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FOREWORD

This publication is intended to fill the need for an explanation
of the various experimental aims of Operations CASTLE for those people,
of various professions, who require an understanding of the scope and
purposes of the operation. Most of the descriptions of experimental
methods to be used have been treated in a general manner, some detail
being added where it was felt necessary for better understanding. The
figures on personnel and special support items are intended again only
to give the reader some idea of the size of the operation, being neither
fimm nor complete enough to be used for accounting purposes.

The LASL or UCRL "shots" mentioned frequently in the discussions
of the experiments refer to the firing of devices developed by the Los
Alamos Scientific Laboratory or the University of California Radiation
. Laboratory respectively. A list of- these devices is given below,

. L - : .
Laboratory 1 L © . Code Name Shot Locations
1. LASL b © " Braw Bikini Atoll
2, LASL ' Union ‘ Bikini Atoll
3. lasL , ullmu Nectar Bikini Atoll
4. IASL : Romeo Bikini Atoll
5. UCHL o : .- Koon Bikini Atoll
6. UCRL . Echo Eniwetok Atoll
7. LASL ' o ~ Yankee Eniwetok Atoll

This list has been adopted as a shot schedule, only for the pur-
poses of this book, in order to describe the activities of each pro-~
ject more clearly. It must be emphasized at this point that there
is no firm schedule of firing order or location at present, nor is one
likely until the beginning of the operation, The number of shots, the
large expected yields, and other equally important considerations re-
quire a high degree of flexibility in plannirg not allowed in a rigid
schedule. For this reason the shot participation mentioned in the
discussion of each experiment, and given in tabular form at the rear
of the book along with project locations, should be viewed only as
indications of intent on the part of each project. Changes in the
firing order and shot locations may make such participation unlikely,
or may eliminate some projects completely., This is the appearance of
things five months before the first shot of Operation CASTLE.

LCLASSIFICATION CANCELLED
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CASTLE EXPERIMENTAI, PROGRAM

Proj, No, Iitle ' Organization
TASK UNIT 13 - DOD PROGRAMS (Col. H. K. Gilbert, Capt, N. E. Kingsley)

1.1 Blast Measurements by Photography ,
a. Free Air Pressure (Rocket Trails) NOL .
b. Precursor Phenomena (Rocket Trails) © NOL
¢. Base Surge Phenomena - NOL
d. Peak Pressure by Aerial Photography "* . NOL
1.2 P vs, T on the Surface y ‘
a. Pressures less Than 40 psi : , Sandia
b, Pressures Greater Than 40 psi S BRL . .
1.3 - Shock Winds . ; Sandia f
1., . Underwater P vs, T. - " © ONR-NOL-DIMB ‘'
1.5 Acoustic Pressure Signals in Water (SOFAR) . ONR. : < - R
1.6 Water Wave Studies . ONR-Scripps
1.7 .Close-in Ground Accelerations ~ 7+ Sandia
1,8 Dynamic Pressure Investigations " BRL
PROGRAM 2 - NUCLEAR EFFECTS (Lt. Col. E, A, Martell)
2.1 Gamma Film Dosage Measurements ESL
2.2 Gamma Dose Rate vs, Time A ‘ESL
2.3 Neutron Flux & Spectrum Measurements NRL
2.5a Fall-Out Distribution Studies NRDL
2.5b Fall-Out Distribution Studies CRL
2,6a RC Analysis of Growd Contamination NRDL
2,6b  RC Analysis of Ground Contamination CRL
PROGRAM 3 - STRUCTURES (Capt N. E. Kingsley) A
31 Loading of Structures ONR-SRI
3.2  Crater Survey and Evaluation ONR-SRI
3.3 Tree Stand Studies . - ONR-BRL-
34 MINES Forest Service
PROGRAM 6. — TEST OF SERVICE EQUIPMENT AND OPERATION
e T804 (Lt. Col. D, I. Prickett)
6.2¢" Effects of Blast, Gust and Thermal on AC in Flight WADC
6., > Proof Testing of AW Countermeasures BuShips
6.5 Decontamination and Protection “ CRL
6.6 Jonospheric Effects : ESL
PROGRAM 7. — LONG RANGE DETECTION (Col. P. R. Wignall) .
7.1 Electromagnetic Radiation Calibration AFOAT-1
7.2 Detection of Airborne Low Frequency Sound ' AFOAT-1
7.4 Calibration Analysis of A-Bomb Debris . AFOAT-1
' PROGRAM 9 - SUPPORTING MEASUREMENTS (Lt. Col, Jack G. James) !
9.1 Cloud Photography o . AFswP
(g,
COPIED/DOE | —
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PROGRAM 1 -~ BLAST AND SHOCK MEASUREMENTS (LCDR W. L. Carlson)



ICLET
TASK UNIT 1 - LASL PROGRAMS (R. L. Aamodt) .
PROGRAM 11 - RADIOCHEMISTRY (R, Spence) ‘.
11.1 Analysis for Fission and Fusion Energy Yields LASL )
11.2 Sample Collection ' - LASL
11.3 Heavy Element Investigations . LASL & UCRL
" PROGRAM 12 - REACTION HISTORY (B, Watt) , : .
12,1 {Reantion History ' UCRL

12.3 [DELETE lRea.ction History LASL
" PROGRAM 13- — PHOTOGRAPHY (G. Felt)

13.1 Ball of Fire Photography EG&G
13.2 Cloud Photography - EG&G
13.3 Bhangmeters EG&G
13.4 High-Speed Photography LASL
13.5 Time Interval Measurement with Bowen Cameras LASL
. PROGRAM 14 - EXTERNAL NEUTRON MEASUREMENTS (C. Cowan)
14.1 Threshold Detectors LASL
PROGRAM 15 — ALPHA MEASUREMENTS (N, H. Smith)
15.1 Teller and Scintillation Alpha LASL
15.2 Electromagnetic Alpha LASL
PROGRAM 16 - GAMMAS AND RESIDUAL CONTAMINATION (B, Watt) )
16.1 Gamme Intensity at Late Times - LASL ' '
PROGRAM 17 - MICROBAROGRAPHY (J. M. Harding) .
17.% Microbarography Sandia
PROGRAM 18 - THERMAL RADIATION (H. Hoerlin)
18.1 Time Interval Between Reactions : NRL
18,2 Power vs Time NRL
18,3 Spectroscopy : NRL
18.4 Air Transmission T NRL
18.5 Total Thermal Radiation NRL
PROGRAM 19 - MARINE SURVEY (L. R. Donaldson)
19,1 Marine Survey Uof W

TASK UNIT 12 - UCRL - LIVERMORE PROGRAMS (4. J. Hudgips)

PROGRAM 21 - RADIOCHEMISTRY (K. Street) - ,
Analysis for Fission & Fusion Energy Yields UCRL »

NN

1.1

1.2 Sample Collection UCRL .
21.3 Heavy Element Investigation © - - UCRL . ' ‘
21.4 Gas Analysis , UCRL T
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PROGRAM 22 HISTORY OF THE REACTION (S, Colgate)

22,k Ganex UCRL
22,2 Tenex UCRL
22,3  Alpha UCRL

' PROGRAM 23 - SCIENTIFIC PHOTOGRAPHY (W, Ball) ‘
23.1 Hot Spot Time Interval Measurement UCRL
23.2 Ball of Fire Photography EG&G

PROGRAM 2/ '~ EXTERNAL NEUTRON MEASUREMENTS (S. White)

24.1 Phonex

UCRL

Addresses and channels for classified communications may be found in
document J-20656 dated 12 October 1953. I

Key to abbreviations used above:

AFOAT-1
AFSWP
BRL
BuShips
CRL
DTMB
Forest Service
EG&G
ESL
LASL
NRDL
NRL
NOL
ONR
SANDIA
SCRIFPS
SRI
UCRL
UofW
WADC

COPIED/Do
LANL Rg -
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Air Force Office for Atomic Energy
Armed Forces Special Weapons Project
Ballistics Research Laboratory

Bureau of Ships, U, S. Navy

Chemical and Radiological Labofatory
David Taylor Model Basin

Calif, Forest & Range Exp. Sta., Berkeley, Calif.,
Edgerton, Germeshausen & Grier, Inc
Evans Signal Laboratory

Los Alamos Scientific Laboratory
Naval Radiological Defense Laboritory

~" Naval Research Laborsatory

Naval Ordnance Leboratory

Office of Naval Research

Sandia Corporetion

Seripps Institution of Oceanogrephy

Stanford Research Institute

University of California Radiation Laboratory
University of Washington

Wright Air Development Center
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PROJECT l.la
BLAST PRESSURES BY ROCKET-TRAIL PHOTOGRAPHY

The obJject of this experiment is to obtain peak air overrressure as
a function of distance from an atomic burst by means of rocket trail
photography. Because all shois will be on the surface, true free air
pressures cannot be obtained.

" Method

A series of light reflecting rocket smoke trails in a fan type grid
will be established a few thousand feet from ground zero approximately -
8 seconds prior to zero time. A camera placed in such a position as to
photograph the smoke trails through the expanding shock wave will obtain
a photographic record of the propagation of the blast wave related to .
time. The photographs can give only time and distance measurements, but °
by epplying the shock velocity method, which relates pressure to the
velocity of the shock wave, a pressure versus distance curve can be de-
termined. : ‘

The rocket launchers and cameras will be set up &as shown in the
accompanying diegram. 35mm Mitchell cameras will be used, operating at

the rate of 100 frames per seco b tographed, but :
. are to be employed only .
) The pictures obtained will al: used by 1.1lb. All photography
QV be by EG&G.
Support Requirements

The main laboratory space for all of 1.1 will be on Pa.rry (Elmer)
dditional space on Eninman (Tare) and at the rocket sites.

launcher installations at Bikini will be essentially compléted IS\&“

\ Installation at Eniwetok will commence ‘about’
minus 15 days. Rocket launchers will be checked out for an event at

. mimus four days, or as Rad-Safe conditions permit; final checking and
loading will be accomplished on minus one day or as late as is permitted.
Helicopter 1lifts will be necessary for up to four personnel. Transpor-
tation of rocket motors will be necessary from storage sites on Aomon
(Sally) and Bigiren (Roger). The project will require full meteorological
data up to 10,000 feet altitude for the period Just before shot time. No
recovery of launchers will be effected. Film recovery will be as speci-
fied by EG&G. Project 1.1 film return to the ZI will require courier
service, Total number of people for Projects 1l.1a, b, ¢ and d: 7T

Project Officer: Mr. C. J. Aronson .
Naval Ordnance Laboratory

“ White Osk ‘

Silver Spring, Md.

()

Sponsor : ﬁbD , : ' , J 3
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 PROJECT 1.1a (RNRGNRE |
ROCKET TRAIL PHOTOGRAPHY
ROCKET FAN

. XY
0.2 oy |
07 | T naMu (cHaRLE)

LINE OF SIGHT

PHOTO TOWER

ENINMAN ( TARE)
OTHER LOCATIONS

- ROCKET
| LAUNCHERS PHOTCTOWERS
Yurochi (Dog) Bikini (How)
- , , Bikini (How)
- Bikini (How)
| Eniirikku (Uncle) Bikini (How)
N Rujoru (Pearl) Runit (Yvonne)
iy - ~ Runit (qunne)
(oDl : 3
\N\\.m 7 f = ‘
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: PROJECT 1.1b
BLAST PHENOMENA BY SURFACE PHOTOGRAPHY

It is desired in this experiment to measure, by photographic means,
the motion of the shock wave over land and water as a function of time,
Peak overpressures near the earth's surface will be computed and a
study made of the propagation of any precursor waves formed.

N
y

Method

Direét photography of the shock wave travel will be used and is
coordinated with that under 1l,la., As in Project 1.la, pressures will .
be computed after determining velocities from time and distance measur- -

ements of the travel of the shock wave. NOL participation will consist -

of an analysis of film taken by EG&G.

Support Requirements ' p o " R
Support and personnel requirements are combined with Project 1.1a.

Project Officer: Mr, C. J. Aronson
* Naval Ordnance Laboratory
White Oak :
Silver Spring, Md,

DOD

Sponsor

COPIED/D
LANL RC BE*
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PROJECT 1.1c —
BASE SURGE PHENOMENA m—

When a bomb is detonated under or near the surface, a great quantity
of water is taken up in the column of rising air., Some of this soon
loses its energy and falls back into the water, forming what is called
a "base surge". It was observed at CROSSROADS that this phenomenon
expanded with a high initial radial velocity, gradually assuming the
rounded profile of a fog bank which was growing in volume, until the
top had reached a height of about 1800 feet. As the radial expansion
ceased, the base of the cloud lifted from the surface and the entire
mass thickened until the top was about 6000 feet high. The surge cloud
then drifted with the wind, dropping rain for nearly an hour,

Although this description applies only to the one underwater burst
to date, it is felt that a sufficient body of water will be taken up
in a near surface burst of much larger proportions to produce a some-
what similar phenomenon., The study of the formation, growth and
dissipation of the base surge by photographic means is the purpose of
this experiment, _ o o

Method

Photographic coverage of the base surge will be made independently
of Projects 1.1a and 1.1b, Cameras will be located on Bikini (How) and
Enyu (Nan) at Bikini Atoll and on Parry (Elmer) and Engebi (Janet) at
Eniwetok Atoll. Five cameras will be located at each of the first
three sites and two will be placed on Engebi. _There willy @ fenough
t for base surge photography only
since the other devices are to be Iired at an earlier hour.’
A1l photography will be performed by BEG&G.

Support Requirements

Major support will be as required by EG&G in accomplishing its
mission, NOL will have one man on site to coordinate photographic
requirements and to collect meteorological data as a part-time duty.
The project will require meteorological data from observations made
in the Bikini and Eniwetok areas on the day of each shot., Results of
the use of radar on the surface cloud phenomena produced by each barge
shot are also desired. Personnel are included under Project l.la.

Project Officer: Mr. C. J. Aronson
Naval Ordnance Laboratory
White Oak
Silver Spring, Maryland

Sponsor DOD

OPIED/DOE
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‘ - PROJECT 1.1d |

AERTAL, PHOTOGRAPHIC STUDIES OF BASE SURGE AND BLAST |
The object of this experiment is to study the motion of the base 3.
surge and shock wave over the surface of the water by means of aerial

“photography. \

Method \

The C-54 aircraft scheduled to participate in Project 9.1 will
have additional cameras for 1.1d photographs, Participation will be
on all shots, The light fran the bomb will be of sufficient intensity .
and duration to permit the photographing of the motion of the shock '
wave along the water, It is estimated that the photographs will be
obtained fram a range of approxlmately 50 miles,

Support Requirements

Major support will be as required in operating and maintaining the
aircraft and cameras under other projects. No separate support for
NOL is required., Personnel are included under Project l.la,

Project Officer: Mr. C. J. Aronson
Naval Ordnance lLaboratory
White Oak
Silver Spring, Md.

Sponsor ¢ DOD

COPIED/D .
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PROJECT 1.2a
PRESSURE VS TIME ON THE SURFACE (PRESSURES LESS THAN 40 PSI)

The exact nature of the shock wave initiated by a bomb depends on
many factors. Cf these, perhaps the most.important for weapons effects -
purposes are thetype of surface over which it is fired, the presence
of contours and obstructions, the height of burst and the yield., Since
an exact theoretical treatment of these factors for actual targets is
manifestly impossible, it becomes important to document blast wave
phenomena over a wide variety of conditions so that general rules may
be established for planning purposes. _ _

The.object of this experiment is to measure the pressures involved
in t he shock wave as a function of time at a series of stations, so
that the variation of pressure with distance will also be obtained, .
These data will be used to investigate the validity of the static
pressure scaling laws for large yield surface bursts,

Method -

In general, pressure gauges will be restricted to the regions in
which pressures are calculated to be below 40 psi. The pressure
sensing elements, Wiancko gauges, generate signals which can be recorded
on magnetic tape. A time base is provided by the moving tape, zero
time being the first light from the bomb detected by a 'Blue Box!,
The gauges will be installed in ground baffles and their signals trans-
mitted on buried cables to concrete shelters, where they will be record-
ed. Backup recording will be done on plaptographic paper. The project
will participate in shots )

Support Regquirements

The instrumentation will be completed prior to beginning of the
operation, but will have to be visited between shots for data recovery
and resetting. Helicopter service for three men will be needed for
this, The personnel of Projects 1,2a, 1,3, 1.7 and 17.1 are consoli-
dated in the figure given below, since a breakdown by project is not
feasible, Total number of people: 35

Project Officer: Dr. J. M. Harding
Sandia Corporation
Sandia Base
Albuquerque, New Mexico

Sponsor ¢ DOD
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1,2a - P v8 T on the Surface (< 40 psi)

1,3 - Shock Winds
1.7 - Ground Accelerations
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IN GROUND BAFFLE 1.20 : 3 COMPONENT
ACCELEROMETER L7

LOCATIONS

. i /

Island Ground Baffle Pitot Tube Accelerometer

Romurikku (Fox) 4

Aomoen (George) 2 1

Airukiiji (Oboe) .1

Airukiraru (Peter) 3 1

Bigiren (Roger) . 3 2 1l

Reere (Sugar 1 2

Adtsu (Olive 3

Rujoru (Pearl) 6 3 2

Note: Force plate, drag gauge, tempepature and density gauges to be
exposed on George adjacent t + tube. Gauges on Fox and
George to be used Others on

one shot only.

