UNCLASSIFIED

AD NUMBER

ADC950196

CLASSIFICATION CHANGES

TO: unclassified

FROM: secret
LIMITATION CHANGES

TO:

Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; 11 MAR 2009. Other requests
shall be referred to Defense Threat
Reduction Agency, 8725 John J. Kingman
Road, Fort Belvoir, VA 22060-6201.

AUTHORITY

DTRA l1ltr dtd 12 May 2009; DTRA l1ltr dtd 12
May 2009

THIS PAGE IS UNCLASSIFIED




UNCLASSIFIED

AD NUMBER

ADC950196

NEW LIMITATION CHANGE

TO

Distribution authorized to U.S. Gov't.
agencies and their contractors; Critical
Technology; 11 MAR 2009. Other requests
shall be referred to Defense Threat
Reduction Agency, 8725 John J. Kingman
Road, Fort Belvoir, VA 22060-6201.

FROM

Controlling DoD Organization: Defense
Nuclear Agency, Washington, DC 20305.

AUTHORITY

DTRA ltr dtd 11 Mar 2009

THIS PAGE IS UNCLASSIFIED




9 &6 # 9 S w

» -

S

L L]

AD=(C95C1 30
SECURITY REMARKING REQUIREMENTS
NOD 5200.1~ke DEC 78
REVIEW ON 16 JuU of




|INANNOUNCED ) -

&ﬂ'ct C‘(M Benecel Bibliographie 70F
Kisting~ e DNA 36
HIGH RESOLUTION OPTICAL
© MEASUREMENTS FOR DNA OPERATION

2 DICE GAME-FIELD REPORT (U) !

o Technology International Corporation

m 75 Wiggins Avenue
m Bedford, Massachusetts 01730

O 16 July 1975
(am]

Final Report for Period 1 April 1974—1 February 1975

’}(‘ac)
CONTRACT No. DNA 001-74-C-0240

NOT TO BE ANNOUNCED IN DDC TAB

This document is not to be onnounced,

obstracted or cited in any announcement D D ‘

media, secondary publication, or general ‘

bibliographic listing. @Edmlﬂ.a
NOV 17 1975

THIS WORK SPONSORED BY THE DEFENSE NUCLEAR AGENCY
UNDER SUBTASK K47CAXHX632-01.

Prepared for :‘

Director THIS DOCUMENT CONSISTS OF — 8% PAGES,
DEFENSE NUCLEAR AGENCY  copy /A{\\f)F 49 _ COPIES, SERIES A.
Washington, D. C. 20305 '

C===]

CLASSIFIED BY: DD Form 254, 1 August 1974,
Exempt from General Declassification Schedule
of Executive Order 11652, Exemption Category 2.
DECLASSIFY ON: 31 December 2004.

NATIONAL SECURITY INFORMATION

Unauthorized disclosure subject to
crimingl sanctions.

.o N “

.

1W:
Na

SECRET P




AGCESSION for

g Whike Section (] .
[ Butf Sectin [ f/
WHAKNOUNCED
JUSTIEICATIOR.. .cocverennivarnsnstnisninennnns
BV st
BESTRISUTION, AVAILABILITY CODES

Bl AVAIL, and/or SPECIAL_

When this report is nc longer needed,
Department of Defense organizations
will destroy it in accordence with
appropriate procedures. Contractors
will destroy the report according to
the requirements of the Industrial
Security Manuel for Safeguarding
Classified Information.

Retention of this document by DoD
contractors is authorized in accord-
ance with Paragraph 2, Industrial
Security Letter 71L-3, dated

17 May 1971.




R R Ot e okt s e e aa ahe e d ee L aetadEHIEL v T

 IINANNOUNCED
SECRET

SECRET

SECURITY CLASSIFICATION OF THIS PAGE (When Lats Enteredh
READ INSTRUCTIONS

REPORYT DOCUMENTATION PAGE BEFORE COMPLETING FORM

2. GOVT ACCESSION KO [ ). RECIMIENT'S CATALOG NUMBER

4g)

S8 O (3 7% S, y - \Wq?mw“nw
L GH4BESOLUTIONJQPTICAL,MEASUREMENTS FOR i Final Repaat, d

