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To present a summary report on Operation GhEENHOU SE to the Joint Chiefs of
Staff in compliance with paragraph 8§, Appehdix to Enclosure "FY of JCSleQS/lB, and
to the Atomic Fncrgy 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,

2. See Enclosure,

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

was carried out successfully.
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6. The close agreemcnt between predicted and measured weapon performance is

proof of the reliability of Los Alamos laboratory's predictions. - Greater dependence
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should be put on lﬂbOI‘c‘-tGl";\f prodlctwns in future cormlder*x{,wm of weapon perfor-

mince in the interest of more repid progress and econony,

-1 18T REVIEW-DATE:

?. Military cffects programs will yield much daba useful to the design of tac-
tics, structures and equipment. However, duc to the complexity of amalyzing data,

additional time will be required before this data will be available,
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8. The assignment of the task force commander as represenbative of the Atomic
Energy Commission as well as of the Joint Chiefs of Staff whilc overscas facilitatcd’
operations by establishing a single authority, The principle of funotional task
groups proved sound. In éombincd Armed Forces-htomic Inergy Commission operations
of this type, commanders in all echclons should again be chosen from eiﬁher the Ato-
mic Eneréy‘CQmmissiOH or the Armed Forces, based solely on adaptability and q&giifi—
cation,

9, Further improvement in management of joint militdry activities can be made
by a more complete adherence to the management fund or aingle appropriation princi-
ple, standardization of definition of "normal" and ”abové normal? coslts, and by
‘developing a uniform system of cross financing between Services.

10. Full scalc test Opefaﬁions such as GREENHOUSE arc excellent opperﬁunities.
for training military porsonncl in the practical aspects of radicactivity. Instances
of adverse psychological reacﬁioﬂs at ENIWETOK, when conservatiﬁe cxposurc dosages
were exceeded and were detected by highly sensitive survey meters, indicates the
nced for the Services to stress in thoir training progré.s he practical aspocts of
radiation as well as to furnish troops a loss sensitive survey meter. To asglst in
training personnel in the prescnce of higher level radiation such as will exist in
atomic war, higher lcvel cxposure standards éhould be adopted where feasible on fu;
turce test Operations;

11. &deqpate 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 Inergy Comission approve the
above conclusions.

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

14. Thdt, subject to the comments of the Atomic Enorgy 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. Eight (8) experimental programs were conducted as set forth in the JG5 1996
Series. Minor additions and alterations to programs were made under authority grant-
ed the Gsmmandcr, Joint Task ?orce THRER (CJTF-3). DMuch of the experimental data
has not been analyzed or evaluated. The conclusions presentéd herein are those that
can be dfawn at the present time, |

7. PROGRAM 1.0 - LOS ALAMOS EXPERIMENTS

The objectives of this program were threefold: to measure the performance

~of each of the weapons and devices described above; to increasc bosic knﬁwlédgé in

phenomenology such as blast, thermal and nuclear radiation; and to develop methods
of méasuring weapon performance by simple, remobte means.

a, WEAPON PERFORMANCE

Three (3) diagnostic measurcments were madc for cach weapon and device;
S ;~r‘?,"f E B
transit time (time from firing signal to first nuclear rezsction), alpha (rate
of rise of the nuclear reaction) and yield, Transit time measurcments on all

detonations agreed very clogely to predicted values which indicated that each

high explosive systom reacted as cxpected, Alpha measurements on cach of the

first three detonations agreed vory closcly with predicted values. |

b. PHENOMENOLOG

The characteristics of the blast wave were 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 due to the harmful effect of the enclosed contalners

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 pathologicgl {indings

was the cvidence of early radiation injury to the intestinal membranes,

svaluation shows that scrious blast and radiation

injury can be expected out to about 1000 yards‘. For a more detailod discussion of
Program 2.0, see Appendix "BY.

9. PROGRAM 3.0 — STRUCTURES

a. The broad objectives of thizs program were to test methods of analysis
which had been developed before the tests to provide predictions of damage to struc-
tures from,atomic blast. Such methods will be used for predicbing target damage for
offensive operatlons and for preparing 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 buildings of various types and de-
'signs was conducted. In general, buildings werce designod and planned so as to suffer
some deformation, yet not fail completely. This goal was rather well met although
a few struétures collapsed and others had considerably loss damage than had been pre-
dicted. An essential part of the program wis the measurement of blast pressures and
structural behavior by ecluctronic rocording, by motion picture photography and a
complete survey of damage after the tests. Useful data werc obtained from 95% of
the transiocnt measurements, which is an outstanding achievemcnt. Since a large mass
of data must be studied, final resulls will not 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 Administration, which
should provide useful information. A fuw tentative conclusions may be stated as
follows:

(1) Results of limited analysis with mcasured pressures 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 bulldings as the wave
passaes over them.

(2) Current shelter designs of the Corps of Ingincers offered adcouate

protection against the offects of the 50 kiloton burst ab 1700 feet from the 300

4
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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 excessivé, heat. However, it is clear now that consideration must be
given to protection of the crew and certain portions of aircraft from heab, if
the aireraft arc to operate up to safc limits of blast and gust, Operations

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

b. RELATED PROJECTS

These projects included tests.of interferonetor gauges, radar scope
photography, measurecment of effects of atomic explosions on radio propagation,
aerial photographic damage Siuéy,.and film fogging studies. The interferomcter
gauges, designed to measurc air pressurc dircctly, proved ﬁo be simple to oper—
ate and inexpensive, and, in general, wére highly satisflactory. The results of
the radar scope photography project arc not yet available, although 1t is known
that the cquipment operated satisfactorily and that picturés were obtained.
Similarly, no definite results are yet available concerning the elfects of ato-
mic cxplosions on radio propagation, although, here too, a large amount of data
was obtained. ‘Work is progressing on the asrial phobtographic damage study;
apparontly, the photographs taken were ontirely sobisfactory. A preliminary
report on film.fogging studics has already been forwarded to the Straiegic Air
Command , at whose request this project was initiatcd.

Tor a more detailed discussion of ?rogram .0, see Appendix "GY,

OPERATIONS

15, ORGANIZATION

JTF-3 wus organized into four functional task proups designated as Task
Groups 3.1, 3.2, 3.3 and 3.4. Torces were drawn from the Atomic Encrgy Commission
and its dontractors and from the three Services. Prior Lo the appointment of the
Joint Proof Test Committec, preliminary planﬁAand preparations had begun independent-
1y by the three Services and by the Santa Fe Operations Office (ARC) and by‘Los
Alames Laboratory, The basic plan fﬁr Opcration GREENHOUSE was set forth in JCS
1998/13, Apperndix "H" indicates the organizatidn cf JTF-3. The peak task force
strength overseas was 8,916 personnel., Appendix "I indicates the phasing of cle-
ments of the task force to ENIWATOK. Appendix '"J% shows schematically the communi-

cations system of the task forcc,

16, Task Group 3.1 (1IG B.I)EAcommanded by br. Alvin C. Graves, Los Alamos Lab-

oratory, was achivated 17 March 1950, The mission of TG 3.1 was to conduct all ©ie
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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 foﬁce duties enroute, by 17 Feb-
ruary 1951, except for the SERGEANT MOWER which reported for operational control on
11 March 1951, The peak personnel strengbth overscas of TG 3.3 was 2,585 which in-
’cluded 171 officers, 2,233 enlisted men and 178 civilians, exclusive of certain ste-
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 marming of
TG 3.3 Waslnecessary since all units were in commission or in a status of being com-
missioned when assigned, The operations of TG 3,3 were penerally without incident
with the exception of two aircraft dccidents 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), comwanded by Hajor General Robert . 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 Air Pro-
ving Ground Command by organizing, menning, equipping and training subordinate task
units. The Air Materiel Command provided certain experimental alrcraft and techni-
cal and logistical subport of the task group. The 3200th Guided Missiles Wing, prior
to the organization of TG 3.4, had'been4designated to perform the experimental air
operations to be conducted dufing GREENHOUSE and had made coﬁsiderable progress in
the training of crews, rofinement of drone operating techniques and the proving of
new equipment to be installed on experimental aircraft. TG 3.4 operated all experi-
mental aireraft; provided weather observation, reconnaissance and forccasting; pro-
vided operational air cémmunications; operated liaison aircraft taxi service; air
search and réscue; and documenbary photography. TG 3.4 conducted simulated opera-
tions during the training period and on 15 Hovember 1950 a complebe 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 dinstallation period seriounsly limited the time available for searching out
and correcting defects. Extremely heavy tropical rains and an extended period of
unusual high humiditj'priof to the lirst test contributed to the electronics diffi-
culties., The radar control system (AN/MSQﬁl) functioned well and closely positioned
drone aircraft from radar readings, and the Target Position Indicator (TPI), associa-
‘ted with an AN/FPS-3 search radar, gave an excellent picturc 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 sysﬂem_should be reengineered to ubilizc UHF (about KOO-L50
mes), rather than the present 30-40 mes band, and to render the equipment far less
susceptible to interference., TG 3,4 operated the following airerafts: 16 QB-17 dronesk‘
16 DB-17 mothers, 5 QT-33 dromcs, 5 DI-33 mothers, 1 B-17 BADIAC airplanc, 1 P2V
RADIAG airplanc, 12 WB-29s, 1 XB-47, 4 B-50s, 6 F-20Cs, 16 L-13s, 7 L-5s, & H-5s,

2 SA;lés: 2 SBwiTS, 5 C-47s and 1 C-54. Experimental aircraft, both manned and dronc
were flown successfully on all tests, Conbroi 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 drbit and
2rashed immediately prior to the detonation. Three (3) L-13s were lost during a
year's operation at ENIWETOK. There was.one fatality as a resull of air operations.
The peak strength of TG 3.4 overseas was 2,397 pefSOﬂnnl. The organication of TG
3,4 is shown in Appendixz "N,

20. GARRISON FORCE

Coineident with the roll-up of the operating forces, o residual military
garrison of 31 officers and 358 enlisted men was organizsd under the Commander, Task
- Groun 3.2, and based on ENIWETOK ISLAND, The ATBC's contractor organized a 452 man

labor force, based on PARRY ISLAND, to carry on remaining AiC rcsponsibiiities in
maintaining the proving ground facilities and in accomplishing the final clean up of
ARC GREENHOUSE materiel, The military garrison force was organized from the elements
of the three military task groups. This garrison force wis designed to maintain
stored Armed Forces equipment, provide local sscurity of ENIWETOK ATOLL, Support the
.S. Coast Guard lqmg'range navigation (LORAN) station on ENIWETOK ISIAND, operate
minimum.base f&cilitieé, ond conbinue the'inétallation 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 BENIWATOK ares. Technical conbrol over operation
‘cf the ENIWETOK PROVING CGROUND remadned withh JTF-3. On 31 July 1951, those remaine
ing military units assigned to JTF-3 were transferred to Joint ‘Task Force 132, Op—
cerational control of other military JTF-3 clemenbs, not organically assigned, was
assumed by Joint Task Force 132 on the same date. ‘The akC's Manoger of Santa Fe
Operations is responsible for AEC activities at ENIWETOK. TheVofganization of the
garrison force is shown in Appendix "O",

Zl. SPECIAL AIRLIFT OPERATIONS

The Military Air Transport Service furnished special airlift for delivery
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of critical weapon éomponents and scientific instruments to ENTWETOK and for the ro-
turn sf.radiaactivé cloud samples requiring carly laboratory analysis. A total of 9
westbound flights were dispatched td»deliver the weapon components and scicntific
instruﬁﬂﬁts. A’total of 22 castbound fliphts were utilized in the return of post-
shot sﬁmples. Speeial security and ﬁalvage-measufes were taken on all flights carry-
ing weapon components., »éample materials were given cxpeditious_handling by transfer
fo waiting aircraft at HICKAM Alr Forco Base ahd by direct flight from HICKAM Air

~ Force Base to KIRTLAND Air Force Basc.

22, RADIOLOGICAL SAFATY

Respenéibility for ensuring r&diolagicul safoty followed comnand lines,
Bach element of the task force, operabing in the vicinity of radiation, had its own
trained personnel. Radiation dosages of personnel, in gencral, were maintalned well
selow pre-established levels, The permissible radiological exposure wes established
at 0,7 roentgen per calendar week. This ﬁolorance, slightly morc liberal than the
current 0.3 roentgen per week limit used for ccntinuouﬁly'expOSCd radiation laboraw-
tory personnel, was édcpted. Under unusual circumstances, an additional sccumulatod
exposure up to three roentgen in speciflc cases, where required for a iiﬁit@d nusher
of individuals, could be authorized by the Commander. RADIAC (Egdiafion Detection,
Indication and Computation) cquipment performed adequately when used for the purpese
for which it wds designed, Spccialized standard alrborne RADTAC cquipment is non-
existent, howcver,'a need exists for tontinuod development work in this field., Falle
out predictions, with particular roferuméu ho health hasards of sipgnificance to the
task force as well 2o Lo pcrsomnel-in arcas outside the immediate BNIWRLTOK Danger
Area, were made the focus of parbiculorly corcful study. Upper wind analysis and
trends of upper air resultant wind paticrns, together with fall-out data on particu-—
late matter, werc of especial importance in operationzl cdecisions, Additions and
improvements in. fall-out pf@dictabillty were evalved on successive shots from lessons
| learned on preceding shobs, Slight fall-out, of no significence as a health ﬁazard;
occurryd on inhabited arcas of the ENIWETOK ATOLL after "DOGY and WITEM" shots. The
prompt fall-out which occurrcd after "DOG" shot was uncxpucted, sincs large particle
vfall~ou£ had not beeﬁ observed on Opceration SANDSTONI, Obher shols had thodlr maxinum
fali—cut over uninhabitod islandé of the atoll and over the open ocean. HExpericnge
on Operation GREENHOUSE has shown clearly that present highly sensitive instruments
tend to greatly alarm cven well trained lab@ratéry technicions and Service trained

monitors who work with laboratory dosage standards and instrumcnts, It is belidved