COPIED/DOB
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PROJECT 1.2b
PRESSURE VS TIME ON THE SURFACE (PRESSURES GREATER THAN 40 PSI)

The measurements in this experiment will be similar to those in .
Project 1.2a except that the majority of the instruments will be closer
to ground zero, where the greater pressures are found., Pressure-time
versus distance measurements will be made, These data will be used to
investigate the validity of the static pressure scaling laws for large
yield surface bursts, In addition some supporting measurements will
be made for the tree stand study, Project 3.3.

Method N A s

Self contained, flash initiated pressure-time recording gauges 1n .
ground baffles will be installed at various distences from ground zero.
The gauge consists of a pressure sensing element which causes a stylus
to scratch a record of pressure changes on a revolving drum, The
drum is driven by a clock mechanism which provides a time base, The -
project will participate on all shots with a number of the gauge mounts
being reused. Some overlap into lower pressure regions will be
effected for correlstion with -other data. A sketch and summary are
included below. : .

Support Requirements .

A DUKW will be required to reach the reef stations to the east of
Namu (Cherlie) for installation, date recovery and resetting of the
gauges between shots., Some of this work will also involve both heli-
copter and boat service. Total number of people: 21

: Project Officer: Mr. J. J. Meszaros
.. e stionooTovii.. Ballisties Research Laboratory
SR oo 0 7 777 Aberdeen Proving Ground

DOD

Sponsor

[N ]1
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PROJECT 1.2b
P VS T ON THE SURFACE (> 40 PSI)

OCEAN

'LAGOON
¢
DEVICE

LOCATIONS

v R

£

Islands- Gauges ' ~ . . . -

NAMU (Charlie) N
East of NAMU

YUROCHI (Dog) et t1E)

UORIKKU (Easy)

ROMURIKKU (Fox)

ENINMAN (Tare)

ENIIRIKKU (Uncle)

RUJORU (Pearl)

BOGALLUA (Alice)

BOGOMBOGO (Belle)

RUCHI (Clara)

COCHITI (Daisy) -

*

" ' i e DR S

PDRODNNOO N WS

[ S

# Additional gauges will be located at sites in the tree stand for .
project 3.3 These will be selected on site. , : S

COPIED/DOE
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PROJECT 1.3

SHOCK WINDS

At a fixed point in space the passage of a shock wave is character=- -
ized by an abrupt rise in pressure to some peak value followed by a drop

in pressure to a point below ambient. The pressure then slowly comes
back to ambient, The positive phase is marked by higher pressure values
than the negative phase but is of shorter duration. Associated with
the positive phase is a wind flowing radially outward; in the negative
phase the wind is reversed. These winds, in both directions, are shock
winds and may last as long as several seconds in each phase, It is the
purpose of this experimenmt to document this phenomenon by determining
the dynamic pressure~time characteristica of the shock wave produced by

large yield surface burstS. B T R o A

Method

Double-ended-pitot tubes oriented toward ground zero will be in-
stalled on islands at different ground ranges corresponding approx-
imately to a pressure range of from 10 to 50 psi, The pitot tube does
not measure wind velocity directly but rather the difference between
two pressures; that which the open end of the tube sees, called the
"dynamic" pressure, and the "static" pressure which the tube would see
if it were traveling along with the wave, This is measured at side-

on pressure openings, The difference between these two Bressures is the

pressure due to the material velocity, or AP = 1/2 p u®, where p is
the air density and u the material velocity to be determined. Record
ing will be acg@g®ylished in the same fashion as Project 1.2a at t
¥ The Project will participate

Support Requiremerrt.s

Requirements and personnel are included under Project 1.2a,
Project Officer: Dr. J. M. Harding
Sandia Corporation

Sandia Base
Albuquerque, New Mexico

Sponsor s DOD

=
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PROJECT I.k '
UNDERWATER PRESSURE VS TIME MEASUREMENTS \153'%519§‘?r

A question of considerable importance to the military is concerned
with the behavior of & shock wave in water. The barge shots on CASTLE
will offer an opportunity to study the pressures due to a nucleer ex-
plosion near the surface. Pressure-time fields and peak pressures
will be determined and an estimate made of the amount of blast energy

transmitted into the water.

Method

e

Instrument stations will be located in the lagoon at various dis- =~ . .
tances from ground zero ranging approximately from 3,000 to 24,000 feet., . = 7 -
These stations will be positioned along & line of buoys running toward . .
Enirikku (Uncle) from ground zero. Twelve stations of pressure-time
instrumentation are planned along with spreads of ball crusher gauges
to measure peak pressures. Data will be telemetered from instrument
cans along the line of buoys to recorders in a P4Y aircraft. In addit-
ion, data from a station in the lagoon will be recorded at a buried
shelter on Aomoen (George). Primary participation will be on
barge shots, however some gauge installations may be operated
to check out equipment. In addition, participation
consideration. A sketch of the layout is included below.

ué\-,fa".“

Support Requirements

All instrument cans will be processed on Parry (Elmer) and tran-
shipped through Eninman (Tare). Since large buoys, cables, anchors and
other gear are also involved, cranes, lo-boys and T-Boats will be neces-
sury in moving equipment. An ATF and ARSD have been requested to
accomodate personnel, lay the moors and handle equipment. Work ibn the
moors will commence about January 1 and should require about 30 ‘days.
Asgembled instrument cans will be positioned along the buoy string after
February 1 and gauges Installed. A modified LCM will be required on a
full time basis to provide small boat support. A DUKW will 8lso he re-
quired. These vessels will be required for reprocessing cans between
shots. The P4Y aircraft will be on site after January 15 and will re-
quire maintenance and logistics services. Total number of people: 3k

Project Officer: Dr. W. J. Thaler
Office of Naval Research
2515/T3 Building
Navy Department
Washington 25, D. C.

Sponsor : DOD
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PROJECT l.4
UNDEIWATER PRESSURE VS TIME MEASUREMENTS

UORIKKU
(EASY)

'ROMURIKKU
(FOX)

AOMOEN
(GEORGE)

YUROCHI
(DOG)

LINE OF BUOYS AND INSTRUMENT
CANS SUPPORTING BALL CRUSHER
GAUGES AND PRESSURE TIME GAUGES
FROM SURFACE TO BOTTOM OF

" ENIIRIKKU ENINMAN LAGOON.
(UNCLE) ( TARE)
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PROJECT 1.5
ACOUSTIC PRESSURE SIGNALS IN WATER (SOFAR)

The object of this experiment.is to determine the relative inten=-
sity of the long range acoustic signals produced by surface bursts. .
There occurs in deep water an isothermal layer in which low frequency
sound waves are transmitted great distances. It is found at a depth of
somewhere around 3,000 feet, depending upon the temperature gradient of
the water egbove it. Since the velocity of sound in water, as in air,
is temperature dependent, a portion of the energy of the explosion will
arrive at and travel in this layer as a sound wave, losing little of its
energy until it strikes a land mess. An effort will be made to determine
device yields relative to the GREENHOUSE a.nd IV! ehots ’ a.coust:lc velocity,
shot location and time. : , N

Method

SOFAR stations in regular operation will be used to detect signals
originating from the devices. The Raval Electronics Laboratory will be
requested to continue observation and analysis of data at Pacific SOFAR ,
stations., Similarly, groups from Columbia University will underteke ob-
servations at Atlantic SOFAR research s‘ba.tions. The project will parti-
cipate on all shots. : R -

All operationa vill ‘be conducted off site a.nd no support is e
necessary. - ‘ .
Pro:]ect "Officer: m. J. W. &ni'bh. " A-
R Office of Naval Research
Washington, D. C.
- Sponsor ¢+ DOD ‘
A N L i 7- . ? .
TOPIED/DOE . |
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PROJECT 1.6
WATER WAVE STUDIES

A nuclear detonation close to a water surface transfers a portion
of its energy to the water by means of the shock wave, causing & dis-
turbance which forms surface waves. The object of the experiment is the

" study of the mechanism by which these waves are generated by measuring

vave height, period and velocity as a function of time and distance.
Method ' ' L I h

The wvave characteristics mentioned above can be detemined 'by
measuring the variation in subsurface pressure &s the 'head' of wa.ter
above a pressure gauge changes with time due to a passing wave, Four.
of these pressure-time gauges will be located on submerged coral heads -
within Bikini Iagoon, with the recorders carried in skiffs anchored a-
bove them, The distance of the stations from ground zero will change |
for each shot, but the closest will be about 2 1/2 nautical miles and
the farthest about 17. One shore recorder will be installed on the
lagoon side of both Enyu (Nan) and Eninman (Tare). Distant wave re-
corders will be located at Ia Jolla and Ocean Side, California, and at
Midway, Weke, Guem and Parry Islands. In addition, maximm inundation
will be measured on three islands in Bikini Atoll by use of 'Beer Can'
gauges, open cans attached to trees or poles at several levels to indi-
cate the height of exceptional waves. A feasiblity test will also be
conducted on & type of underwater preéssure gauge designed to measure
shock pressures in the reglon close to the detonation. A

The local instrumentation will be used on]y on the Bikin:l shots 5
but the distant recorders will opera.te during a.ll shots..

e u,u -

Support Requirements

A modified ILCM will be pema.nently asgigned to handle the lagoon
allations. Recovery of data and reprocessing of instruments %ll

- z between shots, with final recovery being made

o Services and transportation to and from remo

a.s Guam will be required for the operating personnel. - number
C persons: 12, with 9 on site and one each at Midway, Wake and Guam,

Project Officer: Dr. R. R. Revelle
' Scripps Institution of

Oceanography - "
La Jolla, California :

S - Sponsor : DD -l
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PROJECT 1.7
CLOSE-IN GROUND ACCELERATIONS

The object of this experiment is to deiermin_e the amount of blast
energy transmitted radially outward through the earths surface from &
‘large yield surface burst. ' o s

Method

Bull plugs containing Wiancko accelerometers for detecting the - -
magnitudes of the vertical, radial and tangential components of earth
acceleration will be installed about 15 feet below grade level. The ° -
three components of acceleration-time will be recorded on Ampex Tape
recorders at the concrete shelters used by Project 1.2a. e stations
will be installed. Three will be used

A sketch and summary are included with Project 1.

Support Requirements . S ,1‘

Requirements and personnel are included under Project 1.2a.

Project Officer: Dr. J. M. Harding
Sandia Corporation
--— ===~ " Sandia Bage
Albuquerque, N.M,
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shots to obtain additional data, The details of the experiment, the’

e

This is & tentative project in which it 5 proposed to ini}estigete
some of &5 causes of damage to vehicles eﬁbjected to the blast from ~ -

a nuclear detonation. This damage was o‘bserved at UPSHUI‘/KNOTHOLE but
the ca};_g_at 'mechanism is uncertain, BT R

Te¥%

It is roposed to expose a group ofAjeeps on‘ each ofvtwo CASTLE.‘-

o i

instrumeﬁation!, JYocations and shot part.icipation have “not been es="

tablishedae of this writing._ BRSNS - IR g

Project Officer. Mr. Bryant: ' : T E

Ba.lli’“ics Resea.rch I.aboratories :

-
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PROJECT 2.1
GAMMA FIIM DOSAGE MEASUREMENT

The limited total gemma dose data available from the IVY tests
indicate considersbly higher values of gamma dosage for high yleld
-devices than would be expected by direct scaling from lower yield
weapons, One reason for this is the basic difference in peutron pro-
duction rates in thermonuclear devices, the ‘'large' bombs, and the
generally lover yield fission weapons., Another lmportant reason can
be found in the greatly reduced attenuation of gamma rays in the region
behind the shock wave., For a fairly close-in detector, the shock from
a large bomb would remove a greater volume of air than would that of
a smaller wespom, thus allowing the detector to see more of the total
gamma radiation from the larger device, =~ e e

The purpose of this experiment is to measure, as a function of '
distence, the gamma film dosage due to both prompt and fall-out
radiation, The yield ranges of the various devices to be tested will
provide a spread of information which can be used as a basis for
predicting gamma radiation for effects purposes,

Method

The film packets to be used are made up of a number of dental films
of overlapping sensitivities in National Buresu of Standard Type holders.
The graduated sensitivity of each packet gives it a dynamic range of
from 1 to 40,000 roentgens, simplifying the distribution of the
packets among the stations, as well as allowing for uncertainties in
the calculated gamma ray intensities, The degree of blackening of a
£ilm as read on a densitometer will determine the total gamma dosage
at that station; a series of stations will give the dosage as a
function of distance, The film will be calibrated in the field with
a standard cobalt-60 source, and recelibrated in the ZI with a betatron
source, .

In general, the film badges will be placed on stakes about 500
yards apert, covering the range from 2000 to 7000 yards from ground
zero, A number of the Bikini stations will be activated for more than

- one shot, producing from 10 to 25 readings for each shot. Some of the
£ilm badges will be at Project 2.2 stations ashore, measuring both
prompt and fall-out radiation, but the majority will be located in
tidal wash arepgl\\here the fall-out contribution will be reduced. In

COPIED/DOE FETNE
LANLRG- 22



Support g_eguirements

A DUKW will be required for servicing the reef stations; it and
the necessary supporing boat will be needed, along with a helicopter,
to replace the film badges between shots, Similar requirements will - .
exist at both Bikini and Eniwetok. ' -

Photodosimetry support is being provided by Rad-Safe in its spaée
afloat and ashore; Project 2,2 will also share its assigned space. . : o
Total number of people: 5 ‘ S

Project Officer: Capt. R. Dempsey, USA : Col
’ Evans Signal Laboratory - T e
Belmar, New Jersey ‘ ' LA

Sponsor ¢ DOD
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ALUMINUM FILM
- BADGE STAKE

LOCATIONS

Island Number Island = Number
BOKOBYAADAA (Able) 3 CHIEERETE (William)

NAMU (Charlie) : ARRIIKAN (Yoke)

East of NAMU OURUKAEN (Zebra)

YUROCHI (Dog)

1

1l

1l

BOKOAETOKUTOKU (Alpha) 1

UORIKKU (Easy) BOKORORYURU ( erc»;> 1l
ROMURIKKU (Fox) Reef (LUCY-MARY) 1l
AOMOEN (George) 2
AIRUKIIJI (Oboe) 2
AIRUKIRARU (Peter) 2
BIGIREN (Roger) 3
ENIIRIKKU (Uncle) ,1

BOKONAARAPPU (Mary)
YAIRI (Nancy)

AITSU (Olive)
AARAANBIRU (Vera)
PIIRAAT (Wilma)

wmwEwpwWPWONND

Note: Stakes will be réused for several Qhots ;lhére associated
with project 2.2 stations and at suitable ranges, :

! topger i | 5
l A IEDL{DQE : 2 SEC'R"ET
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Support Requirements 4

Project laboratory space will be
- electronics will be processed there
An 88 curie and 4 and 5 curie source
calibration required by Projects 2.1
be stored e Rad-Safe area., Acc
will be by boat, Re

Sponsor

- COPIED/DOE, -
t YANLRC

provided on Parry (Elmer) and a1l
and transhipped to Eninman (Tare),
8 will be on hand at. Parry for

and 2,2, The large source will
ess for instrument installation
covery of records and reactivation

ire helicopter flights, Recovery

Total number of

Mr. Peter Brown . S
Evans Signal Laboratory '
Belmar, New Jersey

Officer:

DOD
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PROJECT 2.3
NEUTRON FLUX AND SPECTRUM MEASUREMENTS

The purpose of this experiment is to measure the. number of neutrons -

and their energy distribution at various distances from a nuclear .
detonation, Available data indicate that the dangers of neutron radi---

ation in the distances to be used are far overshadowed by other effects . A

of a bomb, However, the neutron flux from a device does not scale

simply with the yield, being highly dependent upon the mechanical de- .,

sign of a particular device, and therefore neutron measurements are
important for a thorough analysis of weapons effects, o

Method

One method used to obtain an estimate of the neutron energyilsla‘ecti-'ﬁﬁf

involves the use of 'threshold detectors!., These elements react when - .

bombarded with neutrons having energies greater than some limiting -

values, known as the thresholds, The neutron induced reactions produce
radicactive nuclei which can be detected and counted, the number pro-
duced in each detector being proportional to the number of bombarding
neutrons in the particular energy range of that detector., Measure-~ -
ments on a number of detectors with different thresholds give the in-
tegrated neutron fluxes in the various energy ranges.

