORGE" |
shots, Equipﬁent operated satisfactorily and excellent pictures wers obtained.
Radarvreturns, about 15 decibels above background, moved with appfoximately the velo-
city of sound. These served to positively locate ground zero. This is a low level
phenomenon and is almost certainly closely related to hunidity, and possibly to’tur~
bulence, It is doubtful whether total energy can be determincd with the present
technique since the velocity of the shock wave connot be measured with sufficient

“accuracy in the early stages. Whether the present technique can be adapted to de-
termination of ground zero in other localities will depond on the rasults of QOn;
tinued experimentation on tests at continental sites, The film from the GREENHOUSE
tests is still being stﬁdicd at the Air Material Command in ﬁollaboration with the
Operation Anélysis Section of Headquarters, USAF, and final conclusions will be
available in a short time,

6. MEASURELENT .OF EFFACTS (F LTDLIG PLOSICNS QN RADIO PROPLGATION

The object of this portion of the program wes Lo find what effects, is any,
occurred in the transmission andvrecoption of radar and radio waves, both direet and
reflected, during and after an atomic explosion. Possible sources of interference
arc blast, radiation and ilonization, These tests were concucted on "DOGY, MEASY"
and "GECRGE" shots, Both short range (within the atoll arca) and long range (as far
as JAPAN and HAWAII) radios were monitored by recorders., Ionspherie studics were
made by the National Bureau of Standards, All cquipment operated satisfactorily and
data arc being analyzed and evaluated by the Signal Corps and the National Buréau of
- Standerds at the present time, No concluslons or recommendations can be made at thi:
time.

7. AERIAL PHOTOGRAPHIC DALAGE STUDY

This test was designed to check photographic interpretation of damage again:
actual damnge caused by an atomic explesion, This was accomplished by taking photo-

graphs, both vertical and oblique, of the main buildings of the structures program
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| before, during and after "EASY" shot, This tcst presenbed an opporbunity to combine
tyﬁi;al operational photography with known structures and measured pressures, 1t
also provided a means of traihing personnel in predicting gstructural damage result-
ing from blast and incendiary cffects of an atomic weapon. Tho'addition of low-
oblique picturcs gave additional details of damage and also an overall pictorial re-
cord of the results of the test. The'accomplishmcnt of these objectives was realizec

and a group of excellent pictures was obtained.

8, FILM FOGGING STUDIES

a. The last project of this program was a survey of the offects of film
fogging as o function of muclear radiation dosage. It was undeptaken at the request
of the Strategic Air Commind. The main experimental work was performed on "GEORGE!
shot. The film was hir Torce types "N" and "L" and it was cxposed to radiation under
simalated operétionai conditions., Loaded A-5A magazines were placed at four similar
stations in the Sﬁrategic~&ir Cosmand RB-29 and the two (2) WB-29 manned samplers,
Two magazines were placed in cach of the AEC dfOnOSB.OHG in the bomb bay and one in
the radic compartment. Ten (10) magazines werc placed on the ground in the vieinity
of the explosion, with cach film typc represented at five locations.

b. Early informntion on the {'ilm that has becn devcloped indicates that
the filn density {fopging) increasecs with tho dosage, that in the lower dosage level
the readability of the film ié good, and that BL" typc fllm is morc dense than "N"
type film for an equal dosage, However, "N" type film shows more nottling., Also,

- it appecars that there is more random fogging én film carried in bomb bay and unpres-—
surized or unscaled compartments, probably duce Lo particulate contamination, The
deosage range was from about 0,5r to greater than 100r. The final GREENHOUSE repord
will cover not only the complete results of the experiment, but will also correlate
them with the results of other film fogging studies madé'by Los Alamos Laboratory on

ather shots,
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APFENDIX bpi

HADIOLOGICAL  SATETY

1. GENERAL
a, Radiological Safety (RadSafc) of all military and civilian personnel is
a command responsibility, Therefore, the RadSafe vrganizalion for GREENHOUSE con-
sisted of units of trained peorsonnel and suitable radiac caouipmeont in each of the
task groups, In this way the Baddafe units of individual bask groups could copc with
their problems as sclf contelned units, utiliszing training methods peculiar to their
service requircments, The RadSafe unit (Task Unit 3.1.5) of the Sclentific Task

3.1) was established Lo be the primary tochnical scrvicing agency

- Group (Taﬁk Group
to the task force in gencral, TFor moximum beneflt in training, this wilt wos com-
posed of representatives Irom the Army, Navy, Harine Corps, Alr Force, U.S. Public
Health Scrvice, Los Alamos Scientific Laboratory, and a represcntative from the
University of Iowa. As such, this unit provided cll ground rmonitoring scrvices asso-
ciated with cxperimental projects, laboratory scrvices, c;pﬁsurc rocords, monitoring
of sample removal and packaging and protective clothing.

b. The radiological safcty phase of Operatios GREENHOUSE had three main
objectives, First, it insured that task force persomncl would not be exposed to dan-
gerous amounts of radiation,. S@cond,’it served as a large scale training excrelse
in rmuﬁine radiological operations, Third, it provided o means for evaluating all
available types of radiological, instruments under ficld conditions, All three of
these objeetives were met successfully and several now concepts of the functions of
RadSafe in the field have cmerged.

c, It was learned during this cperatien thot presently established porsonnc

dosages arc unrcalisticclly low for ficld application 4o personnel seensionally ex-
posed to radiation and that mony of the available radiclogical survey neters are toc

- sensitive for routine ficld use, Ipdividual desages which were permitted on the op-
eration ave only 0.1 roentgen per day, or 0.7 roentgen per week. These dosages
have bgen cstablished on the basis of long term exposure for workers in constant cor
tact with radioactive radiation, It is folt that they are far too low for personne]
such as military'and civil defense who arc only occasionzlly cxposed to radiation,
Many surveymeters presently available have scalcs in the low milli-roentgen ran Ce
Readings obtained on these instrumcnts tond bo unduly alarn using ﬁors&nnel of limi-

ted experience, cspecially when the instrumcnis o completely off seale at (for ex-
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ample} 50 milli~roentgen per hours These insteuments acve a distlinet place in the
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laboratory; or'in the ficld prSSpocting, but they arce wsatisfactory for ficld Road=
Safe work utilizing military personncl. This was clearly brought out on scveral
oceasions when cxpericnced military monitors, trained in meosuring radiation on a
laboratory scalo; bocane unduly alormed at‘obscrving unczpeclted radiabtion intensitics
of o Tow tens of milli-roentgens after "GN and NWITEHY shots, Althoush the inten§i~
ties obscrved wore far below levels capable of producing & rcalistic health hazard,
thesc moenitors bocaﬁc alarmod beccuse their instruments were so sensitive that they
shoﬁcd large readings. As a result of thesc reports at the time, some military eche-
lons scomed to be alarmed. It is belicved that further training in similar exercisco
for military personnel should be carried oui with'lessrsonsitivc instfumonts in or-
der to obtain a2 more realistic approach to permissible dc;agus.