. that the continued employment of these standards and instruments can casily produce
conditions of panic under practical operations, cspecially with inadequately trained
monitors., Descriptions of radioiogical safcty operations are found in Appendix "PU,
23. WEATHERk
Special weather facilities for Operation GREENHOUSE consisted of a weather

centrai.on ENIWETOK ISLAND, fTour (L) outlying island weather stations (an average of
750 miles from ENIWETOK), and an Air Force wcather reconneissance squadron based on
KWAJALEIN ISLAND. 1In 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 thesc clements varicd considerably. For
example, rain could not be tolerabed on "EASY" shot beccause of its atbenuabing effect
on blast. Radiological safety, involving mainly the upper wind structurw,_ﬁas of
prime importancc on "GEORGE" shol because of the very large cxpected yield, 19wcr
tower and unstabilized surface, During the 6peratian, two typhoons affected the
area. The first one, Typhoon “GECRGIA"™, moved just south of ENIWETOK ISLAND shortly
before the first shot., Heavy rain fell for scveral days while this typhoon was in
the vicinity, but winds did not @xcee& L5 knots at the surface on ENIWETOK ISLAND.
UDOG" operation was delayed one day due to interfercnce in preparing instrumantation,
The weather on "DOG" day was clear until about 10 minubtes before the detonation when”
a thin, low cloud l&yef 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 expcrimental program. The winds aloftrproducod some light fall-out

on inhabited islands. On "BASY" shot the weather was favorable in all respécts, alw>
though special measures were taken to observe chance showers approaching the shot
island., On "GEORGE" éhot the weather was dominated by a typhoon (JOAN) to the north-
west producing exceptionally favorablc winds from the fall-out standpeint, but mar—
ginal from a drone operatioral 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 were 180°
from normal and low cloud and shower activity during take off resulted in a redﬁction
of the air effort. Showery wecather at KWAJALEIN prevented the take off of the blast
‘B~a7 airplanc, On "ITEM" shot, the wcather was favorable albhough the upper wind re-
sulted in very light fall-out at the southern ¢nd of IENIWETOK ATOLL. For a more de-

tailed discussion of meteorological aspects of the operation, sec Appendix Q'
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2k, SECURITY

Operatbion GREENHOUSE Eegan during a period of growing international tension,
The USSR was piven the capabilities of interfcrence with or the¢ compromise of the
miséion of JTF-3 by cspionage, sabotage, overt action; observation or unauthorized
- instrumentation. The foundation of JTF-3's sccurity policy and the primory safeguard
against penetration of JTF-3 by foreign espionage was the "Q" clearance of all per—
sonnel who were to have any access to RESTRICTED DATA. In February 1951, ccrtain'
changes werc made in the Department of Defense's policy on accsss to RESTRICTED DATA
by military personnel. However, JTF-3 held consistently to its policy of straight
“QU clearances. In addition to these clearances, National Agency Chocks and other
types of investigation were applicd to the remainder of JTF-3 personnel who werce not
to have access to RESTRICTED DATA. The island geography of the atoll lent itsclf
well to tho establishment and control of EXCLUSTON 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 2nd it
involved a greater volume of communication traffic than should have been necessary.
(JTF=3 agreed to com@ly with CINCPAC Serial 0116 which required a prior dispatch on
all persons @nteringithe ENIWETOK Danger Arca). To counter possible hostile mili-
tary actions or rcconnaissance threots, air and sea reconnaissance of the Danger
Area and ground and air reconnaissance of the atoll was conducted. The forces availe-
able in the ovent of emergency included two destréyors, a squadron of P2Vs, a {flight
of six F-80C interccptors ond 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 reconnaissance sightings nd reports there emerged only one
identified "possible submarine" and this was about 130 miles outside the Danger Area.
There is no reason to believe foreign powers penctrated the Danger Area by sen or
air,

25. LOGISTICS

a, CONSTRUCTION

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

ed of both rehabilitating World War II structurcs and in constructing new faci-
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litics. Housing and messing, health and sanitation, ubilitics and recreational
facilities werc built to support 2,900 persormel on ENIWETOK ISLAND, 1,500 on
PARRY ISLAND and 125 on JAPTAN ISLAND., Temporary living facilitics werc proﬁiu
ded on shot islands to accommodate construction crews and scientific personnel
preparing the test sites, Shot island housing was augmented by the use of a
naval trénsport and onc LST., The construction program included rchabilitation
of 400,000 square feet of old buildings, construction of 400,000 square feet of
new aluminum buildings, QO0,0QO square feet éf tent slobs and frames, 12 miles
of electric lines, 100 miles of submarinc cable, 16 milcs of water disfribution
lines and 10 miles of sewers and petrolceum, oil and lubrication sysﬁems. Cori-
bination. power and water distillation units permancntly installed provide 3000
kilowatts of power in addition to meeting the fresh water nceds of the atoll,
The 7,000 foot coral runway and supporting tLaxiways, parking ramps and decon-—
tamination areas were rehabilitated and surfaced or compacted. Construction
required directly by the cxperinmental programs such 2s shot towers, test struc-
~ tures and instrumcntation required approximately 35% additional effort to that
tabulated above, The neocessity of basing some JTF-3 clements at KWAJALEIN be-
camne 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 tomporary facilitics

to support approximately 1,400 personncl were constructed, Thesc facilities
consistcd:of two new tent caﬁps and reh&bilit&tion of messing, rccreational and
health and sonitation facilitios. In addition, some augmentation was made to
the permanent facilities planned for KWAJALEIN, To reduce the roquireménfc for
new construction, onc APL was berthed at KWAJALEIN and used at that site during
the entire. operational period,

b, TRANSPORTATION

éurfacc tranSPO?tation was initially provided by the Navy through the
Service Force, U,S. Pacifiec Fleet, The increasing load of JTF-3 cargo evenbu—
ally necessitated utilization of ilitary Sea Transport Service (MSTS) for car—
go and personncl movements. The Service Force, Pacific Fleet, continued to
provide reefeor ships, POL transportation, and storage afloat during the entire
opcration. Air transportation of cargo and personncl was provided by liilitary
Aipr Transport Service (MATS), including special air mission flights for person-
nel and tra&syortationAof critical testrmatcfial. JTF-3 submitted all trans—
portation requirements directly to the furnishing agency without the necossity
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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 Ho;mcé 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 anpropriate 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 specialized repalrs beyond the capabilitics

of this installation,

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

generally, on items not salvageable 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 Dovelopment 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 kcpt informed
of all GREENHOUSE expenditures through the participating agencies' fiscal reports.

27. ZFunds budgeted dircctly for GREENHOQUSE 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 X
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 "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 easily 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 bctﬁeen
cstablished service cost accounting systems, the system utilized by the Atomic Ener—
gy Commission and the wltimate system desirable for joint operations which only time
- and future exporience caﬁ 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 represcnts a pormancnt
proving ground plant). Of fbe total,‘%52,000,000»wasbuxPcndcd by the Atomic Energy
Commission and $62,000,000 by the Department of Defense. Of the total capital items
of $58,500,000 furnished GREEHHOUSE, $18,600,000 of capital items wés returncd to .
the cenfributing agencies, while $13,900,000 was consutied in the operation. The .
‘total operating cost of $88,000,000 reflects an ARC expenditure of $32,800,000 and

- $55,200,000 of Department of ﬁefensé effort, A complete breskdown of all costs in-
curred is prescnted in Appendices "U" and "VY,

30, Necessary arrangements have been made to transfer Lo Headguarters, USAF,
the close—out and final scbblement of all GREENHOUSE funding fesponsibilities re-
maining after the deactivation of Joint Task Force THREE. Through mutual arrange~
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 considorable detail
is being prepared for distfibution within the AEC and within the Department of De-
fense. These reports will constitute a GEEENHOUSE library which will bé officinlly
deposited with Los Alamos Laboratory and with the Armed Force Special Weapons Pro-
ject, Distribution within the AEC and within the Apmed Férces will be madé by thesc
agencles. When completed, the GREENHOUSE library will consist of the following
rolumes: |

a. History of Operation GREENHOUSE, Volumes I and II.

b. Technical Report on Communications, Opcration GREENHCUSE, Volume III.
¢. HMeteorology of Operation GREENHOUSE, Volume 1IV.

d., Technical Scientific Reports of Operation GREESHOUSE, Volumes V through

ciu;x (119).

32, Volumes I, II, III and IV probably will be availlable from;thc printer in
- late suwmmer, at which time distribution will be made, Some of the finished copies

. of the Technical Scicntific Report volumes may be ready for distribution in late

1951, z2lthough most of them will not be distributed until carly 1952. o
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33. In addition to the written reports, a Secret, RESTRICTED DATA, documentary
motion picture of about 1 hour and 15 minutes duration is buelng completed by the
Air Forcek Lookouf Mountain Laboratory. This film records the story of the operation
and explains various principles of weapons and experimentation. Copies will be fur—
nished the AEC and the Services, Viewing prints will be available in AFSWP. A
‘pcssiblé public releasable motion picture on Operation GREENHOUSE, ofW;;;;;“éO min-

utes duration, 1s under'process of production for the AEC. Lookout Mountzin Labora-

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

APPENDICES;
A" — Program 1,0 ‘ "' - TG 3.3 Organization Chart
"Bt .. Program 2,0 INY — TG 3.4 Orgonization Chart
"G — Program 3.0 oM — Garrison Force Organization Chart
"PM . Program /4.0 npH . Radiol&gical Safety |
"E' — Program 5,0 "Q" - Mcteorology
"F - Program 6.0 "M - Logistics Chart
G Program 8.0 5"~ Funding Chart
A'"H“ ~ JTF-3 Organization Chart "I — Funding Chart
vt .~ JTF-3 Phasing Chart g — Overall Costs
"Ji" — Communications Chart W' ~ Experdimental Program Cost Chart
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LY — TG 3.2 Organization Chart
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APPENDIX M"AW

PROGRAM 1.0 — LOS ALAMOS EXPERIMINTS

1. GENERAL REMARKS

Program l.O‘was‘dividod into three main parts:

a. Diagnostic measurements designed to measurc detailed weapon performance
during the process of cnergy gencration,

b. Phenomenology measurenents designed to measure and cvaluate blast,
thermal and visible radiation, and nuclear r&diations, i,e., gouana rays and neutrons,

C. Rempté weapon performance measurencnts dssigﬁed to measure transit time
and yield under combat conditions by means of airborne instruments.

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

2. DIAGNOSTIC MEASUREMENTS

The diagnostic measurcments, especially those concernced with the unﬂar«
standing of the thermonuclear reactions were extremely complox bub excellent results
were obtained. Among the principal diagnostic measurcments for the fission rcaction
were the following:

a. Measurements of Valpha! or theirate of rise of the nuclear reaction,

b. The quantitative chemical analysis of radioactive isotopes produced iﬁ
the nuclear reactions with a vicw to determining cnerygy releases. Samples for those
measurements were collected successfully by drone and mannod adrcraft and attempted
unsuccessfully by rockets and spoci&lly‘dcsigncd ground sampling devices.,  The use
of manned sampling aircraft, first attemptod on Operation RANGER, was successful and
crews dld not recelve cxeussive tobal radiation dosages.

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

7&.. Visible radiation measurcments which includod ball of {ire observations
and growth and rise of the atomic cloud.

The thermonuclear experiments roquired much wore slaboratc instrumentation

Ciesigned bo measurce the detailed progress of the thermonuclear reactions,




important measurcments were usade by means of neutron cameras and threshold detectors
placed at various distances from the bomb to determine the extent of the thermonu-
clear reacbion. Other measurements were madc in the high cnergy neutron spectrum.

PRELTMINARY VALUES FOR YIRELD IN KTILOTONS

3. PHENCMENOLOGY

A portion of the blast program was designed to obtain the pressurs -
distance curve from an atomic bomb prior to reflcction of the blast ﬁavc from the
ground, This was done by means of detectors iounbed on cables supported by balloons
and by photographing the intoerscction of the shook‘wavm with specially designed smok
troiling rockets. These two techniques were highly successful.  Other measurcments
of blast included pressurc versus distance on the ground and attempts to obtain pros-
care vorsus time on the ground as a function of distance. The resulis of the ground
measurements are at present somowhat puzuling but it is hoped that some of the anoma-
lics may be resolved upon further study. A primary objective of the blast program
wis bo establish the points of similarity and difference between the blast produced
by an atomic bomb and that produced by high explosives. IL is hoped that the froe—
alr pressure curves obtaincd will develop information on this point.

b, THERMAL RADIATION

Moasurements were nade of the spectral distribution and time dependence
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of the thermal radiation emitted from fission and thermonuclear devices, This seriet
of measurements met with a high degree of success and it now appears possible to re-
solve various disagreements in the details of thermal radiation from nuclear oxplo-

sions.
¢. NEUTRONS

Neutron spectra were obtained as a funciiOﬂ of’distance and, ab a few
locations, as a function of time, The results of this project werc highly gratifyin
in that tﬁey filled large gaps in.previouély available information on bomb ncutrons;
only‘the most meager data on neutron spectra were available prior to GREENHOUSE.

d. GAMA RAYS

Measurcments were made of the gomma fay gpectra from a microsecond to a
millisecond, and from a millisecond on. The objectives of these measurements were
to»determine not oniy the Onorgi@s of the gamma rays ac o function of distance, but
their time dependence and distribution of the sources of this radiation as well.
'Thesé data have not yet been,analyzed‘sufficieﬁtly to comment on the degree of suc-
cess of this scries of measurements. The gamma ray and ncutron ddta have rolevance
to the problem of lethal range for unprotected personnel in the vicinity of a nuclear
explosion and the problem of'adequatelyAshielding apgainst thesc radiations.