Gold and tantalum foils will be used for the slow neutron measure=-
ments by means of the cadmium difference technique, Cadmium has a )
high cross section for neutrons with energies from thermal¥® to .25 ev,
being 'transparent! to higher energy neutrons, By coating one of a
pair of gold foils with cadmium, and countmg the activity after bom-
bardment, the number of neutrons with energies greater than the cadmium
'cut-off' can be calculated from the known cross section curve for -
gold, The other foil, not coated, would give the total number of neu-
trons of all energies at which reactions in gold occur. The differ-
ence is the number of neutrons in the range desired, A similar tech-
nique is used with tantalum foils, - .

Sulphur, with a 3 Mev threshold, will be used to detect the fast
neutron flux., The region below the sulphur threshold will be covered
by using nuclear emlsions to detect the fission fragments from
neptunium, uranium 238, and thorium, which have fission thresholds in
the region of 1 Mev,

A limited number of measurements will be made on all shots at dis-
tances ranging from 2500 yards to 5000 yards from ground zero. Stations
will be spaced at approximately 500 yard intervals, with several _

* Thermal energy ¥ .025 ev.

z SEOREF
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stations in & given direction and one or two separated in azimath for
some shots, Total gamma dosage measurements will also be made at each
station, A total of 23 stations will be used. A sketch and summary
are given below,

Support Requlremente

Space will be availsble on both Parry (Elmer) and Eninman (Tare)
to prepare samples, Since some sample containers will weigh several
hundred pounds, it has been proposed to use a DUKW wit norail and
chain fall to handle containers, This will provid
and also allow processing of reef stations. _
be necessary to use this DUKW for installations at¥Bikini, Boat travel
to various islands will also be required, Similar requirements will
exist at Eniwetok also., Recovery of detectors and reactivation of some
stations will involve the same procedure and entry into contaminated
areas., Hot sample return by aircraft from Bikini to Eniwetok will be
necessary., Samples will be sorted and one group forwarded by courier
to NRL, Wash:mgton, D. C., for counting., Short lived activities will
be counted in a laborat.ory trailer on Parry (Elmer), Total number of

people: 9

Project Officer: Mr, T, D, Hanscome
' - Naval Research Laboratory
Code 3132
Washington 25, D, C.

DOD
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PROJECT 2.3 Sm

[

NEUTRON FLUX AND SPECTRUM MEASUREMENTS

STAKE =~ -
SAMPLE MOUNT -

WF SAMPLE MOUNT:

| S - T
&° —«—— CONCRETE SAMPLE MOUNT
-9000' ———-—}&‘* |

DEVICE

» Ruchi (Clara)

. East of Namu (Charlie) “}‘,\““
West of Yurochi (Dog) “ L .
Romurikku (Fox) , EE !
Aomoen (George) , : !
Bigiren (Roger) ‘ L
Bogombogo (Belle) - ' S |

Concrete

Wide Flange-
Wide Flange
Wide Flange
Wide Flange
Wide Flange
Wide Flange

East of Nam (Charlie) o oL
Mrukiraru (Peter) - S
Aomon (Sally) . e s e i
Biijiri (Tilda) ) - i:-.-- — --—-— «;**W":—"“""‘
Rojoa (Ursula) CoUELT L e T

Stake
Stake
Stake
Stake
Stake

HORMW MREHEMW
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PROJECTS 2.5a & b

FALL-OUT DISTRIBUTION STUDlES %‘l‘

As the fireball rises from & nuclear detonation, it carries with it
particles of various sizes to form the atomic cloud. These particles,
most of which are radioactive, are then distributed over the earth's
surface, in what is known as "fall-out", in a manner depending up on
their sizes, the wind directions ana velocities, and other variables.
Some particles of very small size may be deposited in precipitation
thousands of miles away from the shot location. o
: The object in these experiments is to study the time-intensity and
total distribution of radioactive fall-out resulting from high yield
detonations. Samples will be collected for physical and radiochemical
analyses which will provide a basis for evaluation of the residual
contamination hazards resulting from such bursts. The main effort will
be cogcentrated on the distribution of close-in fall-out (less than 50
miles : : . . ;

e
X

Method

A broad pattern of fall-out stations will be established to cover
land and water areas. Twenty-six rafts will be placed in Bikini Lagoon
and thirty-two in Eniwetok Lagoon, located in a grid system so as to
cover lagoon fall-out. In addition, land stations will be established
on many islands in the Bikini Group to give general land coverage in
this area. Gum paper collectors will be placed on other atolls, includ-
ing those at which the weather stations are located. Free floating
stations will also be used off both atolls. These will consist of
collectors on Dun Buoys, placed in & pattern extending to 50 miles from
ground zero. Associated with this will be the 1nstrumentation on the
drone ships of Project 6 h. - : HE

Several types of collectors will be used. These include a gross
fall-out type, intermittent collectors, filter samplers and total"
particle collectors.< In addition, gamma time-intensity recorders and
film badges will be usgd. Several types may be located at a single
station. Stations be used in various_combina with the main
emphasis being to_aid in the
The project will also participate

experiment.
on the other shots.

Support Requirements

The differeht station types pose individual handling problems.
spreads will be activated in some cases. Handling of the rafts involve
an LCU with a crane in the well. Instrumentation will commence &bout
shot dzy minus seven and continue until evacuation. Rafts used are
standard Navy balsa life rafts with instruments on a built-in platform.

C{Doe o &M
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until sbout D + 4. Buoys will be z»‘eu‘sed' on later shots. L
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Rafts will be put out by the crane and shackled to an existing buoy.

At Bikini, processing will be done through Eninman with the LCU hand-
ling all rafts. The project plans to furnish two 26-foot motor whale-
boats for small boat support. Rehandling of all stations between shots
will be necessary to recover data and to set up for the next shot. The
same equipment support is necessary for this operation. Further, it

is plapqed to pick up and move some rafts from Bikini to Eniwetok Lagoon
P AS This will involve LST transportation of contaminated equip-
W8 Rafts will then be put out in the Eniwetok Lagoon in the same

R

Whion as at Bikini. . '

Dan buoys will be used .
These buoys will serve as fall-out col
radius down wind. Two destroyers or vesbels of comparable speed =
(sbout 12-15 knots), equi h a3} ton boom, will be necessary to --
put out the spread, Recovery of -
buoys will be made by Y BImilEY vessels and will continue =™

The land stations are at Bikini Atoll only., Where several type*s_
ctors are on one island, these are grouped in the
of access. Stations will be instrumented o
Initial placement o instruments
occur well before ecovery of data and reworking of . ..
instruments will be necessary between shots, requiring the use of & -~
helicopter. : .

Semples will be sent by air to Eniwetok Atoll, where they will be -
separated, a part being sent to the Parry laboratory for analysis, the
remainder going back to the ZI for analysis at NRDL and CRL. NRDL is
interested in obtaining at least two samples at & very early time :
(about H + 2 hours) for early analysis of short half-lives. Analysis
will be done in a Rad-Safe trailer on the carrier. Total number of e
people: 50 L B v .

v et S g

" Project Officerss . - -
o 2.5a Dr. E. R. Tompkins -~
o U.S. Naval Radiological
Defense Laboratory -
San Francisco 24, California

2.5b mo E. F. w_i_.]-sey ' co
Chemical and Radiological

B sl be  on 'Pau-(rq Laboratories T
- Army Chemical Center .
Maryland e
Sponsor s DOD
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FROJECTS 2,5a and 2,5b
FALL-OUT DISTRIBUTION STUDIES

INTERMITTENT FALLOUT COLLECTOR
I FOUNDATION TYPE 252

CONCRETE INSTRUMENT BOX - TYPE 251 -
VARIETY OF INSTRUMENTS -

CONCRETE INSTRUMENT MOUNT .
WITH BLAST SHIELD- GROSS - et
FALLOUT COLLECTOR-TYPE 253 o

**&‘-FREE FLOATING euovs
- (OPEN SEA) ,

LAGOON STATIONS TYPE 250

| 0 VARIETY OF INSTRUMENTS

DEVICE

~ B | STATION TYPE"
LOCATION S 2500 Ll 251 T 252, sk

Bikini Lagoon 26 o - T T e
Eniwetok Lagoon 32 o -
Bokobyaadaa (Able) 1
Namu (Charlie)
Yurochi (Dog)
Rormrikiu (Fox)
Acmoen (George)
Bikini (How)
Rochikarai (Love)
Enyu (Nan)
Airukiiji (Oboe)
Eniirikiu (Uncle)
Rukoji (Victor)
Chieerete (William)
Arriikan (Yoke)
Ourukaen (Zebra)
Bokororyuru (Bravo)
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PROJECTS 2.,6e & b ' '
CHEMICAL, PHYSICAL AND RADIOCHEMICAL ANALYSIS OF GROUND CONTAMINATION '

The objective of these projects is to determine the physical,
chemical and radiochemical nature of the fall-out samples collected by
Projects 2,5a and b, This information will afford a better understandin
of the mechanism of distribution of bomb debris on which predictions of
fall-out hazards may be based, It will further provide basie infor-
mation essential to the study of decontamination and protection tech---_»
niques, s

Method

NRDL plans radioc'hemical analysis for short-lived radioactive con-' e
stituents of fall-out detris, early gross decay measurements, and::’
chemical analysis to determine the presence and nature of transitory
chemical states, Some of this work will be done in the forward area
in the Rad-Safe trailer aboard the carrier and on Parry (Elmer), : - ..
Size distribution studies and most of the chemistry and radiochemistry
will be done in the ZI,

CRL also will do some early time work at Parry with the remainder
to be done at the Army Chemical Center upon receipt of the Project -
2,5 samples, Analysis procedures include the size grading of samples
by standard sieves down to approximately 40 microns and by roller =~
analysis below this size. Radiochemical analysis will include deter- .
minations of Na24, 2r97, Mo99, Call5, end Ba _ . '

Support Reguirement

Rapid return of the 2, 5 samples by aircraft will be necessary from .~
the Bikini area to Eniwetok (Fred) to allow analysis for short-life - - - = |
activities, This, with recovery, has been covered under Project 2 5, T
along with sample return to the ZI. Total number of people._ 13 ’

Project Officers:

2.68. Dr. E. R, Tompkins
U.S. Naval Radiological Defense
Laboratory
San Francisco, Californie -

2,6b Mr, R. C. Tompkins "»“"7"-’73 B
Chemicel and Radiologicel
Laboratories :

Army Chemical Center S

DOD
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PROJECT 3.1
LOADING OF STRUCTURES

4

The objective of this project is to investigate the loading pattern
as a function of time imposed on a parallelepiped exposed to the shock
wave from an atomic burst. Further, it is planned to obtain lim:lted
information on structural response. i

The plan for location of gauges on the test st.ructure for study of
loading was developed by the Weapons Effects Depa.rtment s Sandia Cor=-
poration in coordination with other interested agencies.” It 1s de-
signed, within the limitations of the geometry of the test structure,
to serve the followmg purposes° ' . L ,

e.& | Extend the da.te obta;med by Pm;]ect 3.1 at UPSHOT/KNOTHOLE.

( S. .' Correlate with data obtained at the Coyote Canyon project of |
the Sandia Corporation in subjecting a 1:15 scale model of the
test structure to blast loading from high explosives. : )

c. Extend load:.ng data obtained at the test structure at Operation
GREENHOUSE. The blast wave at GREENHOUSE had a slow rise time,
not all pressure gauge records were consistent, and a need for
additional information on loadlng patterns near edges of struc-
tures was indicated.

d. Provide an "ad hoc" comparison of loading :meosed by a hlgh
' yield device with that of the low yleld device of operation
GREENHOUSE. o ~

Method' ‘

The pmject will parbicipat.e only on the shot, The GREEN-
BOUSE 3.1.1 structure on Engebi (Janet) to be use this test is 36
feet high, 52 feet deep and 196 feet long, and is composed of seven
individual buildlngs of different types. The orientation of the normal
to the front face is about 16° from the line of sight to ground zero, -
Because of this approximate symmetry, only the north end of the struc-
ture will be instrumented., Forty-eight Wiancko pressure gauges will
be mounted in the faces of buildings one, two and three., In additionm,
twelve displacement gauges will be located in buildings two and three
to measure response, Further, free field phenomena around the struc- .
ture will be measured using one pitot tube and pressure gauges both in
ground baffles and on towers up to 4O feet in elevation. The predicted

overpressure that will be imposed is lh psi. o ) - }

et nf,-n-fJE'.% 34 - :?-'-UF;
.L"\‘ R\,




-t e P - _.—M.-A-—‘wv---»nu-ma-.nu W ewer e dagn  N—— ,...~ Smei. twe tem v cesee wm

"'"‘.D-..
,"\\

Support Reguirements

All operations will be restricted to Engebi (Janet). Equipment
will be transported to the shelter by routine means commencing about
February 10, Normal support during the preparatory period will be
required in handling personnel and material, Two small trailers and
a able calibration shelter will be lifted to Engebi duging this o

and subsequently removed prior to shot time. A
6 %tnmentation and shelter will be necessary

to make final adjustments, This reent » an§)feentry for re-
will be dependent on radiolcgical con- o
or helicopter. Post operational recovery - .
cessary. Total number of people: 9 :* - -

" covery of data

ditions and may be ﬁf
of equipment will e

: Project Officers Mr, L. M. Swift - % ’
Stanford Research Institute. .
Stanford, California . AT

S

Sponsor : DOD
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PROJECT 3.1 '

LOADING OF STRUCTURES

e

-

_10' GAGE TOWER

PITOT TUBE .

40' GAGE TOWER

STATION 321, ENGEBI
T (UANET)

T~ GROUND BAFFLES . : -

NOTE: ALL FACES BUILDINGS
183 TO BE INSTRUMENTED
ALONG WITH TOP OF BLDG. 2.

13 e
n s -
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PROJECT 3.2
CRATER SURVEY AND EVALUATION

The explosion of a nuclear device on a reef or over shallow water
will form a crater, the size of which 1s dependent upon the yield of
the device, the height of the burst, and the nature of the surface at
that point. The true crater created by the explosion is obscured to -
some extent by the filling process caused by inrushing water and - .
collapsing walls, The object of this experiment is to obtain dimen- "
sional data on the apparent craters formed by nuclear detonations
under the two surface conditions above, -

Method

Two measuring techniques will be used 1n this project°

a. Photo 1nterpretation. The Army Map Service vill employ stere- |

oscopic photogrammetry to map the craters., By this technique -

it is expected to obtain the diameters of th -
d_some detail of crater lips

athometer traverse of craters. 4 standar,

ted on LCU for traversing )
craters, In addition, s will be made in -
! e IVY-MIKE crater for test purposes., " Traverses will be made
on three lines spaced about 60° apart ‘to secure bottom profiles.

angort Reguirement ‘ » - ' ‘,

Lookout Mountain Laboratory will accomplish the photography’required
using regularly assigned aircraft, The fathometer surveys of crater
depth will be done by the project, using a modified LCU, An early -
survey (Jamuary) of the IVY-MIKE crater will be made to check out the
equipment., It is desired to measure the other craters as soon after
a shot as radiological conditions permit, The procedure used will be
to establish three ranges through ground zero with Dan buoys and shore
reference points, The buoys will be laid by the LCU, The LCU will
then make passes through the crater on these lines taking readings at
intervals along each line, The actual survey is expected to require
1 to 2 days and will be done about D + 4 days. Personnel will live on
the vessel for these short periods., Totel number of people: 7 -

Project Officer: Dr., R. B, Vaile - :
: . Stanford Research Institute
Stanford, California ..

Sponsor
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PROJECT 3.3
TREE STAND STUDIES

The objective of this project is to determine the attenuation of
a shock wave due to a natural forest stand. Supplementing this, it is
desired to determine blast damage to trees where effects are influenced
by their location in a stand, Individual tree breakage data is also

‘desired in a region of long positive phase duration in order to provide

a basis for breakage and blow-down predictions,

This will be the first observation of the effects of a nuclear
detonation on a natural tree stand, From previous experimental work,
culminated by observation and instrumentetion on an artifical tree
stand in Operation UPSHOT/KNOTHOLE, a tree breakage prediction system
is in preparation by the U. S. Forest Service presenting 90 per cent
(severe damage) and 10 per cent (light damage) levels of probability.
Project 3.3 will serve as a test of this prediction theory o

This project will participate in %oﬂy, making 1ts
measurements in a tree stand on Eniiri ncle). The pressures
within this stand will be measured with eight self recording gauges
placed by Project 1.2b, The 'Q' force, or force exerted by the shock
winds, will be calculated from theory and from measurements made by
Project 1.3 on other shots, Snubbers, wires which run from the
center of pressure on the tree stem to a friction grip on a ground
stake, will be used to measure the maximum deflection. A few isolated
trees outside the stand will be instrumented for compsarison with those
in the stand, 'Before and after! photographs of the tree stand will
be used to document the damage. C e e '

Supgort Reguirements T

Laboratory space is required on Eninman (Tare). Tot;l number of
people: 2 * -

Project Officer: Mr. W. L. Fons
¢/o California Forest & Range
Experiment Station
Box 245
Berkeley 1, California

Sponsor
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PROJECT 6.2 :
BLAST, GUST AND THERMAL EFFECTS ON MANNED AIRCRAFT

The object of this experiment is to develop a theory whereby the
blast, gust and thermal effects on aircraft in flight can be predicted
with acceptable accuracy. To this end, a manned B-36 participated im
IVY and UPSHOT/KNOTHOLE., The same B-36 will participste in CASTLIE to
proof-test the theory and obtain additional data to eliminate areas of

" uncertainty. An additional test aircraft, a B-47, is presently being
proposed to provide further coverage. = L P

Method ' ' S S

- The present instrumentation in the B-36 will be reconditioned and .
augmented in arcas of uncertainty, i.e., the empennage and fuselage, -
The aircraft will be instrumented and positioned by WADC, but will be -
maintained end flown by SAC, with flight planning to be coordinated - .
with TG 7.4. A straight flyover pattern is desired but safety =~
requirements may dictate a pattern similer to that used in IVY, in
which a known position was reached at time zero. In any case, the -~
aircraft will be on an outbound radial heading at.time zero, Partici-
pation in shots is planned.

