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ABSTRACT

At the time of the JANGLE underground shot the rate of progression
of the underground wave was measured. In addition, an attempt was made
to record the rate of expansion of the fireball and the point of break-
away of the shock front from the fireball,

In obtaining close-in measurements of blast phenomens, recording
is difficult because of ionization in cables produced by gamma radiation
and electrical differences in potential set up by ground currents pro-
duced at the time of detonation. To overcome these difficulties and
derive a suitable system, several methods were considered, tested, re-
Jected, or modified, some as late as two weeks before the blast., Some
of the methods considered and rejected were (1) the fiancko accelero-
meters (variable reluctance type), (2) the closed loop resistance method,

()

and (3) the open switch (light recording) method.

The two methods finally decided upon were the normally closed
thyratron switch and the normally open thyratron switch. For the first
method a diaphram-:ctuated switch was developed, the opening of which
removed a fixed bias orf a thyratron tube, permitting it to conduct., The
switch for the second method was basically the same as that for the first
except that the action of the diaphram closed the switch and shorted out
the bias on a thyratron tube, causing it to conduct.

The results of the close-in ground measurements showed that, for
the first few feet, there was a very large expansion with a velocity of
the order of 10° feet per second. From 25 to 100 feet the velocity was
approximately 2700 feet per second. During the second hundred feet the
average velocity was reduced to 2500 feet per second. Beyond 200 feet
the velocity increased to more than 4000 feet per second.

Although the time of arrival data presented in Figure 4.l is subject
to correction, the tests have definitely proved that the velocity of a
shock wave traveling through the earth can be measured by using a closed-
diaphram switch in conjunction with a thyratron~pulsing circuit. As
pointed out in the tody of tihis report, the chronograph employed is
subject to improvement.




SECTION 1

l.1 GENERAL

Historically, Project 1.2b had its origin in Program 5 of an opera-
tion which was planned to be conducted in the Amchitka area. As WIND-
STORM (Secret) Projects 5.5a and 5.5b work on testing, rejecting, or
accepting instruments for the required test progressed satisfactorily at
the Sandia Corporation '"West Lab." Tests were also made on various
equipment at the Coyote Canyon firing range. With the indefinite post-
ponement of the Amchitka operation all work on these two projects ceased,
test equipment and material that was borrowed was returned and all un-
delivered orders were cancelled,

Immediately after all equipment was returned to Sandia Corporation,
word was received that the program had been reactivated. Because of
limited personnel and time, a meeting was called at Los Alamos in June,
1951, and Dr. Ogle agreed to take over Project 5.5a, then known as The
Measurement of the Rate of Expansion of the Fireball and the Point of
Breakaway of the Shockwave from the Fireball. It was also decided then
to complete the abolishment of Program 5 and transfer the remaining
Project 5.5b to Program 1, to be renamed Project 1.2b. CHRELE Gannon
assumed duties as Project Officer, Project 1.2b, and with the assistance
of G. R, Hunt, ETC, USN designed and built equipment for and completed
project measurements at the Nevada Test Site.

1.2 OBJECTIVE

The measurement required of Project 1.2b was the rate of progres-
sion of the first underground wave from zero to 333 feet during the
underground test., These measurements were to be made at a 17-foot depth
which corresponded to the depth of burial of the center of gravity of
the weapon.,

4
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SECTION 2

INSTRUMENTATION
2.1 METHOD OF MEASUREMENT

Because equipment which measures the effects of an underground
atomic blast should be designed to compensate for the effects caused by
ionization and ground currents, the two methods used, one to backup the
other, were derived only after considerable experimentation. One
method was the normally closed thyratron switch, the other a normally
open thyratron switch., Figure 2.1 shows the overall block diagram of
both methods. ‘

Thirty-one holes, 6 inches in diameter and 17 feet deep, were
drilled, and two switches, one normally closed and the other normally
open, were placed at 17-foot and 16~foot depths. The autputs of these
switches were connected electrically by RG-8/U coaxial cables to the
inputs of type 2D21 thyratrons. Excepting Switch 1, which was used as
a fiducial mark for both systems, separate thyratron circuits were used
for the different types of switches to reduce the possibility of fail-
ure,

The thyratron circuits were in a structure located 350 feet from
the bomb along the main blast line. This structure was built 12 feet
under the earth's surface t minimize the possibility that the thyratrons
would fire prematurely from the effects of ionization. An entrance to
the structure was made by a vertical shaft placed adjacent to the shelter.
This shaft was filled with sand bags just prior to the blast, The out-
put of each circuit was carried by 8000 feet of RG-8/U coaxial cable to
the 8000-foot station and the camera truck revetment, and the ouputs
terminated in the input to the chronograph amplifier and the oscillo-
graph in the camera truck.

In the 8000-foot shelter were the electronicechronograph ampli-
fier and shaper and a marker amplifier and clipper on the same chassis
to give reference marks on the 35mm film of the chronograph; the Gen-
eral Radio tuning fork, type 723, to furnish a 1000-cycle input to the
marker; two externally driven sweep oscillographs, Dumont type 250AH,
with marker circuits to modulate the Z input; various batteries for
power and cameras for recording the oscillographs,

The camera truck contained a drum camera for recording and a dual
beam ETC oscillograph. The markers for the oscillograph were obtained
from a secondary standard oscillator of 100 kilocycles and a clipper
marker circuit (Fig. 2.2). The signal appeared on the other half of
the dual beam tube, and the action was photographed by the rotating
drum camera.

2
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PROJECT 1.2b

- 2.2 METHODS CONSIDERED AND REJECTED

Iethods other than those finally selected include tfiancko acceler-
ometers (variable reluctance type), the closed loop resistance method,
and the open switch (light recording) method. Of these the Wiancko
accelerometers were rejected because of their slow response time, A
brief description of the other two methods, along with the reason for
their rejection is presented in the following sub-paragraphs.