2. PRILIMINARY OPERATIONS

Prior to the first shob, personnel of #ll task groups viere trained in ﬁhc us
of radiac (Radiation Detection Indication énd Computation) cquipment. RadSafe. pers—
onmel aSsigncd to the‘Séientific Tasik Group becanc acquainted with tho personnel and
with the speeial probloms of thoe group.
3, "DOG SHOTH
d. At the Commander's weathor briefings for the YDOG" shot rchearsal, and
for ¥DOGH shot, a threé dinensional device was uscd to disploy the forecast of up?cr
air winds over zero point. The winds werce related to fall-oub as a function of drift
of all portions of the at:mlc cloud from ground to maximum height which the cloud wao
expocted to reach,  In addition to this usc of the wind directions and velocities, an
attempt was made to rolate general atmospheric stability ond procipitotion probabili-
ty to fnvoyablc or unfavorable fell-out consideraticns,
be The presentation and discussion resulted in o forcecast SUNFALCE RADEX
(EQQ;OIOgioal Fxclusion &rga}. This wus disscminntied by the Commonder, Jeint Tesk
Force THREE to all the task groups and was valid for onc (1) hour ufter detonation.
If fall-out proceeded according to the forecast, the RADEX could thon be cancelled
at H plus 1 hour and mormel operaticns would then be resumed. Usual RADSAFE pro-
cautions would be taken thercafier for lagecun traffic.
c. It was planned that actual clearance to enter islands of the Atoll would
be the result of o detailed, but rapid, island survey by low flying sircraft. Rad-
Safe clearances for individual uninhabited islands would be granted at about H plus

—

3 hours, = Al essential work on shot islands would go forward bocausc scasonod Rad

LERVE LS S0 SIS
Safe monitors were provided for all such cssontial woricing partics. These monitors
were especially trained and, with thelr crxpericnce and profossionsl qualifications,

oy -

were capable of "on the spot! cvaluation.
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d, After "DOG! shot, landing was madc on the shot islund 25 pWannud al-
though the landing dock had boyn partly demolished, Some radioactivity was reported
at the dock at H plus 30 minubes, At H plus 50 minutes information was rocoived ot
the JTF-3 Operaticns Control Centor (oCc) that the quick acrial survey of atoll is-
lands showed no significant contamination on any islands except the shot island, A
nmessage 1ifting the SURFACE RADEX for lagoon surfoce traffic was sont out at H plus
90 minutes (0810).

¢, At ”bOLt 0230M reports of radicactive fall-out on ships in the south
ond of the lagoon, and on JAPTAN and PAnRt ISLANDS, started to arrive at the OCC fro:

arious sources through the RadSafe Center (Task Unit 3,1.5) on FA:RY ISLAND, At
1100H reports were reccived that the background radlation intensity level was rising
on ENIWETOK TSLAND,

£, Records from rodiction intensity mebters on PARRY ISLAND showed that two
slight v of fall-out affected PARRY ISLAND at about H plug 25 and H plus 4% hours
Peaks of radiation intensity of abaut LO mr/hr indeors were recchod ab about H plus
3 and H plus 6 hours.V Ships of Tesk Group 3.3 1n the southern cnd of the lagoon worc
affected during the first fall-oub wove (1 plus 2% hours)s 4lso, some ships noted
intensities #aryimg up to 20 to 30 ar/hr, This wos due partly to the fall-oub just
mbntionod and parbly to radioactivity in the woter down-wind from the zero point.

g. At 1100, Commender, Task Unit 3.1.5 (Special Assistant for R&diologica?
Safety to Cummander; JTP-13) recomacnded that all beat traflic be stopped north of
RUNIT exceot regularly scheduled trips of scientific persomncl wilh monitors. In
the intercst of avoiding any unncccssary cxposurcs ol personncl, cven to the low
“lovels of radiction JOHulOngd nbove, personncl werc crdored indoors on PARRY, JAPTAN
and ENIWETOK ISLANDS with only css cntial‘work being permitted,  These conirols were
maintained until the morning: of D plus 1 Duy, On D plus 1 Doy, HodSafc clearance
was gronted for all islonds WLt] o few crxcoplbionse On D plus 2 Day, RadSafe cleaf~
ance‘was granted for certain additional islands, ond for airstrips on RUNIT and
ANTYAANTIT ISLAMDS,

h, konitor control was cstaklished on the shot islond on "DOGN doy by Task
Croup 3.l. Task Group 3.4 accomplished scicntific "ursent! tasks without ineident
and the decontarination probloa for plancs was minor in scope, Task Group 3.5 accon
plished nccessory decontainstion of ships and boats evpeditiously. Water sampling
on other atolls witiin a 400 mile radius of TNIVETOK was ﬁbixwfﬂbd by amphibicus air

ceraft, No health hazards were noted in any of thoe water samples.




te The "DOGY shob fall-oul wos not crpoctod since it dnvolved much larger

N
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naiticles than had Loon observed on other owomic Losions. 4 deboalled study wods

made of particle size, fime of arrival, and er wind structure,  This :;{Ud;, showaed

that the particles were of sizes ronging from about 50 to 200 derons in diametors
that they oarrived at times corrvestonding to vheilr fnll-oud {rom aliitudes of

35,000 feot asswning vhe velidity of OChoke's lowr fox fallins sphoroes; anc Lhe upper

O

wind field wao such as to permit the obscrved foll-out, T

.)