L. HEMOTE WEAPON PERFORMANCE MEASUREMENTS

a. A spccially devised instrument, the ?BH&NGMETER";-which measured the
time from the first appcarance of light to the firsﬁ minimam in the light versus ﬁimp
curve, was tested, This dovice is intended to give a dircct reading of the bomb yial
The first model was not entirely saﬁisfactory because 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 1t is belileve:
that a satisfactory device can be developoed., A relabed éxpe?iment of significance to
military intélligence.was conducted to determine whether bomb yiclds could be detbor-
mined over long distancas by analysis of light, This experiment was suggested by ex—
perience on Operation RANGER whereby light from detonation was visible in LOS ANGELBES
At 550 miles from ENIWGTOK, significant light was detected by airborne instruments
from which estimates of yicld could be made; however, furthocr work is requircd to re-
fine this technique,

b. A remotely recording airborne device to measure transit time was tested
on the ground successfully, This device transmitted by radio a signal ffom.thc horb
to indicate the instant that the detonators were fired. Another signai indicated the

first appearance of ionizing radiations. Thesc signals were received at a remote,

e - TRESTRIGTED-BATA-

w0 ATORNC ENERCY ACT — 1348
IR

RN i e




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 'Y

PROGRAM 2,0 — BIOMEDICAL

1. GENERAL
 The fundamental objecéive of this program was to obtain information which
can be used in planning éffecti&e.mmdical‘care for the victims of atomic warfare,
énd'for the victims‘af industrial accidents in nuclear energy plants.
2. FACILITIES
The physical facilitieé of the biomedical program on'PARRX ISLAND, ENTWETOK
ATOLL, consisted of personnel and administrative buildipgs, animal quarters and cli-
nical laboratories, a total of 51 buildings.
3. ANIMALS
Careful care and attention was given Lo ﬁhe breeding of swine, dogs and
mice in the tropical climate to insuge the development of pure strains suitable for
test purposes. At test time, animals to be exposed were healthy and remarkably cone
sistent in their response to injufy. The extent of participationiof‘the animals in

the four tests is shown in the following table:

Number of :
Shot Projects Mice# Dogs¥ Swine Stationsiat
DOG L 1,170 0 0 16 |
EASY 16 11,390 164 : 178 173
GLEORGE 8 C 1,230 0 22 60
ITEM 1 -0 16 0 8
TOTALS 13,790 130 200 257

3

¥ Includes necessary control animals,

I

¢ 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 fhe experi-
mentatidn; eylinders, 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 daméged by flying debris and
some of the electrical circuits failed because 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 cbtained suc-—
cessfully for mice, dogs and swine. The ¥LD is dgfined'as that dosage at which 50%
mortality is to be expected. On EASY shot, 1,720 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, & hours after the detenation. The mortality rate over a perioed of 28 days
was determined and a smooth curve relating dosage to mortality was obtained, The
MLD occurred at the station whiaﬁ 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 wore two swine living from the
station at 1,650 yards and eight living from the station at 1,750 yards, The MLD,
therefore, occurréd at séme distance between 1,650 yards and 1,750 yards from ground
_zero.

¢. On EASY shot, 10 dogs were placed in cach of ninc stations at the same
distance as the swihe..'The mortality rate was detérmined over a 30 day period. Oﬁ
E ﬁlus 30 days there were 2 dogs living from the statiﬁn 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
eurve can be drawn. The observed MLDbbascd on the theoretical gamma radiation yield

~for tﬁe 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, bascd on the theorctical gamma radiation, was conspicuously low-
er than the value obtained with supervoltage 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, degs 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 explanatioh for the

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

6. THEBMAL RADTATION INJURY

&. On EASY shot, 46 swine and 16 dogs were ancsthetized and placed in six
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stations ranging from 1,325 to 5,600 yards from ground zero, Of these,‘q diéd as
ad;esult of the anesthesia., Satisfactory burns were obtaincd for study and blopsy
6n the animals placed in the five nearest stations.

b, On GECRGE shét, 22 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 anes-
thesia and inclement weather. The circuits operating the mcchanism for the study of
time dependency failed because of moisture. The burns that were obtalned were sa-
tisfactory for gross and microscopic study and for the demonstration of spectral
dependency.

c. Theboqpipment uscd in the burn study'funétioned 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
depcendency of the burning was less successful. It secms quite certain that no burne
ing occurs during the first maximum of the thermal emission. With the data obtained,
it appears that all the burn is inflicted during the first pcftion\of 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 somewhat later, there is uncertainty regarding
the significance of the cutoff, Considerable analysis of other phenomena that occur
simultaneously is required before the time data can be accepted. Good kodachrome

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

7. BIOLOGICAL DOSIMETRY

a, The principal systoem of bioicgical dosimetry depends upon the measure-
ment of the percent change in the weight of the thymlls and spleen of mice on the 5th
day after irradiation. Comparison is made with special conﬁrols subjected to iden-
tical treatment exccpt for the radiation. The effect of total nuclear radiation was
-studied in hemiapheré stationé with aluminum domes; the effect of total neutron
radiation in hemisphere stations with lead domes; and the effect of fast neutrons,
in hemisphere stations with lead cadmium domes, For DOG shot, 480 mice were exposed;
for EASY shot, 720; and for GEORGE shot, 360, All mice were recovéred alive. A
éomparable 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 £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, DASY and GEORGE
shots at distances whore the predicted radiation intensity was sufficiently low to
produce chromosomal aberrations which could be analyzed, Tradescantia were also

“placed inbdroﬁe sircraft for cach of the three shots to measure the integrated dose
of radiation during the cloud pass. The estimates of dose based»cn the study of
chromosomes agreed well with the preliminary reports of the caligrated film,

c. The Tradescantia system was successful and the results obtained were
consistent and agreed well with the measurcments made by the mouse thymus-gpleen
system., The closest agreemént botween 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.

&. NUCLEAR RADIATION DEPTHADOSAGE STUDIES

a. Depth dosc estimaotions were madc to investigate the quality of the nue
clear radiation., The specification of the quality of a beam of lonizing radiation
of’whatevef source is a major problem in clinical radiology. The conventional unit
is the half value layer (HVL), and in the case of X-ray therapy the conventional
technique involves the use of phantoms constructed from material of unit density.
The abiliﬁy 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 dependency and dosc distribution.may be important
limiting facﬁers in determing the type of injury that results,

b, Spherical lueite phantoms were displayed on FASY 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.

¢, Swine phantoms which resembled the shape and bulk of the torso of the
- swine, or a man, wcre expoéed on FASY and GEORGE shots. All were recovered and the
f£ilm 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 slightly'greater than unity) exceeded 20 contimeters. This
finding indicates a very energetic composite radiation, the mean effective energy
of which was well in execess of 1.0 Mev, It was menbioned above that the biological

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




calibrated film, or theory, by a factor of 0.7. Thal is to say, the relative bio-
logical efficiency of nuclear radiation was greater’than unity when compared to
éupervcltage X-ray., These considerationé indicate the need for further study of the
energy depeﬁdence of_biological effects caused by ionizing radiations with energles
greater than 1.0 Mev;

9. BLAST INJURY

On “ITEM5 shot, sixtcen dogs were placed in 8 foxholes, & X 3 X 4 feet deep
at distanced ranging frém.&OO to 1,500 yards from ground zero. Radiation dosimeters
ang pressurevgéuges were also installed. The hole at 400 yards collapsed, burying
'the oécupants. Live animals were recovered from all others, Severe radiation in-
jury was suatainedfby‘all animals except those at 1,250 and 1,500 yards, Blast in.-
jury to the lungs and brain which might have been fatal ultimately was observed in
animals placed at 600 and 800 yards.

10, CLINICAL STUDIES

a, Clinical 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 fifsi two weeks
after the blast to determine the sequence and the extent of the pathdlogical changes
that oceurred. 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 obe

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

b, The c¢clinical studies were successful and excellent Kodachrome photow
graphs were obﬁained of every stage and type of radiation injury; The most signiw
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 more severe involvement occurred, The gross appearance of these
lesions suggested a vascnlar injury rather than damage to the epithelium alone,

This observation 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 ﬁhéther 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 splte of this finding, it appeared that
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scpticemia was the causce 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 rﬂdiation, or to supervoltage X-ray,
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APPENDIX nCH

- PROGRAM 3,0 - EFFECTS ON STRUCTURLS

1, GENERAL REMARKS

The structures program was sponsored jointly by the Army, Navy and éir Force.
In additian; the Federal Civil Defense Administration sponsored a test to determine
ﬁhe effect of blast on windows, The program comprised a total of twenty-seven test
~ buildings and shelters erected at various distances from the "BASY" shot ground zéro
on three separate islands. The structures were desipgned in late l9&9_on the basis of
the best availéble information on blast leoading and siructural response, Use was mad:
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 5c located as to sustain median
damage, based on energy yield predictions and pressure distance data furnished by the
Commander, Task Group 3,1,

24 ARMX’TESTS»

- The Army sponsored a three-story building having several independent sec-~
tions of different types cf construction, and a composite shelter of tﬁfaatscctions;
cubicular reenforced concrete, cylindrical reonforced conerete and cylindrica} cor—
rugafcd steel, Damage to the three~story building was slight, but it was sufficient
to furnish a hasis for checking design criteria aond methods. The shelter sections
were undamaged and provided adequate protection against blast and nuclcar radiation
effects,

3.  NAVY THSTS
The Navy had twelve tést Structureg; generally about 20 by 40 fect in plan,
of a type that would be empleyed 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 cheapne

55s Two of the structures were of heavy re-

anforced conercte construction and were intended to test the Teasibility of providingi

protection at a distance of only 83 yards f{rom ground zero, Damage to most of the Navy

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

tive value of various types of buildings, Detailed data on the mode of failure of
structural elements were also obtained,

L.  AIR FORCE THESTS

‘Buildings sponsored by the Alr Force were typical of those which mizht be

attacked, There was no specific design to resist bl

ast but rather a selection of

-lh—




diéiance from ground zeve which would nrovide the desived dsgree of damage. Target
structurces consisted of a scetion of a me Mﬂfdﬂtﬂf\ﬂ” tope bullding with long spans
{such as.might be used in thoe manufacturce of aircraft), one manuffacturing type with
short spans, end two rceoidentinl type brick buil dlrru of Europcan type copstructian.
There were in additidn six simplificd structurcs with vardous sized window openings
to obtain basic information concerning the efiect of operdngs on Strucﬁu?al_rosponse
to the blast. Thero was a ono»quartqr seala nodel of one of these structures and alse
a ene~quarber scale dodel of the alreralt oo amlacturing tyoe bullding,  The purposce
of these models wis Lo obtain a couparison of the behievior of geometrically scaled
models and their protobypes. Such inforpation right persit a saving in the cost of
structure tests 1 the relationship of scaled models and probotrype structures can bo
firrly established, The results ol the Adr Force toests were mixed insofar asbd&mﬁgc

is concerned. It 18 expocted thal analrsis of data on transiont effects will provide
{ : 3L D

very aseful information on wmcbhods of predicbing

hE )

Larpct danago,

S CIVIL DoFENSL TEST

The Fedoral Civil Defense Adminisiruabion sponsorsd and supported fiqanci&lly
the program to detorﬁime the efifect of blost on windows, Plans for the test were do-
veloped br the Public Bullding Scervicoe, The objective wos fo test verlous types oi
glass and class substitubes, and windows of the type cmployed in offices and homes,
There were also tests of mebhods of stopping flying slass by use of wirce nesh, cur-
tains and veneldan blindsz, The damage achlevoed in the windews and glazing best was
well bracketed between extremes of complete and no damcge. L satisfoctory test was
accomplished ané mach useful date will be provided,

.

O OHDUCT OF TESTS

The analysis of the Hulldiugs and vre sdiction of devanre was accomplished by
the Army, Navy and Alr Force. The reluixfﬁwﬁ;s sor transicont measurcments and mo-
tion picture photorraphy werce established in coellaboration with the Sandia Corpora-—
tion and Bdzerton, Germeshausen and Gricr. Dxtensive measurcnents of Lhe condibion
of structurcs before and after the Tests and damagze surveys were accomplished by

gsponforing apgencics and vith uh? Lrans Lont data furnished by the Sandie Corporation

will be used in making complehce analysls and reports.

Te  INSTRUMEHTATION
a. The i important rCFDOﬁuLUl]liy'lOr measuring pressures on the bu3]d1nx

and for measuring the structural responsc of the buildings was assuned by Lhe Sandia

Corporation in zccordance with agreenents entored into by the Atomic Enerzy Commissiorn




A gréﬁp w:-;.;s formed at Sandia Corporation comprising corporabion cmployees, onlisted
pcrsomnél from the Army, Navy and Alr Force, and college students, teo obtain these
measurements, Technical'evaluaﬂion and procurcment of cxisting cquipment was accom-
plished effoctively, 1In some cases equipment had to be devecloped or existing equip-
ment adapted, Installation énd opération of the instrumentation equipment by the.
Sandiélaroup provided useful data from morc than 95% of the measurements planned.

b, Large dependence was placed on the measurcment of transient effgcts in-
volving a total of 1,065‘gauge recordings, Dlast pressurcs on bhe bulldings, both
inside and outside, and comprchensive measurements of structural responsc were made.
Hotion picture photography was used to record motions and modcs of failure. ieasure-
ments were made of conditions of theo buildings beforc and after being sabjcctedrto
‘blast, sucﬁ as rod and transit surveys, audio velocity mmasurcmunts.in concrete,
micromcher measurcments of distdncos and natural period studics of iten structurca,

.c. The Los Alamos Scicentific Laboratory accomplished the still photography
and the firm of Edgerton, Germeshausen and Gricr accomplished the motion picture
photography? These photographic records will bo of great vaiue in apnalywing struct-
ural damage.'