RG 8/AL COAX

INSULATED WITH
CONNECTOR GLYPTAL AND
3M CEMENT

CONTACT
STANDARD PINT
PAINT CAN

INSULATOR ’ 0
DIAPHRAGM ‘
HOLDING
RING

Figure 2.3 Blast Switch (Normally Open)
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PROJECT 1.2b
2.2.1 Closed Loop Resistance

This method employs a resistance wire placed in a metal
3 tube, the resistance wire being insulated from the tube. The fireball
k » progressively burns the tube, and the wire thereby changes the resist-
: ance against time, the change being recorded on an oscillograph. This
P, method was to be used for the Amchitka test to record the point of
i breakaway of the shock wave from the fireball. It was rejected for the
1 JANGLE test because it was believed that a 1 KT weapon would not pro-
: duce sufficient heat to burn the shield rejuired to minimize gamma
-, radiation effects. It was further believed that reducing the diameter
of the tube would permit the ionization to short across the tube.

s iy

2.2.2 Open Switch

The open switch method consisted of a fast-acting tumb-
ler type switch mounted in a container and placed in the 17-foot holes,
The passing shock wave would cause the switch to close, lighting a
neon lamp at the 8000-foot station, the lighting sejuence to be record-
ed by a specially constructed moving film camera, This method was re-
Jected because each of the 32 switches would require a separate cable,
or a total of 256,000 feet of cable.

2.3  DETAILED DESGRIPTION OF INSTRUMENTS EMPLOYED .

2.3.1 Blast Switches

Figures 2.3 and 2.4 show the normally open diaphram-
actuated switch, and Figure 2.5 shows the normally closed switch, which
is a modification of the cpen switch. These switches were designed
and manufactured to give a fast-acting electrical contact. To elimi-
nate the possibility that ground currents would short out these switches,
the outer container and all wiring was insulated above ground. The
normally closed switch was built after reports on Operation SANDSTONE g
were received. These reports stated that an open switch and thyratron
firing method failed because ionization shorted out the switches. How-
ever, these switches were of a different type and the thyratrons used
a high-impedance input, which is susceptible to being fired by ioniza~
tion.

et ST 05 A

As shown in Figure 2.4, the open switches can be adjust-
ed by varying the distance of the contact from the diaphram. This
distance was set with a micrometer to 0.015 inch. The thickness of the
diaphram was determined by test. It was designed to close the switch
upon application of 11 psi of which 9 psi would be the static ground l
pressure, After the switch was mounted in the container, the container -
was filled with transformer oil to give a shock-wave transfer -medium
and to prevent shorting in case of switch leakage.
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Pint paint
can, painted
with two
coats of 3M
cement

Solder

Insulator
Tronsformer oil

Diaphragm

Connection
Normally open

- +360 v 1

=3y [—®+360v

&

10 ohms 1

=22 v .——W\,_ 10 K |
L

Out |

N. O, 51 ohms i

> 32 |

blast switches l

Figure 2.4, Open-Switch Thyratron Circuit
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%

=

Transformer oil
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Figure 2.5 Closed-Switch Thyratron Circuit
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PROJECT 1.2b

Figure 2.5 shows an open switch modified to a normally
closed switch., The center contact was removed from the insulator and
replaced with an insulated tube to reduce the diameter of the hole. A
piece of stiff piano wire was brazed to the diaphram, run through the
hole, and the other end insulated against a piece of spring metal.
When the diaphram closes, the wire pushes against the spring metal and
opens the contact. The mounting and electrical output remained the
same as that for the open switch,

As shown in Figure 2.6, laboratory tests were run to
determine the actuating time on both types of switches. The average
time far the closing of the open switch, with varying shock pressures,
was 25 microseconds., This time lag was considered negligible and will
not be applied to the final results as a corrective factor., However,
the tests on the normally closed switch showed a large delay in clos=-
ing time which decreased with an increase in shock pressure. In the
laboratory tests the delay on the normally closed switch varied from
6 milliseconds from a tap just sufficient to close the switch to 2
milliseconds from an impact large enough to wreck the container. This
correction factor was not applied to the curve shown in Figure 4.1
because the ground pressure readings taken at the test site were not
available.

2.3.2 Thyratrons

Figures 2.4, 2.5 and 2.7 through 2,11 show the thyra-
trons used during the test. Two chassis (16 circuits per chassis)
were hooked in series to give a total of 32 circuits, or one circuit
for each switch. Because there were two switches in each hole, it
became necessary to use 4 chassis, or 64 circuits., However, the two
systems were independent cf each otnher and each used 32 circuits,

Figure 2.4 shows the thyratron circuit used with the
open switch., This circuit uses a low-impedance input to prevent
ionization at the switches from firing the thyratron., Tests inmdicated
a resistance of less than 2 ohms across the switch was required to fire
the thyratron. A long charge time was purposely built into the circuit
to prevent multiple firing, The discharge time was kept low because
of the short time between the closing of each switch. All 32 cathodes
were hooked in parallel, and the output 5l-chm resistor appeared only
in the last cathode. To minimize circuit failure in the event of tube
failure, two tubes were used in each circuit with separate filament
and plate supplies.

The circuit used with the normally closed switch is shown
in Figure 2.5. The output circuit is the same as in Figure 2.l, the
only difference being in the input circuit. The opening of the switch
breaks the =22.5 volt circuit, and the charge on the grid leaks to
ground through the 500,000-ochm grid leak resistor, bringing the grid
potential to zero and causing the tube to fire,

10
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FILAMENT POWER INPUT

INPUT
CONNECTOR

OUTPUT
CONNECTOR

TEST
JACK

PLATE & GRID
POWER INPUT

Figure 2.10 Synchro-Thyratron Chassis (Bottom)
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BRAKE AND

UNWIND SPOOL POWER INPUT

MARKER LAMP
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SIGNAL LAMP
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Figure 2,12 Electronic Chronograph (Signal Side)
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Reports from Oak Ridge National Laboratories state that
thyratron tubes are highly sensitive to ionization; therefore these
circuits were designed, built, and placed with extreme care.

2.3.3 Electronic Chronograph and Associated Circuits

As shown in Figure 2,1, the output of the 32 thyratron
circuits terminates into an 8000-foot run of RG-8/U coaxial cable and
then into a signal amplifier. The output of this amplifier is used to
furnish sharp pulses of short duration to light a neon lamp placed in
a recording device which was built up from parts of a Sandia Corpora-
tion.interferometer gauge and an obsolete Fastax 35-mm recording camera.
Because this device records impulses furnished by electronic circuits
as against time, it was called an electronic chronograph. Figures
2.12 and 2,13 show the signal and power sides of this device. The film
on this chronograph moves continuously. Its operation is as follows
(Figure 2-114»)0

A 100-foot spool of 35-mm film is placed on the unwind
spool, and the brake is adjusted for proper unreeling, then run over
the holdmg spool, around the focusing wheel, over the other holding
spool, and then into the motor-operated takeup spool. The speed of this
l20-volt d-c operated motor is controlled by the governor for various
film recording speeds of 100-1000 inches per second. The NE51 neon
lamps are placed so that the firing of the marker lamp causes markers
to appear on one side of the film and the signal lamp to show a line
across the entire width of the film. All electrical connections are
through the top of the device.