#Dyp OPERATION DICE /GAME-‘FIELD REPORT (U) » ! 1 Apr U1 Feb 75,
e D ‘. s e o

—~ 3
-

o - e

Wallace P. ‘Boquist /%)) DNA QOL-T4-C-0240 /

Keith B. Ronnholm \ i
Patricia L.. Crawley | e s i

. o & . . PERF " O-ORG. v :
; - Y 77@2 Tic- é 74 .i_ !
AR 7 T o :

R 1 AND ADDWESS ﬁlo&ﬂ:: VE'L:N!N"»'. AHO:EEEST. TASK
Technology International Corporation N;J;:I“ 5 ;t“ :;' HuM
75 Wiggins Avenue : ‘T Subta
e KLTCAXHX632~01

Bedford, Massachusetts 01730

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

Director 16 July 1975

Defense Nuclear Agency T3, NUMBER OF PAGES
Washington, D.C. 20305 60

MWMW“&“MM Ganteatling Otfice) 15, SECYRITY C\ ASS. (of (his report)

" & 1 N ". L ) /’-rtl' . / ,«‘;, .
‘ Dz‘/" N /<"/ 7L~ A X - SECRET
Tea. ggf&;ssnnculouloownauowc

LSens(2) (2004)

DDC

DE@‘EM
_NOV-17 1975

17 DISTAIBUTION STATEMENT (af the etsiract entared in Block 20, il diffarent lrom RoumU]-

OSUU G
D

[Te  SUPPLEMENTARY NOYES

This work sponsored by the Defense Nuclear Agency under Subtask
KL7CAXHX632-01 .

18 KEY WORDS fCentinue on reverse side il necessery and identily by block number)
\Atmospheric Nuclear Tests
Optical Measurements L
Fireball Development P
Nudlear Debris Clouds o

. p

20 ABSTRMET (Continue on reverse zide i1 necessary and identily by bloch number)
(8) S \T_I‘Ic\perfmmed optical measurements on the atmospheric nuclear test
series in the Pacific during the summer of 197h. This report describes the
choice of instrumentation and operationsl procedures. Also included are
some preliminary results of geometric measurements. Each data record has
been reviewed and & summery of each useful record has been included. Five
of seven events were observed from cne surface platform.R

DD ,52%%, 1473  roition oF | ov 4313 ORsOLETE SECRET

SECURITY CLASSIFICATION OF TKII PAGE (When Dete Entered)

g AN

s

b e b ey s dul

s e el

e tdeta B i S Blrirb i ezl kel 0]




SECRET

UNCLASSIFIED

SECURNITY CLASSIZICATION OF THIS PAGE(When Daia Entered)

18. SUPPLEMENTARY NOTES (Continued)

NOT TO BE ANNOUNCED IN DDC TAB. This document is not to be announced,
abstracted or cited 1ln any anncuncement media, secondary publication,
or general bibliographic 1listing.

I R s A i R et i B R s e e

UNCLASSIFIED

i iR EA

YT

. [ T e
ik i o B AR it

Y
3

5

rd Sl Sk st s B e

i

SECURITY CLASSIFICATION OF THIS PAGE(When Daia Enteres)

This page is UNCLASSIFIED.

SECRET

il i

sk et




UNCLASSIFIED

TABLE OF CONTENTS

INTRONUCTION AND BACKGROUND
INSTRUMENTATION PLAN
OPERATIONAL PROCEDURE
PRELIMINARY RESULTS

DISCUSSION

UNCLASSIFIED

21

37

,
i
i
t
H
i
H

e AT S o L, St




e e R

B it eyt e+ at s e s v

SECRET

1.0 () INTRODUCTION AND BACKGROUND (1)

(S) The most recent and believed to be the last planned French

atmospheric nuclear test series was conducted during the summer of

1974 in the south Pacific Mururoa Atoll area. The Defense Nuclear

Agency sponsored an extensive experimental measurements program
aboard the USNS Huntsville (Figure 1) during five of the seven events ir

this series as part of an existing and continuing nuclear effects study

program.