Support Requirements ‘%

The B-36 will be based at Eniwetok Island and will require the
necessary maintenance and logistics services, to be supplied by TG 7.4.
Leboratory space has been assigned in the scientific compound near the -
flight line in addition to supporting space requested from TG 7ee
Totel number of people:s 17 - - e R TR U

-

P ERa

Project Officer: Mr, G, C. Miller T
o Wright Patterson AFB - =

Ohio o
Sponsor s DOD
COPIED/DOE r — o
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PROJECT 6.4
PROOF TESTING OF ATOMIC WARFARE COUNTERMEASURES

A serious problem in naval operations would be presented by the
radiological contamination of vessels as a result of fall-out from a
nuclear detonation. This project proposes to study this problem as it
relates to vessels and aircraft not in flight, and to proof-test exist-
ing and proposed countermeasures, A limited study of protective measures
for harbor targets will also be made. : ‘

Method

Two dronie liberty ships will be directed through the most likely .
fall-out area., One of these, TRANSIT ABLE, will carry protective mea-
sures, such as sprays to wash down the exposed surfaces of the ship
while it is in the area of high activity, and monitoring systems which
will telemeter the information on the activity levels to the control
aircraft. The second ship, TRANSIT BAKER, will be similarly instru-
mented, but will have no protective devices, The relative contamination
of the two ships during and after the run will afford a direct check on
the merits of the protective measures employed. : ,

The ships, with skeleton crews, will steam from the ba.se at Eniwetok
to a predesignated spot off Bikini Atoll, where the crews will be re~
moved at about H-3 hours, The radio control aircraft, a P2V, will take
over and direct the drones to a point 10 to 20 miles, depending upon the
wind velocity, downwind from ground zero. After H hour, the ships will
steam directly toward the zero point, presumably being subjected to fall-
out a good portion of the time while on that path, A few miles from the 4
atoll they will be directed to a rendevous with the recovery tugs, and will -
then be taken to Eniwetok., Here a detailed radiological survey of each
vessel will be made to determine the effectiveness of the protective mea-
sures, Aircraft and test panels will be removed for survey purposes ’
and decontamination studies, and the vessels thoroughly decontaminated
in preparation for the next test,

<&sem plans include participation in shots '
The project is closely associated with the
roject 2,5a and the panel studies of Project 6.5. -

Support Requirements

The drone ships will be berthed off Parry (Elmer), with moorings also
available at Bikini, The removal of the skeleton crews prior to shot time
may require helicopters if the sea conditions do not permit the use of
tugs for this purpose., Backup for the contml from the PZV nmst be pro-

vided by an ATF and carrier aircraft. .. .. - &s.-
—
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“bout 80 officers and men, ships crews, will be off-loaded
plree~ Since they will operate the ships during the test and return
o the west coast afterwards, it will not be possible to use them
in the extensive decontamination operations, which will require large
numbers of men in groups of 10 to 50 over a period of several days after
each test, Men will be drawn largely from TG 7.3 and from other sources,
and will require boat support, Personnel decontamination may be accom-
plished at a mobile center on a supporting boat, at the home units, or
at the Rad Safe center on Parry (Elmer), If processed through Parry,
escorts will be required since non-"Q" cleared personnel will be used. ,

The test aircraft, one per ship for each test for a total of six
aircraft, will require an LCU or barge and a crane and dock mule ashore .
for off- and on-loading at Eniwetok %Fred). Handling at the ships will
be by ships gear, . RO T

Total number of people: 151

Project Officer: Capt. G. G. Molumphy, USN
Bureau of Ships
Code 588
Navy Department
Washington, D. C,

Sponsor ¢ DOD S
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PROJECT 6.4

PROOF TESTING OF ATOMIC WARFARE COUNTERMEASURES

[

@ PROJECT 6.4 COMMAND ( P2V AIRCRAFT)

PRIMARY POSITION PLOT (VISUAL 8 RADAR
® INFORMATION). -( - : ADA

® camMma RATE DATA INTERPRETATION.

(© PROGRAMED INFORMATION TO"ABLE"8"BAKER"
FOR THROTTLE, RUDDER, & WASHDOWN GONTROL.

SITUATION REPORTS TO JTF COORDINATI
o COMMAND, N

2~ CIRCUIT VOICE COORDINATION
WITH TG 7.4 AND 76 7.3

@ © ao-4w wiTh aRT-28 EQUIPMENT
(STANDBY FOR P2V ON CATAPULT) (P

(B) TELEMETERED GAMMA
INTENSITY AND DOSE >
INFORMATION N

:

(® NEMOVAL OF CREW(3~4 TRIPS)

EMERGENCY STOP AND RADIO L
CONTROL EQUIPMENT

@ RADAR RELAY
(AEW)

REACH ROD ~ FOR
EMERGENCY STOP &
BY HRS &

EMERGENCY \\
RADAR RELAY & '\
(AEW) -\

(® Hrs pLatFORM

P HRS(STANDBY
, WASHOOWN © raow controL % FOR :IZV’
PENDANT gl

‘\ ® rowna

MOTOROLA

—an -

L N I Rt e

/ e

@ JtF commane N

o ATF ESCORT
SR R "t 1@ REMOTE OPERATION OF "ABLE"8"BAKER" COORDINATION OF 6.4 WITH TASK
e T MOTOROLA ' . DURING SEA TRIALS. L e FORCE GROUPS 7.1,7.3 & 7.4.
PR T , o ESCORT 70 SITE. - .|, .4 |@) SECONDARY COMMAND PROJECT 6.4
o Sy ‘ : " |® PoOST TEST TOW (2 REQUIRED), L POSITION PLOT.

(© ASSUMES CONTROL OF "ABLE"A"BAKER"
IF P2V RETIRES.




PROJECT 6.5 -
DECONTAMINATION AND PROTECTION :

This project is closely associated with Project 6.4. Its object
is to determine the contamination and decontamination characteristics
of representative harbor area construction surfaces and coatings when
exposed to fallout from surface detonations over shallow water and

. land. Particular interest is concentrated on the wet contaminating
particles since no field studies have been conducted under these con-
ditions. - . '

Method

A set of 14 construction material panels, each 4 feet square,
be moyqted on each drone liberty ship of Project 6.4. These wi
yeNin the heavy fallout areas

e g Vhen the ships are returned to Eniwetok between shots =
\J»taminated panels will be removed to Parry (Elmer) for various types
of decontamination procedures, Methods will include garden hosing, fire
hosing, wet brushing, high pressure hosing with hot and cold water
and steam cleaning. Intermittent radiation level readings will be .

made to determine the applicability of the different decontamination
procedures, Project 6.5 will also perform operational procedures on"
Project 2.5a.fallout collectors on the drone ships. ,

Support Requirements

Panels will be decontaminated 'in an area adjacent to the Rad-Safe
building on Parry (Elmer). It will be necessary to handle contaminated
panels from the ships by boat and vehicle, Panels will be in frames
with a total weight of about 3 tons and will require crane service, .
Crane, vehicle and boat support will also be necessary in rehandling
to the drone ships. Supporting water and fuél service to the cleaning
units will be necessary along with a storage tent. Panels will be
returned to the ZI on board the drone ships. Total number of people: 5

Project Officer: Mr, J. C. Maloney
Chemical & Radiological Laboratories
Army Chemical Center

Maryland
~Sponsor ¢ DOD
COPIED/p 43
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PROJECT 6.6
EFFECTS ON THE IONOSFHERE

The obJective of this project is to further investigate an 1ono-
sphere phenomenon recorded during Operation IVY that had not previously

. been observed in similar studies on GREENHOUSE, BUSTER/JANGLE and TUMBLER/

SNAPPER. This phenomenon was the apparent increase in height of the

F-2 layer and assoclated effects, beginning about the time the sonic

wvave from the blast would have reached the ionosphere. It is desirable
to establish a cause and effect relationship for this phenomenom, -
because of its possible applications in long range detection and iono-
spheric research as well as predictions of radio transmission disruptions.

will 'b'e— conducAtéd"w:lth some

A repetition of the IVY expe
extengion. Recorders will be o at Parry (Elmer) and Rongerik
or the Bikini shots d at Epyu (Nan) and Rongerik
These will re e s of atmospheric layers by
asuring the travel time of reflected radio signals., The sigpal will
be radiated vertically by an antenna located beside the trailer housing
the recording equipment. Sonic equipment capable of responding to
periods as long as 10 minutes will also be operated in order to correlate
sonic and ionospheric effects., Signals will be displayed on oscillo~
scopes and photographed for the record. ' S

Support Requirements . -

The trailer on Parry (Elmer) will be moved to Enyu (Nan) -
requiring space on an IST, and transfer to an LSU at Bikini (How).
other trailer will be moved to Rongerik Atoll about 1 January, to
location which will have to be cleared. Support on Rongerik will
furnished by the Air Weather Service Detachment. Total number of

people: 9

Project Officer: Capt. A. Giroux, USA
Evansg Signal Laboratory
Belmar, New Jersey




: PROJECT 7.1
ELECTROMAGNETIC RADIATION CALIBRATIONS

The purpose of this experiment is to determine the characteristics

" of the electromagnetic pulses from mclear detonations as a runction

-

of distance from the source, S e
Method i
Equipment will be tratler mounted and located 1n an srea of low
background noise; at present its location is planned on Farry (Elmer).
Fast sweep oscilloscopes with still and strip film data recording ...
will cover the range of frequencies emitted, Additional stations -
outside the Task Force area will be established along northerly and = -
easterly azimuths to obtain supplemental data relating to a.ttemtation.
The project will participate on all shots. ;

Support Reguirements

One trailer will be located on Parry (Elmer) and will require -
positioning and utilities, In addition, a tent will be furnished in
the scientific compound, Redio time notificaticns planned for Parry
(Elmer) will be utilized., Telegraphic advices of changes in schedule
and notification that the detonations have occured ere required to .
specified addresses, After-the-fact knowledge of world time of det-
onation, accurate to the nearest millisecond will be required. This
information is desired within 12 hours following an event, Total
number of people: 4 A _ IR

B

Project Officer: Mr. J. A. Crocker
" &7 T=.o © - Headquarters, USAF oo
Office for Atomic Energy,
- DCs/o o

Attn: AFOAT-l e ff T s

Washington 25, D.C. T

rh

Sponsor DOD




PROJECT 7.2
DETECTION OF ATRBORNE LOW-FREQUENCY SOUND

The purpose of this experiment is to determine at iong range the
period, amplitude, velocity and azimuth of ‘acoustic waves from atomic

. explosions, ‘ S e %

Method

Generally, the method which will be used consists of microphones
capable of detecting slight variations in atmospheric pressure (low fre-
quency sound) caused by an atomic explosion thousands of miles away., By -
placing several microphones in a pattern and recording the "sounds"
from each separately on a time record, it can be seen that ‘an azimuth

- can be determined, If several such stations each get an azimuth on the

COPIED/DOE 5

LANL R

explosion, its position can be plotted by triangulation. In the course -
of the azimith measurement the period, velocity, and amplitude of the
sound wave can be determined, ‘

Acoustic equipment will be operated at existing experimental and
operational stations located in. Japan, Hawaii, Alaska, U. S. (east and
west), Greenland and Germany, Each station will, in general, consist of
three or more microphones located at the vertices of triangles or poly-
gons, the sides of which will be 24 to 14 miles in length, The micro-
phones will be fitted with pressure averaging devices to reduce noise
background and will send their signals to central recording statioms,
Standard equipment is available which is responsive to minute changes
in atmospheric pressure in the frequency range from 1.0 to 0,01 cycles
per second, In addition, special low-frequency equipment will be oper- -
ated covering change of pressure or rate of change of pressure, for ‘
signal frequencies from 0.1 to 0.001 cycles per second.x et

The pro:]ect will participate on all shots,

Support Requirements

After-the~fact knowledge of the time of detonation and location of
each event is required. The requirement for time will be satisfied by
that under Project 7.l. The locations of all shots are desired in de-
grees, minutes, and seconds of latitude and longitude. No personnel
will be employed on site, : BT

Project Officers Mr. G. B. Ohete;d
Headquarters, USAF '
Office for Atomic Energy, DCS/O v"

L

ATTN: AFOAT-1. . “.o'.. -
Washington 25, n. -/

DOD

Sponsor
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Method

: PROJECT 7.k
CALIBRATION ANALYSIS OF A-BOMB DEBRIS

Radiochemical analysis of bomb debris as performed by Project 11.1
gives the bomb yield and efficiency when the bomb constituents are known
exactly. AFOAT-1 is faced with the problem of obtaining this and other

information on foreign nuclear detonations with no prior knowledge of the -

mekeup of the bombs. The obJect in this experiment is to establish

calibration or reference points, with data from analyses of gaseous and
particulate debris from known bombs, for use in evaluating the data ob-
tained by similar analyses of airbornme debris from bombs of unknown

origin, composition and design.’

Particulate and gaseous cloud samples collected under Project 11.2
will be divided among LASL, UCRL and AFOAT-l. The analyses of the AFOAT-1
samples will be performed by various contracting agencies and certain AEC
installations under the technical direction of AFOAT-1. Surface fall-
out samples, obtained from other projects, will be analyzed for correla-
tion with the cloud samples. The project will participate in all shots.

Support Requirements

ED/DoE
L Re

Laboratory space adjacent to the airstrip on Eniwetok (Fred) will be
used for the handling of the gas sampling devices. Certain information
is needed for the AFOAT-1 long range detection system, which will collect
cloud samples independently of the CASTLE cloud sampling program. This
information includes cloud dimensions, movement and characteristics,
upper air data from Kwajalein, Ponape, Eniwetok, Kusaie and Bikini from
H-12 to H+60 hours , and a preliminary yield estimate at H+12 hours

Sample return flights to the ZI are required after each shot :t’or
the gaseous cloud samples. Project 11.2 ha.ndlea the return of the
particulate samples to the ZI; when these are divided, the AFOAT-1
portions will require a couriered flight to their destination. Total
num‘ber of people' 13

Project Officer: Mr. Walter Singlevich
Headquarters, USAF
Office for Atomic Energr, DCcs/o

ATTN: AFOAT-1 - - -

W&Shington 25’ Do CQ '.»-';7
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PROJECT 9,1
CLOUD PHOTOGRAPHY

The objective of this project is to record cloud formation phenom-
ena by photographic means in order to supply data which may be used in -
studying both the high yield bomb delivery problem and t.he correlation ST
of fa.llout with cloud drift. . ST

Method

Aerial and ground photography will be employed on all shots in order
to determine the spatial dimensions and location of the atomic cloud as
functions of time, The accuracy of these determinations is expected to
be approximately 10% from zero time until the cloud attains 1ts ma:dmm
height and a.ppro:dmately 25% thereafter. S . i DR

The RB-36 and three C-Sh aircraft used by Lookout Mountai.n Laboratory '
for documentary photography will be equipped with gyro-stabilized cameras
for the needs of this project. Synchronized readings for clock timing, .
azimuth and camera tilt will be recorded on each negative, The RB-36 .
will operate above 30000 feet for about 10 minutes after zero time,
while the C<54's will be at some lower altitude, about 10000 feet, de-
pending upon local cloud cover, Photography from the latter aircraft
will contirue until the atomic cloud dissipates.

¥otion picture cameras will record the early history of the cloud
development from ground stations, as part of the requirements on EG&G
under Project 13. 2. This phot.ography both ground amd aerial, will cover
all shots. i _

Supporb Requirements E -

Support of photograp}w will be as required by EG&G ard Lookout -
Mountain Laboratories in carrying out their respective missions, The
aircraft will be based on Eniwetok (Fred) and will require maintenance
and logistics services. All personnel will be carried under EG&G and
Lookout Mountain allotments and are not listed separately.

