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1.0 (S) INTRODUCTION (1)

1.1 (8S) Background (U)

(S) During the summer of 1973, a series of French atmospheric nuclear
tests was conducted in the vicinity of Mururoa Atoll in the Taumotu Archi-
pelago of the south Pacific, These tests were monit.lored by the Defense
Nuclear Agency, in conjunction with the U,S, Atomic Energy Commission
and the UJ. S, Air Force as part of an ongoing experimental measurements
program. Technology International Corporation was responsible for pro-
viding a wide array of optical coverage of the French tests under the direction

of DNA as part of Operation Hula Hoop.

(S) The primary objectives of the DNA projects were to acquire data
relevant to radar clutter and transmission properties of nuclear environments
and, also, optical infrared properties of the atmospheric environment in
proximity to such detonations. Other priority objectives included the record-
ing of early time fireball phenomenology, atmospheric excitation effects, and
aoverall cloud development history. In concert with these objectives, optical
measurements performes’ by TIC were designed to:

a) Provide optical image data of the spatial structure of the dehris
cloud as a function of time for correlation with the primary radar
clutter experiments (0 to 20 minutes).

b) Provide data documenting air entrainment, debris-air contact, torus
formation, turbulence and other special morphological features in
nuclear debris clouds for correlation with current theoretical
models {0 to 20 minutes).

c¢) Provide opticul records of the events from which luminosity, ap-
parent surface temperature, and spectral information may be ob-

tained (0 to 20 seconds).
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(S) The Prench nuclear test series included the detonation of four
balloon borne devices and one aircraft dropped device, [n addition to the
nuclear experiments, a non-nuclear tower shot occurred on 13 September
1973. In the balloon borne events, each device was suspended from a gas-
filled, fin-stabilized balloon guyed by a three cable tethering system to
barges floating in the Mururoa lagoon. These four near-surface events
encompassed vields ranging from approximately 0.05 to 13.5 kilotons, while
the vield of the airdrop was estimated at approximately 6.6 kilotons. Table
I summarizes the date, time, yield and optical coverage for each of the five
nuclear events, utilizing a U, 3. adopted numbering svstem for the French

events,

1.2 (U) Operational Platforms

NDNA employed threc platforms for the monitoring and experimental
programs. TIC operated the majority of its optical measurements instrumen-
tation aboard the USNS Wheeling, a Pacific Missile Range vesscl, in support
of the primary radar experiments conducted from that platform, In addition,
several TIC photographic systems were operated from a LASI./JARC K(C-135
aircraft (no. 600369) deployed from Hickam A3, llawaii, and on board the
USS Corpus Christi Bay (which included project helicopters). The Wheeling's
course was planned as a constant radius arc around the test site area. 'The
positions at zero time for the ship and the ground irack of the aircraft are
given for each individual event in Figures 1 through 5. Table Il contains the

exact location and range of each event from each of the three platforms,
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TABLE I (S)

. PLATFORM POSITION PARAMETERS AT DETONATION TIMES (U)

| Event - . . Fr41 - Fr48  Fr49. Fr50 - Fr 51

Detonation
Site

West North North West Airdrop

USNS Wheeling (1)

Range (nautical miles)

Event azimuth (deg. true)
Latitude (deg. S)
Longitude (deg. W)

20.78
215.93

21.586
138.7178

19, 97
88. 18
21, 802
139. 248

19. 83
251.16
21.685
138. 555

19, 81
215, 96
21.599
133.1787

USS Corpus Christi Bay (1) %
i Range (nautical miles) -~ -- 22,0 22.3 - §
Event azimuth (deg. true) -- -- 114.9 59.7 f
i

Aircraft 369 (2) éé
Ground Range
{nautical miles) 25.0 1578 25.0 25.2 26.0
Event azimuth (deg. true) 170,21 158,50 148,32 144.26 201.21
Altitude (ft.) 22180 - 26080 26550 26370
(1) USNS Wheeling and USS Corpus Chrisii Bay position parameters

from J. Depp. SRI.

(2) Aircraft 369 position parameters from J. Malik, LASL 3
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1.3 (S) Optical Instrumentation (U)"

(U) A variety of photogr‘aphic and electro-optical instrumentation

systems were deployed to gather the data required to achieve the

objectives of the Operation Hula Hoop program. lL.arge format

(5" and 9 1/2" film sizes), long focal length, pulsed cameras were

used to obtain the high resolution data necessary for spatial structure
analyses for radar (:11..1tter (‘ofrelation. Shorter focal length (wide angle),
large format, pulsed instrumentation provided documentation of late time

cloud murpholégy.

(S) The acquisition of carly time fireball development and radio-
metric data was achieved by the use of high speed, high resolution cine
systems which utilized 16_mm and Somm il formals.  These instru-
ments produced similar sized images within the smaller film frames
and were therefore located on a trainable mount system in order to
maintain the source within the field of view. Some of the high speed
cameras were filtered to either decrease the density of the exposure
or emphasize a particular region of the source spectrum for better
definition of ccrtain carly time phenomenology. Special spectrographic
systems were employed to allow data collection over broad ranges of
the optical spectrum. Thus, the overall spectral distribution of the

source incident at the scensotr was obtained.

(U) In addition, several video systems were emploved as pointing
controls for the optical systems located on the trainable mount and for
post-event analysis ol general phenomenology. The complete instrument

plan is contained in Appendix A,
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2.0 (S) EVENT DESCRIPTION SUMMARY . (U)

(S) High resolution photographic data was obtained by TIC from
~ the USNS Wheeling' and- the USS -Corpus Christi -Bay for-all. fourwbal—loon. :

supported French auclear events, hereafter referred to as Fr 47, Fr 48,
Fr 49 and Fr 50, A fifth nuclear detonation (Fr 51), an airdrop, was
unobserved by either of the two ship platforms, but approximately -

8 minutes of Fr 51 event data was collected from the airborne L.ASL

platform, AC 369. Data was also obtained aboard the aircraft during
events I'r 47, Tr 49 and Fr 50. A schematic presentation, Figure 6,
summarizes the optical data collection periods from each platform for
the four near-surface events. This figure includes the specific cate-

gories of coverage obtained by the USNS Wheeling.