¢ study showed that con—

]

te such a falleoub could be readily anbicipolod ;'z_.n whe Futurc,  As o

regult, dotailed plobbting of rosvliont uppor winds was ande wo integral part of Had-—
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vo discuss tho fall-—out which sceourred on inhob:dioed dsiands after MDOGY

held

shot, It wos tho consonsus ol thoe aceting, thabs

(1) The foll-out did aot consbibube o hcalbh hosunxd.
(2) e particles which fell out vore relabivels Large -

50 to 200 aicrons -~ ano congisted of both corel sond

srains and metnllic

norticlo
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(3) The redivactive nortion of ecch a vory small

PG t;.clc, s Gibhor obbacihed to the cubor surfoce of the coral
groin:, or included within toc acbailic globules
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{4)  Explaininsg and fovccesting foll-oub of particles of the sise

cbsorved won proac x,':\:.'ﬂfl\ usuy woper wand rosclbont plots.

a, Sctween "DOCH

ol personnel of all

task groupe and colivration ~u cuwlnment conbinaod, uerl L:;;u;; lussons lesamod from

&

HLOGT shotb.

b, The lorsons loarnced Trom PDOGH shiog rezard to hltherto wndiscover-

adl-cut dabo tor a tower detonobion ware used in thoe ovaluotlons ol RodSaie fne~

tora for ©he TEHASYY ohot forecnsts to hhe Commandor,

i

Ce o form of residivont wind olov for o1l ,_,mLu up o thoe by pepause had

o

been used for bricfings ot the Commander's conforchce for the "OGY chot, For the
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WEASYY shot much sreater cibtentlon wos silven to tids resltest wind [lot, sincce it
e et O qade . o eyt T NOUR . e
wng ovident thoet foll-oub of Pively large parbticlos nost be conclidorsd,  Pavhi-

culnr cunhasis

placed on possible foll-oub from the 20,000-45,000 foot levoels,

whore smen deor oveidently concontrabod,  an colargod plob of rosuliant wind




plot on an illuminated transparent Combat Information Center plotting board was used
for briefiﬁg, and pro#ed highly successful,
d. As a result of a favorable upper wind trend from H minus 30 owrs until
H minus 6 hours briefing, and a minimum shower probability, although the wind veloci-
tics decreased apprecisbly, a favorable fall-out forecast was mide at the H minus 6
hours Commander's confercnce:
(1) The very heavily radioactive lower portion of the borb
cloud stem (0-15,000 feet) with debris, induced radio-
active material, and unfissioned matericl was forecast
to fall in a SURFACE RADEX with a DRIFYT CONE cxbending
from 2000 to 2607 true, with a redial distooce of 20 miles,
Fall-cut of significance as a health h&zard was cxpected
to occur only on uninhabited islands west of mero point,
(2) VUsing fall-out data from "DOG" shot ond resultant wind plots
for significant levels from 30,000 to 45,000 fcot, particles
from 60 to 150 microns iﬁ diamcter, with fall-out timos of
H plus 1.5 to 3.0 hours, were forecast to be deposited out to

3

about 4 to 4 miles to tho soubhsast, Tith a pencerous six (6)
mile radius for diffusion and dispersion, it was sbated that‘
vory minor fall-out might occur as far soubth ws PARRY ISLAND,
The atomic cloud mushroom was forecnst o reach the tropopausc
lovel arnd to move casterly,

(3) Fall-out was ossontially as forccast, although no detectable
amounts reached inhabited islands - PIIRAAT ISLAND (7 miles
away) was the {farthest soubhcost that detoctable fall—oﬁt
occurred, The mushroom did reach the tropopause and moved
generally o .sberly. Hostoration of ﬁ@rmal operations, other
than scheduled project trips, was purposcly delayed on VEASY!
shot for about six (6) hours rather Lhan thé one hour period
uscd cn "DOGU shol. Other RadSafce phasces were normal.

=] RadSa?c dpefational date wos available in satisfactory quantity and
quality at the OCC, suitable for immediatc use as required, This utilized éxpcr~
ilence from "DOG! shot, during which corrcsponding time, such data‘were not readily

available at the 000,
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5. HNGEORGE SHOTH

a, The expected yield of the "CGEORGE!" shot was so great that extremely
favorable fall—out conditions were required by‘CJTF-B in order to avoid any possibi-~
lity of mass evacuation of personnel from the atoll. Because of Lhis requirement,
RadSafe planning criteria for favorable fall-out pztterns were set up well in advance
of "GEORGE" day. Favorable fall-out pattcrns were designated as (1) MOST FAVORADLE,
(2) FAVORABLE and (3) COWDITION.LLY F.VORaBLS. These were integrated with the re-
sultant upper wind plots in the same way that was done on WEASY' shot. From experi-
ence it was found that the trend of the upper wind plots was of greater importance
for firm operational decisions than actual forecasts of specific winds at spcdific
levels.

b, As a result Of the technique of observigg trends of the resultant winds,

it appcared at H minus 30 hours (the time for critical decislon by the Commander)
| that of the threc criteria for favorable fall-out, the MOST FAVORABLE pattern would
be valid, and evacuation of personncl from the atoll ceascd to be an important plan-—
ning consideration. This favorable trend persisted longer than usual because of a
typhoon (JOAN) which hovered about 150 miles northwest of ENIWETOK ATOLL, moving very
slowly north-northwest., The immcdiate result of this distrubance was a prolonged
northeastward movement of all air above the zero noilnt,

c. Heavy fall-out was predicted to be in a fifty mile scctor bearing 015°.-
085° true from zero point. Delayed fall-out (i.ce, 1.5 — 4.0) hours after H hour
was predicted to cccur within the same bearings at radial distance of 30 to 120 miles
The mushroom was forecast to reach great heights (i.c., above 50,000 fest) and was
forecast to move southeast.

V de As had becn forccast, practically no foll-out occurred on any of the
atoll islands. Some contamination on adjacent islands ean be attributed to direct
blast Qf particular matter, With practically no fall-out, normal operations were
resumed at H plus 3 hours, Exclusion areas aftep the shot were limited to islands
clase to zero point, plus some ic ’

slands with residual contamination from "DOO" ang
"EASYY shots,

©. Rad3afe phases, in general, were normal, Some contaminated witer, up

to one mile from Lhe lagoon side of the atoll, was found necar zero point islands of

the EBERIRU GROUP but this did not hamper post-shot operations,

6 MITEM SHOT®

a. Again,experience from other detonations of Operation GREENHQOUSE was
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utilized in operational planning of RadSafc factors, A favorable upper wind pattern

began to deteriorate at "ITEHM minus 2 days. The wind pattorn ob the H minus 30
hours Commander's bricfing indicabed FAVORADLE RadSafe foctors with a trond towards
CONDITIONALLY FAVORABLE, AL the H minus 18 hours bricfing o conbinued deteriorcation
of the wind pottern was forecast and it was decided to move up the scheduled shot bl
ns far as possible, from C930M Lo one-half hour before SUNTLSC. Ly the H minus 6

hour Gommunder‘ briefing the FLYORABLE trend appooared to be ono which would be sus-
tained. This took into account the LDNuLGL“”blUDo that wnfaverable northurly wind
compononts above 20,000 fect would romaln very Light for at lonst three Lo Six‘haurs
after shot imé. A1l heavy foll-out (significant as a heclth hazard) was forccast
to be in e-ddaavind cone of 2200 to 2800 truc, with radizl distonce up to 40 miles,
Heaviecst concentration ot upper lovels wos forocast to foll-oul southwest from zero
poiht .