(S} The overall objectives of the¢ DNA sponsored projects were to
obtain experimental data relevant to current and anticipated research

areas as well as to contribute to the data base of information pertinent
In the 1874 Operation Dice Game,

T PR Ry v,y
i

to low altitude atmospheric detonations.
the priority objectives were oriented towards in-situ measurements of

* dehbris particle size and isotope sampling (with the aid of Remotely
RPV's, launched from the Huntsville), as well as radar

R

el

Piloted Vehicles,
clutter, doppler shift, and microwave radiation measurements from the

Huntsville platform. In addition, other priority objectives to be acquired

with optical instrumentation included early time fireball phenomenology

and overall debris cloud morphology development,

(S) In order to address these optical data requirements, Technology
International Corporation defined the following observational objectives to

be attained during the field program,
1. High resolution measurements of early structural charac-
teristics during the time regime from zero (0,0002 sec.)
to twenty seconds (or longer, depending upon source
strength), and acquistition of data for analysis into

source structure, geometry and luminous cross-section,
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(8)
. 2. Late-time measurements of cloud development and stabi-
lization for periods to no less than twenty minutes and
as long as the order of two hours where possible and |
appropriate, i
In addition to the above mentioned measurement ohbjectives, the capability
of on-board processing of selected records to permit following day deter-
mination of height of burst and initial rise rate was also provided by TIC.
i !
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2,0 (S) INSTRUMENTATION PLAN (U)

(S) To provide the coverage necessary to satisfy the aforementioned
objectives, TIC utilized a variety of photographic, video and spectrographic
instrumentation. Due to the wide range of radiances and dimensional
changes inherently characteristic of a nuclear event, along with rapid
early temporal development and subsequent debris cloud persistence and
extent, many specialized camera systems were employed. The optical
instrumentation was generally divided into two separate groups. The
first category included the long focal length fast framing cameras whose
running duration varied from a few to a maximum of about 60 seconds.
Because of the relatively small film format of such cameras (16mm to
70mm), this instrumentation was mounted on a specially modified trainable
mount (described subsequently) to compensate for the inhercnt field of

view problem of such cameras.

(U) The second category of cameras included the large format,
slow cycling, pulse cameras whose running duration could extend as long
as an hour or more. Due to the larger fields of view of the pulse
cameras, these were operated in fixed positions in almost all instances,
Figure 2 shows the general arrangement of the trainable and fixed cameras

in the TIC instrument van.

(U) The TIC optical instrumentation used for primary data acquisi-
tion and the special documentation cameras are summarized in Tables I-
A,B and C. This instrument plan describes the operational parameters
and film types associated with each kind of instrumentation listed. The
instrumentation parameters are subject to change between events and
should be correlated with the data record summaries (Appehdix A) to

confirm the film type and lens focal length used in a given event,
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(S) Instrument positions 01, 02, and 03 consisted of three high
speed, 16mm format cameras which were incorporated to record the
initial fireball development history. Photographic emulsions of widely
varying characteristics were used because of the wide dynamic range of
fireball intensity in this early time period. As determined by film load
and framing rate, approximate coverage times of 3.5, 75 and 20 seconds

were predicted fur these respective positions.

(S) Positions 04 through 11 and 13 include cameras of 35mm and 70 mm
format sizes with framing rates varying from 100 fps down to about 1 fps.
These camera systems were planned to record the majority of the post
fireball luminous phase of the debris cloud development and utilized film
emulsion and filter combinations accordingly. Within this overall group,
three positions utilized exlended range (XR) films which are capable of

. . - 6
recording source brightness variations of over 10 to one.

(S) A multi-slit specirograph was employed to provide extended
spatial coverage of the spectral characteristics of the source region,
This instrument was designed to provide only moderate spectral resolu-
tion in order to achieve an effective field of view on the order of 2° in
two dimensions on a 70mm format. The M-S Spectrograph utilized a
transmission diffraction grating and covered a spectral range of 4000A
to 8700A. The second order effects were purposely not filtered out to
achieve coverage at 4000A. Depending upon the source size during the
0 to approximately 10 second period of operation of the spectrograph, the
spectral data would be expected to include the source and surrounding
excited air mass for a small event and, possibly, the spectral charac-
teristics of different source regions for a large event. The spectrograph
was boresighted with the position 11 camera system lo provide ultimate

correlation of the spectral data to source size and shape.
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(S) The non-trainable, large format, pulse cameras were employed
to acquire general morphological and late-time spatial data of the nuclear
debris cloud, Camera positions 32, 33, and 34 utilized 9" format
camera systems with focal lengths ranging from 130mm to 900mm for
which the respective corresponding fields of view wvaried from 74° to 14°
All three of these large format camera systems were operated synchro-
nously with a 7T0mm format camera (position 31) which had a built-in
clock to provide frame timing for all four cameras. This system of
cameras was operated at approximately 2 seconds between exposures at

event time to as long as about 60 seconds between exposures at late times.