(S) As part of the Hula Hoop analysis effort TIC has produced a

s wm«mmmmmwwwmmmmw T e L o iG] i

technical pictorial history report for each of the four events observed
by the W heeling (Ref. 1). Each report presents a high resolution

photographic summary of event morphology with special emphasis on’

el s
e i RE )

early time fireball and debris cloud development. Scaled photographic

plates in these histories were printed from original high resolution cine

and large format data records from both ship borne and airborne
platforms. Detailed explanatory and descriptive text supports the i
photographic data presented for each event. Since these reports were
distributed among the user agencies and their contractors, only =
representative photographs are included in this report, along with a

summary description of each event,

rb e i
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2.1 (8) Event Fr 47 (S)

(S) The first balloon supported device'in the 1973 series was
detonated at approximately 200 + 10 meters above the water surface
with an estimated yield of 13.5 + 2.0 kt in the west site area of the
Muroroa Atoll {21 July 1973 - 0900 local), Scattered cloudé and
showers intermittently blocked the Vplatfm"ms views of the event. Time-
to-minimum occurred at about 12 msec., followed by the developfnent
of an atmospheric condensation cloud and formation of a typical turbulent
mushroom cap rising into a natural cloud layer at about 4.5 sec. After
reappearing above the first ambient cloud layer, a brownish-orange
color had been distributed throughout the nuclear c¢loud cap. By 3 min-
utes after zero, an ice cap had formed over the still brownish cap.
Figuré 7 is a representative photograph depicting the fine structure of
the overlapping ice cap layers. (The solar vector is from the left.)
Ice cap dimensional characteristics are presented in Table III as -
related to time after zero., Gradual dissipation of the event was

photographically observed oﬁ_t_{tp 24 minutes.
2.2 (S) Event Fr 48 (5)

(S) The detonation of I°'r 48 occurred at a burst height of approxi-
mately 260 + 10 meters in the north site area under generally clear
skies (28 July 1973 - 1400 local), This small 0.05 tc 0.1 kt yield
event was unobserved by the aircraft platform. Following rapid,
asymmetrical fireball expansion, the color of the nuclear cloud very
slowly changed from gray to white. No brownish-orange coloration nor
ice cap formation was observed. Moreover, the usual stem was not
evident throughout the data collection period of approximately 20 minutes.

Figure 8 depicts the structural fireball characteristic of this event.
15
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2.3  (8) Event Fr 49 (8)

(S) Fxtensive cloud cover obscured data collection from both ship

platforms after a few seconds of this 4.3 + 0.6 kt event which was

" detonated at a height of 245 + 10 meters in the north site area

(18 August 1973 - 0915 local). Photographic images from the ship
platform exhibited distinct surface brightness irregularities up to
approximately. 2.5 sec, after which ohservations were obscured by
natural cloud cover. Slightly more than 6 minutes of photographic data
was recorded from the aircraft platform during two passes between 1
and 12 minutes after zero. Some radial asymmetry was evident ‘during
very early fireball expansion prior to minimum time which occurred at
about 8.5 msec. Figure 9 shows the stemmed toroidal mushroom cloud
as seen from the aircraft after portions of the cap had taken on a
brownish-orange coloration, later TIC optical coverage from the air-

cratt recorded the drift and dissipation of the brownish cloud.

2.4 (S) Event Fr 50 (S)

(S) Clear weather and 100% visibility enabled excellent ship and
aircraft observations of the last balloon bhorne device of this series
(24 August 1973 - 0900 local). This event was detonated in the west
site area at a height of 193 + 10 meters with a yvield estimated between
0.125 and 0.2 kt. Asymmetrical morphology and surface structure
variations characterized the initial expansion of the Fr 50 fireball, along
with a surrounding condensation cloud formation, Subsequently, the
rising debris cloud with its twisted stem exhibited a coloration change
from predominantly brown to white as it drifted laterally, finally

reaching an early stabilization height as shown in IYigure 10,
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Figure 9 (S). Event Fr 49, H + 96 s, Scale —_ .
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2.5 (S) Event Fr 51 (8)

{S) The last French nuclear test in the 1973 series was an
airdropped ‘device with an estimated yield of 6.6 kt (28 August 1973 - z
i
0930 local). Only minimal photographic data was acquired with a TIC

camera on board AC 369 for 7-8 minutes starting approximately

. 2.75 minutes after zero. Figure 11 is representative of optical

coverage of the dissipating debris cloud as viewed from the aircraft
during this period.

9.6 (S) High Explosive Safety Experiment (U) ’
(S) No flash was perceived at the time of detonation of this non- ‘

nueclear tower shot as the event was geometrically below the optical
horizon from the ship (13 September 1973 -~ 0842 local). A very small
cloud was discernible just above the horizon ten seconds later and

persisted for about 50 seconds more.
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5.0 “(S) CLOUD DEVELOPMENT HISTORY «(U)

(%) The hlgh reaolutlon photographlc records obtained for ‘the .
"Defense Nuvlear Agency dux mg Operatxon ‘Hula- Hoop have been analysed‘ e

to provide spat1a1 1nfor‘matlon on the cloud he1ght w1dth ‘and other

selected geometrlc features. Expansion rates have been derived from

the cloud dimension versus time curves. Also included in this section -

are the initial (pre-zero) paraniciers for the events as observed from

the DNA surface platform, the- LJSNS Wheeling.

(0 A short discussion on the data reduction techniques used to {

obtain the spatial information is presented as a prefix to the data results.
3.1 (S) Data Reduction Technique (U)
(S) Photographic records of three events, Ir 47, 48, and 50, were

analysed to determine the spatial characteristics of the fireball and

debris cloud as a function of time. ‘These records were made from the

USNS Wheeling platform. The determination of the physical size or

Sl R

itk
- “i‘"

dimension of an object observed on a photographic image is obtained by
a simple trigonometric calculation assuming a known range to the

object as follows:

(range to object)
(focal length of lens)

oE

(object size) = (image size on film -

o

Vertical dimensions should be corrected for: g
a) Earth's curvature geometry, E ) j

b) Height of observer (Incorporated in a) above) 7

¢) Atmospheric refraction, A . %

24
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(8) The correction, E, for the earth's curvature geometry and

the correction, A, due to atmospheric refraction are discussed at length v
in Appendixes B and C respectively., The earth's curvature correction

- will be affected to a small degree by the roll ot the ship, - the gize of

the ocean swells, and the position of the ship on these swéllbs. " Atrrnc'os—l
pheric refraction makes objects appear higher in altitude than they
actually are. The actual height above sea level, H, of an objeét,

including the above corrective terms, is given by

. range .
H IIo x focal length of lens )+ ,L A

where HO is the measured image height. The actual burst height can
usually be determined within + 10 meters. ‘[able IV gives a summary
of the correction véluesfor both earth's curvature and atmospheric
refraction used for calculating the geometric dimensional characteristics
for the four events Fr 47, 48, 49 and 50. These correction values
were determined using the equations in Appendix B and C. It should be
undersicod that although the range to the event is known at zero time,
the subsequent motion of the debris cloud upward and 1atera11y with
prevailing winds will cause larger errors in the determination of late-

time spatial characteristics.
3.2 (S) Pre-Event Parameters (U)

(S) Table V gives range information at zero time for both the ship
and aircraft platforms for each of the four events I'v 47, 48, 49 and 50,
The aircraft platform was not on station for ¥r 48 and, therefore, no
range data is given in the table. Also shown in the table is the
balloon-device separation and height of burst. Within experimental

error the value for the balloon-device separation is constant for all four
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(5) ‘
events, Fr 48 and 49 appear to have been detonated at a slightly

higher altitudé than Fr 47 and 50. The values calculated for balloon-
device separation and heights of burst are similar to values obtained

»f-rom_vthe previous. tests. Fr 44, 45 and 46.