b, Primory fall-cub occurred csscnbially according te this patiern.  Howe
ever, @IIWETOK ISLAND rcceived some delayed fall-out above cipoctation for two rea-

o

sons: (1) light, variable wind conditions above 20,000 fest save o larger spread to

the predicted areas of fall-out southwest of zero ond, (2) already changing wind pab-

tern aleoft began to change more rapidily ot i plus 2 hours

to a more noranl Mhrade

wind flowH,

ce Fall-out on ships of Task Group 3.3 in the soubthern part of the lagoon

and on ENIWEIOK ISLAHD was genorall in two waves, The first onc, with sustained in—

tensity up to 40 mr/hr, occurred at II plus 4 heurs, The second wave, with sustaincd

i

ntensities up to 100 mr/hr occurred ot 1l plus 10 hours on the oxtreme southerly por-

tion of the atoll,

de By 1730i, sufficicnt cloud bracking by airveroft hod been done to enable

a snap pieturce of boundaries te be defined for estimating probable foll-ouh duratlo:
For distonces up to 100 miles south and north of the atoll, planes made no contact
with the atomic cloud at 10,000 oot lovels. However, wwind (i.e., to onst and

east-southeast) of the atoll, »lancs made contoet at 16,000 znd 25,000 foot lovels

at 15001 while o planc at 1900k, 120 milcs east of the atoll, did not meke contact.

€. Cn th ba51o of the cbhscrved winds in the lower 9000 feet, a forceast

WO

was made by the RadSafe Officer of JTF-3 to Task Unit 3.1.5 {RadSafe Center) thot )

H plus 10 hours wave of [all-oul should commeonce decrcasing of 2000M or about H pluc

14 hours,

fe AL no time did these lovels, however, reoch significant proportions as
2 health hazard from the standpoint of permissible cxposure lovels or from parbicle

W
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size (inhaleticn) hazard,
g« 4t H plus 4 heurs, logoon traffic restriction was Iifted and by I plus
7 hours, unreotricted traffic bebween inhobited ilslands and islonds on the castern
side of the aloll was cuthorizod.
he The delaycd fall-out ot U glus 10 hours was due bo mmpld choangos in
the upper wind dircctions, coumencing ot il plus 3 hours. The changcs viere from o
varicble wind condition at shot tine above 20,000 feot to o normal trade wind pabbern
i, By "ITEM®" plus 1 day, radioccctivily on contaninctod islonds scuthwest
ard wost of gero point had decaycd by o factor of 10. Unrestrictoed reentry was per-

mitted to islands on tho enstern half of the otoll exeept BIGHBI, EBERIRU, and RUNIT,




APPENDIX nQn

METECROLOGY
1. GENERAL |

a. In accordance with plan, the weather central on ENIWETOK ISLAND had
completed the transition from a class CR Air Weather Service Station to a com=
pletely operational weather central by 1 February 195l. Both Air Force and Navy
personnel were assigned to this.central.

b, Establishment of the outlying stations at MAJURO, BIKATI, NAURU, and
KUSAIE was delayed ten days beyond the original target date because certain import-
ant ﬁechnical equipment components failed to arrive at PEARL HARBOR on schedule,
LST 859 finally departed PEARL, HARBOR on 20 January 1951 with all critical items
and personnel aboard, AllL outlying stations were fully operational on 22 February
1951, No difficulty was experienced throughout Operation GREENHOUSE at any of the
stations, beyond the usual and expected minor equipment and personnel failures, all
of which were remedied in a very short time.

¢. Information obtained ﬁy the four stations, plus K7AJALEIN and ENIWETCK,
was of a type never before available on such a large scale in the tropics. Receht
developments in the electronics ficld had produced au£omatic tracking equipment
capable of tfacking balloons with attached radio transmitters to high levels with
- excellent reliability. |

d. The performance of the Task Unit 3uhely (57th Strategic Recomnaissance
Squadron - Weather) was outstanding in all respects. The flexibility of the squad-
ron in mecting cverechonging. roquiremonts wes notable,  and -pormittod  foreeasting
quality beyond rcascnable expectations. Information on the pésitibn and intensity
of both typhoons GEORGIA and JOAN was furnished by the task unit at times when
such information was vital to the success of Operation GREENHOUSE,

e, The anti~submarine patrol sqpédron (VP 931) alsc made a valuable con-
tribution to the success of the weather program, Employing a concise reporting
code devised for Operation GREENHOUSE, their offért permitted a closely detailéﬁ
description of the weather within a radius of 150 miles of ENIWETOK, an important
consideration in the tropics, where weather is extremely\random in nature, and
where accurate forscasting is impossible without a mass of detailed information,

f.‘ In all, 526 personnel were concerned full time with the obtaining
and analysis of weather infermation, and in direct support of this. These in-

cluded the Task Force Staff Weather Officer and his depuby, 402 personnel assigned
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to the Weather Reconnaissance Squadron (Tasi Unit 3.4.4) and 122 personnel assigned
to the Fixed Weather Unit {Task Unit 3.4.5). This fisuwre does not include personnel
of the anti-submarine squadron whoée weather reporting dutics werce of collaleral na-
£uro, nor weather personnel associcbed with Projoct 4.5 whosce duties were primarily
rescarch,

g. The ‘eather Central was able to cope cffectivcly'with the huge mass of
raw data coming in at all times, translatc the data into usable form, and mect all
requirements of the command without delay or cuonfusion., New methods of tropical
anal-sis were cmployed with some success.

he  Ono disappoinﬁiug feature of tho operation was the failure to c¢stablish
o reliable and satisfactory radio facsimile link between the BNIVETCK Central and
Andrews Air Force Pasc, Marrland. Although the necessory requircment had becn co-
tablished through proper charncls, and agrecment reached thatb the facsindle link for

transiwission of special charts would be fully operaticnal by 1 January 1951, the
' éervicc wag nover safisfactory and mﬂdeAlittlo contribution to the operation until
aboub 20 April 1951. The charts actually roceived, howover, wore very useful.