The signal amplifier is shown in Figures 2.1l4, 2.15, and
2.16. This amplifier was designed to give a power gain sufficient to
light the neon lamp in the chronograph. One-half of the first 5670
vacuum tube is used as an isolation circuit connected as a cathode
follower. The other half of the tube is used as a standard resistance-
coupled amplifier. The second 5670 tube is used as an amplifier amd a
cathode follower to isolate the 6AQ5 tube from the amplifiers. This
isolation is necessary because of the large amount of grid current
drawn by the 6AQ5 tube.

The marker amplifier and shaper shown in Figures 2.1},
2.15, and 2,16 use the output of an electronic tuning fork and amplify
it with a 6AQ5 tube. This output is put through a transformer which
overdrives the grid of the first half of a 5670 vacuum tube, clipping
off the top and bottom of the waveform. A resistance-capacitive
circuit in the plate circuit differentiates the waveform. The other
half of the tube is used as a cathode follower. Only the positive
half of the differentiated waveform is used to fire the 6AQ5 tube and
neon lamp. By overdriving the grid of the 5670 tube it is possible to
use this circuit as a doubler, or at 2000 cycles per second,
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PROJECT 1.2b

This overall method (Figure 2.1) gave excellent results y
during the test. However, it is now apparent that several improvements
can be made to the normally closed switch so that a comprehensible time
delay curve can be run, H
Figure 2,17 shows the remnote control circuit of the
chronograph and amplifier. This circuit used the =15 minute and -1
second time signals for battery and camera operation.

2.3.4 Drum Camera

To minimize the hazard of project failure, a second
system was used in addition to the chronograph method. This system
used open switches, the 2D21 thyratrons, and the €000-foot run of RG-

8/U coaxial cable (Figure 2.18). The drum camera used was borrowed

from the Naval Proving Ground, Dahlgren, Virginia, and consists of a

rotating drum 60 inches in circumference and 4 inches wide. The speed

of the drum is variable from 50 to 1,800 rpm by varying the speed of

the driving motor. The drum is so designed that by closing a switch,

either locally or remotely, a spiral gear causes it to move axially

across the lens at a rate of one--uarter inch per revolution. Thais

gives a total film recording distance of 960 inches. .

The exposure is by means of a solenoid=-controlled shutter,
and its operation is from the same switch that operates the spiral gear
mechanism. The camera lens is a standard £/1.5, with the focus adjust-
able from 10 to 14 inches, which is the distance the dual beam oscillo-
graph is placed from the camera,

This camera gave excellent results up to 800 inches per
second with the oscillograph intensity at normal settings and up to
1200 inches per second with intensity setting 'hizh'. Recording re-
sults were poor beyond 1200 inches per second.

The overall results of tiis system are considered to be
only fair., The camera was operated at 1000 inches per second during
the test, and upon and after the closing of the first switch the in-
tensity of the signal beam on the dual beam oscillograph increased
tremendously. This increase is believed to be caused by a large volt-
age introduced into the signal line. GSeventy per cemt of the closing
times of the switches were recorded, but the expected amplitude and
shape of the record is not present in the film,

2.3.5 Type 250AH Dumont Oscillograph

The original recording method called for the use of an
externally driven % (intensity) modulated oscillograph having a sweep
time of 300 milliseconds. The only high-voltage fast-recording oscillo=-
graph having these requirements is made by the Dumont Corporation.
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5670

OUTPUT TERMINAL
-l SIG. IN

RY-{

INPUT CONTROL TERMINAL —

Figure 2.15 Electronic Chronograpn,
Control Relays (Top)

Amplifier, Marker amd

i

Figure 2,16 Electronic Chronogréph Amplifier, Marker and
Control Relays (Bottoms
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PROJECT 1.2b

In view of the unexpected arrival of the Dumont oscillo-
graphs it was decided to use them as a backup method and to obtain
additional data on the first few switches., One of these instruments
was used as originally planned, and the other was used on the 10-
millisecond sweep to give an expanded record of the closing of the first
ten switches.

To drive the sweep externally, a separate thyratron
circuit was built, an additional switch installed at point zero, and
8000 feet of W11lOb field wire used between the thyratron and oscillo-
graph. This layout is shown in Figure 2.1. The signal input was taken
off the same signal line as that to the chronograph. The cameras to
record the results were solenoid-operated by the -1 second signal.

Even though considerable pretesting proved the system to
be practicable, no records of the blast appeared on the film of either
camera when the film was developed. This failure was believed to be
caused by synchronizing failure either at the 350-foot station or in
the field wire between the 350-foot and the 8000-foot stations.