(S) Because of the extended requirement for the 1974 operation to
record the late-time cloud, the time for which the Huntsville could be
expected to maintain its initial heading would clearly be exceeded. Thus,
a remotely operated starboard mounted group of fixed cameras was
included in the Dice Game instrument plan. This starboard group of

. cameras (positions 35 through 39) was capable of viewing the burst region
when required to supplement the other photographic instrumentation. For
continuity in timing, the position 35 camera was pulsed with a spare

intervalometer signal from the position 31 camera sequence.

(S) In order to facilitate accurate pointing of the trainable azimuth
mount containing the cine camera systems, two silicon target video sys-
tems were utilized to view themposition of the source prior to and
throughout all phases of the event, The position 21 vidicon was lightly
filtered to view the source prior to detonation (as well as after the lumi-
nous phase had subsided), whereas the position 22 vidicon was heavily
filtered to display the source with proper exposure immediately following
the detonation so that the mount operator would not lose track of the

source position. Both of these vidicon systems were recorded on video

13
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(s)
tape for immediate after-the-fact replay when required, and to assess

pointing technique performance,

(S) In addition to the optical data instrumentation described above,
a variety of documentation cameras used by TIC are summarized in
Table 1-C. Two unique long focal length cameras included in this group
were assembled by TIC to provide coverage of the device package on the
morning of each 2vent when weather permitted, Other cameras (still
and cine types) were used to document RPV activity, French surveillance,

resupply operations, and other desired coverage.
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3.0 (8) OPERATIONAL PROCEDURE (U)

(S) All DNA experimental RPV, radar and optical data collection of
the 1974 French nuclear test series was conducted from a single surface
platform, the USNS Huntsville (Figure 1). TIC operated the majority of
its optical instrumentation from one of two 8' x 8' x 20' container vans
located on the ship's foredeck (Figure 3). The second container provided
laboratory working space for photographic support {(film processing,
magazine loading) and instrumentation maintenance (check-outs, cleaning,
repair). In addition, freezer storage and photographic darkroom space

was provided on board the USNS Huntsville.

(U)  The instrumentation container was positioned with its longitu-
dinal axis oriented in the port (target) direction. The trainable
azimuth/elevation mount and fixed camera systems were positioned inside
the double-door end of the container such that each had as optimum field
of view as possible consistent with the camera run duration. Special
attention had to be afforded severe vibration problems encountered on
the ship's foredeck insofar as the trainable mount was concerned. After
initial sea trial experience at Port Hueneme, special shock absorbers
were incorporated into the trainable mount system which not only
diminished the vibration to an acceptable level but also permitted the

mount to be trained + 15° in azimuth while in place.

(U)  An operator sitting behind the mount manually applied
elevation corrections and controlled the motor which effected azimuth
changes as he viewed the event through the two video systems (Figure 4).
Prior to event detonation, the operator would sight the event balloon on
a monitor connected to an infrared vidicon system (position 21) which allowed

enhanced perception through fog and reasonably dense haze. A

15
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(M
relatively long focal length was utilized to keep the target centered

within the field of view of even the smallest format early time cine
cameras. At detonation, a wider angle, heavily filtered, video system
was used temporarily for pointing (position 22) until the source
brightness subsided, Although pointing accuracy was concurrently
affected by three degrees of ship movement (roll, pitch and yaw), the
target could generally be confined within a 1° field of view.

(V) For future reference it should be noted that the camera
systems located within the instrument van were an average of about
28 feet above sea level, This figure would vary * about 3 feet due
to camera position and of course would be further affected by the

ship's buoyancy at a given time as well as the effect of sea swells,

(S) In general, the air-conditioned instrumentation and support

vans provided the necessary environinental shelter and protection of

electronics, video components and optical instrumentation from extreme

T PO PRI
it L IR v g g il o

excesses of heat, humidity and the corrosive action of salt spray. . k:
Film in magazines loaded well ahead of an anticipated event countdown
were thus properly protected. This was particularly important for

those cameras which were operated ontside the instrument van on a

fixed columnar mount at an elevation approximately 7 feet higher on

the starboard side of the ship (positions 35 through 39) (Figure 5). As

e ik, R

discussed before, this mount position was established to both supplement

et

data collection by the primary sheltered cameras and to provide a .
back-up viewing orientation in the event of a questionable last-minute ’
location of an airdrop. These cameras were stored between anticipated

event days inside one of the TIC containers,

bt Lo icaan i 2o TR A st
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(V) A detailed TIC check-list and operational sequence schedule,

correlated with the "all ship' countdown, was followed before, during

and after each event, 'Thorough system check-out and preparation was
initiated from H - 48 hours or thereafter as soon as an event time was
pinpointed. Special documentary coverage commenced at approximately