1. Similarly, obligatisﬁs acsumed by the MNavy ab YAF, TRUE, and PONAPL
were not completcly fulfilled. The Chicl of laval Operations had directed that spec—
ial uppor wind equinment be installﬁd al these locatlons, persomncl augmented, and
special reworts be made available for Operation CREENHCUSE. Various difficulties'
wore experienced with equipmont due to non-delivery of critical itoms and apparently
poor condition of that which did arrive. “hile thelr surface reports were of consi-
derable’value, the lack of reliable uppor wind data to high levels was a handicap,

Je The primary miszion of the weathor program was to fwnish woather in-

Tormation and forccasts necessary for the accomplishment of the tests and the com-

&

2letion of related experimented prosrams. This mlssion was successfully accomplished.
2. HAJOR LVENTS
The following is a chronological, gencrally non-technical, summary of
major cvents cencerning the weabiwr program in GHEENHOUSE. ALl times and dates
are ITKR (180° east longitude), oxcept thosc speeifically indicated as ZELLA.

a. TYPHOON GEORGIA

(1) Tirst indications of a suspicious development in the eguatorial
Pacific werc notod on 16 and 17 darch 1951,  This unusual develop-—
mont consisted of a well developed deep current with extromely

strong south winds, to an altitude of 55,000 feet over KUSAIE,'™
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(2)

(4)

GOERGIA apparently developed as a cyclonic eddy on the left side

of this decp current and was first reported westnorthwest of PONAPE
on 18 March 1951 by an aircraft on a routine weather reconnaissance
mission duty from GUAM, From thc arca near PONAPE, GEORGIA moved
almost duc east, gradually increasing in intensity and passing

sbout 30 miles south‘of KWAJALEIN during the evening of 20 March
1951, disrupbing all‘operations in that arca because of extremely
heavy rains, |

In-flight rcconnaissance reports cstablished definitely that GEORGIA
changed from a trépical disturbancce to 2 typhoon somec time betweon
midnight of 20 March 1951, and the afternoon of 21 March 1951. By
2000 hours on 21 Harch 1951, cvidence of stagnation and curvature

to the north was aprarent, and at the 1200%Z Commandefs’ weather
briefing, 22 March 1951, the potential threab to the ENIWSTOK AREA
offered by complete re-curvature was pointed out, At this time a
gpecial weather watch was ostablished in headguarters, and arrange-
ments for rapid communicetions witﬁ the Veathuzr Central on ENIWETOK
were complcted. The last report on GEORGIA which can be accopted
as a valid typhoon report was made 0630Z, 23 March 1951, At that
timc GEORGTA was in thé vicinity of 110 ﬁorth and 171° east, approx-
imately 450 miles cast éf ENIWETOK ATOLL, After analysis of the
evening reconnaissance summary that day, definite adviée was issued
from Headquarters, Joint Task Force THREE that GEORGIA was weak-
ening.

The next scheduled reconnaissance {light aborted and there were no
useful rcports available for almost 14 hourﬁ. In an effort to am-
plify information, Commander, Task Grﬁup 3.3 was requested to send
out anti-submarine planes from KWAJALEIN in an =ffort to make a posi-
tive or ncgative report on the existence of an "EYE", All reports
were negative,

At 01352, 24 March 1951, a center of moderatc low pressure was 1o-
cated by reconnaissance aircraft 240 miles éastsoﬁthcast of ENIWETCK
and it was definitely established that GEORGIA was no longer a ty-
phoon. Special weather watches werc sccurcd in the early evening

of 24 March 1951, ' -




(5) The last evidence of the existence of GEORGIA was noticed the next
day when a squall area, trocked by surface fadar, passed just south
of ENIWETCK moving rapidily westward, Weather at ENIWETOK was vgry
poor during the day with overcast cloud cover, scattered squalls,
and a 30 knot gusty wind from the east.

{6) ’The total effect of GEORGIA upon Operation GREENHOUSE was a one
day postponement of DOG shot necessary because of the heavy rain~
fall and the disruption of normal routine while preparing for possi-
ble emergency.
b, DOG SHOT:

(1) DOG-X-RAY rchearsal was completed without incident, Briefing charts
were finalized; times of conferences established, and methods of
presentation clarified, DOG-X-RAY weather forecasts were verified
in all essentials,

(2) DOG shot weather briefings commenced at H minus 78 hours, and cone-
tinuedvat 12 hour intervals, with the I minus 6 hours briefing ter-
minating férmal conferences, At the first briefing, a generalized
forecast for "average trade wind conditions" was issued, and the
operation vrder was issued,

(3) This forecast remained essentially unchanged. The appearance of a
cirrus cloud overcast on the morning of 7 April 1951 caused some
alarm, but when it was established by a special flight that the
base of the overcast was above 30,000 feet, concern was eliminated,

(4) In the late after-noon of DOG minus 1 (7 April 1951), a special
reconnaissance was flown to the east of ENIWETOK in a C~47 manned

by Weather Central personnel, A broken layer of strato~cumulus
cloud was encountered, and based upon experience and calculations it

was forecast to arrive over ENTWETOK at about 0400, & April 1951,
and to pass over by 0600,

{5) Weather conditions and the forecast were discussed in detail at

H minus 6 hours briefing., All conditions were considered favorable,

including upper winds for particle fall-out,

(6) The only departure from forecast weather conditions resulted from

the unt;mely arrival of the strato-cunulus cloud deck from the -east

10 minutes before shot time, causing some interference with
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oround station ohotography. Dronc operations werc not appreciably
alffTccted by this cloud ovar.

(7). Obscrved upper winds were subsbontially as forccast.  Ladloactive
fall-out over the southern part of the atoll, wiich commenced about
two hours ofter detonation, was not cxpectad or forccast, uxven—
sive roscarch based upon this wpericice gave a fairly pesitive
conclusion that the particles werc of sizes nobt previously ob-—
scrved, about which little or noe kunowlodpe oxisted, Ih 1o sus—
pected that weepon yicld was o large contriﬁuting factor. Ob-
viously, the tobtel number of weapons fired to date still does nob
permlt o counclusion w;th sselubte statisticnl validity. In any
event, tie research did preduce o methodology by which particle
fall-out con bc'prcdictod with for greater certainty than pre-

viously. ({Secc sppandizx "PY for details).

LEASY SHOT:

(1)  dperdience with DOG shot had focused abbention upen prompt foll-out,
To avoid this fall-out over irhabited islands, roesultant winds from
the surface Ho 30 -~ 40,000 feet ore rother critical. As shot day

for BASY appronched, an additionsl and positive requircment vos es-

6

*

tablished: that there be no precipitation over ENGEBT at shot tira
Thesc tvwo reguiromonts arc almost muobually *xclusivé. With EHNGEBI
north of PARRY aﬁd ENINETOK, ideal fall—ouh conditinns require

winds aloft with o southerly component, vhile best wecthor end mini-
mum precipitation occurs with northerly winds alolt.