SECTION 3

RESULTS

3.1 GENERAL

The times of arrival of the first earth motion as a function of
distance, are given in tabular form in Table 1 and shown as a curve in
Figure 4.1. It will be seen that for the first few tget, there is a
terrific expansion with a velocity of the order of 107 feet per second.
As the underground gas globe breaks through the ground surface, relief
is given to lateral expansion and the lateral velocity drops markedly.
From 25 to 100 feet the velocity is roughly 2700 feet per second. Dur-
ing the second hundred feet there is a slight decrease in average velo-
city to 2500 feet per second, Beyond 200 feet the velocity increases
to more than 4LOOO feet per second.
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3 » PROJECT 1.2b
1 TABLE 3.1
1 2
. Data on First Arrival in Ground at 17 Foot Depth on Underground Shot
's"r"'ui'o“—‘"—"—n DISTANCE ARRIVAL BETWEEN S3ATIONS A
1 feet TIME Distance Time Mocfty VELOCITY
oy _Sec 5_19"3 feet Sec x 1073 ft/sec x 103
1 5.0 0.05 5.0 0.05 100,0
2 7.8 0.1 2.8 0.05
3 9.6 0.2 1.8 0.1
g - 11.8 0.3 2.2 0.1
5 1.6 0.4 2.8 0.1
6 1705 0.6 2.9 ¢ 0.2
L 21.5 1.6 I SRR B
8 26.0 3.1 14.5 H 1.5 g
9 3.5 L2 55 1.1
10 3.0 7.5 7.5 3.3 £
]-1 50.0 ll.h 11.0 3.9 8 S
12 53,0 13.5 3.0 a.i ~
13 57.0 15.6 4.0 2,1 ‘:f
1, 62,0 18.6 5,0 3.0 -
15 8.0 21.2 . 6.0 2.6
: 16 75.0 2,.0 7.0 2.8 %
17 83.0 27.0 8.0 3.0
18 93.0 29.4 10.0 _ 2.4
19 102.0 30.0 9.0 0.6
20 112.0 32,5 10,0 2.5
21 123.0 36.5 11.0 4.0 H
: 22 135.0 40.0 12.0 3.5 <
5 23 U48.0  Lk.3  13.0 b3 g
2l 162.0 L9.4 1.0 5.1 M
25 177.0 51.2 15.0 1.8 §
26 193.0 0.0 16.0 8.8 oy
27 213.0 68.8 2.0 8.8
28 237.0 1.2 24,.0 3.4 e
. 29 265.0 78.7 28.0 7.5 <
g N 0 297.0 89.0 32,0 10,3 §*£
’ 31 333.0 96.5 36,0 7.5 &
{ 2
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SECTION 4
CONCLUSIONS AND RECOMENDATIONS
L.l GENERAL CONCLUSIONS

Tests have shown that the velocity of a shock wave traveling
through the earth can be measured by using a closed diaphram switch in
conjunction with a thyratron-pulsing circuit, provided extreme care is
taken in the design of both, The readings obtained from tests using
this method are subject to correction because of the delay in the open-
ing of the switch contacts after the diaphram was actuated by the shock
wave, Decause adequate test equipment was not available and because
there was not sufficient time applied to the correction factors, test
results had to be obtained from crude laboratory tests (Figure 2.6) and
incomplete readings taken with the drum camera. Time of arrival data,
based on the work of this project are given in Figure 4.1.

If more accurate definition is required than that given in the
corrected time-of-arrival curve in this report, a program should be set
up to test the normally closed switch and obtain definite delay times
for various operating pressures,

The use of a fast-moving 35-mm film, which recorded a flashing
neon lamp, gave excellent results. Like all prototype models, this
chronograph is subject to improvement.

Results obtained from the normally open switch method were not
satisfactory because of the probable introduction of ionization and/or
transient voltages of sufficient strength to cause intermittent failure
of the readings.

A distance of 8000 feet from 'blast zero' for the underground re-
cording station is considered excessive. Any reduction in distance
would not only tend to aid the logistic problem of cable but would help
maintain the shape of the pulse and reduce attenuation,

4.2 RECOMMENDATIONS FOR FUTURE INSTRUMENTATION

If the requirements for future operations of this kind are the

same, it is recommended that the following equipment be further developed

and used for the indicated distances,
L.2.1 From Blast Zero to 30 Feet

. A closed resistance method, the sequence of operation to
be recorded on an oscillograph using a 'raster' method. This record-
ing method has been developed and gives excellent results., The pro=
curement of the equipment should be no problem.

2L
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PROJECT 1.2b
4.2.2 : Fm2 & l.ﬂ Feet

An improved, nbmally closed diaphram-operated switch,
using the same chronograph recording method discussed in this report.

' k2.3 From 150 to 350 Feet

_ The Wiancko variable-reluctance accelerometers, placed
at least 50 feet apart. '
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ABSTRACT

In order to provide data for correlation with results of other test
shots, it was decided to measure the time of arrival of the shock wave
at two points in free air along a line making an angle of 30° with the
horizontal. An attempt was also made to measure the peak overpres-
sure at the same two points. The points selected were at approximate
ranges of 800 and 1200 feet from zero, at altitudes of 400 and 600 feet
respectively. A combination of blast switches and pressure pickups
was used. Information was telemetered to a manned recording station,
using an FM/FM system. A combination of oscilloscope photography
and tape recording was worked out to provide accurate time measure-
ments and pressure indication. Balloons were used to suspend the
equipment at the desired locations, and Program 4 undertook to deter-
mine photographically the exact location of the pickups as near as pos-
sible to the time of arrival of the wave.

Balloon failure limited the data obtained on the surface shot to the
800 ft. point. On the underground shot failure of an antenna resulted in
a weak signal from the 800 ft. point so that only the blast switch infor-
mation is available for that location. Arrival time information was ob-
tained from both types of pickups at the 1200 ft. location. In neither
case were the instrument locations determined, so they were estimated
from the balloon positions.

The corrected arrival times are significantly (12 to 16 percent)
shorter than those reported by Project 1.2a using gages near the
ground.

it sttt Al i o it
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CHAPTER 1

INTRODUCTION

1.1 OBJECTIVE

In order to provide information on the energy partition between the
ground and air for surface and subsurface explosions, and to permit
correlating the effects of those explosions on structures with those ob-
served in air bursts, it was planned to make measurements of the time
of arrival of the shock wave at points sufficiently removed from the
perturbing influences of the ground or test structures to yield a “free
air”™ measurement. To minimize uncertainties with regard to the shape
of the pressure wave it seemed advisable to use a combination of the
direct and indirect methods.

1.2 HISTORICAL AND THEORETICAL

The whole philosophy of this project has been profoundly affected
by the change in location and date from the original WINDSTORM plan.
In particular, since it appeared likely that no other free air pressure
measurements were to be attempted in WINDSTORM, in the early think-
ing reliability was stressed at the expense of detailed information, and
the choice of equipment was dictated primarily by consideration of
availability on a tight delivery schedule. This project did not provide
for time-of-arrival data from a sufficient number of closely spaced
positions to permit calculation of peak overpressures by the method
employed in the GREENHOUSE Project 1.6. The subsequent addition
of Project 1.3b employing rocket smoke trails was expected to provide
time-of-arrival information at a large enough number of points in space
to permit conclusions to be drawn concerning the symmetry of the
shock wave, The original proposal called for two pairs of pickups to
be located vertically one above the other so that in the event of failure
of one of the telemetering transmitters time-of-arrival information
would still be obtained at two points, which would not, however, be on
a radial line from the explosion. Later it was felt more important to
attempt to correlate the direct and indirect pressure measurements.
Cutting the pickup locations from four to two effected an appreciable
saving in weight and also eliminated the problem of failure of the signal
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cable due to the thermal radiation. The kite balloons originally selected
for WINDSTORM have rather little static lift but perform very well in
winds of 15 to 20 miles an hour. The change to the Nevada site entailed
a loss of approximately 50 percent of the static lift because of the alti-
tude. To insure sufficient lift when the wind fell below perhaps ten
miles per hour, additional round rubber balloons of the type used in
meteorological work were employed.