8, CONCLUSIONS

as The complete analysis of reosults will require soveral months since it is
neeessary to take all the measured prossurcs and analyze cach structure to determine
whether the deformations calculatod by the method cstablish@d'prior to the tests
checks out with the measured deformations. In the work which has been accomplished
thus far very good agregmont has beon obtained, The measured pressurcs, howevor; arec
quite different in many cases from those predicted by thoory and shock tubc experi-
mentse It is in tﬁis f#igd that the grectest amount of effort is indicated,

b. The shelter designs of the Corps of Ingincers were proven adequate under
test conditions at a distance of 1700 feet from the tower, This distance was in-

tended to provide the same peak pressurc as for a point directly underneath the same

bomb at optimum height for a ten pound overpressurc. - The conditions of the tost,

particularly the effect of the ground, led to some unceriaintyias to whether the

ahie - 1 elon! ‘v* ;
shelters did reccive the same pressurc as would have been expericnced dircetly under-~

neath the same bomb, From a goneral viewpoint, however, the tost results will be

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

¢ The analysis of modcls displayed in the tosts is incomplete. The use

o . Py . a4 v -
f models to 1nvcsngataid11fractlon effects on structurcs appears promising
*
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In this case rigid modiels could be usced,  If models are fo be erployed as a measure

of structural bchavior certain fochors such as ravibotional locds do not scale and
A L

acans raust be established for componsating for these voriations from scoled bcehavior,

‘

The results of the tests ermphasised the fach that aodels at Less than onc-guarter

secale are impractlcal and also that podols of vory emall size are of doubtful uso

because of the eifcct of drregularitics of the ground on the blost wave,
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APPENDIX "p%

PROGRAM 4,0 -~ CLOUD PHYSICS AND METROROLOGY

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 entréinmﬂnt of air, turbulence, and diffusion to
Le pade. In addition, it was desired to determine in some detail the temperature
and water vapor content of atomic clouds in order to evaluate the possibility of
producing artificially stimulated precipitation,

b, Photograéhic documentation of the rising atomic clouds was carried on

both from the ground and the air for DOG, EASY and GEORGE shots. On DOG shot, the
kground cameras failed to obtain a record due to a low overcast, bub adequate cover-
age was obtained from the air. Satisfactory grouhd and air coverage was obtained
on both BASY 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 ) minute and 45 seconds, an
altitude of 47,500 feet in 3 minutes and 33 seconds, and a final altitude of TO,GOQ
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 alsc interesting to note that GEORCE
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 whichrwas capable of
‘operaﬁion in drone aircraft on a fully automatic basis. K& total of thirty aerograph
flights were made in and around atomic clouds arising from the three shols.,

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’eioud than in
the environment. This apparent anomaly is being investigated further bto 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, ete. remained at

constant settings.

@, 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 appfoximatcly 1,200 yords from weapons of thGApresent tactical size. Since this
ig«%ithin the range of totalkblast destruction, the iny practical apglicatioﬁ of
afterwinds would be their role in drawing ground debris intc the rising cloud columnT
Tt is possible that with extremely'large 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 trapical 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 perdiod. This
work was urder the direction of Df. C. E. Palmer, University of California at Los
Angeles, an eminent authority on tropical forccasting.

b, It is too early to determine the results of the study of the meteorolo-
gical data which were obtained during Operation CREENHOUSE; howcver, it can be men-
tioned that an improved method of forecasting, stressing streamline analysis, was
tested and found to be encouraging. It should be pointed out that the usual fore-
casting techniques cmployed in temperate latitudes, involving the interpretations of
highs and lows in barometric pressure, and fronts and air masses, arc entirely in-
adequate in the tropies due to the very minor pressure variations and the uniformity
of air masses. The field of tropical forecasting is almost & virgin one and will
undoubtedly invclve the formulation of many entirely new concepts,

4. ATMOSPHERIC CONDUCTIVITY

a. The last project of this program was the study of the 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 éonductivity chamber lfor low altitude crater and local
fall-out surveys. The others were long range B-S0A 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 ion dénsity and large ion density simultaneously with continuous records of
atmbspheric nuclgi counts, elcctrostatic field, humidity, pressure, temperature, air

gpeed 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 growbh 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-

3




ter blast to 72 hours after blast.

h c. General contours of conductivity around the cloud showed it §0 be aboutb
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 wilde at 30 hours after the shot, The above
information was obtained at 25,000 feet for the wind patterns which existed ab the
times of DOG and FASY shots. The existing wind patterns indicated that vertical
mixing occurred between the 20,000 — 35,000 foot altitudes. 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 particleé measurcd was believed to be extremely
small.,

d. One rather unexpected result of the tests was an indication that a
Surprisingly large portion of the rodloactivity might have been carried on submicrcn
particles which were too small to be filtered out by thoynormal filter methods, This
was first suspected when the activity collected on the filter papers failed to ac-
CQuht for the actual ionization measurcd by a factor of better than 50 times. So
far it cannot be positively stated that thesc submicron particles arc the major con—
tributors to the activity of the cloud as compared to the g to 10 micron particles
collected by the filter papers, but it is very difficult to interpret the evidence
collected to dateAin any other manner.

¢. The L-13s made flights al elevations ranging from 200 feet to 4,000 feet.
It Was found that at an altitude of 200 feet thc contamination contours on the 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 examined from the air and the pat-

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

PROGRAN 5.0 RADIOLOGICAL INOTHUMENT EVALUATION

1. GENERAL |
This program was designed to test end evaluate, under the conditicns of an
atomic bomb detonation, the many radiological instrunents, both surface and airborne,
that have been under development by the Armed Forces since Operabion SANDSTONE and by

the Atomic Energy Commission for civil defense purposes.

2. GHOUND RADIAC EQUIPMENT
a, Specific objectives of this portion of the program werc the general
ovaluation of available instruments and the formulation of roecommendations covering:
(1) Adequacy of equipment for military and civil defensc
applications,
(2) Adequacy and feasibility of existing military characteristics,
(3) The diréctiom of Lfuture development.,
(1) Improved tost methods,

b. Sound evaluation of radiac equipment could be achicved only at weapon
fest sites beeavse the wide ranges of radiation intensitics and encrgics in mixed ra-
diation fields which result from atomic explosions camiot bo duplicated in the labora
tory, The factors of intensity and encrgy arc of primary significancc in the design
and use of all types of ground radiac equipment, Nineteen types of dosimcters, six-
teen types of survey meters, a mobile radiclegical field laboratory, and three types
of laundry monitors wero testcd.r These included equipment developed by or under the
sponsorship of the Army, Navy, Atomic Energy Commission, and the National Bureau of‘
Standards.,

c. Cenerally, no desimeter was found to be ontireiy adequatc. Tho degrec
of inadeqﬁacy varied ameng instruments, While some types were consistent in thoem-
selves, little intercorrclation among types wus obsérve&. It should be noted, how-
ever, that certain types can be made adequate with minor changes, Over the dosage
ragge that is of common intorcst to the Department of Dcfen&e; the Atomic Encrgy
Commission, and the Federal Civil Defense Administration, vizm., zero to approximatel,
600 roentgens, it appears that particular types ol dosimetors arc best.suiﬁed for
particular renges within the stated limits, Up to 50 roentgens, self-roading pocket
olectroscqpes arc most feasible. For higher dosage ranges up to approximntely 600
roentgens, solid-state {such as a color changing crystal) and liquid state (such as

by

a color changing organio liquid) are more feasible than gas interaction (such as
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argon-alcohol) types. Futurc tests arc required to retest dosimeters modified as a
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result of Operation GREINHOUSE and to teost promising new dosimeters. It is also appn
rent.that more stringent laboratory testing of new wodels should be performed prior
to actual field testing.
d.  As in the case of the dosimeters,no particulaer type of survey meter was
found.tc betentirely adequate. Some types proved éomplately uscless but others be-
‘h&ved excellently except for o fow minor, corrcctible {laws. In gener&i, the beta
dotection capabilities of the various instruments were not soticfoctory. This is bo-
licved duc to the lack of explicitness in the military characteristics which should
be amplified so ag to provide sulficient range and a reasonable degrece of uniformity
of sensitivity among‘the different instrument types. It is also roecommended thaﬁ lal
oratofy test facilities be extended to simulote various climatic conditions,
¢, Operation of the mobile radiclogical ficld laboratory threw a light on
a number of iﬂportant factors, The original designs and procedures were too sweeping
in scope to allow for efficient ficld laboratory operation. The luboratory should
have been desipned and equipped to perfeorm a few specific procodurcs adequately.
Instead, the procedures were developed after the £icld laborotory was physically in
existence, During lLhe periocd of operation, procedurcs wore doveloped which in effect
. provided ﬁhe type of information required for laboratory analyéis. On the basis of
these procedures, as well as on the findimgs reported from 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 stressed procedures which yiclded the maximum of useful information and so, in-
ereased the efficicncy of operations, It was found nccessary to augment the equip-
ment supplied, both electronic and chemical. It was also found necessary to rcmove
seme of the cquipment originally supplied, Future oporaiioﬁs and tasﬁs are roequirced-
to indicate neccessary further developments and medifications,
f. The results of the louwndry monitoring will be reported on in more de-
tail in the final report but early rosulte indicobte that prosent prOCudurés are not
antirely satisfactory,

3« . ALHBORNE RADIAC EQUIPMENT,

a« 'The specific objective of this part of Lhe program was the test and eval
nation of Nevy and Air Force airborne radiac equipment under conditions of an actual
atorie bomb detonation, The high radiation intensitics and wide rango of cnergies

necessary to properly evaluabe such equipment arc available only at such times,
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b. The general types of ecquipment tes tod wore Jrslalaiel dosimeters and beta
monitors for aircraflt interiors, cloud trackers and detoctors, airborne ground in-
tensity survey metors, and droppable, telem.tering crater survey units, The radiac
cquipment was installed in a Novy PRV-2 aireraft and in an Alr Torce B~17 aireraft.
The B-17 emphacized tracking the atomic cloud while the P2V-2 epphasized test of the
cloud~tracking equipm@nt for only the first hour or less, dovobing attontlon then to
ground survey and dropping of the telemetering units into the cerater areca,

c. The recording gamma dosimeters operated in excellent fashion throuphuuf
the sufficiently high-intensity arcas werc entered to permit full-scale deflection
of the rccordérs. The cloud-tracking cquipment was able to detect the cloud at dis-
tances up 20 miles but the operation was handicopped by such things as power foailure,
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 Lowoslh yield shot in which the pro-
Ject participated gave the least conclusive and least ~“tLuf&C1OFV of the results,

d.‘ The ground survey cquipment was hondicappod by maintenonece and opera-
tional problems, bub in gencral the resulis wore satisfnctory for the purpose. The
droppable, telemstering crater survey units were soccessfully monitored in only aboutf
50% of the cases, The ﬁrincipal cause of this deficiency was bolicved to have beon
the failue of the antennae to crect 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 tho precise time of transmission made it diffibultrto reccive
each wnit at the proper timec, The uncertainty in time of transmission arose from in-
herent inaccuracics in setting the transmission time on the clock mechanism. This
source of error was removed before the third shot by starting ihe clock mychanlsn;

at proecisely determined times shortly before leunching the uni from the alrcraftb,

e. The beta cabin monitor performed satisfacterily in bo*h projecct aircraft
Tn order to prevent an excussive radiation dose; the aircraft avoided too close an
agprqach to the atomic cloud, Of nccessity, therefore, the green light, indicating
safe conditions, remaiined on at all times, Similar equipment, howover, was installed
in a drone aircraft which penctrated the cloud and records indicoted that it operatod
satisfactorily at red light, or danger lovels,

f. A1l of the radiac cquipment ing stalled in the two project aircraft per—
formed satisfactorily during at lcast one shot md, dn 2]l eases, sufficiently well
to establish the validity of their operating principles and achicvement of their de-

signed performance, Occasional lapses {rom optimum performance are atiributed to
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stringent operating conditions during the test missions, ond wers occasioned lorgely

by failure of accessorics or com;onents, .8, powor supplics, tubes, ete, Such
failurcs are to be wgpected under field conditions in cxperisental coulpments of this
type. In no way do ﬁhcy bring ﬁﬁe bacic designs inbe doubt and, in any event, arc
remediable without further development work. A possible oxﬁeption o this stabement

is the antenna ercetion difficulty provicusly described. Work to sccure lamproved

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, Radiochemical analyscs completed on samples from DOG shot indicate that
the fissiong yicld curve roughly approximatces that of thermal-ncutron fission, with a
ratio of fission yields at the curve maxima and minima of about 200,

g. Dccay rate measurcments have been made on thréo samples of the cloud frorn
cach of the three shots, These samples were taken at maximum, medium, and minimum
altitude of cach shot and included both cfficient and incfficicnt collections. Pre-
sent data indicate a differcrnce in the shape of the decay curves betwecn cfficient ane

inefficicent collcctions,

3. THERMAL EFFECTS ON MATERIALS

a, The objectives of this part of the program were to obtain drta on the
effects 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 offects of an atom bomb and the c¢ffects of sources
presently being used in laboratory studics. This part of the program participated in
EASY shot only.

b. Results showed that the stations were well-sclocted as to location and
were well-designed and well-instrumentced for the cxecutlon of the project. Results

“to date indicate that the duration of oxposurc and the total radiation received at
various stations werc lower than had been calculated, The total cnergy reccived at
the far stations was greater than that reccived at the closc stations probably be-
cause of obscuration by dust of the lower part of the fircballs. Both the peak in-
tensitics and the effects on materials, however, decreased sucévssivcly from the clos
to the far stations, The maximum intensity was obscrved at about 1/3 to 1/2 second
after the detonation, |

c. It is tentatively concluded that maoterial damazc is closely dependent
on both the total energy and its ratc of delivery: that for practical purposces there-
Tore the total cnergy delivered cannot be used alone as a criterion of damage.

d. No significant amount of damage duc to ultraviolet radiation was ob-
served, For practical purposes, the total damage can he attributed to rﬁdiation in
the visible and infra-red regions of the spectrum, The data have not been studied
to a degree to permit differcntiation between relative effcets in these spectral
reglons,