Project Officer: Lt. Col. Jack G, James, USAF
Commanding General
Field Command ]
ATTN: CTU-13
Sandia Base :
P, 0. Box 5100
Albuquerque » New Mexieo

Sponsor: : DOD
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77T LE ANALYSIS-POR-FISSION AND FUSION mm

Yield measurements of a miclear explosion are highly important to
the theoretician who designed the device, to the experimenter, who uses
the yield figure in evaluating the results of his experiments, and to
the military, looking at the effects aspects, By means of accurate -
yield figures, one is ahble to confirm or deny scaling laws, and add to
ouwr total knowledge of rmclear explosions,

'l'here are several methods of determining yield, Most of these -
give results which inwolve a comparison with empirical data assexbled -
" from previous @etonations, such as bhangmeter and pressure mea.stn-ementa.
An absolute measirement would be one in which the total amount of fis-
sion and fusion material consumed in the btlast is determined, and the
yield calculated from the known energy release per fission and fusion, -
¥hile the absolute method of fission yield measurement is well estab- . -
lished, the measurement of fusion yield by radiochanietry is still on
an upexd.mertal basis,

Method

At total yield determination by radiochemistry, as stated abovo,
J'equires a knowledge of the number of fissions and fusions which have
occurred in the blast, In the fiesion process, a number of product
nuclel are created in amounts which have been established by experi- .
mental work. The radioactive isotope Mo99 is one of these fission pro—
ducts whose "yield" from a given number of fissions is well known.
the fssion products of & bomb are collected, and the amount of uo99
determined by first separating, then counting it, the analyst can calcu-
late the number of fissions which occurred, Unfortunately, he must do -
this work on only a amall portion of the fission products, that micro-
scopic portion picked up by the sampling aircraft as they pass through
the cloud, It is then necessary to find out what percentage of the
total nusber of fissions this small sample represents, This is gene
done by choosing one of the fissionable components of the bomb, say U</,
and determining the fraction of U235 from the original bomb which can be
found in the sample, This fraction must include, in addition to those .
U35 nucled which fissioned, as given by the number of fission products,
those which underwent reactions by the capture of neutrons. Generally,
8 figure for the capture to fission ratio is used for this number, Thus,
by determining the number of fissions in the sample, and the fraction of
the finexploded,bonb which the sample represents, the anslyst arrives at
a figure for the total nunber of fissions which took place. Multiplying -
this by the energy release per fission, determinod experimntnly, gives
the total yield from fission, T _
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Evaluating the fusion yield involves somewhat different techniques.
Here the products formed, helium, hydrogen, and tritium, are not readily
susceptible to measurement. Instead it is necessary to count the num-
ber of neutrons which arise, one per reaction, out of the fusion proces-
ses, These neutrons (have on the average around 14 Mev of energy. Hence,
neutron detectors* whose thresholds are around that figure may be used
‘to count the total number of neutrons, But it is necessary, in order
to ‘reduce error, to incorporate these detector elements inside or very
close to the bomb so that the flux of high energy neutrons will not be
greatly reduced in traveling through the bomb material and case. The
detectors are vaporized in the fireball and become thoroughly diffused
throughout the cloud; the sample fraction determination as made during
the fission analysis applies here as well, Thus, in principle, by
counting the number of reactions induced by the fusiop neutrons and
applying the cross section, or the probability per second of the reaction
occuring in unit neutron flux, the number of neutrons from fusion processes
can be calculated and the totel energy released determined.v - .

This discussion has ignored special problems a.nd uncertainties
involved in these determinations, such as fractlionation** and other
errors involved in securing a representative cloud sample, It is nec-
essarily an oversimplification of the great amount of detailed analysis
which must be done in order to secure reliable yield figures.

a8 s v - cm———ma—— .
© et
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Supgort Reguirement o

o/ T ) g e T
Th/is project will be based entirely in the ZI.. -It§ dverseas furic- .
tions be carried out by Project n.2. . Com s S
J o , : ‘ _ . Georcu f. Covan '
o) -5 .o -+ Project Officer: —Dps-Rodefiek#.—aspenee
Fe : - ) ~ Los Alamos, New Mexico

Sponsor . H AEC

*_A Refer to Project‘ﬁ? 2. S'.\

" h‘actionation here refers to the preferential separation of elements

which can occur due to a number of complex mixing and condensation
processes, Unrepresentative samples are the result, A 1%
_ SZCI’{:I ' 7
CoRiELinpE _ 50 .
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. PROJECT 11.2
ST "BAMFLE -COLIECTION Son.pliug

This project has the responsibility of obtaining samples of the
radioactive particulate bomb debris for projectd 11.1, 3¥e8; 21.1, 24=3-
-and-73; and gas samples for ProJectf#vg-m 21 These are samples -
from the main bomb cloud as diatinct .f.rom the ta.llout sa.mplea collec‘oed

by other proJects.

The top or the cloud from & high yield veapon can rise to tremen-
dous heights, well beyond the altitude capability of present aircraft..’- -
The planes are necessarily restricted to taking the samples from the s
lowver sections of the stabilized cloud, and may not collect material:.
which 1s representative of the total radioactive and unburned nuclear )
material remeining after the explosion. By comparing samples taken at = -
varjous levels in the cloud the errors induced by this limitation may @ -
be reduced. mxhuo@emm&maectt—e—sm—bﬂuﬁm
out samples uill—also—be-*conec‘bed“tormitﬂmparismt sampl&eenpe—r

sition.over..t_i__:se_mge »tl collectiori altitudes:

' ain B-576S EE

There w111 be 45 P-84G's and S5, 5500% nssigned to this pro.ject.

(—y Ali-wiil-be—Tlond-sampiers—e hich-will-act-as -a-comtror—
\“S(L ‘sivérafs, The project leader will observe the cloud formation from this-
) \ vantage point and will vector the aircraft through portions of the cloud *
A\ at various altitudes, The F-8iG's will each carry & gas sampler and two
particulate samplers, making their runs in pairs a.g to obtain a suffi-
cient quantity of matter. It is hoped that the E-g& ‘With their hisher
cellings vill be a'ble to penetrate at 0,000 feet or higher. - )

% "3,}3: T R "i

be opened to the airstream by the pilot upon entering the cloud. Filter
papers in the midsection remove the particles from the air, in effect '
sveeping out & volume of the cloud determined by the cross sectional area
of the collector vent and the rate of air flow through it. :

On some aircraft the gas samples are collected by means of a "snap”
sampler which fills & plastic bag with approximately 15 cubic feet of gases
and air vhen the pilot triggers ihe device. On other aircraft this sample
is obtained by means of a newly developed high pressure pumping system
vhich can be used to obtain a much larger volume of gas, sa.mple. Approxi--
_mately $ep of the P-84G's as vell as the P sampling B-%é" will be fitted

X %/ with th‘ nev type of sample collectors. _The remaining rive, !’-8&0:, vill

carry the “snap" type samplers.

7\ - c- oo »»—' " " e
<1 ¢ The conduct of the aa.mpling miaa:lon 13 bued on a pre-ehot a.nalyuc

of cloud phenomenology and is guided operationally bywi_'.he ‘absolute and

LANL RG 7 : | ST

¢ 7.

The pa.rtzculat.'e‘ aa.mple ;onec;cori are modiﬁea: 'wing‘ta.nks which can .
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relative indications of radlation instruments carried by the aircraft,
Throughout the course of the sampling operation from approximately H + 2
to H + 6 hours, the maneuvers executed by the pilots will vary with the
changing radiation conditions, which drop from hazardous to lower inten-
sities as radioactive decay and cloud dispersal take place., In order

to reduce both the hazard of an inadvertent high radiation exposure
during the initial phases and the total exposure required to obtain the
necessary amount of radiocactive matter, the pilot 1s shielded to the
greatest extent possible, The very nature of the mission however, makes
it unavoidable that the pilot will acquire a controlled amount of
radiation exposure on each flight, The final total exposure is measured
by film badges a.nd the maximum permissible exposure is established by
Rad-Safe, . . . _ A _ : . : .

The filter paperé and thef”gas'" 'sanple’e' are removed from the planes ’
upon their return to Eniwetok, and dispatched to the interested agencies.
/ﬁxer will a po sible /eddition of other, ype aircra;t‘t to ‘this |

project,/a B-29" to augment }he lowér altitude a:npling of the F-8,'s
a B-57 foy the evalua.tion of its high altitude sampling cap;bility.

Support Reguirement L ) o ;
The sampling aircraft will be based on Eniwetok (Fred) and vill

require normal maintenance and logistic support. W
ryof-surfece—sampies, That portion of the clow

samples, gaseous and particulate, to be analyzed in the Parry (Elmer)
laboratories will require transportation by helicopter or light plane,
and boats, The remainder of the particulate samples will require et-
Iemst~two aircraft for delivery to either UCRL or LASL, depending upon
the shot, where they will be further divided between UCRL, LASL, and
AFOAT-1, Aircraft will then be needed to ma.ke the fina.l distribution.

Total xmmber of people- 3 7

| Project 0fficer~ pr. Harold F. Pla.nk
’ o Box 1663 .
Los Alamos, New Mexico

Sponsor - s AEC
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PROJECTS 11.2 & 21.2 ‘
CLOUD SAMPLING
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PROJECT 11.3
’ HEAVY ELEMENTS INVESTIGATION

The term "heavy element", for the purposes of this project refers
generally to those elements having a mass number greater than that of
normal uranium, These are produced in a thermonuclear detonation by

. neutron bombardment of the unfissioned uranium, A quantitative study
of the production of these heavy elements, and the discovery of new
elements, will be of value to nuclea.r physi.cs. L

Method T e

The first few cloud samples to arrive at l'hiwetok (F‘red) from each
shot will be taken immediately to Parry for chemical separation and
counting. Thirteen people will be involved in this work, four from'
LASL and nine from UCRL, this being a Jomt enterprise of the two
laboratories. Lo .

The remainder of the cloud samples will be couriefed to the ZI

where the work of this project will be continued on the longer half-
lived isotopes, in conjunction with the work of Project 1ll.1l.

Support Requirements

The delivery of the early samples by air to the Parry laboratory
4s the only outsta.nding requirement for this project. Total number of
people: 13 , .

-

_Project Officer: Major Charles Browne
- Box 1663 ~
Los Alamos, Now Mexi.co

AEC

Sponsor

' toriD/DOE 54
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OJECT 12.1
. REACTION HISTORY
Reaction history refers to a record of the development of & reac-

tion, thermonuclear in this case. It attempts to give a quantitative -
picture of how and when a number of related events occur during the .
active lifetime of the device. This experiment is designed to ansver
gquestions relating to weapons material and design by measuring the time
interval between the fission and fusion processes, the temperature
attained during the latter, and certa.:ln peculiaritiea aaeoc:lated vith A

the desi@e 4”/‘;"'

Method

The information vill be derived from experiments ot the type called
ganex and tenex. A ganex (gamma-neutron experiment) determines the rate
of production of neutrons as a function of time by measuring the gamma
radiation flux produced by the neutrons in a "converter" close to the
neutron source. These gamma rays arrive at a scintillator-detector sys-
tem where a current is produced which is proportional to the radiation
flux., This current is displayed as & signal on an oscilloecope and photo-

graphed, : . F

Tenex, or temperature neutron experiments, are designed to measure
the temperature attained during the fusion process. This temperature is
directly related to the efficiency of the device, higher temperatures mean-
ing that a greater amount of material will "burn", and coincidentally, a
greater number of neutrons will be produced. The signal derives from
those neutrons escaping from the case with few or no collisions, which
then travel some distance to the detection system. The signal displayed
on the oscilloscope is, with some corrections, the neutron energy spectrum,
since the distance the neutrons must travel will separate their a.rriva.l
time accord:lng to their velocities and hence, their energies. i -

There v:lll be an array of 12 eight-inch pipes held at a partial -
vacuum, one-tenth atmosphere or less, through which the various signals
will pass from the degdce to the detectors. Some of these pipes will
look at the same re of the fission bomb from various angles, this
multiangle view se two purposes. First, by comparing the ratio of
the ganex signal ngths for different angles » the thickness of the bomb
‘may be determined as & -
function o© measurement give 8 clearer picture of details
of the bomb disassembly. Secondly, the multiangle view will be used to
correct the observed tenex spectra for the Doppler shift caused by the
directed motion of the source in the bomb disassembly period. This source
motion would appear as a shift in the apparent energy of the neutrons, and
an increase in the width of the spectra, The corrected vidth or the 11& '

S TEER e




Mev neutron peak will be used to determine the temperature of the burn,
and the shift in energy will give the disassembly velocity. Another one
of these pipes will view the initiating bomb directly to obtain the
alpha#* of the fission phase,

The twelve vacuum pipes will extend 2500 yards from ground zero to
the detector station on Namu (Charlie). .

SupPOrt Requirements

Four shop and stock room trazlers s located on Namu during the pre-
shot period, will be needed on Eninman (Tare) and Eberiru (Ruby) for the
UCRL shots, An 'A-frame' truck and other transportation will be required
for work on the pipe system. Film will be recovered by helicopter.
Total number of people: 86. This includes personnel of Program 22. L

Pro,]ect Officer' Dr. Stirling COIgate
University of California
Radiation I..aboratory
Livermore Site -
P, 0. Box, 808
Livermore, California

Sponsor AEC

# Refer to Project 15.1
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=S &2\ PROJECT 12.1
8L
s CTION HISTORY
m
: : | r
| NAMU (CHARLIE) = |
DETECTION ~m..\ RECORDING
BUNKER
OSCILLISCOPES
& CAMERAS
N o Aol |
' B
> - SCINTILLATION A A ‘
- . . .DETECTORS - : ;
" TOTAL OF I2 PIPES ' '+ |

AT PARTIAL VACUUM "/

" NEUTRON SCATTERERS AND . ' .
CONVERTERS WITHIN SHIELD ~ * = '=A




S PROJECT 12.3
\\ REACTION HISTORY |

5pro ect :ls concerned with diagnostic measurements of events

-,

\ “An attempt will be made to document the rate of .
growth of the "burn", or what may be called the alpha of the fusion
process, in fine detail so that peculiarities in this process may de

examined directly. Sipce the entire process involves time of the order
of the experiment is designed to have
a high degree solution in order to "see" the series of events

occuring in that process. The time interval 'between the fission and
fusion reactions will also ‘be measured, *-';';, SO RES

-

Method =~ " e el
The ga.mma raya produced by the £1ssion and fusion processes Vill
be detected by phosphors in a bunker on Yurochi (Dog), 2300 yards away
from the shot barge. In order to achieve the time resolution desired,
the signals will be collimated in a series of four baffles; each with':;
eight holes to provide eight separate channels of information, The - -
collimting holes will restrict the field of view of the phosphors to
those gamma rays either not scattered, that is, suffering no collisions

-ontheir path to the phosphors, or those scattered through relatively

KL pe

{ Torieyy, L
gt 55 SEoRaT
58 :

small angles, Large angle scatterers are largely eliminated in order
to reduce the smearing of the signal caused by their later time of
arrival, due to the greater path length traversed, The degree of
collimation is necessarily restricted by the motion of t}‘e barge due
to wind and wave action,

The primary bamb signal will initiate the sweeps of a few oscillo-
scopes, arranged so as to display the signals from both reactlons, thus
giving the time interval between the two. Other scopes will be delayed
in time so as to display only the secondary bomb signalj on these the
sweep speeds will be increased to show the signal in the fine detail de-
sired, The amount of delay will be varied among these scopes to cover
the range in error of the calculated time interval between reactions,
Still other scopes will use a 'Rossi Display!, in which the incoming sig-
nal 1s used to displace horizontally a constant sinusoidal signal applied
to the vertical plates, the amount of the displacement being propor-

tional to the signal strength.
Support Requirements

Film recovery can best be made by helicopter as soon after shot
time as feasible, There are no further special requirements other than
the movement of the shop and stock trailers involved in this project.

Total number of people: 19

Project Officer: Dr. Bob E. Watt
Box 1663 ‘.
Los Alamos, New Mexico

Sponsor

L 1 ]
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A standard means of determining the yield of a nuclear detonation
is the 'Ball of Fire' method, which uses data obtained from photographs
of the fireball during early growth prior to breakaway. This now '
appears to be an absolute method for total yleld based on Porzel's
enalytic solution of the equations governing the motion of the shock
wave, without references to previous shots or assumptions of scaling
laws, From the photographs of the fireball, the log radius versus log
time curve is constructed; the radius, time, slope and curvature of .
this curve are the values used in determining the yield, taking into .
account the difference in characteristics of the air and ma'berial vith-
in the fireball and those of an ideal gas. \ P

The approximate yield figure 1is also o’bta:lned, using the s:hnple
"¢5"* scaling method, vhich is besed on & comparison of the diameter
at a characteristic time with the data o'btained from previous shota of
known radiochemical yield. S B

Method 19 [wt&»ww!mh'%"‘““‘a &,«A/SI

tographie techniques will be similar to those use/d n pre-

the film be falibrated to yield'an .
Mitchell (100{rames/,
’ d ayéd exposure
vill\ be placeg on

for /the first\three ghots, on
d Engebi (Ja.net) for ‘the sh

and Biki
fbs n Eniwetok At 1l.