H - 2 hours and general mount training at H - 5 minutes after check-out

of power input and instrumentation operativnn, All power, intervalometer
and pulsing management was initiated and controlled from a master control
panel unit located behind the trainable mount. An exact sequence of start-
up for camera operation commenced at H - 20 seconds ending at H ~ 2
seconds (when position 01 was started to conserve its rapid consumption

of film load).

(u) After the detonation, a sequence of operation was subsequently
followed to shut off power upon individual camera load terminations
and to make the necessary decreasing pulse rate changes for all the
large format fixed cameras, Included in this latter group was position
35 on the starboard mount which was remotely controlled from the
instrumentation van panel by a long cable to pulse simultaneously with
positions 31 through 34. Documentary coverage was scheduled to re-

commence by H+ 10 minutes and continue as long as necessary.
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4.0 (S) PRELIMINARY RESULTS (U)

4.1 (S) General Event Parameters (U)

(8) The DNA sponsored experimenters aboard the USNS Huntsville
were on station and able to monitor five of seven reported French
nuclear detonations in the 1974 series; these will be identified as Fr 52,
Fr 53, Fr 56, Fr 57, and Fr 58. While making an average speed of
4 knots, surveillance and data collection was conducted from about 24
nautical miles distance from either the West or North test sites of
Mururoa Atoll, Ship positions around the atoll for each of the five
tests observed are identified on the map in Figure 6, and specific position
parameters are given in Table II . Of the five events observed by the
Huntsville, four were detonated at the West site and one at the North
site (Fr 57). Of the two unobserved tests, FR 54 was detonated at the
North site on 17 July at 0800 local and Fr 55 was an airdrop that
occurred at 0830 on 25 July.

(S) Yields ranged from 4 to 350 kilotons for the 1874 series;
Table I1I summarizes the parameters associated with each event listing
event number, date, time, site, yield and general comments. A general
account of TIC optical coverage duration for each event is shown in
Figure 7. More descriptive and specific comments regarding data
coverage is listed by TIC record number in the Data Record Summary

pages of Appendix A,

(S) The five nuclear events observed were detonated at heights of
several hundred meters above sea level, The nuclear devices were
suspended and detonated from gas-filled, fin-stabilized balloons tethered
to three bar:ies floating in the atoll, Figure 8 is a sketched version of
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TABLE 11 (8)

PLLATFORM POSITION PARAMETERS AT DETONATION TIMES (U)

Event

Fr 52

Fr 53

Fr 56

Fr 57

Fr 58

Site

Detonation

USNS Huntsville

Range (nautical

miles)

Lattitude

(deg.S)

Longitude

(deg. W)

West

22.4

21.548

138,782

West

22.8

21.527

138,813

West

23.4

21.491

138.881

North

19.8

21,7582

139, 249

West

20.7

21.574

139.197
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3)
this French three cable tethering system taken from Proceedings,
Sixth AFCRL Scientific Balloon Symposium (October, 1970)(Unclass).

4.1.1 (S) Event Fr 52 - 16 June 1974 (S)

(s) After a false alarm (or possible French rehearsal) encom-
passing several hours of countdown and holds on 15 June, all systems
were operational on 16 June. The countdown, held at 0700, recom-
menced at 0800, and the event occurred at 0830 local with an estimated

' yield of 4 kt. The relatively clear, though hazy, weather resulted in

complete coverage of all phases of the event through H + 18 minutes.

(s) The slowly rising fireball quickly developed into a dark grey-

I s L L R Lo b N e L b PR i o e o S

brown cloud. Of particular significance in this event was the formation

of a well-developed symmetrical torus at around H + 4 minutes A

(Figure 9), The initially thin brown stem developed a dense white 1
cloud area, probably due to condensation related to prevailing humidity
and weather conditions; the same phenomena also occurred during very
late times at the top of the brown dissipated cloud. Excellent data

coverage was obtained with all of the 19 camera systems operated for

this event.