(2) In reecognition of the randoﬁ acture of tropicel shower occurrcnce,
an offort ﬁxs made to provide somc degrec ol flexibility in the
shot schedul.c. srrangenents wore mode to provide o short post-
ponement of chot time, with the order for @ostponcheht to he lssucd
as late as 15 minutos before scheduléd time of detonntion.

(3). Crders to provide spocial weathcr indormation of the type desired
were lssuced. A weatheor reconnaissance cireraflt was ordered to
approach ENGEBI from o point 300 miles upwind of ENCEBL, arriving
at d post 5 miles offshorc abt d minue 20 minutes, then to reverse
course and leave tho arca, rThu anti-submarine destroyor patrolling
off ENGEBI, was moved into a position 10 miles upwind, and instruc-

ya
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(4)

(7

(8)

(9)

ted to report cloud and shower activity every 15 minutes, starting
at H minus 75 minutes, ASW aireraft paﬁrolling the aren bearing
north through southcast from ENGEBI were ordered to submit weather
reports ovéry 15 minutces., The Weather Central was ordored to in-
crease the frequency of upper wind soundings, This cffort marked
what is perhaps the most intense offort in the history of metcor-
ology for a singlc placcAand short timoc.

As BASY day approached the weather briefing schedule was meodified
to permit more latitude and less physical strain on the command
achelon, The first formal bricfing was schoeduled for H minus 30
hours, with infommation to be furnished prior to that time based
upon  availability of information and changcs in the weather of
interest to the command, It was soon cvident that the new pro-
cedurc had merit and flexibility.

On EASY minus 3 days, a forecast for average brade wind weather
was issucd,

On EASY minus 2 days, decfcasing trade wind velocity and consequent
minimum cloud and showers were forccast for shot d&y; This out~-
look continucd unchéngcd.

»t the finel bricfing (H minus 6 hours), a forecast for minimun
cloud, no showers, and an inercasingly favorable upper wind situa-
tion was issucd,

The operdtion procecded on schedule, The intense effort to pro-
vide special information was succossful to an outstandihg degreo,
and the forccest verified in every deotail,

Results of particle fall-out research were immediately apparent.,

Fall-out occurrcd preciscly as forecast,

GEORGES SHOT:

(1)

(2) As CEORGE doy approached

Because of the large expected weapon yicld, radiological safety
was established by the Commander as bthe most ecritical of a2ll wea-

ther criteria, cven to the oxtent of sacrificing portions of the

drone progran, clomonts of phobonpanhs ' and ] '
progranl, aloments of photographic coveragd, and other important

but not critical programs.

s weather over a large part of the Central




Pucific gradually deteriorated, due to the formation and growth

of typhoon JOAN, which formed in the TRUK-PONAPE area, pursucd

an erratic coursc while growing gradually in strength, ond finally
pessed 180-200 mileos northwest of "WIﬁmiOﬁ on a northeasterly
COUrsa,

(2) By H ninus 30 hours, duc to the approach of JOAN, local weather
was very unfavorable because of cleoud and roin. It wos pro-
dicted howevef, that the weathor would be satisfactory by H hour,
and that the currcently perfzct upper winds would romain favorable
untbil the aftcrnoon’of GEORGE Day, then wowld becone wunfavorable.

{ Typhoon JOLN, to the west and south, had induced éouth and south~
west winds at all levels to 50,000 feet - a pcrfucﬁ fall-out pat-
tern for a hish-yicld shot).

(4) The H minus 18 hours bricfing was attended by porsonnel responsi-
ble for dronc instrumentaotion who pointed cut that recent and‘
continuing heavy rain vas praducing difficully in electronic equip-
ment, and that tho drens progrom vould suifer if presently schedw‘
wled H hour waz adiiered to, because of difficulty in drying oub
equipnent.

(5)  The forccast for satisfaoctory weather ond oxcellent upper winds
was adhered to, and GEORGE Doy wos confirmed by thq Commondor,
with [ hour changed to’OQBO Lo assisgt in the drying out of eloce
tronics cquipment and to permit drone operations in daylight.
Furtherﬁoro3 the winds verc forecast to bo from the southwest

and this introduccd the additional operastieonal difficulty of

Loor

akeoffs 1C0° from the normal direction,

(6)  Special weather bricfings continusd (2200 8 dMay ond OL4S 9 ifay).
The forcecast remainced uwnchanged,

(7)  Precipitation stopped at about 1800, 8 liay, and o gradual inmrovew
ment in tho weather begon.,  Jinds oloft porsisted strons from the
southwest,.

(8) DBy 0800, 9 Iiny, lerge breaks begon to appear in the lower and
middle clouds. 4t 0900, thg jmmedicte ENLVEION area was covercd
with chout 5/10 cloud vith a large hole wapproaching the shot dis—

land. ob 0930 the lerge broak in thoe clouds was centered over-

il
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(1)

(2)

(3)

(4)

(6)

the shot island, and GEORGE was debonated under porfect condi-

tions of wind and weather.

ITEM SHOT:

Nermal weather requircements werce cstablished for ITEM Shot since
the yicld was not expected to be cxcessive and because no special
instrunentation probloms were anticipated.

At informal weather bricfings preceding ITEM Day, normal trade
wind weather was forecast. .

At the first formal briefing ot H minus 30 hours, continued trade
wind weather was forecast with the upper wind pattern tending to
become less favorable.

Lt the H minus 18 hours briefing, the weather outlook continued
favorable bﬁt the upper wind pattern was forecastrto be only con=
ditionally favorable for H hour, 1t was recommended that H hour
be moved up as much as possible, and the Copmonder decided to de-
tonate the weapon at onc half hour beforc sunrisc.

At the H minus 6 hours briefing, the previous forecast was con-
firmcd and plahs for detonation atb onc»ﬁulf hour before sunrisc
continucd.

Wééther conditions at H hour wore cxtremely favorable with no
rain, and vofy little cloudiness. Light fall-out occufrod over
the southern part of the ENIWETOK ATOLL becausc of the upper wind
structure. The decision to advance H hour was undoubtedly very
fortunate 25 a later H hour would have produced considerably more

fall-out over inhabited islands.