Support Requirements

The requirements for this project are ineluded-in—the-general-re-
guirements of “the firm-of-Edgerion, Germeshausen and-Grier,-contracters
tor—mumchnical..phatosna&phy required during the. operatalon~ -
MW e Lov v ot Tormy ki Ma TENL Crmmend §0Lp0

" VProject Officer: Mr,Eerbert-E.-Grier [owrlic! “wantl A
: ' emeshanseun&@rier.m Bex 1663

160 Brookline Avenue R AP L. whaw

~Boston. 15, Massachusefts = . ’ -

Sponsor : AEC

* W= A ¢5, f= —gﬁ , vhere ‘W 1is yield in k:llotons, A ‘;.l;}é:ﬂs:ﬁer-
t ed a constant for given conditions, and R is
radius of the fireball at tipxe t a.fter zero

¢ L,—/\:_’\'Jmuiﬁg & |

'% )—u‘& R




X
R C’J/z@

PROJECTS 13.1, 13.2, 13.3, 23.2

BG&G CAMERA LOCATIONS
(Bikini Atoll)

. ENINMAN
" (TARE)




PROJECTS 13.1, 13.2, 13.3, 23.2

BG&G Camera Locations
(Eniwetok Atoll)
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PROJECT 13,2
CLOUD PHOTOGRAPHY

The photographs taken in this project will document the early cloud
development, and depending upon atmospheric conditions, late cloud de-
velopment as well, supplementing the data to be obtained in Project 9.1, -

Method

’ In general the photographs used in this study will be those taken @ >

as part of the total photographic requirement of EG&G, with the addi-
tional requirement that the location, field of view, and timing of the
cameras be established so that the cloud development can be followed

in space and time, .
The specific cameras to be used in this program are the ¥itchell

Hi-speed, standard movie, aerial mapping, and Robots, which take pictures '

automatically at definite time intervals, These will be distributed =
between stations on Bikini (How), Enyu (Nan), and Eninman (Tare) in the
Bikini Atoll, and on Parry (Elmer) and Engebi (Janet) on Eniwetok Atoll.

Support Requirements

Requirements for this project are included in the total requirements
for EG&G,
Project Officer: Mr. Herbert E, Grier
Edgerton, Germeshausen
& Grier, Inc,

160 Brookline Avenue
Boston 15, Massachusetts

Sponsor .- 3 AEC
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The Bhangmeter represents an attempt to secure an inexpensive and
simple means of determining the yield of a nuclear bormb, It records the
variation in time of the visible light from a bomb from the first appear—
ance of the light through the minimum and part way up the second mascimm®,
It has been found that the time from the first light to the minimum varies
with the yield of the bomb, This time can be compared with Bhangmeter
data on previous shots of known yields to determine roughly the yield of
the new device. Since the advent of thermonuclear devices it has been
found necessary to redesign the Bhangmeter to enable it to follow the
greater variation in light intensities for longer times. The Bhangmeter
program can therefore be considered primarily a development and calibra=-
tion test, -

Method

The Bhangmeter consists essentially of a photomultiplier tube whicq
views the light and emits a current, an oscilloscope on which the current,
is displayed as a signal, and a camera which records the signal. An /
electronic timer interrupts the sweep of the oscilloscope momentarily at '
definite time intervals to provide the time reference, ‘ 2

‘{,'\ - ’ iy (ALM’ )

Bhangmeters will be located at the EG&G stations on/Enyu (Nan) ,and

Parry (Flmer) to cover the respective shots. .

Support Requirements

The requirements fér this project are included in the total_pisa&—
graphic requirement of EG&G.L o Lid ande, ﬂ,.o{‘_,;f 13l -

a)

Project Officer: Mr, Herbert E, Grier
N o Edgerton, Germeshausen

' & Grier, Inc. .
1b22 Gat"AT st 1A0-Brookline—Avenue
 Zoo Ve o3, Nevede Boston 15yMassachusetts-

Sponsor : AEC

# This variation occurs because of the opacity of shock-heated air,
After the air 'recovers!, the bomb light is once again seen, this

being the second maximm, , %

g Naw, "
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PROJECT &8
\-1S BEGR=SPEED PHOTOGRAPHY

A portion of the energy released by the initiating bomb in a
thermonuclear weapon is seen as light emission from the bomb case,
Photographing the progress of this light will tell something of the
nature and behavior of the detonation from its initiation thru the
stages of case expansion, thermonuclear-reaction end case disassembly,
Knowledge of these events and their places in time can be invaluable
to those concerned with the design and theoretical problems involved
in thermonuclear devices,

Method

A bank of high speed framing cameras will record the development of

the reaction, observing the progress of the light from the initiating
bomb, the case expansion, disassembly and the early growth of the
fireball,

Two types of cameras will be used, the GMX model six (~3 million
frames secgea.nd model seven (~ 100,000 frames/sec). The faster cameras
will observe in detail the processes described above, while the slower
will document the very early fireball growth, The latter cameras are
actually a part of Project 13.1, and their operation a responsibility
of EGXG; the data obtained from these early growth pictures will be
combined with those from other photographs for a nearly continuous
record of the fireball growth, Their discussion here seems appropriate
since they are quite similar in operation to the model six cameras.,

These cameras obtain their high framing rate by using rotating
mirrors to reflect images onto a series of lenses, each one of which
focuses an image upon a section of strip film, In effect, the action
is stopped each time the rotatmg mirror face reflects light onto one
of the lenses, Since the mirror face has a certain angular velocity,
and the distance between lenses in known, the time between individual
frames can be established, thus giving the time interval between ob-

served events,

hse cameras will be used on all LASL shots, ‘I—a—'a.éda.t;on,—on
a 'Hot Spot! experidn/le]l:: will be conducted, If this, ‘Bo

are difcussed er|Project 13.5? will obsé?v§ ert
bomb ase through & pipe/and. mi r /ar

boms The EBowens m. vfo 9
ected po thus pro ding }é
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periment, the transmission ng the light path will be monitored
continuously by ¥Feeyert—38AF, starting several hours before zero time,
Should the transmission drop so low as to Jeopardize the success of
the experiment, the go-no go system will prevent the firing of the

bomb, :
5ect-‘are -given in the esccompany-
Mﬂ\— ° / il
. ) . ’W) ’
Support Requirements aet :

A Y
A DUKW,£uit—time, and an ,z%m, will be required for
vwork on mirror alignment. Film recovery is to be by helicopter. There
are five trailers associated with this project. Total number of ‘people:

™ |
Project Officer: Dr. Gaelen L. Felt

Box 1663
Los Alamos, New Mexico -

AEC

Sponsor
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PROJECTS 13.4 & 13.5

HIGH SPEED PHOTOGRAPHY & TIME INTERVAL WITH BOWENS |

ot-spot! mirror array, on Aomoen

Note: Similar instal
G ! and on Bogallua (Alice)

¥re) for



PROJECT 335= 2 3.3 -
TIME INTERVAL BY-BOWENS Walsdcrtansny

This program will measure the time interval between fission and
fusion reactions by measuring the time between appearances of the 'Teller, % 3
light'. This light, very short in duration, is produced by the inter- 2o
action of gamma rays and neutrons with the air near the case. The time
between appearances of the two lights can be measured by photographing
them with a camera operating at a known speed. . ]

Method

The Bowen camera employs & rotating miryér, with eight reflecting
surfaces, to reflect ligh'%m a strip of f£iIm. This mirror rotates at
high speed, so that one of lis faces, in the proper position at zero
time, travels thru some angle\between the appearances of the two lights.
This change in reflection angle separgfes the two images by a distance

dependent upon the rotational speed
the £ilm strip from the mirror fa The time interval between the two

reactions can be determined from measured separation on the film and
the measured writing speed. To/prevent double exposure of the film, a
shutter blocks out the bomb 1ljfht bef a second mirror face can come
into position. This shutter/consists of a small detonator butted against
a clear glass plate in fropt of the lens ‘gystem. A 'blue box', which de-

the mirror and the distance of

The Bowens will measure the time interval dn all LASL shots from the
bunkers of program 13. h , .

Support Requirements . -ﬁ&* ‘m‘,, W vy 3? s,
AR ub""""'CM MW W UeRL Re ot
%cse are covered in Pre:)ee-t—la-.h L

/ " Project Offi e B30y 6‘ l%
N oJec cer: .
%W . Box-1663~ VeRL

Lée Alamos ;- New-Mexico

Sponsor : AEC
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PROJECT 3T~ ,
THRESHOLD DETE(.'I‘ORS
2 gl‘ i

The work of this project is rela.ted to that of Project 275 in that
similar techniques will be used in both. The experiment is designed,
however, for diagnostic rather than effects measurements, although . )
the data will be u eg for the latter to a considerable extent. .
Primarily, Project 9-3 is interested in the neutron flux at distances
beyond the lethal range of thermal radiation or blast, while Project
14.1 requires that its stations be located as close to ground zero *
as feasible to reduce the air attenuation factor. The experimental
results will provide the basis for a calculation of the total number
of neutrons produced in both the fission and fusion processes; from
this an estimate of the yield can be made. The results will also be
used in other phases of neutron physics. -~ . - . T s

T
LAFs ey e

Method | I

Gold and tantalum will be used to detect ‘the slow neutrons s.using
" the cadmium difference technique mentioned in Project 2-.3 Sulphur -
(3 Mev), iodine (9.5 Mev) and zirconium (12.5 Mev) will detect the ° .
fast neutrons. Those neutrons which are captured in air before reach-
ing the detectors, mainly by nitrogen, will be calculated by measuring o C
the 10.5 Mev gamma rays arising from the capture. This is accomplished
by using two samples of iodine, which has & high cross section for high . .
energy gamma rays. One of these samples is unshielded, the other -
shielded with lead, which, because of its high cross section for gamma
rays, will allow the iodine to see in general only the neutrons. The ..
difference in activities induced in the two samples will then be due |
to the gamme rays, and the total neutron captures can be estimated .
from this difference. Other high energy gamma rays will be looked for
with zirconium, using the same technique. From these measurements the
total number of neutrons produced 'by fission and fue:lon will be ca.lcu-
lated, and the yield estimated." '. : \ »,,?;., . :
See (wist FF R 3
The dtations will consist of steel/"lates ’ to. which the detect.or ' .
foils and leed ‘shields are- ‘fastened, maa%eé—e&—{cncrete—biocks set ..
in a eh-d—reef—arer—!.l'he—vater will-Berve to.reduce the radio- -
logical-hezard to-eerly recovery.

There will be eight-guch statio: in the range from
5100 feet to 7500 feet southwest of d zero, most of them at 300
foot jntervals,’
stations from

(Dog), Uor
stétion

69 » o o |
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't to 11,200 feet on the reefs between Yurochi
‘and Ronmrﬂ:.ku (Fox).. There will be only one )
at 8800 feet on Ruchi (Clara) . S .
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Support Requirement s

The special —equipumt required by this project include a DUKW,

¢

- the necessary—supporting boat, and-a-truck wibh
“Some counting will be done in the laboratory at Parry

m
- (Elmer), but for the most part the samples must be aent by courier

to the ZI, Total number of People: 7.
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PROJECT 14.1

THRESHOLD DETECTORS

C
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ROMURIKKU

YUROCHI ({DOG) (FOX)

FOIL PLATES WITH LEAD
RECEPTACLES BOLT ON FRONT

hl&
, " .
LOCATION NUMBER OF STATIONS
| Bokobyaadaa (Able) and Reef 8
" Prir - Yurochi (Dog)
EELEFLQ to 10
4 Romirikku (Fox)
Ruchi (Clara) 1.
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TEEFR-AND-SCINTIEEATION-ALPHA ¢
F,,;Ld.._‘ov. £,I-o—d«—’0u\ W’ M OM‘& aM 3
Thermonuclear weapons have as an integral part of their design
a fission weapon to initiate the fusion reaction, One would like
to know, in each thermonuclear shot, whether this primary fission
. weapon behaved as predicted, especially if the thermonuclear device
- were to give an unexpected yield, This information can be obtained
by a measurement of the neutron multiplication rate in the fission pro-
i cess. - , S sl T
In a fission bomb, the components are imploded into a super—critical
array by the detonation of high explosives., Near the time of maximum
compression of the critical material a burst of neutrons starts the
chain reaction., After this the number of neutrons present at any time
is given by N=N, *t where Ny is the number of neutrons in the in-
itiating burst and @is the neutron miltiplication rate.

Alpha is essentially constanmt for a short time after the initiating
burst of neutrons, indicating an exponermtial rise in the neutron pop-
ulation. In general, the magnitude of this number will determine
whether or not the predicted yield of the fission bomb was realized.

At some time after this, the neutron population begins to decrease,
and alpha takes on negative values, as the bomb disassembles and com-
1 ponents are driven apart. . -

A portion of the neutrons arising from the fission processes.

- . suffer inelastic collisions with the heavy elements of the borb., In
this process gamma radiation, more easily detected than neutrons, is
emitted, The rate of increase of the intensity of this radiation is
directly related to the neutron production rate, and thus alpha can
be determined by measuring the rise of the gamma signal, '

Method

Two methods of determining alpha will be used, both involving the
measurement of light intensity produced by gamma radiation, The first
is the scintillation detector method, in which a photocell observes
the light produced in a phospor by the radiation. In the second method,
a photocell observes the phenomenon known as !Teller Light', named :
for Edward Teller, who first suggested this experiment, The air sur-
rounding the bomb case glows when ionized by gamma rays coming through
the case. At very early times the light intensity follows the gamma
ray intensity, and hence goes as the neutron multiplication rate. %, "

In both methods the light will be collected by large concave
cOPIED/DOE - mirrors at a station several mileg ;awg Y E_‘x;qm the weapon., This collected

*LANL RG
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light will be brought through small ports in a recording shelter where
it will be focused on the cathode of a photomultiplier tube. The out-
put of the photomultiplier will be fed into a cathode ray tube and
the signal on the tube face photographed. Using data from the photo-
graph one plots the logarithm of the light intensity versus time on
semilog paper. The slope of the line is proportional to the neutron

multiplication rate, alpha.

S eAOHEE — -
& above measurements will be made -on
e from a recording station on 5TE

‘ " ~AADIA L_ S catimoy
3 or 1:{0 somp ensate for the hanging light refraction in }x;
a.nd or ovenent/od?j;;zo(bar e, ;a/tf;;?ngﬁ;vice onthe. nir{pzrs’(?
W ce’l ed—near the :
apon. .

Support Requirements

A considerable—emount—of-work-on-the-optics -system-mst-be one
at-night,-end-seme-travel-between the recording shelters and Barges will
be necessary. -Lreiters—fon-shops,-stockrooms and data’ analys18 must be
—out-of-the-shot-areas-as—called for in-evacuationprocedures. -
Film recovery by helicopter after the shots, and the transportation of
working personnel back into future shot areas, possibly contaminated,
are further requirements. Jebed ﬁmnber of peoplems=h TL‘ t-tsr

! EC\& (£ jngr;f w-bu read o vodl tama 'f ¢S o f e R R A
. / : Project Officer: Newell ,
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TELLER AND SCINTILLATION ALPHA
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PROJECT 15<2

ELECTROMAGNETIC ALPHA 'iiiiiiiiil

A nuclear detonation is accompanied by an intense electromagnetic
signal which covers a wide band of frequencies. Experiments have in-
dicated that the early portion of the signal is an exponential with
the same alpha as that of the bomb, at least for some portion of the
time. A possibility exists, therefore, for the development of & method
of measuring alpha remotely, and in & comparatively simple manner, by
the detection of the electromagnetic signal generated during the early
phases of the fission proceases.

Method

The principal problem in this experiment is concerned with the de-
sign of an antenna with the proper response to an exponential signal.
Ehe—deeigu‘preeently;ealis-for*thE“hnifarhombic—array_il;uetrateu‘in
the-accompanying-sketch. An adjacent trailer vill house the osc:lllo-. :
scopes and cameras for recording the signal, -

The station will be located at é‘hg—“ﬁ%g-tm—mflwn—kw—(ﬂeﬂ)-

tg, an er shot.