In previous weapons tests various methods have been used to ob-
tain information on the blast pressures produced in free air. Because
of obvious instrumental difficulties, in many cases the peak pressure
has been inferred by calculation from the time of arrival of the shock.
This method was used, for example, in Project 1.6 of the GREENHOUSE
operation.

An inherent weakness of this method is that it may lead to incor-
rect estimates of the peak overpressure in any case where a multiple
shock is encountered. For this reason it was decided to attempt to
make pressure measurements directly, in addition to time-of-arrival
observations, in the hope of obtaining an internal check on the data.
Measurements of diffraction of shock waves by Bleakney, White and
Griffith? indicate that if pressure pickups are located in baffles placed
parallel to the direction of propagation of the shock, reasonable accur-
acy can be attained, provided the distance to the edge of the baffle is at
least three to five times the baffle thickness.

Somewhat arbitrarily it was decided to make the measurements
along a radial line, making an angle of 30° with the horizontal, at dis-
tances of 800 ft. and 1200 ft. In contrast to air bursts or tower shots,
in the JANGLE shots the reflected wave was practically coincident with
the primary one, and so there was no question of locating the equipment
above the triple point. Thus it was possible to choose convenient alti-
tudes sufficient to be clear of ground disturbances.

The GREENHOUSE Project 1.6 report cited above contains an ex-
cellent discussion of the errors involved in time-of-arrival measure-
ments and of the factors peculiar to atomic explosions which might

1. Frolick, Lt. Col. A.J,, C.E., USA and personnel from AFSWP, “The
Measurement of Free Air Peak Pressures by Telemetering
from Moored Balloons", June, 1951,

2. Bleakney, White and Griffith, Journal Applied Mechanics, Page 439,
Dec. 1950.

-
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affect the performance of the measuring and telemetering equipment.
Because of the small yield, the effects of the JANGLE surface shot at-
tributable to gamma and thermal radiation were considerably less than
those encountered at GREENHOUSE. Calculations of the radio attenua- |
tion by the equations derived by Foner predicted a loss of only 2 db for |
a transmitter located 800 ft. from zero at 0.1 sec. after the explosion. 5
The expected temperature rise with the equipment housed in an alumi-

num container was quite negligible. Radiation effects were, of course,
markedly less for the underground shot. It was expected that the bal-

loons used for suspending the equipment would not survive the thermal
radiation and also that the nylon cords used for anchoring the equipment

would melt. Therefore, no provision for a quick-acting cable release

was believed necessary.

N

Program Four undertook to determine the exact locations of the
pickups by photographic methods just prior to the shots.




CHAPTER 2

OPERATION OF SYSTEM

2.1 INSTRUMENTATION

The basic instrumentation is made up of components of the AN/DKT-3
subminiature telemetering system as supplied by the Pacific Division of
Bendix Aviation Corp., North Hollywood, Calif. TTP-9 pressure gages
in various ranges were used with TOL-5 subcarrier oscillators modu-
lating TXV-4A frequency modulated transmitters. These have rated
power outputs of 2 watts in the 230 megacycle telemetering band. In
addition to the pressure pickups, blast switches as designed by Higgins
of Johns Hopkins University Applied Physics Laboratory were used.
Subcarrier frequencies of 5.8, 9.5 and 15.5 kc were used for the pres-
sure gages and a frequency of 50 kc for the blast switches. The air-
borne transmitter fed a half wave antenna of the “skinback” type sus-
pended vertically below the transmitter casing. The pressure pickups
and telemetering gear, with the exception of power supply and antenna,
were housed in shallow cylindrical containers formed by a pair of spun
aluminum pie plates (Figure 2.1) each 15 in. in diameter and one in.
deep, sealed around the edges. The openings for the pre ssure pickups
are located near the centers of the pie plates and the sv.spension from
the balloons was so arranged that the flat faces were parallel to the di-
rection of propagation of the shock. If, because of yawing action in the
wind, this orientation was not maintained exactly, the pressure readings
on the two sides of the case would differ and it was expected that the
true pressure could be estimated. At each location two pressure ranges
were employed to minimize the possibility of obtaining off-scale read-
ings or readings too small to be useful. No detailed information is
available concerning the speed of response of the TTP-9 pressure gages
under shock conditions, but it was felt that this might be undesirably
slow, particularly in the low pressure ranges. The blast switches were
designed to operate at pressures of the order of two pounds and give a
clean indication of arrival time. A block diagram of the airborne unit
is shown in Figure 2.2.

Because of the rather heavy current drain of the transmitter (6.3
volts at 0.6 amp. and 180 volts at 60 ma) it was difficult to select bat-
teries that would operate the equipment for two to three hours and not
contribute excessive weight. In the past special dry battery packs have

-4 -
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been made up, but the procurement situation made this inadvisable.
Yardney “Silvercel” storage batteries, Type 20-HR-15, were finally
selected as the primary source with a home-made vibrator high voltage
supply (Figure 2.3). The complete power supply capable of running the
airborne equipment for 5 hours weighs 8 pounds. It is housed in a cy-
linder (4 in. dia., 20 in. long) made of 1/32 in. aluminum (Figure 2.4).
This type of power supply has the great advantage that the output volt-
age (which, of course, affects transmitter power and frequency) remains
substantially constant until the batteries are nearly discharged. Also,
the provision of a simple charger eliminated worries about shelf life
under adverse storage conditions.