{S) To adequatély reduce aﬁd interpret information on the photo-A
graphic records, it is essential to know both the pre- and pos,t4event
weather -conditions in the vicinity of the platform. ‘Table VI gives the
pertinent local weather conditions at sea level for the four events.
Included in the table are sea water temperature and the period and
height of local sea and swell waves. Note that this information applies
only to local conditions at the ship as opposed to the area between the
ship and atoll. For events 49 and 50 rain showers in the vicinity led
to some uncertainties in the atmospheric transmission values between
the observation platforms and detonation point. Appendix D lists the
detailed weather conditions as a function of altitude for both pre- and
post-event. Included in this listing are the wind parameters that were

available for each of the four events.
3.3 (S) Dimensional Characteristics (U)

(8) Detailed late-time geometric data out to approximately ten
minutes after detonation was obtained for the three events I'r 47, 48,
and 50. The debris cloud from Fr 49 was visually obscured in less
than one minute by natural clouds, while for Fr 51 the USNS Wheeling
was not on station to observe the event. Liarly-time spatial data
(1-30sec) was also obtained for events Fr 48 and 50. ‘The photographic
records used in this analysis were obtained from high resolution cameras
recording data at 10-30sec intervals and having a spatial resolution at

the source of approximately 2-5 meters, Appendix A has the pertinent
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(s)

details of these camera systems.

(S) The objectives of the spatial analysis effort were to determine
the cloud dimensions both in the vertical and horizontal plane, expansion
-ratresr,r vé.ndr dimensional .ch‘a‘rr'écteristics df‘ other selecftiiie gebmetric
objects such as the ice cap observed in the Fr 47 event. In general,
color film records were selected for analysis in order to enhance the
discrimination of cldud structure, For determining dimensions of fine
structure within the debris cloud black and white records were studied

since they have higher spatial resolution qualities.
3.31 (S) Event Fr 47 (S)

(S) Fr 47 was the largest yield event, 13.5 kt, of the Hula Hoop

series, detonated at an altitude of 200 meters.

(S) High resolution photographic records yielded spatial data
coverage from zero to approximately 10 minutes after detonation. At
early times (1-30sec) the debris cloud was partially obscured by
natural clouds. Good weather conditions prevailed with the exception of
the low cloud bank at about 2000 ft. altitude (see Table VI). After
thirty seconds the debris cloud was above the natural clouds and good
dimensional data was obtained. Measured values for both cloud height
and width versus time are plotted in Figures 12 and 13 respectively.
The upper curve in Figure 12 is a plot of the height of the top of the
debris cloud, determined visually as a function of time; the lower curve
is a plot of the height of the bottom of the debris cloud, not including
the stem. The top of the cloud appears to begin stabilizing at four
minutes at an altitude of about 7,500 meters. By 10 minutes the cloud

height is seen to have reached 9,500 meters.
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(S) Consistent with the cloud top heignt, the height of the bhottom
cloud is seen to have reached a maximum height (of about 6,000 meters)

by four minutes also, The vertical rise rate for the top height of the

“cloud was calculated to be 24 m/sec over the time interval H = 0 to

¥+ 2.5 min, At later times the vertical rise rate decreased to less
than 6 m/sec as the cloud height began to stabilize. The vertical cloud
dimension, top to bottom, at 5 minutes is approximately 3,000 meters,
This corresponds fairly well with the cloud width at the same tifne (see
Figure 13)., The expansion rate in the horizontal direction, obtained from
Figure 13, is 22 m/sec at H + 20 sec and 11 m/sec at H + 2.5 min.

In determiﬁing the values presented in Figures 12 and 13 a constant range
was assumed for all times and no correction was made for horizontal
motion of the cloud. The wind profiles and cloud width dimensions should
he studied to approximate variations in true slant range. In the data
plotted in Figures 12 and 13 the small variations from a continuous or

smooth curve are probably due to instrumental effects.

(S) A comparison of the Fr 47 event with that of Fr 46 from the
previous year indicates that even though the height of burst and yield
were approximately the same (Fr 46; HOB = 215 km, yield = 6,5 kt),
at roughly H + 5 minutes the debris cloud from 1'r 47 expanded in a
horizontal direction 4 times greater than that of the debris cloud from
IFr 46, The vertical expansion and rise rates show no large differences

between the two events,
3.32 (S) Event br 48 (S)

(8) This event was the smallest yicld (0,05 ki) experiment of the
Hula Hoop program and was detonated al approximately 260 meters.

.
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(S) Good photographic coverage of this event was obtained from

o

zero time to approximately H + 10 minutes with a small gap in the

coverage between three and five minutes due io natural clouds, Values

for both the debris cloud height and width as a function of time as

determined from the photographic records are plotted in Figﬁres 14 and

15 respectively. The upper curve in Figure 14 is a plot of the

apparent height of the visual top of the dehris cloud and the lower

curve is a plot of the bottom height of the debris cloud. It is seen

from the (igures that stabilization is reached at about 4.5 minutes at

an altitude of approximateiy 2, 100 meters, After 8 minutes the cloud

height has reached an altitude of 2,400 meters, with the cloud body

having dimensions of 900 meters in the vertical direction and 1300 meters

i in the horizontal direction. It should be pointed out that in Fr 47, a

much larger yield event, the vertical and hovizontal dimensions of the

cloud were about equal at its stabilization altitude of roughly 9000 meters.

Stabilization times, for the two events, appear to be equal.

(S) Figures 16 and 17 plot the early-time cloud development for

Fr 48 from H = 0 to H + 30 sec, Plotted in Figure 16 is the visual

s b i

i &1
RO 2 U

top and bottom heights of the cloud and Figure 17 gives the cloud width

as a function of time, 'The data in both figures are smooth and slowly

HYQETR TR

changing, The calculated vertical rise rate from WVigure 16 is 14.0 m/sec

at H + 10 sec. The horizontal expansion rate at this time as determined

from the slope of the curve in Figure 17 is 10.6 m/sec, At II + 20 sec

the horizontal expansion rate has decreased to 6.3 m/sec. The vertical

rise rate has remained constant at 14.0 m/sec over this relatively
short time interval. At later times, H + 2.5 minutes, the vertical .

rise rate is calculated to be 4.7 m/sec, with a horizontal expansion

rate of 2.9 m/sec.
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~with a yield of 4.3 kt, the third largest of the Hula Hoop series. =

3.33 (S) Lvent Fr 49. (S)

(S) The Fr. 49 detonation occured at an altitude of 245 meters

The weather conditions in the area bétween thé USNS Wheeling and -

the detonation po int consisted of localized showers and scattered clouds

with a ceiling of about 2000 ft. The extremely poor visibility allowed

optical data acquisition during only the initial few seconds from -the

ship platform,

(5) Early-time high resolution photographic coverage was obtained

of the fireball and partially self-luminous debris cloud out to a time of

about 2.5 seconds. Beyond this point the cloud rose into or behind the

ambient low-lying natural clouds. The debris cloud was no longer of

sufficient contrast with the surroundings to be clearly defined on

photographic records obtained from the ship platform.