~

P Mgvhigrp ne ler as; agsoclated with this project,. Sinee—evecuation
i Q J'a} nth%}icopterfﬂ cové"ry-ih“’ﬁra:nm Total

number of people- V.
R E Nty e
Project Officer: &ﬁoﬁﬁmx_m_sm

Box 1663
Los Alamos, New Mexico

Support Requirements ' s
g !I /s

_‘Spomsor 3 AEC




PROJECT 15.2

ELECTROMAGNETIC ALPHA
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ENYU (NAN)

SIMILAR INSTALLATION ON PARRY (ELMER) o
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PROJECT 16,1
GAMMA INTENSITIES AT LATE TIMES

This is a yield measurement of a type not widely used heretofore,
It involves the calculation of the total number of fission and fusion
processes, each with a characteristic energy release, from a portion
of the radiation emanating from a nuclear detonation.
By 'late times! is meant the period starting about 10~& secom
after the detonation, when the initial flood of radiation has passed.
A certain percentage of the neutrons produced in the fission and fusion .
processes, having escaped from the case, are captured in nitrogen with
the emission of gamma radiation. This radiation and that of the fission
products as they are carried up in the fireball are the quantities - .
measured in this experiment, Calculation and experience have shown that
the neutron induced signal predominates at first, then decays in some-
thing like 10~1 seconds below the level of that due to the fission pro-
duct radiation, which lasts on the order of 10 seconds. By calculating
the contribution made by each of these, and by applying various correction
factors, it is hoped that initial quantities can be established, and
from these a yield determination made,

Method

This will be a 'hole in the ground! experiment, with the signal
being detected by a scintillation detector system or ion chamber in
a steel dome just above the surface, The recording equipment and
battery power supplies, in water-tight containers, will be 20 feet be-
low the domes, immersed in water for shielding from the gamma radiation,
The stations are independent except for timing signals,

The detector signal will be fed into a logarithmic output amplifier .
so that all signal levels can be displayed on one oscilloscope. The
signal will be seen on the scope as a vertical deflection, a strip
film camera providing the horizontal time base for a period of about
15 seconds,

This project will participate in the first four shots, in the
stations shown on the accompanying diagram. .

Support Requirement.é

These are largely included with those of Project 12.3. A helicopter
will be needed for film recovery. Total number of people: 4

Project Officer: Dr. George L., Ragan
Box 1663
Los Alamos, New Mexico

2

Sponsor
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PROJECT 16.1
GAMMA INTENSITIES AT LATE TIMES
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Note: Three other stations, at 6900 and 7900 feet
on Yurochi (Dog),..and at 9800 feet on Uorikku




PROJECT 17.1
MICROBAROGRAPHY
N\

It sometimes happens that a large explosion is heard at a great
distance from the point of origin, and isn't heard at all at some
nearer point., This phenomenon is due largely to temperature inversions )
in the earth's atmosphere, these being layers of air in which the .
temperature incresses with altitude instead of decreasing as one would
generally suppose. A sound wave in passing upward through a region of
warmer air will be refracted, or bent back toward the earth's surface . .
go that under given conditions it may strike the earth in some areas - .
and skip others completely, the skip distances depending upon the alti-.

tudes of the inversions and the wind velocities,

The purpose of this projJect is to study this refraction phenomenon
fyrther, and to detgrmine the possibility of predicting pressure patterns.

Method

Ny T
3

A microbatrograph is an instrument which measures small¥® pressure '
disturbances in the earth's atmosphere. It consists essentially of two-
chambers each containing a wire vibrating at a frequency common to both..
The frequency of one wire is constant, while that of the other can be
changed by the motion of a diaphragm to which it is attached. This ..
frequency difference is measured and recorded as & pressure variation -
in microbars after proper calibration. The diaphragm is vented to the
atmosphere by & leak system so that it will not respond to audio
frequencies or barcmetric pressure changes.

There will be five microbarograph stations overseas, on Igurin
(Glenn), Parry (Elmer), the CURTISS, and two in Kwajalein Atoll, one
on Carlos and the other on Kwajalein island., Two stations will be .
located in the 2I to pick up long range signals. . o *

Support Requirements : SRR S o \., -

The stations will be manned during shot time only, by personnel
drawn from Projects 1l.2a, 1.3 and 1.7. Their transportation to and
from Kwajalein Atoll will be the outstanding requirement. .

-

Project Officer: - Dr. John M. Harding
Sandia Corporation
Sandia Base
Albuquerque, New Mexico

Sponsor .3 AEC
% 1 microbar = 10~6 bers™® 14.7 x 1076 pst
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PROJECT 18.1
TIME INTERVAL BETWEEN REACTIONS

This project will measure the time interval between fission and
fusion reactions, using the Teller lights as in ProJect 13.5. These
. will be observed, however, orver greater distances and with different
instruments. In addition, the radial distribution of the Teller lights
will be measured.

Method

Photoelectric cells will view the event from about 20 miles away
on each shot, through mirrors located high on adjacent phototowers.
The  output of one bank of these tubes will be displayed on oscilloscopes
and photographed. The output of another bank will be used to control
the operation of an eight megacycle oscillator, which is started by = 7
the first impulse and stopped by the second, these impulses being due
to the Teller lights from the two reactions. The running time of the ~
oscillator will be recorded by a mechanical counter on & dial which
can be photographed a short time later, The number given on the dial
will be related back to the frequency of the oscillator 'bo give the
time interval between the two reactions.

A Boven camera will be used to measure the radial distribution of
the Teller light by focusing the image of the light on the camera slit;

£1lm will then be exposed in varying degrees from the center out-

by the radial growth of the image. This variation in exposure
can be interpreted with a densitometer for space and intensity dis-
tribution. In the course of this measurement, the time interval be-
tween reactions will also be given by the linear displa.cement of the
two Teller light images on the strip f:llm e

The photoelectric equipment will be housed in trailers on Eninman
(Tare) and Bikini (How) and in the NRL bunker on Enyu for the first four
shots, and in a trailer at Parry for the last shot. The Bowens will
view the first four shots directly from the phototowers on Bikini and
Eninman, and through & mirror system from the bunker on Enyu.

Support Requirements

Three of the four trailers of this project will be moved to Eniwe-
tok after the fourth shot, the other remaining at Bikini for the roll-up.
Helicopter recovery of film is required. Total number of people for

program 18: 20

Project Officer: Dr. Harold S. Stewart
Radiometry Section I, Optics Division ﬁ

Naval Research laboratory
Weshington 25, D. C.

AEC

Sponsor
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DEVICE ON

BARGE, REEF,

OR ISLAND

PROGRAM 18 | 7
THERMAL MEASUREMENTS

o

EGBG PHOTO .
TOWER

THERMOPILES

APPROXIMATELY 20 MILES

eesecessssssessesssssssoBikini (How) and Eninman (Tare)

........'.........'.....Bikini (How) denimm (Tm)
eeescscevesssvenscssssessBikini (HOV) and Eninman (Tm)
seveesssessvesssssessseenikini (HOW) and Eninman (Tm)
eseesescsesssssssssssssesBikini and Enyu (Nan)

....-...................Pm‘r}' (Elmer) and Ehgebi (Ja.net)

o

oooccooooooo.ooooo.oooooparry (Elmer)

NOTE; Bunker on Enyu (Nen) will also be used on first four shots,

LOCATIONS OF INSTRUMENT TRATLERS



PROJECT 18,2
POWER VS TIME MEASUREXENTS

This project is designed to measure power emitted as thermal rad-
iation from the bonb as a function of time, This is in the nature of
both an effects and diagnostic experiment; the effects people would
like to know the intensity of thermal radiation as a function of time,
while the diagnostician is interested in relating power to fireball
opacity and yield.

‘Method

A modulated bolometer will be used to detect the variation of
thermal radiation with time., A bolometer is essentially a length of
blackened platinum wire, whose electrical resistance changes with
temperature, A modulated bolometer consists of two such wires, one in
each of two arms of a Wheatstone bridge, with a mechanically d riven .
'chopper! alternately exposing first one wire then the other to the
thermal radiation,

If a DC voltage is applied at one end of the bridge, the result
will be an AC output at the other end, in this case 240 cps., the
speed of the chopper., This output is amplified and recorded on magnetic
tape for later playback and analysis, The amplitude of the AC signal ‘
on the tape will vary in time since it is proportional to the number
of calories per second which the bolometer observed from cycle to cycle,
The proportionality factor is determined by calibrating the bolometer
output with a standard heat source, :

The equipment will be housed in 'coffins! 8 x 2 x 8 feet, which will
also contain cooling and dehumidifying apparatus. Measurements will be
made on all seven shots, with the coffins mounted on the EG&C phototowers
on Bikini (How) and Eninman (Tare) for the first four shots, on Bikini
and Enyu (Nan) for shot five, on Engebi (Janet) and Parry (Elmer) at
Eniwetok Atoll for shot six, and on Parry for shot seven,

Support Requirements

The requirements for this project are included in those of Project
18.1.

Project Officer: Dr, Harold S. Stewart
Radiometry Section I, Optics Division
Naval Research Laboratory '
Washington 25, D. C.

Sponsor s AEC 7 . Q (
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PROJECT 18.3 -
SPECTROSCOPY . .
The objective of this project is the study of the spectra of the

fireball throughout its duration and particularly in the first and
second maxima®, In the first, the spectrum will be examined to determine
the nature and characteristics of the absorption lines which predomi-
nate in this phase, These lines are due to the attenuation of firee
ball light by the air components and their reaction products, each of
which absorbs light in characteristic wave lengths, The reaction
products referred to are not fission products, but rather are those
compounds and ionized molecules which are formed by gamma irradiation .
or by the heat of the explosion, In the second maximum the shock wave
has separated from the fireball surface; the intensity of the gamma
radiation and the temperature of the air in front of the fireball have
decreased, thus permitting relatively better transmission of the light
from the fireball. Typical spectra will show now the absorption and
emission lines of the materials which make up the fireball, The lines
appearing in the second spectrum can be used to determine the dis=-
tribution in space and time of the bomb constituents and other materials,

Method

A spectrograph uses a light dispersing device, a prism or a grat- -
ing, to separate a beam of light into its component wave lengths, which
are directed onto a photographic plate, If the plate is stationary,
and the spectrograph shutter remains open throughout, the spectrum
obtained will be that of the total bomb light., If the plate moves at
a known speed, as in a streak camera, the variation of the spectrum
with time can be obtained; this last may also be obtained with a fram-
ing camera attached to the spectrograph. By properly timing the opening
and closing of the shutters of two spectographs, individual spectra
of the first and second maxima will be photographeff,) The variation of
the spectrum as a function of radius of the fireball, indicating non-
uniform distribution of the materials, may be observed by still ancther
technique. The fireball image is focused on the center of the viewing
slit of a spectrograph so that the spectral lines will lengthen with
the growth of the fireball, each point on a line being related to the
light emanating from a corresponding portion of the fireball surface. -
Non-uniform distribution of the materials would possibly be indicated
by the appearance of lines originating some distance from the center.

A1l of the above techniques will be employed with spectrographs

# Refer to Project 19.1.



of various disperions and in selected wavelength ranges, These are

to be housed in é concrete bunker et—the—tme—of—bhe—eee—seet—pheto- s Loweotu (Res
Yan 86 or—on—Parry—(Elmer), Mirrors

eMe:tuwa-s will rei'lect. the bomb light to the newmg slits of the

sPetha?}B: These measurements will be made on ald—LASL—shetbs, e,

Support Requirements

MWWMMMW&BrL f’-"‘% - .
Project Officer: Dr. Harold S. Stewart
. Radiometry Section I, Optics Division
Naval Research Laboratory
Washington 25, D. C.

Sponsor ¢ AEC
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PROJECT 18,4
AIR TRANSMISSION -

Light is attenuated in a‘lr to an extent that is dependent upon the
density and humidity of the air, and the presence of dust particles
and other scattering or absorbing materials, By transmission is meant
that percentage of an original amount of light which will be received ”
over a given light path, the balance being attenuated in the air,- :

It follows that the transmission factor is of great importance to
those experiments involved in photographing some phase of a nuclear .
detonation, Some of these, the 'Ball of Fire! photography for one,
are important enough in themselves and in their effect upon other exper-
iments to warrant delaying the shot should poor photographic conditions .
prevail., This is one of the reasons i'or monitoring the transmission

continuously before each shot.

This transmission factor will also be used in Projects 18.2 and
18.5 in measuring the thermal radiation generated by the bomb,

Method

To monitor the transmission along a certain path, a search light
of known luminous intensity will be set up near the zero point to
send a focused beam of light down that path to a photocell receiver
at the other end, This beam will be modulated at 60 cps by a mechanical
chopper, with the receiver system arranged so that only light at this
modulated frequency will be measured and recorded, thus making the
system independent of daylight. On the barge shots, the search light .
plat forms will be gyrostablized to compensate for motion of the barge,
The output of the receiver will be tied in to the go-no go system so ,
that should the transmission drop below & prescribed value and stay -
below that value for a certain period, the bomb firing system could
be halted.

The 1light paths to be monitored will extend in each case from a
point at or near the bomb cab to receivers on the EGLG phototowers and
to the bunkers of Projects 13 5 and 23.1.

Support Requiranents

These are included in the wp;port requirement of Project 18.1.

Project Officer: Dr. Harold S, Stewart
Radiometry I, Optics Division
Naval Research Laboratory
Washington 25, D, C.

Sponsor AEC “
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Since much of the energy in a nuclear detonation is released or
transformed into thermal radiation, a measurement of the total amount
of heat given off by a bomb can give an approximate yleld figure, On
‘the other hand, if the more exact yield figure determined by other
means is accepted, the total thermal radiation measurement will give
a figure for the partition of the bomb energy among the several forms
of energy release, Besides the measurement of thermal power vs time
(18.2) one also wants to obtain data on total thermal energy for the
study of a variety of themal effects, ‘

PROJECT 18.5
TOTAL THERMAL RADIATION

Method S . i o  : o '

Epply thermopiles will be used to measure the total thermal radia-
tion emitted in a thermonuclear explosion. The output of this instru-
mert is proportional to the amount of heat absorbed, and can be measured
and recorded on a potentiometer, the system being calibrated to give
results in terms of calories per square centimeter of thermal radia-
tion, With this figure one can work back along the light path, using
the transmission factor from Project 18.5, and calculate the total
energy emitted as thermal radiation,

These instruments will be housed in the containers which also
house the bolometers of Project 18,2; their location for each shot is
indicated in the discussion of that project.

Support Requirements

'rhese are mcluded in the support requirement of Project 18.1.

iject Officer: Dr. Harold S. Stewart
Radiometry I, Optics Division
Naval Research Laboratory
Washington 25, D. C.

Sponsor ¢ AEC
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This is a study of the effects of a nuclear detonation upon marine
life, The plant and enimal life of the area affected by the blast will
be exemined before and after the shot in a biological succession survey
to study the phases of recovery of l:lfe in the area,

PROJECT 19.1
MARINE SURVEY

Method

”m ! - B ) - T
shot was chosen as presenting the best conditions for this
study. Prior to the shot a survey will be made of the environmental

conditions and the existing radiologicel contamination of the plant
and animal life in the area., After the shot the initial destructive .
* effects of the blast will be examined; following this, the repopulation
of the test area will be studied for a period of about a year o
Samples of marine life will be taken from the selected sites and _’
studied at Eniwetok; some of these will be frozen and shipped to the
University of Washington for anelysis,

The sites selected by the project will probably be around Kirinian
(I_ucy))and Aarasnbiru (Vera), with a control area located around Igurin
(Glenn .

Support Réguirements

An 1CM to carry treps and other equipment, and & helicopter to
recover samples, will be required. The project also requires aerial
mapping of the selected sites, el

B

Total number of people: 6 - -

Project Officers Dr. Leuren R, Donaldson T
- " . Applied Fisheries Laboratories
University of Washington
Seattle 5, Washington

Sponsor s AEC
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PROJECT 21,1
AI\IALYSIS FOR FISSION AND FUSION ENERGY YIELDS

This project is the Livermore counterpart of Project 11.1 conducted
by Los Alamos; both will conduct the same sort of analysis of bomb de-
bris collected from the cloud, Although the project wi
responsibility on the analysis of cloud samples

-*MJ it will share the filter papers from thése )
< s A s:milar distribution w111 'be ma.de 'by Project 11 1 on the St

Method L '?.::,i;ﬂ.’ L MR e

e b '"~""-‘*§‘;" : T RS V- . 3
The radiochemical analys:Ls methods of this pro,)ect are essenw

the same as those of Project 11.1; one innovation is the use of
as a tracer for determining the bomb fraction. A certain quantity of

this isotope will be placed in both the UCHL and LASL devices and looked
for in the particulate cloud samples, The fraction of the bomb which. _.
the sample represents is then given by the ratio of the amount of ?S"
present in the sample to that originally placed in the bomb, 0@,@5

:’69 :'.
At

Support Recquirements

As in Project 11,1, the analysis will be made in the ZI° the work
of collecting and distributing the samples will be performed by Project
11.2, Total number of people: 2 : L

Project Officer: Dr. Kenneth Street ~~~~~ )
| University of Califqmia
Radiation Laboratory
Livermore Site ;
P, 0. Box 808
Livermore, California

AEC

~ Sponsor-




PROJECT 22,2
SAMPLE COLLECTION

By mutual agreement with LASL, the sample collections will be per=
formed by one group under Project 11,2, made up of personnel from LASL
and Livermore, thus avoiding duplication; the purpose of listing Pro~
Ject 21,2 was to indicate Livermore's participation in the operation,

Method
| Refer to Project 11.2.