The airborne equipment was suspended below a pair of kite balloons
(Jalbert Aerological Laboratory JX-6) which have a capacity of 400 cu-
bic ft. (Figure 2.5). At sea level and 20°C temperature one of these
balloons will give a net lift of 9 lbs. when filled with helium. At the al-
titude of the test site, about 4200 ft. above mean sea level, this static
lift decreased to 4.5 lbs. The balloons, flown side by side in pairs,
were anchored with three nylon lines in a pyramidal arrangement, with
the equipment suspended from the apex of the pyramid by short tie wires
to maintain the orientation o1 the baffle containers. The upwind nylon
line was tested at 500 lbs. and weighs 1 1b. per 210 ft. The other two
lines were tested at 160 lbs. and weigh considerably less. The total
weight to be lifted to altitudes of 400 and 600 ft. respectively is shown
in Table 2.1.

TABLE 2.1

Weights of Equipment and Lines

400 ft. 600 ft.
Telemetering equipment and case 4 1bs. 4 1bs.
Power supply 8 1lbs. 8 1bs.
Flying Lines 4 lbs. 6 1bs.
Total 16 1bs. 18 1bs,

With a moderate wind the two kite balloons are easily capable of
lifting this load, but to guard against the possibility of the rig sagging
and the lines fouling objects on the ground if the wind should drop, even

B
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momentarily, additional lift was furnished with two rubber meteorologi-
cal balloons, holding approximately 200 cu. ft. of helium each. These
balloons were attached to the flying line between the kite balloons and
the apex of the pyramid (Figure 2.6).

Signals from the airborne transmitters were received on Clarke
Model 167E telemetering receivers fed by simple Yagi antennas. The
composite signals, together with a 1000 cycle timing wave were re-
corded on Ampex Model 302 telemetering tape recorders. A block di-
agram of the receiving equipment is shown in Figure 2.7. It was found
necessary to use specially selected tape to minimize “nodule noise.”

In addition, the signal from the blast switches was separated off with a
high pass filter (Figure 2.8) and displayed on an oscilloscope which was
photographed with a moving film camera. A dual-beam oscilloscope
was employed for this purpose so that a single oscilloscope and camera
was capable of recording signals from both locations. In order to lose
as little as possible of the speed of response of the entire system, the
telemetering subcarrier frequencies were chosen with somewhat great-
er separations than are conventionally used. Specially designed filters
(Figure 2.9) with a bandwidth of 10 percent attenuate the adjacent car-
rier by 26 db. The original composite magnetic tape record was re-
recorded with the appropriate filter combinations to produce individual
records for each of the pickups with a timing wave. This timing wave
was modulated with the zero time signal (Figure 2.10). Special circuitry
was devised for measuring the time between successive cycles of the
subcarrier frequencies (see Figures 2.11 and 2.12). This is accom-
plished by triggering a one-shot multivibrator at a definite point ineach
cycle. The multivibrator is proportioned so as to flip back before the
end of the cycle, When the multivibrator flips back it starts a sawtooth
which is cut off when the multivibrator is retriggered at the start of the
next cycle. Thus, the voltage developed by the sawtooth is a measure of
the difference between the length of the signal cycle and duration of the
first phase of the multivibrator cycle. A condenser is charged by the
sawtooth and is “clamped” at the end of each cycle. Thus, the voltage
on the condenser is a measure of the incoming subcarrier frequency.
This voltage is displayed on the oscilloscope along with the timing wave
(Figure 2.13) and the received signal. The oscilloscope is photographed
with a moving film camera so that it is easy to locate the time of arri-
val of the blast and to measure the peak pressure as indicated by the
change in frequency.




PROJECT 1.3a

2,2 SURFACE SHOT

The two telemetering assemblies were supported as shown in
Figure 2.14. Because the static lift of the kite balloons at the altitude
of the site was insufficient, two round meteorological balloons with ap-
proximately 200 cu. ft. of helium each were tied to the line between the
kite balloons and the pickup equipment.

At about one hour before shot time one of the kite balloons at the
Assembly 2 position burst, releasing the helium. The weight of the torn
balloon which remained tied to the assembly dragged it to the ground.
No results were obtained from this position.

Because of photographic difficulties Program 4 was unable to locate
the instruments. The only measurements which could be obtained were
the positions of the meteorological balloons, and an attempt was made
to estimate the location of the instruments, as follows: These balloons
were tied to the main flying line between the pie plate and the kite bal-
loons from lines approximately 8 ft.long. The length of line from the
pie plate to the tie point of the lower balloon was approximately equal
to the length of the line between the tie points of the two meteorological
balloons. From the positions of the round balloons the line length be-
tween them was determined. This distance was assumed to be the dis-
tance between the pie plate and the tie point for the lower balloon. The
angle of line holding the balloon to the main line was estimated and a
correction added to the line length between the pie plate and the lower
balloon tie point. In this manner the position of the pie plate was esti-
mated. The positions of the balloons from ground zero with their limits
of error as obtained from Program 4, and the estimated positions of the
pickup equipment are indicated in Table 2.2.

Zero time was obtained from a “blue box" supplied by EG and G.

The uncorrected time of arrival of the shock wave at the Assembly
1 point obtained from the blast switches was 4.5 percent less than the
time recorded from the pressure gages, all of which agreed with each
other.

The two 40 psi gages located on opposite faces of the “pie plate” at
the Assembly 1 position gave very different readings, indicating that the
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TABLE 2.2

Location of Assembly 1, Surface Shot

Radial dis-
Vertical South West tance from
Assembly 1 (feet) (feet) (feet) zero (feet)
Bottom of upper
balloon 461t 5 | 242t 5| 674t 5 850t 10
Bottom of lower
balloon 446t 5 | 259t 5 | 674ts5 | gs0t 10
Estimated position .
of pickups 427t 15 (280t 10 | 67415 | 845t 20

assembly did not remain in the desired orientation with the axis per-
pendicular to the radial line to zero. One subcarrier (that indicating
the higher pressure) disappeared 6 milliseconds after arrival of the
shock; the other continued in operation. It is believed that the disap-
pearance of the subcarrier resulted from the shorting out of the sub-
carrier oscillator due to partial collapse of the “pie plate” housing un-
der the pressure. No evidence of radio attenuation by the ionized gases
was observed. As expected, the balloons caught fire and were consumed;
whether the nylon lines melted or were parted by the wind was not de-
termined. The signals were observed for nearly 30 sec. after the shot,
indicating that the burning balloons still acted as parachutes,

The failure of the kite balloon could probably have been prevented
by a suitable relief valve, which was omitted to save weight,

2.3 UNDERGROUND SHOT

The assemblies of the telemetering equipment and balloons were
flown in the same manner and at the same positions with respect to
ground zero as in the surface shot, except that more sensitive gages
were used, as shown in Figure 2.14,

Again Program 4 was unsuccessful in locating the instruments, but
8 a

e el
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did furnish the positions of the balloons. The positions of the pie plates
were estimated in the same manner as in the surface shot. The posi-
tions of the balloons from ground zero, with their limits of error as
obtained from Program 4, and the estimated positions of the pickup
equipment are indicated in the tables below.