LOGISTICAL SUPPORT - OPERATION GREENHOUSE

CFANFT
YLUNET

| WATER
ENIWETOK - SAN FRANCISCO
b /’ ¥ 1’ ol
Z2ld ]
o
WESTBOUND EASTBOUND
222,226 M/TONS 51,266 M/TONS
6,558 PASSENGERS 7017 PASSENGERS
AR
ENIWETOK SAN FRANCISCO
WESTBOUND EASTBOUND
1208.0 TONS 642.2 TONS
6,440 PASSENGERS 6,631 PASSENGERS
JAN FER MAR APR MAY JUN' JUL AUG SEP ‘ ’ OCT NOV DEC JAN FER MAR APR MAY JUN JUL
) EAST — — — e 641 18 220| 2852 763| 1140 — 1659 815 10471 1036 | 6587 9822124072 3194
N:N/ATTOE[\TS WEST TIBZB 478916811 13626 7874 11IBT9 | 5887111843 | 965115751 | 14522 {16754 |18209128406|13214 1 496714987 922] 29t
TOTAL 11823 | 4789|1691} [i13626] 8515 [1189T7 | 6107 (12095{10414|1689] !4522 18413(19024129453]14250(11554 12472924994 3485
EAST 25.5 17.0 31.0 14,0 20.0 20.91 24.2| 256 2671 402 44.} 39,01 36.7( 53.1 49.3 l>53.i 239.0| 238.4] i81.2
T/:;SS WEST 268 280 576 | 47.0 630! TO.1 6751 €1.5 649 792 1237 1101.1 |206.1 {191.6 | 220.4]1191.7 | 153.1.] 966 737 |
k TOTAL| 52.3] 45.0 8861 61.0 83.0 91.0 9].7 871 | 916 (119411678 {140.1 242;8 2447 | 269.71344.8 |492.1 {335.0 254.9
* CUMULATIVE FIGURE FOR MONTHS OF JULY 949 THRU JANUARY 1950,
nrT
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“GREENHOUSE™ FUNDS PROGRAM, FYS ‘560, ‘561 & ‘52

~ISEGRET

DOD

E2Y
; ~3

R

FY 1950 FY 198] # FY 952
25 3RD QTR { 4TH QTR 1ST QTR [ 2ZND QTR | 3RD QTR 4TH QTR 18T QTR 55
CUMULATIVE FISCAL YR FISCAL TEAR
SCALE |l 5CALE FUNDS APPROVED -3
AND  AVAILABLE \
e ———— e e R—
20 — 20 | 20
10
| :
MILLIONS
CoF b
DOLLARS
15 — 5 — 15
i
|
s e e e o]
i
i
i
i
[0~ : ; : et < : - 10
| DEPARTMENT OF DEFENSE FUND PARTICIPATION REPRESENTED 26% OF THE
} TOTAL "OUT OF POCKET COST" OF GREENHOUSE. THE AIR FORCE MANAGEMENT
i FUND CONTRIBUTED T4% OF THE TOTAL OBLIGATIONS. THE TEST PROGRAMS
T | REPRESENTED 72 % OF THE ENTIRE COST OF THE OPERATION, WHEREAS THE
OPERATIONAL REQUIREMENTS WERE 28%. IN DOLLARS, THIS AMOUNTED TO {5.211
MILLION FOR THE TEST PROGRAM REQUIREMENTS AND 5.875 MILLION FOR
5 OPERATIONAL, NEEDS, - 5
! THE DEPARTMENT OF DEFENSE FUNDS WERE AVAILABLE FROM THE FOLLOWING
SOURCES: AF B.003, ARMY .35B AND NAYY .080 MILLIONS.
O 12 JUME 1951, THE EXECUTIVE AGENT, USAF, WAS NOTIFIED THAT THERE
OBLIGATIONS WAS AN EXCESS OF 1130 MILLION DOLLARS IN THE AIR FORCE MANAGEMENT
FUND THAT WOULD NOT BE REGUIRED FOR OPERATION GREENHOMSE AND
COULD BE DIVERTED FOR OTHER USE, ’
FUNDS APPROVED & AVAIL. 6705 12609 8950 11054 11319 11319 1031
AFMF 2273 8i77 6652 9134 © . 9399 9399 923
DEPT 4432 4432 2298 1920 1920 1920 108
OBLIGATIONS 3873 9619 1491 7274 8336 104386 1031

PROGRAM T.0

{ USAF RESPONSIBILITY) INCLUDED IN ABOVE.

— SECREF-
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COST-OPERATION GREENHOUSE |

SCALE IN MILLIONS

15 30 45 ‘ 60 ' 75

108 H5

; Amm NN

O AEC COSTS 45.5% B ARMY 3.9

5 30 45 60 75 5 105 s’/ 115
i . | : 3 i | ] 1 1

SCALE IN MILLIONS

COMMENTS:.

The finaf cost of operation GREENHOUSE totals $ 114 Million, $88 Million represents the operoting costs and $26 Million, copital assets. These ossets consist of a permonent proving ground plant of
which §18 Million is for bulldings ond-focilities and §8 Million, recoverable equipment. Of the totol capitol items of § 58.5 Million furnished GREENHOUSE, §13.9 Mitlion was consumed in aperation-broken down
by departments: AEC-§ 9.5 Million; Army~$2.0 Million; Novy-$.6 Million; Air Force-%$ 1.8 Million ond public building service, After the completion of the operation, §18.6 Million of capital items was returned fo
the participoting agencies, ‘

Siqniflgont gongoreos of the GREENHOUSE operation are reflected os follows: Modificotion of oircroft by USAF-515.6 Million; Tronsportction - 5 8.8 Million of which MATS contributed §5.1 Million ond
MSTS § 4.1 Million; the remainder of $.3 Million furnished by commercial. Communications operoting coet totaled §1.5 Millian with on odditionol § 10 Milllon of copital items which ingluded fixed stotion
g:%ic teletype tronsmitting ond recelving ossccioted equipment-30%; tactico! equipment, such o5 boet pool, MP radios and telephone bock-up equipment-50%; power units-15% and maintenonge squipment-

:The 488 Million of consumed effort in GREENHOUSE wos contributed by deportments: AEC-37%; Army-9%; Novy-H% ond Alr Force-42%.