Support Reqﬁirements | A - .‘,r

" Included under Project 11,2, Total number of people: 1

Project Officer: Dr. Peter Stevenson
‘ University of California
Radiation Laboratory
Livermore Site
P, 0. Box, 808
Livermore, California

Sponsor s AEC
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PROJECT 21.3
HEAVY ELEMENTS INVESTIGATION

This project is another joint enterprise of UCEL and LASL, which
share the responsibility for personnel and equipment for the investi-
gation of the short-lived heavy elements,

Method
Refer to Project 1l.3.

Support Reaquirements

Included under Project 11.3.

" Project Officer: Dr, William Crane -
. University of Califormia
Radiation laboratory
Livermore Site
P. 0. Box, 808
Livermore, California

Sponsor AEC

[O IR S g wn

" COPIED/DOE - , 90
LANL RC -




PROJECT 1v4 2!.D -

GAS ANALYSIS ;‘

At present no proven absolute method exists for determining fusion
yield by radiochemical analysis, mainly because of the complex problem
of collecting and analyzing for the products of fusion processes,
Instead, an attempt can be made to determine the total neutron economy;
that is, one attempts to account for all the neutrons produced in the
device by measuring the products of all the known neutron induced
reactions, One of these is carbon 14, produced in air by neutron bomb-
bardment of nitrogen. By measuring the amount of cl4 collected as

in & gaseous cloud sample, the number of neutrons which escaped
from the bomb case can be established, assuming that the sample is .

representative, The remainder of the neutrons presumably are accounted -

for within the bomb itself, their number being determined by analysis
of particulate bomb debris, The fraction of the bomb which the gaseous
sample represents will be determined by measuring the amounts of
fission products in the sample, in this case the gases krypton 85 and
krypton 88, Whether or not this is feasible will depend lergely on the
degree of fractionation of these gases with respect to other gases, a
problem which will be studied by early analysis of the first samples
to arrive ai'ter each shot, )

Unburned tritium will be looked for in the gaseocus samples since
the amount present may be interpreted in terms of the extent of mixing
of the bomb components during the critical 'burn! period, and hence
is an indication of the efficiency of bomb design and construction,

Mathod

The first six cloud samples arriving at Eniwetok (Fred) after each
shot will be taken to Parry (Elmer) for quick analysis to catch the
short-life activities, Afterwards, these samples will be air courlered
to UCRL for further analysis. 4n attempt will be made to modify the
sampling and analysis techniques used during the operation on the basis
of information gained from the early shots, in order to test more fully

the feasibility of gas enalysis as an acceptable method of yield measure-

ment, Thls project will participate in all shots,

Support Regu irement

Mr or boat 1ift for gas samples from Eniwetok to Parry will be
required, as well as airlift to the ZI some two days after each shot,

Total number of people: 3

Project Officers Dr. Floyd Mamyer
University of California
Radiation Laboratory
Livermore Site ~
P. O. Box 808 :
ILivermore, California
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| ' PROGRAM 22
Projects 22,1, 22,2, 22,3

QANEY TRENEY

Nfiviidh g & &ddVadan A&!U .AI“‘M
Yol

lu-es 1\1533 uvvn 5‘ V“‘IV‘ L=

the reaction history of rmoreg devices,

=& Pracn dand
JUDU as Projsct 2.1 4d

S
sought as in that expemnen"f.' time interval between reactions, rate of
rise of the fusion process, the neutron energy spectrum, temperature of
the 'burn'?, and alpha of the initiating 'bomb ,

ALY W s -!‘no-uﬂuvav- -

QL

o Y
" v ® Y

Method

The s will be obtained from two evacuated pipes instead of
12 th of these pipes will carry a ganex signal, and
one of \IMem, looking directly at the fusion section, will be used to

carry the tenex signal, Alpha of the initiating bomb will be measured
by placing the phosphor and phototube close to the bomb, the signal
being piped back to the recording station by coaxial cable,

(Sugar) some
will be on

-

<

the bunker will be locate
5600 gt east of the zero site, The bunker
ACMON Y(Sally) about 3000 feet from zero.

Support Reguirements

A truck with an A-frame will be needed at both sites in a.ddition
to other transportation, for the final alignment of the pipes, There
will be three (3) trailers on both sites which will require evacuation,
Film recovery is to be made by helicopter., The personnel for this pro-
gram are included in Project 12,1.

Project Officer: Dr. Sterling Colgate
- University of California
Radiation Laboratory
livermore Site
P, O, Box 808
Livermore, California

Sponsor s AEC
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PROJECT 23.1
" HOT SPOT TIME INTERVAL MEASUREMENT c
(4.2
The purposes of this project and those of Project 3wk are quite 2.3 q-
similar, both being studies of the characteristics of the shock front '
from the initiating bomb. The measurements will afford a direct check
on the designed hydrodynamics of the devices, ~ SRR

Method

from these
+ The arrival of

the shock wave ab.each of a series of such spots the length of the
case, indicated by gtrong light emission from the spot, will be record-

ed as a function of bime, thus giving the speed of the shock front,

The pressure of the 8hock wave may be inferred from the speed with
which the shock travels thiqugh a given material, By drilling out
the bomb case at some points\and adding pads of the same material to
others, and by measuring the time for the shock to traverse these
different thicknesses, the speed), and hence the 'strength! of the shock
may be determined.

A total /of en 'spots' will be photographed by e three Bowen
cameras located in a bunker about twoohﬁ away. the
bunke;fnﬁle be located on Airukiraru (Petér) and fi on Biijiri

(111487, = '

Support Reguirements

Helicopter £ilm recovery will be required. me::o-xé.—l:l—b&tm-

ers /invol:r;g-- this-project, oreat e of th u/r;ker"]f_;’g:cat’i_a_gs,,»
whig wil%& rwacuatiqx_x/a:b-’ he p Tt otal number of .
pecple . B Lomnstifadad OCKL Attt
o —th (] MW e
0 Project Officer: Dr. WrBall Merm i, Gl

University of California
Radiation Laboratory
Livermore Site

P. 0. Box 808
Livermore, California

Sponsor ¢ AEC

'SEE‘B -

-

SECRET SPCIRITY iiOshiiibmn

02

o



PROJECT 23.2
BALL OF FIRE PHOTOGRAPHY

This is a continuation of EGG's responsibility for photographs
as indicated in Project 13. 1. The methods used on the LASL shots will
also be applied in determini eld figures from the fireball

photography

Method

The photograph:.c methods are identical to those used in Project
13.1.

Support Reguirements

These are included in EG&G's total requirement.s. )

Pro,)ect Officer: Mr, Herberb E. Grier

Edgerton, Germeshausen & . :

Grier, Inc, @» -
160 Brookline Avenue
Boston 15, Massachusettis

Sponsor s AEC

s. E ~, r e
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PROJECT 83 2.V Gy
PHONEX N

Phonex, neutron photography experiment, is designed to measure the
neutron energy spectrum 3 nex
3

If a polyethylene radiator is placed in a beam of neutrons, 'knock-
on' protons are produced with an energy distribution proportional to
that of the incident neutrons, the proportionality factor depending
upon the angle through which the protons are detected. The !camerat
for their detection is a photographic plate covered with a nuclear
emulsion in which the protons are absorbed, leaving tracks of exposed
grains to indicate their travel in the emulsion. These tracks can be
counted and measured with a microscope, their number and length giving
the data for the calculation of the neutron energy spectrum. - When
properly corrected for scattering and capture processes, the spectrum
can give an estimate of the total number of neutrons produced in the
fission and fusion reactions. The spectrum can also be used to calcu-
late the temperature of the fusion process and the motion of the outer
layer of burning fuel, these factors being theoretically related to
the shape of the spectrum,

Method

~ One of the evacuated pipes of Projéct 22.1 will contain two polye-

thylene radiators for the production/of protons by the neutron beam. ,

The protons eoming off the rad g.to 8 at a 30° angle will travel through

.pipe extensions to the cameras whére they will be stopped in the nuclear
emulsion. Aluminum absorbers will be placed in some of the proton :
paths, different thicknesses ?f' aluminum being used to absorb certain ek
smounts of the proton energies in order to cover the whole range of
neutron energies.

Soon after the signa) has arrived, \the exposed plates will be
withdrawn from the pipe /openings into a hielded region. This will be N
effected by a blast ac ated mechanism. '

Support Requirements

Helicopter film recovery will be required. %mnzs-ﬂr N

m€~ P |
(DJZV 7 Project Officer: Dr. R: Se Drsd D fm,»

University Af Californis Qo 463
Radiatio I.abora.tory ;gi 51,._.11 N Wt
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Precursor PhenomenfB.ecececcccsccccsccssccssscsse
Base Surge Phenomen8isceesccessssceccsssscsisne
Peak Pressure by Aerial PhotOecescoscesscsccecs
Pressures Less Than 40 psiooooooooooonoooooo-oo
Pressures Greater Than 4O psi.oooooooaooooooooo
Shock WindB8.eceeececsseccsssccccssoccsscssacssce
Underwater Pressure® v8 Timdesecsoccescocccssane
Acoustic Pressure Signals in Watereseccececccess
Wa.ter Wave Studies.......oooioooooooooooooooooo
Close-in Ground AccelerationS..ccccssesccsceccs
Dynamic Pressure MeasurementS...ecececcecccscse
Gamma FilmDosage..uu‘........................
Gamma Dose Rate vs Time..cceeceeccccccecccrcsnss
Neutron Flux and Spec‘hrlm.......o..'..;.........
Fall-out Distributionsecessscceccsccsscceccconee
Fall-out DistributioNeecsecceccscceccccessccoce
RC Analysis of Ground ContaminatioNeeececccence
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Tree Stand StudieS.esecsescescscccsccocsccccnss
Effects of Blast, Gust & Thermal on

Ac in Fli@t.l..........‘............-..........lx

Yroof Testing of AW CountermeasureS...ceccceese
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Analysis for Fission & Fusion Energy
Yields......l.....,..‘......0..0.......;.....f
Sa.mple COlleCtiOn...-..-.....................'
ement Investigation.eececcecceccceccs
Reaction Bistoryeesecscescecceccccscens
Reaction History.eeeeceosceccccnse
Tire Photographyeececcecescccscccsesne
Cloud Photography..........-........-;:f;‘.:'-..
Bhangmeters........;....-............’..';.-..-.
High Speed Photography.....................-c
Time interval measurements with Bowens...eeee
ThreSh()ld Detectors..-.............u........
Teller & Scintillaton Alph8.ccecccccscsscccse
mectromag]etic Alpha....'.............l’....
Gamma Intensities at Late TimeS.ceceececccssce
Microbarographyececececcesccccsscscsccccscccansse
Time Interval between ReactionSceecccccscccsce
Power vs Tj-melil.......0................'....
Spectmscopy......‘.........'............0.0.
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Yiellds...bi......;.....‘.........‘..C.‘.....
Cloud smpling.ooo.ooo00-000;000ocoo.ooo.oo'oo..
Heavy Element InvestigatioNeeccececcccceccsce
Gas ANAlySiS.eceecesccscccsccscsscsossscoccaces
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PROJECT LOCATION BY ISLANDY

ENIWETOK ATOLL

Islands

BOGAIJLUA (nice)ocoooolooooo."l.o.

Reef: ALICE-BELLE.vevececocscss 2
BOGOmmO (Belle)....'-...‘........

Reef': BELLE-CLARAooooo.ooocooo
RUCHI (cla-ra)o..oooo.ot.looocooooo.
DAISYooooooooooooooooocooooooo.oooo
ELUGELAB (F’lora)...................
TEITEIRIPUCCHI (Gene)..eseeeccceess
ENGEBI (Janet).................u..

Reef': IaUCY-MARI..ooooooocooooc
BOKONAARAPPU (Mary)eececececcscssese

Reef: MARY-NANCY.........-....
YAIRI (Nancy)......................
AITSU (Olive)...-..................
RUJORU (Pearl);..................-.
EBERIEU (Ruby).ooooooooocoooooooooo
AOMON (Sally)ooo000.0000..00000.0.0
BIIJIRI (Tilda)....................
ROJOA (Ursula)................-....
AARAANBIRU (Vera).............u...

Reefo vERA.w.IMAQ..........Q..
PITRAAT (Wilma)....................
RUNIT (Yvonne)ooooo..oooooooooooooo
PARRY (Elmer)..u.................-.
IGURIN (Glenn).....................

* This and the following page comprise Appendjx I11 of Annex C,

TG 7.1 Operation Plan 1-53,

' Pro jects

1.2b, 13.4, 13, 5, 18
2.3
1.2b, 2,3

2.3
1.2b, 2.3 .
1.2b

3.1, 15. 1, 18, EG&G
2.1

.2a, 1.3, 1.7, 2.1
1.2s, 1.2b,
18, 22, 23.1, EGEG
18, 23.1, BG4G
11.2, EGEG

2.1
2.1
1.2a, .
1.1a, 1.3, 1.7, 2.3
1.
2.3,
2.3,
2.1
2.1
2.1 B
EG&G N

6 6’ 01, 16.1, 18’ EG'&G’1502 1'.
7.1 T

1
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PROJECT LOCATION BY ISLAND
BIKINI ATOLL

Islands ’ ‘ "~ Pro jects ,
BOKOBYAADAA (Able)eceeocscocscosose 2'15 2.2, 2.5a & b, 13.5, 14.1,
16.1 ~

Off Abl€ssccecccocosscecccscnse 21’ lh.l
DELTA. oooooo.ooo--o-oooooooooo.lB l&, 13 5, 11} 1, 18
NAMU (Cha.rlie).........-........... m&G, lla, 1. 2b, 21, 22’ 253.
; ¢ b, 12.1, 13.5, 15.1, 1. 1, 18
Reef east of CHAI'II‘IEQ.Q........ 1. 2b, .1, 2.3 B T ""-’
Reef west of DOGeeccococococsee 23 . ) e ‘

YUKOCHI (Dog)...................... BG&G, 1. 1a, 1 2b, 2. 1, 2 2,_2 Sa

Reefo mG"EASYoooooooo.oooooo. 1 Zb, 2 1, 11}0 i
UORIKKU (E2S¥)esecesnovscencenssees 1o2b, 2.1, 2.2, 14.1, 16 1
Reefo X“EASYoo.ooooooo.ooooo 21 ‘
ROMURIKKU (FOX)esosavssasosseeeeses 128, 1.2b, 2.1, 2.2, 2 3, 2.5a
&b 14.1

AOhOEN (George).....o.....-...o.... m’ l 23’ 103’ l ﬂ?.l’ 2.2, V

283, 2.5a & b, 13.k, 13.5, 15.1,
1 T
BIKINI (How)....................... m, 2.53&-b, 18

ROCHIKARAT (LOVE)eecesssssssesnssee HO&G, 2.58 & b
ENVU (Nan)................o........ m J'T F" Orfice for Proa“’

e 12,13,15,18 Proj. 1.6, 2.5a
o &b, 6.6, 15.2, 18
AIRUKIIJI (Oboe).............n.... m’ 1. 23, 1. 3’ 2. 1’ 2. 2,
. 2.52 &D
Causewa.y. PETI:R-OBOE.......... 2.1
ATRUKIRARU (Peter)escecececececccessses 1o2a, 1.3, 2.1, 2.2, 2.3, 23, 1
Causeway= Pmm-mGER.ooc'ooo. 1 23, 2.1
BIGIREN (Roger)'.OO.l.OOO..OOC..... 1 2a, l 3, 1.7, 2.1, 2.2, 2.3
Causeway: BOGER-SUGARo s000so0 1 28:
m (Sugar)..‘...QOOO..00.'0..0.. l 23, 107’ 22, 2h
EI\IINMAN (Tare)ooooooosooo.oooo.o.o. 18’ 22’ 23.1, m
ENIIRIKKU (Uncle)ecesoscecesasseees lola, 1.2b, 2.1, 2.2, 2.52a & b,

BGEG -
RUKOJI (Victor).eeeeeececcsccscecce 2,52 & b
CHIEERETE (William).eecececccssssss 2.1, 2.2, 2,58 & b
ARRIIMN (Yoke)...........0...0..0. 2'1, 202, 2.5a& b )
OURUKAEN (Zebra)ecececcecccecccens 2.1, 2.2, 2.5a & b, 1.2
BOKUAETOKUTOKU (A1£2) 40 0useenssses 2,1, 2,2 -
BOKORORYURU (Bravo)eecscceccesccess 2.1, 2.2, 2,58 & b