3.34 (S) Event Fr 50 (%)

(S) The Fr 50 event was detonated at an altitude of approximately i

195 meters and had a yield of 0.125 kt. The yield of this event was ;
about twice that of Fr 48 but considerably smaller than that of Fr 47 ; i
; A

and 49. :

(S8) High resolution photographic coverage of this event extended :

out to about H + 13 minutes. The debris cloud dimensions have heen

plotted in Figures 18 and 19. Figure 18 shows the visual top and : ’5

son

hottom heights of the debris cloud as a function of time. In Figure 19

the cloud width is plotted as a function of time. (lrregularities in the

curves are probably due to instrumental effects.) Stabilization time

a9
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appears to occhr rdughly at 4.5 minutes comparablé ‘with those of
Fr 47 and Fr 48, Stabilization altitude was measured to be about

2000 meters with a slow drift upward to 2200 meters by 6 minutes.

. At “6"'minutes ”the debvris cloud has a Véfti‘c'al' dirr.xen'sioAr.l‘:.otr‘ 800meters 7_
and a width of 1700 meters. These values are similar to those of the
Fr 48 event where vertical and horizental dimensions at late time
were 900 and 1300 meters respectively., The early-time (0-30sec)
cloud Heights and widths are plotted in Figures 20 and 21 respectively.
"The visual top of the debris cloud is plotted in the upper curve in
Figure 20 and the lower curve is the bottom dimensional Vheight ot‘r

the cloud.

(S) The vertical rise rate, as determined from Figure 20, was
19.3 m/sec at H + 10 sec. The horizontal expansion rate at this
same time was 11 m/sec decreasing to 7 m/sec at H + 20 sec. At
H + 2.5 minutes the debris cloud's vertical rise rate had decreased to
5 m/sec. The horizontal expansion rate at H + 2.5 minutes was 3 m/sec.
The rise rate and expansion rate values for Fr 50 are seen to be similar

to those observed for ¥r 48.

(S) Table VII lists the vertical rise rates and the horizontal ex-
pansion rates for the three events Fr 47, 48, and 50. By comparisoh
it can be seen that Event Fr 47 rises and expands more rapidly than
either Event Fr 48 or Fr 50 as would be expected. The expansion and
rise rates of Events Fr 48 and Fr 5C compare extremely well considering

the slight differences in yield and height of burst.
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4.0 (S) RADIOMETRIC MEASUREMENTS (U)

(S) In addition to the extensive spatial measurements made by TIC

in suppd;tf of Obex‘étrion Hula -Hoo'p'; a limited number of f)hbrtéérrr‘b.‘bhlc_'

records were made to provide a photometric data base for the early

luminous phase of the nuclear experiments. In general it is possible to

measure radiometrically the yield related parameters of time to minimum

and time to second maximum (except for high altitude detonations), as

well as the integrated brightness or optical power of the radiating source

in the photographically visible region of the optical spectrum. The first

two parameters ar~ independent from the absolute brightness of the source

whereas the latter parameter is dependent upon a properly calibrated

photographic (or electro optical) imaging system.

4.1 (5) Photographic Film Calibration (U)

sikibcsnitiizhin il b

a-‘
g
(i

(U) In order to determine the relative or absolute brightness (or

ks

radiance) of a radiating source using photographic recording techniques,

<f

the film must be processed using appropriate sensitometric control methods.
(In addition, the atmospheric transmission must also be known -- as a

function of spectral wavelength. )

(S) Kodak Plus-X Pan black and white film was selected for the Hula
Hoop radiometry measurements because of its wide exposure latitude with

linear photographic response. Calibrated densitometric step wedges were

exposed on the same unexposed film stock with a xenon flash sensitometer T

for event records from Fr 47 and Fr 48 and with the aid of an absolute

calibrated tungsten sensitometer in addition for event records from Fr 49

BN g g . '4‘5
b At

and Fr 50. From the latter calibrated scales a plot of density vs. (log)
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(%)

exposure was generated with both a specular (narrow beam) and diffuse
(hemisphere) type densgitometer, the specular being used for data analysis
and the diffuse being used for correlation of the processing control of the

records and step-wedge controls.

(U) Having determined the D log E response curve of the {ilm record,
the exposure energy associated with a measured density from a particular
area of the record image can be readily obtained. The radiance of the

source image can then be calculated as described in the foliowing s~clinn,

4.2 (S) Source Radiance Calculation Procedure (U)

(U) The measured image density on a lilm record can be related to
an absolute energy at the filim plane as described in section 4.1 above.
This procedure is generally used {(and is in this analysis) to relate density
to effe_ctive exposure assuming that the spectral sensitivity of the particu-
lar film emulsion employed is constant over the useful exposure range.
The radiance calculation, however, must take the source spectrum into
account; initially to account for the variation in atmospheric attenuation
as a function of wavelength and ultimately to relate the source surface
brightness to temperature,

(U) The effective exposure on a photographi-c film, l‘u‘of produced by

f!
a distant source near the optical axis of the imaging system is given by

7
| DI _1_0_”.t_ f NV TOOS{(0)d er‘gs/omz (1)

eff 4(”“)2
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()
where f/n = f -- nufnber of the imaging optics
t = exposure duration in seconds
N(a) = source spectral radiance in wattslcm2 - ster - A
T(A) = combined spectral transmittance of the atmosphere
and all optical clements, e.g. lenses, filters, etc.
S(A) = relative film spectral sensitivity (obtained from

published Kodak data)
(U) Since it is desired to calculate the (spectrally) integrated source

radiance N&b (over the wavelength interval a to b), it is necessary to

determine a suitable expression for this term. First, Nab is defined as

b
N :f N(a)dx watts/cm® - ster (2)
ab a

The finite integral can be further expressed by redefining

N(A) = Nonl(x) watts/cmz - ster - A (8)
where N = N (2), the maximum value of the source spectral
o max 9
radiance in watts/em” - ster - A
n(a) = relative source spectral distribution

Substituting equation (3) into equation (1) and solving for No yields

No = 4(f/n)2 Fert <1071r t‘[!l(x)T(x)S(l)d k)-l (4)

watts/cm2 - ster - A
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(1) Purther substitution into equation (2) derives the desired ex-

pression for the integrated source radiance

9 b
4(f /n) Ee“-f n{A)d A . »
N = a watts /em” - ster 5)

ab " - h
10 1rtf n(ATIS(NA A
a

(8)  The effective spectral coverage of the Hula Hoop film records
was essentially 4000 to 7000 A, The relative source spectral distribution
n(A) was obtained by the use of a scanning speclrometer which recorvded
the source strength as a function of wavelength and time, I‘igure 22 is
a reproduction of the spectrometer display at 1 i 0,186 sec for the
I'r 47 event, The upper curve represents the product n()\)'[‘a(k). where
Ta()\) is the integrated atmospheric transmission between the source and
the recording system. The lower curve represents the sky background

observed just prior to the br 47 event.