4.1.2 (S) Event Fr 53 - 7 July 1974 (S)

At BT

(s) Preparations began at 0500 for this 170kt event which finally
occurred at 1415 local after several holds. High quality coverage ot the
luminous "skirt,'" condensation (Wilson) cloud, "measles' and sea-level 3

phenomena was obtained. Low scattered cumulus clouds obscured the

NP

rising cloud between approximately 21 and 44 seconds after detonation.

After the cloud reappeared, a white protuberance developed on the

LT
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Record No. 63131 (S)
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(8)
right side at about one minute and gradually moved up to and around the

periphery of the cloud top and upper sides. The stem and cloud took

on a yellowish tinge at middle<late times then later whitened. Good
coverage was also obtained of an ice cap formation at 2 minutes 15 seconds,
followed by further expansion of the white debris cloud as it elongated and
dissipated while drifting closer to the surface platform. By almost two
hours, the cloud manifested itself as a thin, lengthened horseshoe shape.

Data. was collected until about two hours 18 minutes after zero time.
4.1.3 (S) Event Fr 56 - 14_August 1974 (S)

(S)  After several days of shot expectation and some holds in the
count on event day, a 110kt detonation occurred at 1530 local on 14
August, Scattered low cumulus clouds obscurred event observation
briefly immediately after formation of a large, bright condensation cloud.
As the debris cloud emerged from behind natural clouds, an unusually
straight stem appeared, suggesting little wind force in that altitude
region. Orange-colored areas in the nuclear cloud persisted throughout

early development until around H + 36 seconds.

(S) A second ambient cloud layer obstructed data coverage
beginning at about 1 minute 5 seconds for 45 seconds during which time
only some wispy brown bottom fringe and the orange stem was visible.
The cloud and stem retained some degree of orange tint throughout cloud

expansion. Data was collected for approximately one hour and 40 minutes.

4.1.4 (S) Event Fr 57 - 24 August 1974 (S)

(S) Fr 57 was detonated at the North site in the Mururoa Atoll at
1445 local on 24 August after some intermittent delay. Very heavy,
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(S)
low cumulus cloud cover obscurred all but the first 25 seconds of this .
relatively small 14kt event. Data was acquired of the moderately sized
Wilson cloud and detailed luminous guy wires. 3Before disappearing
behind natural clouds, the nuclear cloud had become dark grey. However,
a ''secondary detonation' was observed to the side of Fr 57, occurring
at about H + 10 seconds. This anomolous feature appeared as a small
surface cloud of initially reddish coloration, and was distinctly observed
through the infrared video system. This surface cloud expanded into a

( grey=-white cloud and persisted for several minutes after Fr 57 had

: disappeared behind the heavy cloud layer. All camera systems remained
in operation for 30 minutes after zero but no further sign of the Fr 57

; cloud was witnessed.

4.1.5 (S) Event Fr 58 - 14 September 1974 (S)

(S) The largest event of the summer occurred after several days

of anticipation on 14 September at 1430 local, after an earlier aborted

attempt. The generally partially cloudy weather was complemented by

a dense, hazy, low altitude cloud bank in the direction of the target.
Early data collection of this 350kt event was achieved, however, with |

accurate pointing, as evidenced by an early time photograph of Fr 58 in

Figure 10. This figure demonstrates the measled effect characteristics ' 3
of most of the five events observed. : *
:

(S) Immediately after the formation of a very large condensation
cloud, the fireball rapidly rose behind the low, dense cloud layer.
After the cloud top reappeared at H + 42 seconds, several pink areas

appeared on the cloud and along the extremely straight stem. A small

PERNES

ice cap formed around H + 1 minute 50 seconds, and about 30 seconds

later, a larger, layered cap appeared above the characteristically white

ST P
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Figure 10 (8) Dvent IFI1 58, 11+ 50.0 msec.,
Record No. 63506 (8)
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(s)
debris cloud, This expanding white debris cloud drifted slightly before

digsipating at about H+ two hours.

4.2 (S) Initial Geometric Measurements (U)

(S8}  Analysis of records processed on board the USNS Huntsville
yielded usefu‘1 24-hour data. Some specific balloon/device dimensions
have been mesasured from records taken through a high resolution,
2100mm Celestron lens usually within hours prior to detonation, and appear
in Table IV, Balloon diameters were found to be 22 to 23 meters while
the packages were discovered to be suspended between 30 and 44 meters
below the balloon. Figure 11 shows one balloon and suspended package
configuration taken 11 July 1974, six days before an unobserved event,
and is an example of the typical photographs obiained with the afore-
mentioned long focal length system.