TABLE 2.3

Location of Assembly 1, Underground Shot

Radial dis-
Vertical South West tance from
Assembly 1 (feet) (feet) (feet) zero (feet)
Bottom of upper
balloon 350t 5 | 580t 5 | 257t5 | 723% 10
Bottom of lower
balloon 337% 5 | 584t 5 |256ts5 | 720t 10
Estimated position ! 4
of pickups 317215 [586%10 | 256%5 | 13 tze
TABLE 2.4
Location of Assembly 2, Underground Shot
Radial dis-
Vertical South West tance from
Assembly 2 (feet) (feet) (feet) | zero (feet)
Bottom of upper +
balloon 615-10 | 868110 [ 530210 | 1190% 20
Bottom of lower + $
balloon 594%10 |873%10 |527-10 | 11832 20
Estimated position + +
of pickups 565t 20 |880115 | 523215 | 1170% 30
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Due to an error in transmitting the requirements of this project to
EG and G, they made no provision for a zero time signal with sufficient
accuracy, so it was necessary to improvise a method for producing this
signal. This was accomplished simply by running a cable from the tele-
metering station to ground zero. The voltage induced in the cable at
zero time provided a good signal.

The transmitting antenna at the Assembly 1 position became dis-
connected or was broken aloft, and as a result the signal at the teleme-
tering receiver station from this point was not sufficient to produce
complete limiting in the FM receiver. Nevertheless, the time of arri-
val recorded from the blast switches was easily detected to within one
millisecond. It was impossible to determine any timing information
from the pressure gages because the noise prevented proper discrimi-
nations of the FM subcarriers associated with the gages.

As in the surface shot, the uncorrected time of arrival of the shock
wave at the Assembly 2 position obtained from the blast switches was
4.5 percent less than the time recorded from the pressure gages, all of
which agreed with each other,

Because of the repeated postponements of this shot the telemeter-
ing transmitters were on the air for a much longer time than anticipa-
ted. The batteries, however, held up for the full time with no indication
of failing signal strength.

- 10 -
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Fig. 2.6 Airborne Unit Supported by
Kytoons and Meteorological Balloons
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Two blast switches are used in series in each assembly for each
shot., The switches are set to interrupt a 50 kc carrier at 1 1b, over-
pressure,

Three blast gages are used in each assembly, Arrangement of
gages is shown in the following table. Figures in table are maximum
pressure reading for each gage.

TEST SURFACE UNDERGROUND

Assembly 1 Gage 1 40 1lbs. 15 1bs.
L] " Z 40 " 15 ” ;
15 ” 5 " :

" n 3

Assembly 2 Gage 1 15 1bs. 5 lbs.
” " 2 15 " 5 "
" n 3 5 L 15 "

Fig. 2.14 Location of Airborne Units
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CHAPTER 3

ANALYSIS

3.1 OPERATIONS

The records of the blast switches and pressure gages were exam-
ined carefully to determine what caused the blast switches to record an
earlier shock wave arrival time than did the gages. The gage records
showed that there was no pressure change before the shock arrival
which could have operated the blast switches. Closer examination of
the blast switch records indicated erratic scaling of the 100 kc scaler.
The entire system was reassembled when the equipment was returned
to Brookhaven and it was determined that the only manner in which this
could be repeated was with a low line voltage of approximately 95 volts.
With a line voltage above this value the timing systems operated cor-
rectly and the 1 kc tuning fork differed from the 1 kilocycle obtained
from the 100 kc scaled down by the two decade scalers by approximate-
ly 1 cycle per second. At the low line voltage the plate supply regula-
tor was inoperative and the plate supply voltage was lower than normal.
The most likely contributing factors to the timing failure were: 1) fail-
ure of scaler because of low B+; 2) reduced amplitude of 100 kc out of
oscillator.

As judged by the behavior of the oscilloscope sweep circuit, the

scalers functioned correctly up until the time the tape recorders were

switched on, at which time all the other equipment in the shack and in -
the other projects using the same generator was operating, so the volt-

age may have dropped as low as 95 due to line losses, etc. The decade

scalers used were of the type in which a binary scale of 16 is fed back

internally such that it goes through its cycle with only 10 input pulses. |
At low line voltage the scaler may scale by 12, 14 or possibly 16. In- |
spection of the record shows that failure of the first scaler occurred {
once every nine or ten times, which accounts satisfactorily for the |
timing error. There is no evidence of failure in the second scaler.

The blast switch times of arrival were, therefore, discarded in
favor of the 1 kc tuning fork calibration which is known to be correct.
However, there was no arrival time at the Assembly 1 position on the
underground shot from the tuning fork method. For this case the blast
switch record was measured to determine the number and distribution

- 20 -
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of scaling errors, and the apparent arrival time was corrected accord-

ingly, making allowance for the fact that failures occurring during the
flyback of the oscilloscope sweep could not be seen. The result agreed
within one millisecond with the time obtained by simple interpolation
from the Assembly 2 data.
3.2 SUMMARY OF RESULTS

3.2.1 Arrival Time Data 5

Table 3.1 presents the times of arrival of the shock wave at each
position.