(U) The source spectrum, n(iA) used in equation 5, abave, is ob-
tained by dividing the apparent spectrum n()\)Ta()\) by Tau) which in
this analysis is derived by calculational procedurc as a function of dis-

creet wavelength intervals,

(1Y)  The atmospheric transmission, 'l‘a(x), in the spectral range
4000 to 7000 A was calculated by considering the cffects of atmospheric
molecular scattering, water vapor absorptiou, and acrosol scattering and

absorption over a 37 km herizontal maritime vay path,

{(U) vValues for the molecular absorption and scattering coefficients
were obtained from Allen (reference 2) and Valley (reference 3 ). 'The
contributory effect due to aerosols was estimated on the basis of

measured continental environment effects. The largest contribution to
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optical attenuation ia continental air is due to aerosols and other sus= -~

nended particles such as dust and fog, Attenuvation of visible light by

aeroscly is considered fo be proportional to the concentraticn of large

'.191‘0:.01:;. e, pamlcles of 0.1 tn 1.0 microns in diameter. Calcalations
desc mbed in l)'\A 3396 {reference 4) mclwate that »}w concentrations of large .
particles in maritime air may be 1/20 ihe large particle concentraticn in
‘the uormalized "clear’ continental atmosphere maodel,  On this basis, the

aerosol ahsorption and scattering coefficients used in thc present <alcula-

tion were derived by multiplyving the "clear"” model coefricients given in
ref. 3 by the factor 0.05. Resuttant atmuospheric transmission values
were calculated in consideration of all of the above pertinent effects as

a functicn of 50¢ A wavelength intervals and are presented below.

Wan elength, A Transmission Vg (X)
4000 . 109
4500 . 227
5000 . 324
5500 . 422
f000 453
6500 . 545
7000 . 623

(Uy Dividing the apper curve shown in Figure 22 by tie applicable
transimission terms shifts the energy distribution n(») more toward the
blue end of the speclrum witiv peak spectral radiance occuring around
5000 A. The derived relative spectral energy distritution, n(A), is

plotted in Figure 23.
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Spectral Radiance, arbitrary units

Figure 23 (S).
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(U) Using the derived n(A) data, equation 5 was then used to calcu- -

late the integrated source radiance, Nab' The integrals in this equation

were computed numerically over the wavelength range 4000 to 7000 A.

---The.-exposure.time, . {, - and lens. aperture,. f /friv,‘,,,.w.crekhqwr_i ipé_tru'mentél, N

parémetex"s‘. The wvalues for effective exposure, ' Eeff’

were obtained
from the calibrated D log E film response curves generated for each

film data record.

(U) The source radiance values presented in this report are in fact
peak source radiance values corresponding to the most dense regions from

each frame used for data analycis.

4.3 (S) Results of Peak Radiance Measurements (U)

(S) Using the n.ethods described akove the peak source radiance
time history has been determ:ned for each of the observed Hula Hoop
events. Figures 24 through 27 are plots of the peak radiance history of
events Fr 47, Fr 48, Fr 49 and Fr 50 respectively., The maximum
measured radiance values of these four events are seen to be within the
same order of magnitude. The decay of the radiance curves is more
rapid for events Fr 48 and Fr 50 as would be expected with signifi-

cantly lower yields.

{(8) Of the four events for which radiometric time history data was
ohtained three exhibited reasonably well defined second maxima in the
plotied data. (Time to minimum was not resolvable in these data records
bec.use of their relatively slow framing rate.) The second maxima occur
at times of 0.14 sec, about 0.07 sec, and 0.02 sce for Fr 47, ¥Fr 49,

and I"r 50 respectively. The value of 0.07 for the Fr 49 evenl is
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Source spectral radiance, watts/cm2-ster

] l 1 { | | 1 L ] |
0 .2 .4 .6 .8 1.0 1.2 1.4 1.6 1.8 2.0 2.2
Tin'e, scconds

Figure 24 (8). Ivent I'r 47 - Source spectral radiance vs., time (8).
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Source spectral radiance, watts/cn]-2—ste.>r

10!

| | 1 | |® | 1 | |

Figure 25

(5).
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vent Fr 48 - Source spectral radiance vg, time (S),
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Source spectral radiance, watts/cmz-ster

2
10+_

] | i 1 ] l i ] 1

0 .2 .4 .6 .8 .0 1.2 1.4 1.6 1,8 2.0 2.2

Figure 26

Time, seconds
(S). Event I'r 49 - Source spectral radiance vs, time (8).
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Source spectral radiance, watts/cmz-ster

[ ]
i \ | | | n | \ i n L ]
0 .1 .2 . 3 .4 .5 . b T . 8 .9 1.0 1.1
‘ Time, seconds

Figure 27 (8). Event I'r 50 - Source spectral radiance vs, time (S).

57

SECRET




SECRET
(S)
-'approxii-nate since the data irﬁages are 6vérexposed during this ‘time and
"thus represent a lower bound on the magnitude of thevpeak radiance in
7 "this time regime.
(s Structﬁre was visible in all ‘of the sdurce ‘ir.nag‘es‘ from ‘the Fr .
48 event. This fact indicates that the generally opaque shocv:‘k front was
optically transparent by the .vtim_e of the first data frame -- or about
0.01 sec. o o

(S) The yield, time of second maximum, and initial peak radiance
of the four observed Hula Hoop events are summarized in Table VIII.
Although the temporal resolution of the data records is not sufficient for
" definitive analysis of the early time brightness characteristics, qualitative
differences are apparent in comparing the data. The larger yield event,
for example, exhibits a lesé bright intensity peak (but broader radiance
curve) than the smaller yield events as would be predicted. (Fr 48 is
not considered large enough to be included in the scope of the previous
statement.) In general, however, thé influence of the weather in the
detonation ares and throughout the 20 nautical mile range to the observa-
tion platform is not fully assessable and this would have to be weighed in

interpreting the resultant data.

(S) A typical isodensity contour graph made from a two-dimensional
isodensitometer scan is shown in Figure 28, from event Fr 47, This
type of density map is used directly in calculating the (spatially) integrated
radiance or optical power of a given image. The density contours shown
in Figure 28 were measured on a fram=z taken at H + 1.5 sec. At that
time a Wilson cloud had formed just above the horizon while the twin-

lobed fireball was seen above the Wilson cloud.
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Event Fr 47, Isodensity Contour Graph at H + 1.5 s (S)

Figure 28 (S).
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4.4 (8S) Spectral Data Results (U)

S (U)A rapxd scan (‘zerny-Turner video spectrometer was operated
on the first four 1973 series events as mentioned enrlier Vin thls section.
In general. this instrument covered the first second or two aftér detona-
tion and provided an indication of the spectral distribution of the ma;n

radiating source for calculating source brightness during this early period.