4. EXPOSURE OF COMBAT VIHICLES

as The objoctive of this part of the program was to debermine the tacti-

cal effoctivencss of atomic weapons when cmployed against concentrations of armored




vehicles, in this case, ten 4L5-ton tanis, The data have not yet been -fully reduced
and the results given hereiﬁ 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 presented here may not apply at all,

be Within the tanks, lethal radiation dosage was obtained through 750 yards;
median—lethal'ﬁosage through 1,000 vards; serious radiation siclness through 1,250
ya?ds; modaraté 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, From 1,000 yards out, the acceler’
tions and resulting movemenibs were of no significance, Within 1,000 yards, the ris
, in hempérature of the interior walls and the risc in internal air pressurc were found
to be of secondary importance when compared with other factors., Oulside of l,OOQ
yards, thesc effects were of no significance.

c. With regard to physical damage of %he vehicles, the majority of damage
was limited to cxternal accessorics and anpendages,  The liited anount of ma jor dam-
age resulted from the overturning of two tanks and the remeoval of a turret Irom anoth
The typec of maintenancé reguired to rcturn the damaged vehicles to complete combat
effectiveness is irndicated below:A

500 yards

ot

Depol Maintenance for onc tank; Organizational
Haintcnance for the other,

|

750 yards Field and Depot Maintenance,

1,000 yards

I

Ficld and Organizational Mzintenance,
1,200 yardas anu wuyond - No mainbenance required,

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

(1) Vehicles and their operating crews will not be affected beyond abou
1,500 yards from ground zcro,

{2) Vehicles will have immediate 100% combat c¢ffectivencss beyond 1,000
vards 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 suffer varying degrees of disability due to radiation

o gt




., b, INTERPRETATION OF SURVEY~iuwlER DxTA,

0 The-purpoao of this experiment was to cbtain information concerning the
interpretation of survey-metor readings in térms of hazard. Fof this purpose, it is
noecessary to know not only the ionization associated with the fission¥product activi-
ty, but alsc the beta and gamma ray energles which proauee the jonization.

b, The effective gamma ray encrgy of the radiation field surrounding ground
zero ranged from C,1 to C.2 Mev for two shots, Since the averdgo encrgy of the inci-
dent radiation was around 0.7 Hev, it is clear that a very high flux of relatively
low-energy radiation must haove beon‘present aé a result of scattering and degradation
of the incident photons, - Since it is well cstablished that, except for properly de-
signed ion~chamber instruments, radiation-dectecting instruments arce unreliable for
cnergilcs below 0,2 Mev and because much low-cnergy gamma-ray activity is present in
fission fields, it is importent that‘great care be cxercised in the future design of
survey instruments for usc in contaminated arecas,

Ce. Seven typcs of survcy instruments werc tested to determine their res-
ponse to radiation ficlds amanating from samples of fission-product aggregate. The
gamma dosc rate in rocentgens and the beta dose rate in equivalont roentgens were cali-
brated with sccondary standards at heights ranging from 20 centimcters to 1 meter
above the surface of rodioactive plagues, Survey instruments were then exposed to
these caliovrated ficlds., The work is continuing and the results will be fully tabu-
laped in the final rcport,

7« LGVALUATION OF I'TLTER MATERIALS,

a, The objective of this project was to evalmate the filtrotion cfficiency
of five standard and devclbpmcntal filter materiels agammst the airborne particulate
contamination present in the atomic bomb cloud. These filter materials arce incor-
porated ig gas masks, cbllactive protcctﬁrs, and other devices designed for res-
piratory protection and air i‘iltmtiont The prejeet participated in the first tﬁree
shots; twehtynthrec out of twenty-four satisfactory samplos were obtained from the
filter collecting B-17 drones which penetrated the atomic cloud,
| b, * So far, all samplcs have been counted for beta activity, and decay data
arc being taken over a period of 8 wecls on sclected samplcs, Radlo-autographs arc
being made, and information'on alpha activity is being gathored, The data are cur-
rently being corrected for cdunting cerrors and decay, ?rior to final compilation and

analysis of results,
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L ¢c. Preliminary results indicate that the installation and operation of the
filter-material sarplers was satisfactory for obtaining an adequate sample for the
dectormination 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 mcthods using non-radionctive aerosols. The deéay of gel-
ected samples from one shot taken at the site closcly followed the expected early
decay of gross fission producis.

8, CONTAMINATION AND DECONTAMINATION STUDIES,

a, The objectives of this part of the prdgrém.Were»to study the contamina-
tion charactoristics of standard materials; to detorminerthe efficicencies of decon-
taminating agents and methods; and to determine the capabilities of those metheds
in fﬁllﬂecale operations.

b, The radicactive decay fates‘of the samples collected for study scomed to
show significant différcnces for diffcrent shots, Some doubt cxists whether the gen-
erally used decay cxpression is accurate cnough for the clese estimation of expected
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, & slighﬂ decrease in decon-
tamlnation efficicney of various matar;als was noted, both through aging and as the
result of alternate wetting and drying. The decrease was not enough, however, to
have a significant bearing on military or field operations,

¢, 1t has been found that the order of efficicncy of different decontamina-

ting agents was about the same for the removal of contamination from samples obtained

at Operation GREENHOUSE, as far thc removal of synthetic acrosols on which labora-
tory testing is based, However, the laboratory cgntaminants 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-
dict their actual ficld officicncy at present.
d. Of the various facﬁors'which affect Lhe contamincbility of materials
it was found that details of cxposure overshadowed diffcerences duc to the character=-
istics of the material, There secmed to bo little effcet duc to Eardness or chemical
composition, Aﬁnoticaable decroage in contaminzbility was observed if the surface
was very smoothe. However, this effect was of relatively litile importance after the
surface beqame only slightly rough.
g. No consistent trend was found in the study of the fifteen proposed in-

dustrial decontaminating processes studied, excopt that steam cleaning without chemi-
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cal additives gave congistently poeror results than any otheor method, Laﬁoratory
findings, which indicate that maximum efficiency is obtaincd whoen the cleaning me-—
thod is carefully selected on the basis of both material and the type of contaminant
having been substantiated. The selecction of any standardized method will inevitably
lcad to 2 procedurc which is not optimum,with reséect to many conditions which might
be encountered in field operations,

9. CLOUD RADIATION FIELD.

a, The objectives 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 manner in which this radiation in~
tensity fluctuated in relation to the distribution of tho radioactive particles com-
posing the cloud; and to determinc the rclotion that the radicactivity has to the
#isible boundary of thce cloud.
| | b, The rate meters and jet impactors. which were dosiﬁned for use by this
project operated in a satisfoctory marmoer, The rate metors indicated peak intensi-
tics of as high as 2&;000 r/hr and, where the drones in which the equipment was in-
stalled actually penotrabgé the bomb cloud, the jet impactors defined clearly the
physical cloud boundzrics. It oppoars to be generally true that the highest radia-
tion intensities éppoar within the particulate cloud and at 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 objeect of this cxperiment was to test protective clothing with rcnr
ference to protective value, susiceptability to contamination, susceptablliiy to de~
contamination, and its handling and disposal under ficld conditions. |

b, Preliminary laundering dcecontamination mcthods doveloped in a test pro=-
gram at the Ook Ridge National Loboratory were tested under conditions of ficld con~-

| tamination from aﬁomicrwcapon bursts, Normal cloﬁhing moterials showed little dif-
ference in contaminability ecxcept that water-repellent finishes appeared to pick up
more conbamination and to resist its removal to a greater degree thon non-water-re-
pcllent materials. Contamination duc to fall-out materinl was rcomoved as readily

as was contamination by surface materials which had been activated by the detonotion,.

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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1£ﬁndry equipment, Commercial launderies can safely, and on a practical basis, de-
contaminate radicactively contaminated launderable clothing. Personnel deconbamina=-
tion was satisfactorily accomplished without the usc of special dctergents, commer-
cial toilet soap proving as efficicnt as specially formulated detergents,

11, EVALUATION OF COLLECTIVE PROTECTOR mQUIPMENT,

a. The object of this cxperiment was to evaluatce Chemical Corps protective
sheltor methods and equipment during an atomic bomb dotonation,

be  The collectivcﬂprotéctor unit was located within the Corps of Enginecr
sheltor and was complctely protected from blast demnge by bhe uoe of a-spéeially
designed anti-blast closurc, Although the collective-protector ceased to‘operate 5
minutes dfter the detonation, the anti-blast closurc wnit and the collective-protec-
tor were in operation during the detonation and wers subjected to the blast with its
accompanying heavy lonad of radioactive pariiculate matter following the shock front?
It is felt thot this load of matter was unusually heavy duc to the absence of.végo- f
£ation cn the test éite, fréqucnt pre-shot grading of the surface, and the high wall:
of loose sand which formed the protective walls along other cxperimental installatiom
Under more normal surface conditions, practically 1008 remo#al of radicactive parti-
culate matbor could be expeeted, The method used for measuring the act;vity of the
oir stream is uot believed to be the ultimate in oxperimgntal technique, Consider=-
ablé difficulty exists in differcntiating between induced activity, background acti-
ﬁity, and the activity duc to particles in the air stream, The energy spectrum of
the varlous pafticlcs as weli 25 their distribution within the air stream add com-
plexity to the problem, In addition, the response time of tho instruments and thed
counting efficloency must be adequete for the veloelty of the particulate matter pase-
ing the tube. For these reasons the mcasufomcnt Qf particulate activity in an air
stream under the operationai conditions cncount.red remains o difficult problem.

¢+ No concluslons can be drawn now concerning the cfficicney of operation
of the anti-blast closurcs in the field ihstallations because the activating over-

pressures for cach of the field installaticons is not known at this time,
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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, fhc cause could not be cstablished,
and due to inoperative telemetering systen, no data were obtained. The telemetering
system failed complctely on all testé. 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 200°F), no major damage resulted to these surfaces, Con-

siderable damage was apparent to painted scctions and onc tire was burned to the ex-

ient.that it blew out on landing. Some structural damage was done to the airplane,
but not to the extent thaﬁ it was unflyable. After complete inspection it wasS GOl
sidered safe to fly to the U.5. with minimum load aboard. The airplane has baen
returmed to the Air Material Command for detailed inspection, The other B-17 drone
(12,000 feet altitude) wont through the top of the atomie cloud‘and minbr structural
damage was done. There was no structural damage on the monned airplanes and no re-
ported abnormal heat from the explosion.

d. On "GEORGE" shot, duc to inclement weather, it was decided just prior
to take off time to fly all drones as manned cirplanes, 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 ¥B-47 from téking off. No structural damage was suffered on any air-
planes., Several crews reported noticeable heat, but at distances involved this heat
was not excessive, |

e, fnalysis of the data is continiing at the Air aterial Cammaﬁd, Mossam
chusctts Institute of Technology and the University of California at Los Angeles.

Preliminery analysis indicates the following generol conclusions:

(1) Blast and Gust - The permissible overpressure of one~fourth pound
paer. aquarc inch now émploycd for operational aircraft was definitely proven low.
One {1) pound overpressure is mach more realistic and it is believed that Air
Force aerodynamists will be able to establish safe limits for each type of air-
plane as a resultyof theze tests, Safe gust velociﬁies, which an girplane.can
withstand, vary with specd and altitudé. Safc¢ operating altitudes and speeds,
based on bomb yiclds, will be established by the Alr Material 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 fabric sur-
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faces, paint, etc. Thermal effects studies relative to the design of aircraft

"should be continued,

(3} Nucleor Radiation — The resulbts of Propram 8,0 when considered in

connec£ion with Program 2,0 point to the conclusion that aireraft operations
up to safe limits of blast and gust with crews and aircralt protected from heat
may be limited by the lethal radius of prompt radiation, In addition, fiight
through the atomic cloud up to within 30 minutcs of debonation is extremely ha-
iardous due to radiation.

(4) The ¥MSQ-) radar used for the remote control,System,for'droﬁes gove
very good results; however, it was expensive, highly complﬁx and required o
large number of personnel to maintain and operate. A simpler system with o
high degrece of reliability and requiring fewer persomcl should be developed,
Investigation of autwmﬁtic Shoran.technigues is suggestod,

3. EFFECTS O THE GROUND

Another portion of this program was the determination of the effects of tﬁe
blast, thermal and nuclear radiation on alrcraft structural wembers. These struc—
tural components consisted of conventional airveraft parts such as an F-80 fuscloge,

- F-L7 wing, vented and unventoed airfoils, and specially designed rigid and swbpt wing
airfoils, They were exposcd ét distances varying from 4,000 fect to lé,OOG'feot from
ground zero., The results of this test under static conditions will be correlated
with the effccts on airborné alreraft undor dynamic conditions to ascertain whether
ground tests may be utilized 3in. the future to obtain much of the needed information
'peftaining to blast cffcets on aireraft structufes. Four (4) identical test installa-
tions were ﬁadc on four isiands of the atoll, Results from 21l test sites appear
satisfactory ond data are now hueing analyzed at the Adr Materisl Command.' From visu-
al. inspection it appeared that the models reacted to the londs and pressures as pre-
dicted by the theoretical studics. No definite conclusions or recommcndations can

be made at this time.

4o INTERFEROMITER GAUGES

The object of this portion of the program was to obtain pressurc vorsus
time data at test site locations, aznd to test o now bype of pressure gauge commonly
refierred toas the "BUCK! gouge. This gauge ubilizes the pringiple of the interfer-
cnee bands of light produced on the mirrored surfuaces of a quertz diaphregm. As the
pressure on the diaphragm varies the thickness of the film of aif which separates the
plates, the interforence fringes arc displaced giving a direct measurement of the

pressure, This gouge is simple to operate, inexpensive and roquires a minimum of
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personnel. Four (4) gauges were installed at cach test site. Reduction of data
and plotting of curves were accomplished within 48 hours after the shot. The gauge
‘{tself proved satisfactory and will be valuable for fhture tésts.