DEPARTMENTAL

DEPARTMENT | OPERATING CAPITAL TOTAL EXP PROG.COST
AEC 38,812,394 9,255,134 52,067,528 25,357,663
ARMY 7,845,383 2,327,184 10,172,567 | 3,536,119
NAVY 9,774,37 | 2,182,819 11,957,190 7,865,806
AIR FORCE 37,870,853 21,193,220 40,010,073 29,319,042
TOTAL 88,303,001 25904357 § 114,207,358 | 66,078,630
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BIOMEDICAL PROGRAM

LOS ALAMOS TESTS STRUCTURES CLOUD PHYSICS
/ % ‘\ / "\// )
' P '
P Rog —1 ) + f? ' \I( F\?’
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LASL BUMED ocE AFCRL
NRLH US PUBLIC HEALTH BU YDS 8 DOCKS AMc
nes LASL AF LasL
PARTICIPATING gsa6 SANDIA CORP
BRL €886
AGENCY AFSWP LASL
NoL
UCRL
NRLK
PERSONNEL MIL. cv. ToT. MiL. eV, ToT ML . TOT. MiL. civ. ToT,
ENGAGED 7 30! 388 a6 25 1t 87 81 128 2 14 26
STUDY OF WEAPON PER~ STUDY OF BIOMEDICAL STUDY OF DESIGN CAITERIA INVESTIGATION OF CHAR-
SCOPE FORMANCE & PHENOME~ EFFECTS OF RADIATION, & VULNERABILITY OF ACTERICS 8 BEHAVIOR
AND NoLOGY, STRUCTUREB IN DEFENSE  OF ATOMIC CLOUDS 8
8 OFFENSE. $TUDY OF TROPICAL
PURPOSE WEATHER, :
sl WEAPONS, TIMING & cON-  ANMAL LABORATORY ON 2 ARMY STRUCTURES GROUND & AERIAL CLOUD
GNIFICANT TROL EQUIPMENT, MEASURE~  VAPTAN. DOGS, MICE, & PIGS 12 NAVY STAUCTURES PHOTOS. ANEMOMETERS (FOR
QU T MENTS EQUIPMENT, STRUCTUREs USED IN EXPERIMENTS, 12 AIR FORCE STRUCTURES MEASUREMENT OF NEGATIVE
QUIPMEN FOR HOUSING EQUIPMENT, &  JOTAL 299 FISS, | PUBLIC BUILDINGS SERV, WIND), COLLECTION OF METEOR- EQUIPMENT.
OR ANIMALS | CRYOGENICS LABORATORY. 12,790 MICE RECORDING INSTRUMENTS  0GICAL DATA. AIRBORME
TOTAL 240 PIGS FOR COLLECTION ©OF IONIZATION CHAMBERS.
USED RAISED 230 DOGS DATA.
28,000 NICE
FUNDS
*
OBLIGATED ™ $ 23,879,815 $ 1,547,650 $ 6,228,737 $ 313,000
TOTAL: $ 40,475,202
ADJUSTED
COST 23,879,818 3,320,106 8,226,745 962,642

TOTAL: $ 51,273,858

LEGERD FOR AGENCIES:

UCRL ~ U OF & RADIATION LAB
NRL~ NAVAL RESEARCH LAB
BRL— BALLISTICS RESEARCH LAB

B2 AER~BUREAU OF AEROLOGY-USN

AMC «AIR MATERIAL, CONMAND
HOL~ NAVAL ORDNANCE LAB
AFCRL=AF CANBRIDSE RESEARCH
ACC—-ARMY CHEMICAL CENTER

OCE0 - OFFICE OF CHIEF SIGRAL OFFICER

ESL~EVANS SIGNAL LAB
BUMED ~ BUREAU OF MEDICINE ~ USH
QQMB ~ OFFICE 'OF OM GENERAL

UBC 8 65 ~ US CORET & GEODETIC SURVEY

NEL— NAVAL ELECTROKIC3 LAB
LAB ARMOUR - RESEARCH  FOUNDATION
. B 8 NS BEERS 8 HEROY SURVEY

3

LASL =~ LOS ALANOS
AFCAT ~AF OFFICE

-_S_Eﬁ.R.E'_f_._
EXPERIMENTAL PROGRAM

£

SCIENTIFIC LABORATORY
OF ATOMIC TESTS

*
EXCESS OBLIGATIONS OVER REPORTED COSTS ARE REFLECTED IN COMMON TO PROGRAM COSTS
($ 14,804 772I0R IN CAPITAL )TEMS WHICH WERE CREDITED

SUMMARY

A

PHYSICAL

LASL ACC

ocso NROL
NRDL BRL
BU AER OQMG
ANC LASL
BU AER
ML, Civ. TOT, MiL. Civ,
22 13 38 26 e

STUDY OF PHYSICAL TESTS
B MEASUREMENTS WHICH
ATION DETECTION EQUIP- INCLUPED CLOUD PARTICLE
DISTRIBUTION, THERMAL

CONTARINATION & CHEMICAL, RADIOLOGICAL,

EVALUATION OF RADI~

MENT,
EFFECTS,

OECORTAMINATION PRO =~
CEDURES & OTHERS,

GROUND RADIAC EQUIP-
MENT, P2V & B~I7
EQUIPPED WITH RADIAC

TESTS
AND MEASUREMENTS

AIRBORNE SNAP SAMPLERS,
CONIFUGES, CASCADE IMPAC~
TORS, ELECTROSTATIC PRE~
CIPITATORS & THERMAL PRE~

7

LONG RANGE
OETECTION

AFOAT~ |
TRACER LAB
use & as
NOL
ESL
NEL
NRL
ARROUR
B AMS
LASL

TOT. MIL,, Civ. TOT.
g2 28 €5 $0

DETECTION B ANALY ~
Si8 OF ATOMIC EXPLO-
SIONS AT LONG RANGE
RANGE USING RADIO—

SEIgMIC 8 SONIC
METHODS.

PLANES, FILTERS, RADIO-
LOGICAL, SEISMIC 8
SONIC EQUIPMENT,

GIPITATORS, 10 ~40 TON TANKS,
RECORDERS FOR COLLECTION
OF DATA, SURVEY METERS, FiL-
TER MATERIALS, PROTECTIVE
CLOTHING, & COLLECTIVE PRO-

TECTOR EGUIPMENT.
$ 1,373,000

$ 285,000

487, 931

770,072

$ 1,736,000

1, 966,309

T OF GREENMOUSE OPERATIONS. -%EEﬁH'

8

EFFECTS ON AIRCRAFT

A%

( 8

e

AMC

LASL
MiL, CI. TOT.
28 22 50

STUDY OF BLAST &
GUST EFFECTS ON AIR~
CRAFT & INYESTIGATION
OF DESIGN CRITERIA,

B-i7, T-33, B-60D 8 B-47

"DRONE & MANNED AIRCRAFT

RECORDING INSTRUMENTS

“FOR COLLECTION DATA,

STATIONERY AIRCRAFT SECT~
fONS, PANELS & MODELS,
RADAR PHOTOGRAPHS.

$ 4,712,000

14,692,238

-~ APPENDIX "V"