- (S) In addition to the rapid scan spectrometer. a two dimensxonal
spatially resolved spectrograph was operated in the wavelength regmn of
5000 to 8700 A. The optical system incorporated a twenty element slit
matrix with a transmission grating spectrograph. An effective field of
view of about 2° x 2° was obtained by this system. For the Fr 47
event the spectrographic system provided spatial information over a
1.4 km x 1.4 km region of the luminous debris could. Each of the
slits had an equivalent image of a 38 meter x 3.8 meter rectangle on

the cloud, Figure 29 shows a typical series of spectra obtained from Fr 47,

(S) The twenty slits were aligned in four dJiagonals with five slits
on each diagonal. Figure 30 shows a densitometer trace through a
single spectrum from the Fr 47 event. Some of the major atmospheric
absorption lines have been assigned and are so specified. The spectro-
graph was employed so that for small-yield detonations a comparison of
the event and surrounding air mass spectra could be obtained and for
larger yield events, or long lasting phenomena, spatially resolved spectra

could also be obtained.
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Figure 29 (S). Event Fr 47 - Typical multi-slit spectra (S)
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5.0 (s) DISCUSSION O1" OPTICAT, OBRSERVATIONS (U)

{S) ‘The 1973 Pacific test series consisted essentially ot sma'l

primary type devices. two of which were so smail as to prectude an

accurate determination of their yield (~190 tons)., Of the three nominal

size evonts detonated the two balloon borne devices were photographed by

the ship at H = 0. One of thesc (I'v  47) was also photographed for a

significant period from the 1.ASI, aircraft. Both the Fr. 47 and Fr 49

events were of sufticient yield to permit significant radar type measure-

ments,

(S) The clearly defined formation .oi" a series of layered ice caps -

l

A § s 0 S mnd 4t B e IS (4 I e

above the main debris cloud cap of thée Fr 47 event (see section 2.0) .
is descriptive of nominal (10 --20 kt) and largér yields detonated near
the surface with apprepriate weather conditions prevailing. Thus, this
experiment was useful from the overall DNA point of view inasmuch as

it was representative of the effects of modeinte and larger detonations,

(S) A second aspect of the Fr 47 event was clearly documented in
the color data records. The distribution of the reddish-brewn colored
regions of the debris cloud was especially well recorded for this event,
In particular the fact that signifirant amounts of thisANOx type substance
were observed as a residual constituent of the debris cloud stem as well

as the evolving debris cloud cap is important to have established for future

modeling estimates of the distribution history of the N()X chemistry.

(U) In summary, the optical dara resulting from observations made
from both the surface and airborne platforms provide uppropriate and
pertinent results for expanding the phenomenological data base on such

G
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APPENDIX B
CORRECTION FOR EARTH'S CURVATURE
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(U) The curvature of the earth limits the ‘distance at which near

.surface objects can be seen. Bowditch (Ref. 5) states that the range

of the v1sxb1e horlzon (R) is dependent upon the helght of the observer (h)
Wthrough the following relutxon. _
R - 1.144 () /2
for h in feet and R in nautical miles. - This equation must be applied
twice, once for the height of the observer and once for the height of the
object above its local sea level. A total correction of 44 meters is
found for typical values of event ground range. of 20 nautical miles and
an observing height of 30 feet. Thus to correct for the earth's curvature,
44 meters must be added to the horizon-object vertical separation distance

as calculated from the data frame.

(8) The earth curvature correcti:on is subject to errors in range
and observation height. If the ground range to the target is increased, -
for example, by one nautical mile, the correction is increased by 6 meters.
For events Fr 47 fo Fr 50, the ground range to the burst point was

determined by radar ranging to within a few yards and did not contribute |

i
a significant error to burst height determination. 3

(U) Obhservation height, and therefore the value of the curvature

correction, varies with the ship's roll and vertical movement due to
swells. The effect of these height variations was calculated for the sea
conditions encountered during each event and included in Table IV as the
error in the earth's curvature correction. The maximum error was

* 5 meters.
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CORRECTION TOR ATMOSPHERIC REFRACTION
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although the actual position of the’ target is T, it will appear to’ be at A

UNCLASSIFIED

The effect of atmospheric refraction-is to bend light rays

towards the horizon causing the observer to perceive a target altitude

higher than its true gecmetrical position. ~ Figure C-1 illustrates that

along a line tangent to the curvmg ray at the position of the observer. O.
The correction AT must be calculated, theréfore, to determine the actual -

target altitude above sea level.

The radius of curvature, R, of a light ray within the atmosphere

'1s gwen by the equation (Ref. 6):

1 266 x 10 T2

PB4-T) km (€. 1)

R =

where P is atmospheric pressure in millibars
T is temperature in %k
' is the negative of temperature change with

height in °K/km (lapse rate) .

In Figure C-2 the refraction correction, s, is given by the

equation:

s =R (seca -~ 1) (C. 2)
where the value of a in radians is:
- OT
R

In the case being considered, the distance OT can be approxi- )

»
0 R I s L R R S R S I
s L g @ b s Fad e e o o R e,

mated by the known distsnce from the observer to ground zero, QL. The E
error in the calculation of e introduced by this approximation is less
than .01%. The refraction correction equation (C.2) then becomes
i
s = R secg-l (C. 3)
R
%
‘;;
C-2 A
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. A ‘apparent
altitude
light ray
target
actual path to
: target
observer
ground zero
surface of
* carth

Figure C-1

Geometrical model for terrestrial
refraction calculation
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curvature of
light ray

s R(seo a-1)

Figure -2 Geometry used tor refractive correction caleulations
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‘The radius of curvature will change as a function of altitude
and atmospheric conditions. Using the appropi*iate atmospheric tempera- |
ture and pressure information to solve for the radius of curvature, the
~ resulting apparent optica! separation can be determined from equation
(C.3), assuming the light ray is suﬁjeét to the c'o-n'iiitioﬁs ‘of one altitude :
regime for its entire path. Since the true light path passes through

many of these layers, one may average the correctioas from ,erachvlayer'

as the Iighf ray passes from the surface to the tafgét. 'Chese averages;
computed from actual event day conditions and wejghted to include the
length of the total path spent in each layer, are listed in Table IV for

the events of interest.
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SUMMARY OF PRE- AND POST-EVENT
WEATHER CONDITIONS
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TABLE D~1 (S) .-
PRE-EVENT WEATHER OBSERVATION DATA