5. RADAR SCOPE PHOTOGRAPHY

The object of this portion of the program was to obtain photographs of
radar scopes during the atomic explosion for analysis and evaluation as a method of
measuring bombing accuracy dgd estimating bomb damage, Pictures were taken of A and
B scopes of the AN/APQ&Q&-r&dars on two (2) B-50Ds for "DOG", "EASY" and "GECRGE" |
shots. Equipﬁant 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 humidity, and possibly tovtur~
bulence., It is doubtful whether total energy can be determined with the present
technique since the velocity of the shock wave cannot be measured withvSufficient

“accuracy in the early stages, Whether the present technique can be adapted to de-
termination of ground zero in other localities will depend on the results of cOn;
tinued experimentation on tests at continental sites. The film from the GREENHQUSE

tests is still being studied at the.Air Material Command in éollaboration with the
Operation fnalysis Section of Headguarters, USAF, and final conclusions wiil be
available in a short time,

6. WEASUREMENT (F EFFECTS (F LTDLIC JPLOSIGHS ON RADTO PROPAGATION

The object of this portion of the program wes to find what effects, is any,
occurred in the transmission»andlroception of radar and radio waves, both direet and
reflected, during and after an atomic explosion. Possible sources of interference
arc blast, radiation and ionization. These tests were conducted on "DOG", “EASY"
and YGEORGE" shots, Both short range (within the atoll arca) and leng range (as far
as JAPAN and HAWAII) radios were monitored by recorders. JTonspheric studics were
made by the National Bureau of Standards, All cquipment operated satisfactorily and
data are being analyzed and evaluated by the Signal Corps and the National Buréau of
- Standerds at the present time. No conclusions or recommendations can be made at thi:
time,

7. AERIAL PHOTOGRAPHIC DALAGE STUDY

This test was designed to check photographic interpretation of damage agaihr
actual damnge caused by an atomic explosien., This was accomplished by taking photo-

graphs, both vertical and oblique, of the main bulldings of the structures program
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| before, during and after "EASY" shot, This test proscnbed an opporbtunity to combine
tyﬁihal operational photography with known structures and measured pressures, It
also provided a means of traihing personnel in predicting structural damage result-
ing from blast and incendiary effects of an atomic weapon. The'addition of low-
obliqge picturcs gave additional detéils of damage and also an overall pictorial re-
cord of the results of the test, The'accdmplishment of these objectives was realized

and a group of excellent picturcs was obtained.

8. FILY FOGGING STUDIES

a. The last project of this program was a survey of the offects of film
fogging as a function of nuclear radiation dosage. It was undeptaken at the request
of the Strategic Air Commind. The main experinmntéi work was performed on "GEORGEN
shot, The film was Air TForce types "NW anﬁ LM and it was cxposed to radiation under
simulated operational conditions, Loaded A-5A magazines were piaced at Tour similar
stations in the Sirategic~ﬁir Command BB-29 and the two (2) WB-29 manned samplers.
Two magazines were placed in cach of the AEC dr0nos,‘one in the bomb bay and one in
the radio compartment. Ten {10) magazines were placed on the ground in the vicinity
of the explosion, with cach film typec represented at five locations.

b, Early information on the {ilm that hés been developed indicates that
the film density (fogging) increnses with the dosasge, that in the Lower dosage level

-the readability of the film ié good, and that LY typc film is morce dense than "ﬁ”
type film for an equal dosage, However, "N" type {ilm shows more mottling. Also,
it appears that there is more randon fogging én film carried in bomb bay and unpres—
surized or unscaled compartments, probably duc to particulate contamination, The
dosage range was from about 0,51 to greater than 100r., The final GREENHOUSE report
will cover not only the complete results of the experiment, but will also correlate
thein with the results of other film fogging studies que'by Los flamos Laboratory on

ather shots,
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APPENDIX hpH

RADTOLOGICAL  SATETY

1. GENERAL

a. Radiological Safety (RadSafc) of all military and civilion pérsonnel is
a command responsibility, Theretfore, the RadSafe ovrganizalion for GREENHOUSE con-
sisted of units of trained personnel and suitable radiac cquipment in each of the
task groups, In this way the Raddafe units of individual task groups could copo with
their problems as sclf contelned units, utilizing training methods pecuiiar'to their
service requirements, The RadSafe unit (Task Unit 3.1.5) of the Scienbific lask
- Group (T&ék Group 3.1) was esﬁaﬁiiﬂhed Lo be the primary teehnical servicing agoncy
te the task force in geoneral,. For maximum beneflt in training, this wit was com-
posed of representatives from the Army, Navy, Harine Corps, Alr Force, Us5. Public
Health Scrvice, Los Alamos Scientific Laboratory, and a represgntativc from the
University of Iowa. 4o such, this unit provided cll greund ronitoring services asso-
ciated with cxperimental projects, laboratory services, prﬁsure rocords, monitoring
of sample removel and packaging and protective clothing,

be The rodiological safcty phase of Operatiosn GREGNHOUSE had three main
objectives, First, it insured that task force persomncl would not be exposcd to dan-
gerous amounts of radiation, Sgcond,4it sorved as a lorge scale training exercise
in rwuﬂine radiological operations, Third, it provided o means for evaluating all
available types of radiological instruments wnder ficld conditions. ALl three of
these objcetives were met successfully and several now concepts of the functions of
HadsSafe in the field have cﬁorged.

¢s It was learned during this cperation thet presently established porsonnc

dos&geé are unrcalisticelly low for ficld applicition o personnel ocensionally ex-

posed to radiation and that many of Lhe available radicloesical survoy neters are toc
-sensitive for routine ficld use, Ipdividual dosages which were permitied on the op-
eration aie only 0.1 roentgen per day, or 0.7 roentgen per week. These dosages
have been establiched on the basis of long term exposure for workers in constant cor
tact with radioactive radiation, It is fell that they arc far too low for personne]
such as militayy’and civil defense whe.arc orily occasionally cxposed to radiation,
Many surveymeters prosently available have scalcs in the Jow milli-roentgen ran;c.
Readings obtained on these instroncnts tond Lo unduly alarm using ﬁorsénnel of limi-

tod experience, ospecially when the instruncnis g0 completely off scale at (for ox-

e
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ample} 50 milli~rocntgen per hour, These instrunents hove a distincet place in the
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1aboratory; or'in the ficld prﬁspcctimg, but they are wisatisfactory for fiecld Rod=~
Safe work utilizing military personncle. This was eclcarly brought out on scveral
occasions when oxpericnced miliﬁary moniters, trained in meosuring radiaticn on o
loboratory scalc; becane wduly alormed at-observing uncxpocted radiation intensitics
of o fow bons of milli-rocntgons after "DOGY and "LTEH" shots. Although tho intenéi—
ties obscrved were far below levels capable of producing a rcalistic health hazard,
thesc monitors bocaﬁc alarmed because thelr instruments were so sensitive that they
shoﬁcd large readings. As a rosullt of thesc reports at the tinc, some military eche-
lons scomed bo be alarmed. It is belicved that further training in similar exercisen
for military personnel should te carried oui with less sensitive instruments in or—
der to obtain 2 more realistic approach to pormissible dosajus.

2. PRELIMINARY OPERATIONS

Prior to the first shobt, persennel of all task groups were trained in ﬁhc us
of radiac (Radiation Dutection Indication éAnd Computation) couipment. RadSafe. pers-
onnel aSsidicd to the.SéiGntific Tasi Group bocaﬂb acquainted with tho personnel and
with the special probloms of tho group.
3, "DOG SHOTH
5. Ab thé Copmanderts weather briefings for the "DOG! sihot rchoaréal, and
for #DOGH shot, a throd dimensional doviece was ussd to disploy the forecast of uﬁ?cr
air winds over zero point., The winds were related to fall-oub as a function of dvift
of all portions of the atomic cloud from ground to maximum height which the cloud wao
expocted to réach. In addition to this usc of the wind directions and velocitios, ar
attempt woas made to relate general atrmospheric stability ond procipitation probobili-
ty to favoyablc or unfavorable feoll-out comsideraticns,
be ‘The presentation and discussion resultcd in o forccast SURFACE RADEX
(EggiolOgical LExclusion arga}. This wos dissoninaied by the Commonder, Joint Task
Porcc THREE to all the task groups and was valid for onc (1) hour ofter detonation,
If fall-out proceeded according to the forcecast, the RADEX could thon boe cancolled
at H plus 1 hour ond mormel operaticns would then be resumed. Usuol RADSAFE pro-
cautions would be taken thercaftier for lagcun traffic.
c. It was planned that actuzl clearance to cnter islands of the Atoll would
be the result of o detailed, but rapid, island survey by low flying sireraft, Rade
Safe cleavances for inmdividual uninhabited islands would be granted at about H plus

3 hours, =~ 41l essential work on shot islands would go forward bocausc sccsoncd Fod-

bafe moniters wore provided for all such cssontlal woricing partics., Thesc monitors

’

were eospecially trained and, with their osperience and professionsl qu

were capable of "on the spot" cvaluation.
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d. After "DOG" s nde on the shol islend o5 plannc§ al-
though the landing dock hnd-beén partly dumolished, Semc radioa P!JVlty WS repc*bud
at the dock at H plus 30 miﬁﬁtes. At H plus 50 ﬂlﬂutuu information was roccived ot
the JTF-3 Operaticns Control Centor (0CC) that the quick acrial survey oi aboll 1u—
lands showed no gignificant contamination on any islonds excepl the shob island. A
mossagellifting the SURFACE RADEX for lagoon surfoce traffic was sent out at H plus
90 minutes (0810),

Gy At nbout 08730 ronorts of radicactive fall-out on ships in the south
ond of the lagoon, and on JAPTAN and PAnR' ISLANDS, storted to arrive at the 0CC fro:
arious sourccs through the Raddafe Center (Task Unit 3,1.5) on FAzRY ISLAND, At
1100H reports were recoived that the background radiation intensity lovel wos rising

on ENTWETOK TSLARND,

£, Records from rodistion intensity meters on PARRY ISLAND showed that two
slight waves of faoll-out affected PARRY ISLAND ot about H plus 24 and H plus 4% hour:
Peoks of radiation intensity of about LO sr/hr indoors were recchod ab about H plus
3 and H plus 6 hours.v Ships of Tosk Group 3.3 1n the southiern ond of the lagoon werc
affected during the first fall-out woave (U plus 2% hours). 4lse, some ships noted
intensities &arying up to 20 to 30 mr/hr.. This wos due partly to the fall-oub just
mbnﬁioncd and partly to radioactivity in the woter down»wimd Irom the zero point,

g. At 1100, Commender, Task Unit 3.1.5 {Special Assistont for R;diologicaﬁ
Salfety to Cummandc?; JTF-13) recomaended that all boat traflic be stopped north of
RUNIT exccnt regwlarly schedwled trips of scientific personncl with monitors, In
the intercst of avoiding any unncccessary owposurcs of personncl, cven to the low
“lovels of radiction ACnuIQHQd above, persoancl werce crdored indeors on PAHRY, JAPTAN
and BNIWETOK TSLANDS with oniy cssontial worg being permitted,  These conurols were
mainsalned untll the morning: of D plus 1 Duy, On D plus 1 Doy, RadSafe clearence
was gronted for all islends with o fow cxceptions. On D plus 2 Day,RadSaic cleaf~
ance Was grantbu for certain additional islands, and for adrstrips on RUNLT and
ANTYAANTT TSLAMDS,

h, Woniltor control wos cstablished on the shot island on "DOGH dey by Task
Croup 3.1. Task Group 3.4 accomplished seicntific "urgoent" tasks without incident
“and the deconbarination problua for plancs was minor in seope,  Task Group 3.3 accon
plished nccessory decontaminetion of ships and boats evpeditiously. Water sampling
on obther atolls witiin a 400 mile radius of ENIIEIOK was perforned by amphibicus alr

raft, No health hazards were noted in any of the wabter samplos,
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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 favorsble upper wind trend from H minus 30 hows until
H minus 6 hours briefing, and a minimum shower probability, although the wind veloci-
tics decreased apprecisbly, a favorable fall-out forecast was made 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 DRIFY CONE cxbending
from 2000 to 2602 true, with a redial distoocce of 20 miles,
Fall-cut of significance as a health h&zard was cxpected
to occur only on uninhabited islands west of wero point,
(2) VUsing fall-out data from "DOG" shot oad resultant wind plots
for significant levels from 30,000 to 45,000 ifcot, particles
from 60 to 150 microns iﬁ diamcter, with fall-out timos of
H plus 1.5 to 3.0 hours, were forccast o be deoposited out to

1

about 4 to 4 miles to the soubthsast, Tith a penerous six (6)
mile radius for diffusion and dispsrsion, it was sbated that‘
vory minor fall-out might occur as far soubth us PARRY ISLAND,
The afomic cloud mushroom was forecnst o reach the tropopausc
lovel and to move casterly,

(3) Fall-out was ossontially as forccast, although no detectable
amounts reached inhabited islnnds - PIIRAAT ISLAND (7 miles
away) was the farbthest 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 VEASYM
shot for about six (6) hours rather Lhan thé one hour period
uscd cn "DOGY shol, Other RadSafce phasces were normal.

e RadSa?c dpefational date wos oavailable in satisfactory quentity and
quality at the 0CC, 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. BGEORGE SHOTH

a, The expected yield of the NCEORGE!" sholt was 5o great that.axtremﬁly
favorable fall-out conditions were required ?g‘CJTF»S in order to avoid any possibi-
lity of mass evacuation of personnel from the atoll. Because of Lhis requirement,
Rad3afe planning criteria for favorable fali-out pzticrn s were set up well ig advance
of "GEORGE" day. Favorable fall-out patbcrns were designated as (1) MOST FAVORABLE,

( 2) FOVORADLE and (3) CONDITION,LLY F.VOR.iBLSe These were integrated with the re-
sultant upper wind plots in the same way that wae 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, Az a result of the technique of observigg trends of the resultant winds,

it appeared at H minus 30 hours (the time for critical decision by the Commander)
| that of the threec criteria for favorable fall-out, the MOST FAVﬁRABLE pattern would
be valid, and evacuation of persomncl from the atoll cessed to be an important plan~-
ning consideration. This favorable trend persisted longer than usual because of a
typhoon (JOAN) which hoversd about 150 miles northwcst of ENIWETOK ATOLL, moving very
slowiy north-northwest. The immodiate result of this distrubance was a prolonged |
northeastﬁard movement of all air above the wzero point. |

¢. Heavy fall-out was predicted to be in a fifty mile scctor‘ bearing 0159
085° true from zero point. Delayed fall-oub (i.c., 1.5 = 440) hours after‘H hour
was predicted to cccur within the same bearings at radial distance of 30 to 120 miles
The mushroom was forecust to reach great heights (i.c., above 50,000 feot) and was
forecast to move southeast.