\U) Table V shows preliminary height of burst values and correction
figures due to earth's curvature and refraction. As will be noticed, these
heights differ somewhat from the device package heights presented in
Table IV. A possible factor in this discrepancy is that the balloon para-
meter measurements were taken from data recorded hours before zero
time, whereas the preliminary height of burst figures were image
measurements taken directly from event records within seconds of
H = 0. Other factors which may contribute to this discrepancy might
include the sensitivity in determining the focal length of such a high
resolution lens as the 2100 Celestron, or possibly the change in height

of eye due to sea state.
(U) It should be noted that the height of burst measurements listed

in Table V are subject to a total error of + 15%. This error margin
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Figure 11 (S) Suspension balloon and device - 11 July 1974 (S)
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results from factors such as the changing height of cameras on board a

rolling ship, non-standard atmospheric conditions and limits on the
accuracy with which an image sise on film may be measured. In ad-
dition, it should be emphasised that these measurements are preliminary,
and more accurate, complete geometric measurements and event dimen-
sions as a function of time will be available at a later time as » recult

of more definitive measurements.
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5.0 (5) DISCUSSION ()

(8) All the TIC objectives were attained in the collection of data
during Operation Dice Game. Operational success of the photographic
systems was 100% for all but one event observed by the USNS Huntsville
(95% for Fr 53). Coverage extended beyond that anticipated in all cases;
particularly noteworthy are data collection durations of 2.3 hours for
Fr 53 and over 1,5 hours for Fr 56. However, in all cases, camera
rmagazines were loaded as to event yield expectation, and spare loaded
magazines were available and efficiently utilized with no break in data
acquisition at such times when cloud persistence warranted extended

data collection.

(v) Immediate post-event review of video tapes, as well as later

study of all processed film records, has given evidence of great success
* in operation of the newly designed, gravity-stabilized mount. Mount

pointing accuracy was exceptional -~ a result of careful operator control

in elevation and smoothly powered control of azimuth changes. The

physical lay-out of the mount, operator position, and power contral
panel units proved efficient, especially during the rapid but careful ac-

tivity needed in managing data collection at critical early event times,

(m Documentary coverage of pre-event parameters, RVP launches

and recoveries, and related operational activities was decidedly thorough

it st st A by o i 5 i ] it g e bt ,;j T NIV P . ol oL s P N .
el A il ot ity aaliiandibagl b i bl il

and successful, The processing of certain film records on board, and
the inclusion of video tape recording capabilities, proved to be assets in

providing quick-look analysis and insights into minor exposure adjustments

for upcoming events. In general, photographic data collection was ex-
tremely successful in all aspects and has yielded many valuable records

for future analysis,
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APPENDIX A

DATA RECORD SUMMARIES (U)

i

(U) Appendix A contains a review and comment for each useful data

record obtained during Operation Dice Game. These record commentariee

have been separated by event and are arranged in the same order as the

cameras appear in the relevant instrument plan (Tables I- A and B). The
final two digits of the record number correspond to the position numbers E
of cameras on the intrument pl:» id may be used to identify the camera
employed for a particular recox ©  Within the summary comments,
"duration' indicates the maximum time after zero time that data was
recorded. '"Frame interval' indicates the time elapsed between succes-
sive frames, not exposure times and is only listed for cameras whose

frame intervals changed during an event, In addition, the focal length

A R T TR kP N TR A TS TR T T T

: of the lens used in exposing each record is listed after the film type, l :
; as some lens changes were made from time to time. The film types, E
; their abbreviations, and nominal ASA numbers, used during the Dice i 1
i Game program are listed below. 1
': Code Description Type No. Nominal ; ﬁ
: ASA/AFS 3
ACN Aerocolor Negative 2445 230-320/100
i AIR  Aerochrome Infrared 2443 100/40(W12) |
* EMS Ektachrome Medium Speed 5256 64 ]
HDA  High Definition Aerial 3414 16/8 1
¢ IRA Infrared Aerographic 2424 80/160 | !
AMS Aerochrome MS 2448 64/32
‘ PXN  Plus-X Negative - 16mm 7231 80

5
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Code Description Type No. Nominal
ASA/AFS

PXN Plus-X Negative - 35mm 5231 80

PXP Plus-X Pan 5062 125

XR Extended Range (200)

XRC Extended Range Color Wide
Latitude

XRM Extended Range Modified SO-167 Wide
Latitude
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