L ~ FR 4T 21 July 1973 10002 (§)
PRESSURE ALTITUDE " TEMP. ~ DEW POINT “WIND-DIR. ~ WIND SPEED -
(mb) m) ¢ .~ o | (Deg.). .. = (knots) -
1016 0 23. 4 18.8" 050 26
1000 = 148" 21.0. 17.4 060 23
064 480 '17.8 16.6 <- --
946 500 16.0 14.7 -- --
905 1025 14. 6 10.6 -- --
850 1528 10. 8 8.0 345 13
834 1725 9.6 8.0 - --
807 2000 9.4 3.6 -- --
787 2200 11.6 -10.4 -- --
739 2725 11.0 3.2 -- --
700 3143 9,0 -17.0 280 12
640 3900 3. 4 -13.8 -- --
524 5500 -8.7 -28.7 —- --
500 .5830 -9.9 -31.9 265 33
452 6650 -13.3 -28.3 - --
437 6875 -14.7 -32.7 -- --
421 7175 -16.7 -25.7 -- -
400 7530 -19.7 -27.7 280 45
334 8875 -29.1 -34.1 - .-
300 9610 -35. 3 M 265 53
289 9900 -37.1 -41.5 -- --
250 10840 -44.7 M 255 60
%00 12300 -56.5 M 260 5
170 .- -65. 1 M -- -—-
150 (trop) 14070 -67.17 M 270 75
100 16490 -71.5 "M 280 63
70 18600 -69, 3 M 285 43
50 20640 -63.1 M 275 35
O
D-2
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" PRE- EVENT“HNDSALOFTT-W
21 July(l973
" DIRECTION

FR 47
ALTTTUDE o
hn).uw;wy.;fgtium'

TABLE D-2.( S)

'Est‘:?FQiE'ri ~} T

1

1000Z (S8)

SPEED o

0.
305
810
914

1219

1524
1829
2134
2438
2743

3048
3658

: 4267

4877

: 5486

6096
7620
9144
10668
11887

13106
14021
14835
15850
16764

17983
182488
19507
20422

D=3

SECRET

26
25
20
12
12

13
13
13
13
13

12
18
22
27
33

40
53
53
61
72
73
15
67
70
67

45
46
26
35

i
§
<

3
i
i
4
]
G
8
-+
3
.
B
_4%
R
Y




SECRET

TABLE D-3 (S)

POST-EVENT WEATHER OBSERVATION DATA

850

832
775
700
500
488

400
338
318
360
2904

281
250
i 200
* 161
150

100

NOTE:

1526

1650
2270
3140
5820
5990

7510
8720
9180
9590

9720

10020
10830
12200
13600
14050

16450

12.8

12.8
11.8
7.2
-10.
-11.

[ I

-19.
-28.
-32.
-35.
-34.

~SJ w3 wum,

-18.
-44,
- 57.
-69.
-71.

— Uy = g =]

el

-70.

No Wind Direction and Specd values available.
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FR 47 21 July 1973 2100Z (S)
 PRESSURE ALTITUDE =~ TEMPERATURE DEW POINT
~(mb) L 62V S 4 ) KU ) AL
1015. 0 24.4 21.4
1000 136 22.0 194
950 560 17.8 - 16.1
892 1080 14.8 11.9

5.8

-6.2
-18.2
-20.8
-28.1
-27.5

-31.5
-41.5
-39.7
-43.3
-42.17

N o, . Do iy
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_ALTITUDE. .

(m). -

POST-EVENT WINDS ALOFT ~
. 21 July 1973
' DIRECTION "

FR 47.

TABLE D=4 (5)

.2000Z (8S)

" (degrees)

SPEED
3 f'ff(kﬁ@}iff;i'7'"mvf

0

136

305
610 -

914

1219

1524
1829
2134
2438

2743
3048
3140
3658
4267

48717
5486
5820
6096
7510

7620
7925
9144
9580
10668

10830
11278
12290
14050
16450

100
220
065
345
340
335
325
315
300
280

265

300
300
320
305

305

285

285
280
270

270
275
280
280
275

275
280
280
270
277

D-5
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26

=23

23
23
18
15
13

17

13

13
17
23

25
32
32
35
53

55
65
57
55
46

45
40
43
70
53

R
3
i
3
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TABLE D-5 (S)
PRE-EVENT WEATHER OBSERVATION DATA
S FR 48 28 July 1973  1200Z- (S) |
' PRESSURE . ALTITUDE TEMP. DEW POINT WIND DIR. WINDSPEED -~
___(mb) m) . (°0) °c) . (deg.) (knots) "

1018 - 0 24.6 21,0 135 . 23
1000 162 20.0 16.3 125 22 N
955 525 16.0 16.0 ~ =~ ' -- - =
850 1539 8.8 8.8 85 12 '
792 2125 4.8 4.8 -- --
785 2200 5.6 -10. 4 -- -
770 2350 7.0 -14.0 ' -- --
700 3134 6.0 ~15.0 175 5
533 5175 -7.9 -25.9 -- --
516 5400 -7.5 -25.5 -- --
500 5620 -8.1 -15.1 190 42
400 7310 -20.3 -33.3 210 33 .
334 8625 -31.1 -36.1 - --
300 9370 -37.5 -44,5 205 58
250 10610 -45.9 -- 210 87 ¢
200 12070 -52.5 -- 195 78
158 13550 -60. 5 -- .- --
150 13890 -61.3 -- 240 a1
138 14350 -61.1 -- -- -
119 15325 -64.1 -- -- --
100 (trop) 16340 -71.1 -- 280 30
70 18500 -67.9 -- 295 20
50 20550 -64.1 -- 270 10
30 23730 -57.9 -- 275 16
20 26300 -55,7 - 320 16
10 30770 -50. 3 -- 310 58
7 33100 -50. 3 -- A M
) 3
NOTLE: No winds aloft data. .
D-6
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TABLE D-6 (S)
POST-EVENT WEATHER OBSERVATION DATA
-  FR48 28 July 1973  2400Z (S) | o
PRESSURE ALTITUDE TEMP. DEW POINT WIND DIR. WIND SPEED -
mb) . m) o). ) (deg.) _ (knots)

1017 0 23.4 . 18.4 . 135 : 9.
1000 152 22,0 17.6 ‘ 130 10
927 750 16,2 15.4 - -

902 1000 15. 11.
890 . 1150 14, 12,

850 1536 -~ 10,
825 1800 8.
811 1925 8.
791 2125 9.
700 3143 8.

662 3600 6.
602 4375 0.
500 5850 -6.
462 6475 -11.
451 6625 -12.

400 7550 -18,
379 7950 -21.
369 8130 -22.
300 9630 -34.
278 10150 -39,

250 10880 -44,
242 11150 -44,
232 11400 -44,
200 12370 -48.
164 13650 -35.

162 13750 -37.
150 14220 -50,
135 14900 -64,
100 16690 -68.
70 18810 -67.