V ds As had becn forecast, practically no fall-out occuwrred on any of the
atoll islands.. Some contamination on adjacent islonds ean be attributed to dircct
blast qf particular matter, With practically no fall-out, normal operations were
resumed at H plus 3 hours., Exclusion areas after the shob were limited to islands
close to zero point, plus soms islands with residual conbamination from ”DCG“ and
HEASYY shoté.

€ Rad3afe phases, in general, werc normil, Some contaminated witer, up
to one mile from Lhe lagoon side of the atold, was.found near zero point islands of

the EBERTRU GROUP but this did not hamper post-shot opef&tions.

6e  MITEM SHOTH
as Again,experience from other detonations of Cperation GREENHOUSE 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 ot the H minus 30
hours Commander's bricefing indicabed FAVORADLE RodSafe foctors with a trond towards
CONDITIONALLY FAVORABLE, At the H minus 18 hours bricfing o conbinued deterioration
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 FLVORABLE trend appooared to be onc which would be sus-
tained. This took into account the LDNuLGL“”blUDo that wnfaverable northurly wind
compononts above 20,000 fect would remaln very Light for at lonst three to 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,
Heavicst concentration ot upper leovels wos forccast to foll-oul southwest from zero
poiht .

be Primpry fall-cub occurred csscntially according te this patiern.  Howe
cver, @IIWETOK ISLAND received some delayed fall-out above cipoectation for two roa-

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 aloft began to change more rapidily ot i plus 3 hours

to a more noranl Phrade

wind flow',

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

and on ENIWETOK ISLAHD was gencrall 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 pieture 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 levels. However, wwind (i.e., to onst and

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

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

€. Cn th ba51o of the cbhscorved winds in the lower 9000 feet, a forccast

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 plus

14 hours,

fe AL no time did these lovels, howeveor, 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« &b H plus 4 heurs, leogoon traffic restriction was 1lifted and by I plus
7 hours, unrcstricted traffic between inhabited islands and icloands on the ecstern
side of the atell was cuthorizod.
h. The delayzd fall-out ot H glus I0 hours wos duce bo rpid chongos In
the upper wind directions, coumencing ot i plus 3 hours. The changes were from o
variablé wind condition ot shot time above 20,000 foot to o normal trade wind pabterr
i, By “ITEM" plus 1 day, radiczctivity on contanincioed islonds scuthwest
ard. west of zero point had decaycd by o facter of 10. Unrestrictoed reentry was per-

mitted to islands on the ecstern half of the otell except BIICGIEBI, IBERIRU, and RUNIT,




APPENDIX Qv

METEOROLOGY
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 1951l. Both Air Force and Navy
personnel. were assigned to this.central.
| b, Establishment of the outlying stations at MAJURO, BIKATI, NAURU, and
KUSALE was delayed ten days beyond the original target dabe because certaih 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. AlL outlying stations were fully operational on 22 February
195L. No difficulty was experienced throughout Operation GREENHOUSE at any of the
stations, beyond the usual and expected mincr equipment and personnel failures, all
of which were remedied in a very short time.

¢. Information obbtained ﬁy the four stations, plus KVAJALEIN and BWIWETOK,
was of a type never before available on such a large scale in the tropics. Raceﬁt
developments in the electronics field had produced antomatic tracking equipment
capable of tfacking balloons with atbached radio transmitters to.high levels with
- excellent reliability. |

d. The performance of the Task Unit, 3uhoy (57th Strategic Reconnaissance
Squadron - Weather) was outstanding in all respects. The flexibility of the squad-
ron in mecting cverechenging. roquirenonts was natable, , and -permittod " foreonsting
guality beyond reascnable expectations. Information on the positibn and intensily
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 sqpédren (VP 931) alsc made a valuable con—
tribution to the suécess of the weather program, Employing a concise reporting
code devised for Operation GREENHOUSE, their offért permitted a closely detailé&
~ description of the weathor within a radius of 150 miles of ENIWETOK, an important
consideration in the tropics, where weather is extremelykrandom in nature, and
where accurale forecasting is impossible without a mass of detailed information,

f.‘ In all, 526 personnel were concerned full time with the obtaining
and analysis of weather information, and in direcet 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 (Tasik Unit 3.4.4) and 122 personnel assigned
to the Fixed Weather Unit {Task Unit 3.4.5). This fisuwre does not inelude personnel
of the anti-submarine squadron whoée weather reporting dubtics werce of collaleral na-
£uro, nor weather personnel associcted with Projoct 4.5 whosce dubties were primarily
rescarch,

ge 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 confusion, New methods of tropical
anal-sis were cmployed with some success.

he Ono disappoinﬁiug feature of $he operation was the failure to cstablish
a reliable and satisfacbory radio facsimile link between the BNIVETCK Cenbtral and
Andrews Air Force Pasc, Marsland., Although the necessory requircment had becn co-
tablished through proper charncls, and agrecment reached thatb the facsimdle link for

transwission 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.

i, Similarly, obligatisﬁs acsumed by the MNavy at TAF, 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 reports be made available for Operation CREENHCUSE.  Various difficulties'
wore experienced with equipment due to non-delivery of eritical itoms and apparently
poor conditvion of that which did arrive. “hile thelr surface reports were of consi-
derable’value, the lack of reliable upper wind data to high levels was a handicap,

Je The primary miszion of the weathor program was to fwnlsh woather in~

formation and foreccasts necessary for the accomplishment of the tests and the com-

&

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

a., TYPHOON GEORGILA

(1) 7irst indications of a suspicious devcelopment 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 soubh winds, to an altitude of 55,000 feet over KUSAIE,'™
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(2)

(4)

GOERGIA apparcently devcloped as a cyclonic eddy on the left sid@

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 the arca near PONAPE, GEORGIA moved
almost duc east, gradually increasing in intensity and passing

ahout. 30 miles south‘of KWAJALEIN during the cvening of 20 March
1951, disrupbting all.operations in that arca becausc of extremely
hea&y rains, | |

In-flight rccomnaissance reports cstablished definitely that GEORGIA
changed from a trépical disturbancc to n typhoon some time betweon
midnight of 20 March 1951, and the afternocon of 21 larch 1951, By
2000 hours on 21 iarch 1951, cvidence of stagnation and curvature

to the north was apparent, and at thce 12007 Cnmmandefs' weather
briefing, 22 March 1951, thec potential threcab to the ENIWSTOK AREA
offered by complete re-curvaturce was pointed out, At this time a
special weather watch was ostablished in headguarters, and arrange-
ments for rapid communications with the Veathor Central on ENIWETOK
were completed. The last report on GEORGIA which can be accepted
as a valid typhoon report was made 0630Z, 23 March 1951. At that
timc GEORGIA was in the vicinity of 119 north and 171° cast, approx-
imately 450 miles cast of ENIWETOK ATOLL, After analysis of the
cvening reconnaissance summary that déy, definite adviﬁc was issued
from Headquarters, Joint Task Force THREL that GEORGIA was weak-
ening.

The next scheduled reconnaissance {light aborted and there were no
useful rcports available for almost 14 hours; In an offort to am~
plify information, Commander, Task Gréup 3.3 was requested to send
out anti-submarine piancs from KWAJALEIN in an =ffort to make a posi-
tive or negative report on the existence of an "EYEW, All reports
were negative,

AY C135Z2, 24 March 1§5l, a center of moderatc low pressurc was lo-
cated by reconnaissance aircraflt 240 miles éastsoﬁthcast of ENIWETOK
and it was definitely establishcd that GEORGIA was no longer a ty-
phoon, Special weather watches werc securced in the early cvening

of 24 March 1951, : “—
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(5) The last evidence of the existence of GEORGIA was noticed the next
day when a squall area, tracked by surface fadar, passed just south
of ENIWETOK moving rapidily westward. Weather at ENIWETOK was very
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 whilé preparing for possi-
ble emergency.
b, DOG SHOT:

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

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

(3) This forecast remained essentlally 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 Aprid 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*cﬁmulua
cloud was encountered, and based upon experience and caleulations it

was forecast to arrive over ENTWETOX at about 0400, 8 April 1951,
and to pass over by 0600,

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

H minus & 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 untimely arrival of the strato-cumulus cloud deck from the -east

10 minutes before shot time, causing some interference with
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cround station photography. Dronc operations werc not appreciably
affected by this cloud over.

(7). Obscrved upper winds were substontially as forccast. Hadlonetive
fall-out over the southern part of the atoll, which commenced about
two hours ofter detonation, was not oxpectad or forceast, uxben-
sive rescarch bﬁseé upon this copericince gave a fairly positive
conclusion that the parbticles were of sizes not previously ob-
served, zbout which 1ittle or no kanowlodye edosteds  Ih 1o sus-—
pected that weopon yicld was o large contriﬁuting factor. Ob-
viously, tho botel number of weapons fired to date s6111 does nUt.

nermit o conclusion w;th sselube stabisticnl validity. In any
cvent, tie research did preduce o methodology by which particle
fall-out con bc49r¢dictcd with for greater certainty than pre-
viously. {(Sece appandix "Pr for details).

LEASY SHQT:

(1) denorience with DOG shot hnd focused abbention upon promptvfall—out.
To aveid this fall-out over inhabited iglands, resultont winds from
the surface %e 30 -~ 40,000 feet ore rether critical. As sbot day
for BASY approached, an additionsl. and positive requiroment vias es-

tablished: that there be no precipitaﬁiom over ENGEDT at shot time.
Thesc btwo reguiromonts are almost mutually *xslusivé. With EHGEBI
north of PARRY aﬁd ENIWETOK, ideal f&ilnouﬁ conditions require
vinds aloft with o coutherly component, vhile best woeothor and mini-
fmum procipitation occurs with northerly winds aloflt.

(2) lm rcecognition of the r&nd@é acture of tropical shower occurrconce,
an cifort &as nade to provide soms degree ol flexibility in the
shot schedul.c, frrangenents wore mode to provide a short post-
ponenent of shot time, with the order for postpon“m@ﬁt to be Lasucd
as late as 15 minutes boefore scheduléd time of detonntion.

(3). Crders to provide spocial weaticr indormation of the type desired
were ilssued, A weathor reconnaissance cireraflt was ordered to
approach BNGEBI from o peint 300 miles upwoind of ERCEBL, crriving
at o nost 5 miles offshore abt H minue 20 minutes, then to reverse
course and leave tho arca,. rThu anpti-submarine destroyor potrolling
off ENGSBI, was moved inte a position 10 miles upwind, and incbruc-

e 2,
PRI Lapm oo




ds

(4)

(6)

(7

(8)

(9)

ted to report cloud and shower activity every 15 minutes, storting
at H minus 75 minutes, ASW aircraft paﬁrolling the area bearing
north through southcast from ENGEBI were ordered to submit weather
reports ovéry 15 minutes. The Weather Central was ordered to in-
crease the freguoncy of upper wind soundings, This effort marked
what is perhaps the most intense offort in the history of metcor-
ology for a singlc placo>&nd short timo.

As BASY day azpproached the weather briefing schedule was modifiod
to permit more latitude and less physical strain en the command
schelon, The first formal bricfing was scheduled for H minus 30
hours, with infomation to be furnished prior to that time bascd
upon  availability of information and changcs in tho weather of
interest to the commsnd, It was soon cvident that the now pro-
cedure had merit and flexibility.,

On EASY minus 3 days, a forecast for avernge brade wind weather
was issued,

On BASY minus 2 days, decrcasing trade wind velocity and consequent
minimum cloud and showers were forccast for shot day; This ocut-
lock continucd unch&ngod.

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

The operétion proceeded on schednle, The intense effort to pro-
vide special information was succossful to an outstandihg degrae,
and the forccest verified in every detail.

Results of particle fall-out rescarch wero immediately apparent,

Fall-out occurred preciscly as forecast,

GEORGE SHOT:

(1)

(2) s

drone progran, olomonts of

Because of the large expected weapon yicld, radiological safety

was established by the Commander as the most criticsal of all wea-

ther eriteria, cven to the extent of sacrificing portions of the

photographic coverags, and other important
but not critical programs,

GEORGE day approached, weather over a large part of the Central




)

(&)

(5)

(6)

(7)

(8)

Poeific graduadly deteriorsted, due to the formation and zrowth

of typhoon JOAN, which formed in the TRUK-PON.PE area, pursued

an erratic coursc vhile groving sradually in strength, and finally
passed 180-200 miles nerthwest of EHIVMETCK on a northeasterly
COUrsaG,

By H minus 30 heurs, due to the approach of JOAN, local weather
was very unfavorable bocaunsce of cleud and roin, It wos proe-
dicted hoWevaf, that the weathor would be satisfactory by H hour,
and thqt the currontly perfect upper winds would romain favorable
until tho afternoon’of GORGE Doy, then wowld becone unfavorable,
{ Typhoon JO4&H, Lo the west and soubh, had induced éouth and south-
west winds at all levels to 50,000 feeb - a pcrfuc£ fall--out paﬁ~
tern for a hich-ryicld shot).

The H minus 10 hours bricfing was atbended by porsonnel responsi-
ble for dronc instrumoentation whoipointcd out tgat recont and
continuing heavy rein was producing diffieulty in electronic equip-
ment, and that the drone progroam vould suifer if presently sahed~‘
wled H hour was adhiered to, because of difficulty in drying oulb
equipment .

The forccast for sgatisf{actory weathor ond excellent upper winds
wag adhered to, and GEORGE Doy was confirmed by the Commeonder,
with I hour changed to 0930 Yo assist in the deying out of elec—
tronics cquipment and to pewait drone operations in daylight.
Furiherﬁore, the winds verc forccast to bo from the southwest

and this inbroduced the additionsl operaticnsl difficuliy of
takeoffs 1009 from the normal direction.

Special weathor bricefings continuzd (2200 8 Moy and OL45 9 iy ).
The for¢cast remained unchansed,

Precipitation stopped at about 1800, € liay, and o pradunl icprove-
ment in tho weathor begon.,  inds oloft p;rsistod strong from the
soulhwest.

By 0300, ?‘ﬁny, lirze breaks bogon Lo appear in the lower aﬁd‘
middle clouds, 4Ab 0900, thq jmpeddcte BNIVEIOE area wos covercd
with chout 5/10 cloud with a large hole approaching the shot is—

land, &b 0930 the lerge breal in the clouds was centered over-

-
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(1)

(2)

(4)

(6)

the shot island, and GEORGE was detonated under perfect condi-

tions of wind and weather.

ITEM SHOT:

Nermal weather requirements were cstablished for ITEM Shot since
the vicld was not cxpected to be cxcessive and bocause no special
instfumcntatian problems were anticipatod.

At informal weather bricfings preceding ITEM Day, normal trado
wind weather was forecast. | o

ﬁtjtho first formal briefing 2t H minus 30 hours, continued trade
wind weather was forccast with the upper wind pattern tending to
become less favorable.

it the H minus 18 hours briefing, the weather outlook continued
favorable bﬁt the upper wind pattern was forecast to be only con~
ditionally favorable for H hour., It was recommended that H hour
be moved up as much as possible, and the Copmonder decided to de-
tonate the wezgpon at onc half hour beferce sunrisc,

At the H minus 6 hours briefing, the previous forecast was con-
firmcd and plaﬁs for dectonation at sna»ﬁalf hour before sunrisc
continucd.

Weéthor conditions at H hour were cxtremely favorable with no
rain, and vo%y little cloudiness. Light fali»out occufrcd over
the southern part of the ENIWETOK 4TOLL because of the upper wind
structure. Thoydecision 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

CEADFT
GLUNLT

| WATER
ENIWETOK | - SAN FRANCISCO
'/i :1’ : el
o = » 2 /
WESTBOUND EASTBOUND
222,226 M/TONS 51,266 M/TONS
6,558 PASSENGERS 7,017 PASSENGERS
AIR
ENIWETOK SAN FRANCISCO
WESTBOUND EASTBOUND
1208.0 TONS 642.2 TONS
6,440 PASSENGERS 6,651 PASSENGERS
JAN FEB MAR AFPR MAY JUN JUL AUG SEP ’OCT NQV DEC JAN FEB MAR APR MAY. JUN JUL
, EAST | - - - - 641 18 220 252 763| 1140} — 18659 815 | 1047] 1036| 6587 9822|24072| 3194
rﬁ;gr?s WEST TIBZB 4789{16911 |13626| 7874 |11879 | 588711843 | 9651 |1575) | 14522 |16754 |18209 [28406/13214 | 4967|14987| 922| 291
TOTAL {11823 | 4789/16911 {13626 8515 | 11897 | 6107 (12095110414 (1689 14522 18413 119024129453 14250]11554 [24729|24994( 3485
EAST | 265| 17.0 | 31.0} 14.0| 200| 20.9| 242| 256 | 26.7| 40.2| 44.1 | 390| 36.7| 53.1 | 493 l>53.t 339.0| 238.4| 1812
T‘:;SS WEST | 26.8| 280 | 576 | 470 63.0| 70.1| €75 61.5 | 649 ] 79.2 1237 |101.1 |206.1 {19]1.6 [220.4|191.7 | I53.1.| 966} 737 |
‘ TOTAL| 523 45,0 | 886 | 61.0| 83.0f 910 SYI.? 871 | 9161119411678 {1401 242;8 244.7 1268.7 [344.8 {492.1 1335.01254.9
¥ CUMULATIVE FIGURE FOR MONTHS OF JULY 1949 THRU JANUA‘RY 1950.
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SCALE i BCALE FUNDS APPROYED -3
AND  AVAILABLE \
v
20— 20 -
MILLIONS
oF
DOLLARS
15
i
|
1o e s e )
{
i
{
i
10 ; i - i : - 10
| DEPARTMENT OF DEFENSE FUND PARTICIPATION REPRESENTED 26% OF THE
} TUTAL "OUT OF POOCKET COST® OF GREENHOUSE. THE AIR FORCE MANAGEMENT
H FUND CONTRIBUTED T4% OF THE TOTAL OBLIGATIONS. THE TEST PROGRAMS
TR —— REPRESENTED T2 % OF THE ENTIRE GOST OF THE OPERATION, WHEREAS THE
OPERATIONAL REQUIREMENTS WERE 28%. IN DOLLARS, THIS AMOUNTED TO IS.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.0O3, ARMY .388 AND NAVY .080 MILLIONS.
O 12 JUNE 1981, THE EXECUTIVE AGENT, USAF, WAS NOTIFIED THAT THERE
OBLIGATIONS WAS AR EXCESS OF L.130 MILLION DOLLARS IN THE AIR FORCE MANAGEMENT
FUNC THAT WOULD NOT BE REQUIRED FOR OPERATION GREENKOUSE AND
CQULD BE DIVERTED FOR OTHER USE, ’

FUNDS APPROVED & AVAIL. 6705 12609 8950 11054 11319 11319 031
AFMF 2273 8177 6652 S134 - 9399 9399 923
DEPT 4432 4432 2298 1920 1920 1920 108

OBLIGATIONS 3973 9619 1491 T274 8336 10438 1031

PROGRAM  T.0 { USAF RESPONSIBILITY) INCLUDED IN ABOVE.
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SECRET
COST-OPERATION GREENHOUSE

SCALE IN MILLIONS

15 30 45 ‘ 60 ' 75

15

AP!TM. As

® AEC COSTS 45.5% B

5 30 45 60 75 80 105 w4’/ 115

l , i S l ! i ] !
‘ SCALE IN MILLIONS :

COMMENTS: .

The final cost of cperation GREENHOUSE totals $ 114 Million, $88 Million represents the operating coste and $26 Million, capital assets. These ossets consist of o permonent proving ground plont of
which §18 Million is for builldings ond-focilities and $8 Million, recoverable equipment, Of the toiol capitol items of $ 58.5 Million furnighed GREENHOUSE, §13.9 Mitlion was consumed in operation-broken down
by departments: AEC-§ 9.5 Million; Army~$2.0 Million; Navy-$.6 Millien; Air Force-$ 18 Million ond public building service, After the completion of the operation, § 8.6 Million of copital items wos returned fo
the participoting cgencies, ‘

Significont cost oreos of the SREENHOUSE operotion are reflected os follows: Modificotion of oir¢roft by USAF-E15.6 Million; Tronsportetion- 598 Miltion of which MATS contributed $5.1 Million ond
MSTS § 4.1 Million; the remainder of 3.3 Million furnished by commerciol. Communications operoting cost totaled §1.5 Millian with on odditional § 10 Milllon of capital items which included fixed station
g:éic teletype fronsmitting ond recelving ossccioted equipment-30%; tactico! equipment, such os boet pool, MP rodios and telephone bock-up equipment-BO%. power units-15% and maintenonce equipment-

The 488 Million of consumed effort in GREENHOUSE wos contributed by departments: AEC-37%; Army-9%; Navy-l1% 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 977437 | 2,182,819 11,957,190 7,865,806
AIR FORCE 37,870,853 | 21,193220 | 40,010,073 | 29,319,042
TOTAL 88,303,001 259047357 | 114,207,358 | 66,078,630
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1

EXPERIMENTAL PROGRAM

'-SE&REF“

4

SUMMARY

5 G 7

LOS ALAMOS 8 BIQMEDICAL ?RoaRAu s‘rauc‘rurces CLOUD PHYSICS RADIAG EVALYATION  PHYSICAL TESTS LONG RANGE
/ / ! \ ARD umsunaussra DETECTION
P '\,-... ,:
Ro
G
Ra Z; ]
. M L AL
s — ) ; & X ( i
. )< }\ . }/ .
/
N e \7/\—/ R Y : AFOAT- 1
LASL BUMED OCE AFCAL LASL ACC TRACER LAB
NRLH US PUBLIC HEALTH BU YDS 8 DOCKS AMG ocso NROL 0se 8 68
NEBS LASL AF LasL NRDL BRL.
PARTICIPATING teno SANDIA CORP BU AER hd by
BRL EGRG ANC LASL
AGENCY ATSWP LASL BU AER ::‘[
l'fgliL ARMOUR
NRLK B & HS
: LASL
ML, civ. . . . . . . . 3 . . , . v, TOT. ML, civ. TOT.
PERSONNEL MIL CH, TOT. ML [\ TOT. mL’ civ. TOT. MiL cIv. ToT. NiL ¢
&7 301 se 25 i 87 8l 128 e 14 26 22 13 38 26 58 &2 28 (11 %0
ENGAGED
: : STUDY OF PHYBICAL TESTS DETECTION B ANALY-
STUDY OF WEAPON PER- STUDY OF BIOMEDICAL STUDY OF DESIGN CRITERIA INVESTIGATION OF CHAR- EVALUATION OF RADI~ & MEABUREMENTS WHICK  SI8 OF ATOMIC EXPLO-
SCOPE FORMANCE & PHENOME~ EFFECTS OF RADIATION, B VULNERABILITY OF ACTERICS & BEHAVICR ATION DETECTION EQUIP- ;WMR?:DT%:UT?HmT:Eu ;;oﬂ:;sé ‘Jmﬁuﬁ mﬁg@a
NOLOBY. STRUCTUREB ¥ 3 ¢ cLoubs A MENT, VTION, -
AND a ﬁ‘.ﬁﬁgﬂsg W DEFENSE :TU;:O:F rm?’lcn_ EFFECTS, CONTAMINATION® CHEMICAL, RADIOLOGICAL.,
PURPOSE ’ WEATHER. DECONTANINATION PRO =~ SEISMIC 8 SONIC
CEDURES & OTHERS, METHODS.
WEAPONS, TMING 8 coN-  ANIMAL LABORATORY ON 2 AHMY STRUCTURES GROUND & AERIAL CLOUD GROUND RADIAC EQUIP-  AIRBORNE SNAP SAMPLERS,  PLAMES, FILTERS, RADIO-
SIGNIFICANT TROL EQUIFMENT, MEASURE~  VAFTAN. DOGS, MICE, & PIGS 12 NAYY STRUCTURES PHOTOS. ANEMOMETERS (FOR  MENT, P2V & B-I7 COHIFUGES, CASCADE IMPAC-  LOGICAL, SEISMIC &
EQUIPMENT MENTS EQUIPMENT, STRUCTURES USED IN EXPERIMENTS, i2 AIR FORCE STRUCTURES MEASUREMENT OF NEGATIVE EQUIPFED WITH RADIAC  TORS, ELECTROSTATIC PRE=  SONIC EQUIPMENT.
FOR HOUSING EQUIPMENT, &  JOTAL 200 B | PUBLIC BUILDINGS SERV. WIND), COLLECTION OF METEOR- EQUIPMENT. CIFTATORS 8 THERMAL PRE-
OR ANIMALS | CRYOGENICS LABORATORY. 14,790 MICE RECORDING INSTRUMENTS | ogieal DATA. AIRBORNE CIPITATORS, 10~40 TON TANKS,
TOTAL 240 PIGS FOR COLLECTION OF IONIZATION CHAMBERS. SECORDERS FOR COLLECTION
USED RAISED 230 DOGS DATA. OF DATA, SURVEY METERS, Fil-
2B,000 MICE TER MATERIALS, PROTECTIVE
CLOTHING, & COLLECTIVE PRO-
FUNDS TECTOR EGUIPMENT.
OBLIGATED *
. $ 23,878,815 $ 1,947,650 % 6,228,737 $ 313,000 % 285,000 $ 1,373,000 $ 1,736,000
TOTAL: $ 40,475,202 ’
ADJUSTED
COST 23,879,815 3,320,106 5,226,748 962,642 457, 931 770,072 1, 966,309

TOTAL: $ 51,273,858

LEGEND FOR AGENCIES:

UCHL ~ U OF & RADIATION LaB

NAL=~ NAVAL RESEARCH LAB
BRL~BALLISTICS RESEARCH LAB

B AER~BUREAU OF AEROLOGY-USN
AWG ~AIR° MATERIAL CONMAND

NOL~ HAVAL CRDNANCE LAS
AFGRL~AF CANBRIDGE RESEARCH LAB
ACC~ ARMY CHEMICAL CENTER

OCEO~ QFFICE OF CHIEF SIBNAL OFFICER
ESL~EVANS SIGNAL LAB

BUMED ~ BUREAU OF MEDICINE - USN
QGMG ~ OFFICE 'OF GM GENERAL

USC B85 —US CORST & BEGDETIC SURYVEY
NEL= NAVAL ELECTROKIC LAB
ARMOUR — RESEARCH  FOQUNDATION

B B NS -~BEERS & HERYY SURVEY

LASL~10S ALAMOS SCIENTIFIC LABORATORY
AFGAT —AF CFFICE OF ATOMIC TESTS

*
EXCESS OBLIGATIONS OVER REPORTED C{STS ARE
{$ 14,804 77210R IN CAPITAL ITEMS WHICH WERE

REFLECTED IN COMMON TO PROGRAM CONTS “%EERH"”‘
T OF GREENMOUSE OPERATIONS, L A i

CREDITED

8

EFFECTS ON AIRCRAFT

A
S

AMC
LASL
ML, CHY. TOT.
28 22 50

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

Be17, T=33, B-60D & B~47

-DRONE & MANNED AIRCRAFT

RECORDING INSTRUMENTS

“FOR COLLECTION DATA.

STATIONERY AIRCRAFT SECT-
IONS, PANELS & MODELS.
RADAR PHOTOGRAPHS.

$ 4,Tig,000

i4,692,238
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