50 20870 -60.
30 24110 -51.
20 26790 -43.

- - --
- -

55

N UORUW =IO R 0 W W N g

WWwB U O UMW = JUN D DO OON

L w W

QO = O

NOTE: No winds aloft data.
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TABLE D-7 (S)
PRE-EVENT WEATHER OBSERVATION DATA

FR49 18 August 1973 1000Z (S) , |
PRESSURE ALTITUDE Tg'i‘vip'.' . D"-E'\Aé POINT. WIND DIR. W’IN'ij?SPE'Eﬁ‘"f A
(mb) o tm) (O (C) . (deg.) ~ (knots) "~ . -7
1019 0 23.0 19.8 120 13 e
1000 166 20.8 18.7 125 - 12 ¥
850 1548 9.8 8.4 065 - 03
816 1875 9.2 3.1 - -
759 2475 8.2 0.1 -- --
734 2750 4.6 -7.4 e - 3
715 2950 3.6 -25. 4 - - ot e el
700 3146 4.4 -24.6 200 06 . T
683 3325 4.4 -24.6 -- “- ,
624 4075 0.6 -27.4 -- -
568 4825 -5.9 -32. 9 -- -- B
500 5810 -11. 3 -37.3 210 18
400 7480 -25.1 -48, 1 255 : 28
317 -- -31.7 -55,7 -- --
300 9530 -34.1 -58, 1 265 79
270 -- -39.7 -56.7 -~ -- e
250 10780 -43.3 M 260 - 80 '
200 12240 -53.7 M : 275 66 L
150 14060 -62.3 M 265 73
145 -——- - = -- 280 86 7
100 16520 -69. 3 M 260 52
89 (trop) --- -70.7 M 275 39
D-8 ii
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“ ALTIFUDE
o) T

'"Y’SPEHEDJ’””'”MM""

t

0.

305

914
1219

I

9829
2134
2438

2743
3048
3658

N 4267

48717
5486

6096
. 6706
17620
8534
9144

9754
11887
;12192
13106 °
13411

14630
15240
15544
16764
17374

17983
18738

‘SECRET |
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TABLE D-9 (S)

POST-EVENT WEATHER OBSERVATION DATA

. FR 49 18 August 1973 2000Z (S) _ , _
PRESSURE =~ - ALTITUDE - *"I_"EMP;ERATURE” T '-DEVg POINT- -

(mb) ' (m) () o :
1019 ] 22,6 19.2

1000 162 21.0 18.8
‘850 1549 12.6 ‘ 11.2

809 1900 ‘ 11.0 : ' 4.6

788 2200 10.6 3.9

728 2800 6.6 -3.4

700 3161 6.8 0.4

680 3350 5.0 -2.8

623 4050 1.6 -6.2

583 4550 -3.1 -10.7

553 5000 -4.7 -12.4

500 5840 -8.9 -16.5

400 7530 -21.5 -28.8

367 8150 -24.3 -31.4

351 8450 -26.9 -32.17

343 8650 -29.5 -32.1

321 9050 -29.9 -34.3

308 9400 -32.1 -34.3

300 9600 -32.5 -37.2

272 10200 ' -36.1 -42,7

250 10870 -390.9 -46.8

200 12370 -48. 7 -

150 14220 -57.1 ---

100 16760 -62,9 -——
NOTE: No winds available.
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TABLE D~10 (S)°
PRE-EVENT WEATHER OBSERVATION DATA
R . FR 50 24 August 1973  1000Z (S) _
7" PRESSURE ALTITUDE TEMP. DEW POINT WINDDIR, WINDSPEED
‘ (mb) _ (m) =~ (C) cey (deg.) ~  (knots)
1020 0 23,2 21.3 115 18
- 1000 183 21,6 20,7 120 1T
872 1375 13.8 .. 13.4 -- _ --
850 1572 13.8 9.9 80 -e
* 838 1725 13. 4 7.4 -- --
811 2000 11.8 4,8 -~ --
803 2075. 11. 8 6.8 -- -~
759 2575 10.0 7.9 -- --
729 2900 8.4 ~10.6 -- --
700 3189 5.4 -3.6 55 15
658 3725 2.4 -20. 6 - --
s 621 4200 2.0 -24,0 -- -- ,
555 5075 -4.7 -27.% - -- i
. 534 5325 -4.17 -29.7 - -
500 5870 -7.17 -31.7 60 27
469 6350 -10.3 -34.3 -- --
400 7570 -20.7 -39.7 85 31
386 7900 -23.9 -41,9 -- --
347 8675 -27.9 -46.9 - --
300 9640 -34.9 -52.9 50 25
200 9950 -37.1 -54,1 -- -- ;
250 10880 -45.1 -- 110 29
200 12350 -53.3 -- 140 10 i
191 12950 -55.1 - -- --
181 13150 -55.3 -- -- - ;
150 14170 -62.1 - 200 16 |
117 (trop) 15875 - 0.5 -- 215 31 f
100 16610 -70.3 -- 230 12
70 18730 -68.5 -- 260 10
. 50 20770 -64.1 -- 280 8
30 23960 -55.90 -- 200 10
[}

NOTE: No winds aloft data,

D-11

SECRET

e e eeets e ek DL SR




SECRET

TABLE D-11 (8)
POST-EVENT WEATHER OBSERVATION DATA

‘ - FR50 24 August 1973 19002 (S)
~ PRESSURE ALTITUDE TEMP. DEW POINT WIND DIR. WIND SPELD
(mb) (m) CC) {C) (deg. ) {knots)
1023 0 23,8 21.6 85 8
1000 207 . 22.0 21,5 M 10
850 1603 13.4 13,1 85 15
768 2450 10.6 1,6 -- --
744 2700 2.8 1.8 -- --
700 3221 5,8 -2, 2 20 10
671 - 3550 3.6 3.6 -- -
653 3800 2.2 -8.8 -- --
641 3950 1.6 -14. 4 -- --
617 4275 1.8 -15,2 - -
585 4650 1.2 -15.8 -- --
551 5125 -2.9 -20, 9 -- -- 4
500 5910 -6.7 -23. 7 50 25 g
400 7620 -18.1 ~34.1 35 18 . E
300 9700 -34.5 -48,5 45 15 g%
272 10425 -30.1 -53. 1 -~ -- E
250 10960 -42,3 - 90 12 =
216 12000 -49.9 -~ - . 3
200 12430 -51.9 -~ 175 17
150 14280 -58,1 -~ 235 26 . ;“‘
125 15525 162.7 - .- -- P
109 16450 -63.2 -~ -- --
100 16780 ~66.7 -~ 245 18 P
70 18950 -62.7 -~ 250 14
50 21050 ~56, 5 -~ 250 15 é
30 24370 -46. 3 - 10 12 1
20 27100 -41.3 - 325 7
10 31010 -36.1 -~ M M
i
NOTE: No winds aloft data. },
;
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