TABLE 3.1

Arrival Time Data

Radial Distance Time of Arrival
Shot Assembly | from zero (feet) (sec.)
Surface 1 845 t 20 0.266 ¥ .0005
Underground 1 723 t 20 0.301 ¥ 0005
1170 t 30 0.605 ¥ 0005
TABLE 3.2

Comparison with Project 1.2a and Project 1,3b Data

Arrival
Time
“Free Air”

Arrival
Time
“Free Air"

Arrival
Time
near ground

e

Shot Distance (Proj. 1.3a) | (Proj. 1.3b) | (Proj. 1.2a)
Surface 845 4 20ft, | 0.266 sec. -- 0.310 sec.
+
Underground | 723 - 20 ft, 0.301 sec. 0.295 sec. | 0.370 sec.
; 1170 Y 30 £t. | 0.605 sec. | 0.628 sec. | 0.705 sec.
. e 2] -

o)




-

PROJECT 1.3a

Table 3.2 presents a comparison of the “free air" arrival time data
as determined by BNL Project 1.3a and NOL Project 1.3b with the ar-
rival time data near the ground as read from Figures 3.5 and 3.9 of the
Final Report of BRL Project 1.2a-1. The data furnished by Project
1.3b checks the measurements of Project 1.3a within the errors in

estimated positions.
3.2.2 Pressure Gage Data

Surface shot - The 40 psi and 15 psi gages on one surface of the
“pie plate™ at the Assembly ] position read off scale, whereas the 40 psi
gage on the other face indicated a very low pressure. Therefore, itwas
concluded that the high readings are in error because of reflection

effects.

Underground shot - The peak pressures indicated by the 5 psi and
15 psi gages on one surface of the “pie plate” at the Assembly 2 posi-
tion were approximately 5 psi and 4 psi respectively. The 5 psi gage
on the other surface indicated approximately 5 psi peak pressure.

The behavior of the gages appears to be sufficiently variable so
that little confidence can be placed in these readings.

The records were examined for indications of multiple shocks or
long rise times, with negative results. The only cases in which a rise
time was clearly measurable were those of a 40 psi gage at 845 ft.
from the surface shot and a 15 psi gage at 1170 ft. from the underground
shot. In both of these cases the apparent rise time (10 to 90 percent)
was about 2 milliseconds. There is a possibility that this is an instru-
mental effect since both of these gages were on the lowest subcarrier

frequency, 5.8 kc.
Figures 3.1 and 3.3 are records of the blast switch performance
for the surface and underground shots respectively., Figures 3.2 and

3.4 are pressure gage records after frequency discrimination presented
with their respective 1 kc timing waves on a dual beam oscilloscope.

3.3 CONCLUSIONS

Lacking accurate data on the positions of the pickups, there is
little hope of calculating the free air pressure using meteorological
data for the sound and wind velocities. In any event, the locations were

- 22 -
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poorly chosen, so that the pressure calculations would not be very
accurate even if the missing data were available.

Better gages and better orientation of the baffles might have re-
sulted in useful data, but in general it is felt that the complexities and
expense of this system make it inherently less practical than other
methods, such as the smoke rockets. This is especially important
when it is desired to obtain enough points to get a good curve of peak
pressures as a function of distance.

The discrepancy between the “free air™ arrival times as meas-
ured by Projects 1.3a and 1.3b (Table 3.2) and the arrival times near
the ground as determined by Project 1.2a-1 is much too large to be
accounted for by differences in wind velocity. It is concluded that the
free air pressures were markedly higher than those measured near
the ground.
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ABSTRACT

The primary objective of the experiment was to obtain accurate
information leading to the evaluation of the peak overpressure in the
shock wave as a function of distance radially along the ground and
vertically above the event.

The method employed was that of establishing a smoke rocket trail
grid, high speed photographs of which showed the time of arrival of
the shock front at a measurable distance in the desired directions.
Knowledge of the shock velocity thus obtained was used to calculate peak
overpressure by substitution in the Rankine-Hugoniot relation stating the
dependence of shock velocity on peak pressure in the shock. 3

Despite the total loss of timing records for the surface shot
a time base was established using the time of arrival results of
Project 1.,2a-1. As a result, peak overpressures were obtained only
in the vertical direction for this event, since pressures along the
ground would be identical to those of Project 1.2a-1, Peak overpressures,
both along the ground and vertically, were determined for the underground
shot.

Based on existing high explosives (HE) data, the following TNT
kilotonnage equivalents were determined for the 10 psi pressure level:

Event Along the Ground Vertically Above Zero
Surface - 1.08 xr
Underground 1.01 K? 0.81 Kr

It is pointed out in the report that these values, being critically
dependent on scaled HE data, are considered by the authors to be poor
for accurate comparisons. They are based on data having wide scatter
and caution should be exercised in making judgments based on them,

Suggestions and recommendations are made where necessary throughout
the report in the event that similar tests are conducted in the future.
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1.1 OBJECTIVE

The objective of Project 1.3b was to determine the peak pressure
of the shock wave in free air as a function of distance both vertically
and along the ground from weapons detonated on and under the surface of
the ground. Specifically, this objective was to be accomplished by the
shock velocity method by measuring shock wave times-of-arrival at mea-
sured distances on high speed motion picture records of smoke rocket
trail grid distortions caused by the shock wave.

1.2 HISTORICAL

1.2_.1 Refraction of Light

The phenomenon of refraction of light on passing through
the region occupied by the shock front has been utilized in scientific
laboratories for many years to obtain photo-shadowgrams and in con-
Junction with shock-wave detection techniques. On occasion, motion-
picture photographs of large explosions produced by conventional military
explosives have shown rather clearly the locus of the expanding shock
front, the diffused background lighting being refracted on paesing
through the denser gas within the shock front and detected by the camera.
The refraction of the light reflected from large objects, such as trees
and telephone poles in the background, has also been observed, butthe
effect is small, being proportional to the strength of the shock and the
rate of decay behind it. However, frame-by-frame examination of such
photographs has shown that the location of the distortion is extremely
~ difficult to detect against an irregularly shaped background such as
trees. This indicated the necessity of some type of grid or regular
background of considerable dimensions. Experiments were conducted to
determine the feasibility of such a grid by J. F. Moulton, Jr. and
LCIR B. T. Simonds of the Naval Ordnance Laboratory.

1.2.2 Smoke-Rocket Grid

During 1950 an FS smoke-rocket was developed by
J. F. Moulton, Jr. and LCIR B. T. Simonds at NOL for use on Operation
Greenhouse (see ref (a)).* The grid formed by a number of these

#A1]1 references will be found in the Bibliography appearing at the end
of the report.
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smoke-rockets launched vertically before the burst in a plane perpen-

dicular to the line cf sight of the camera and behind the explosion

center proved to be very successful in obtaining a photographic record

of the arrival time of the shock at various distances. Refraction of H
the light reflected from the trails on passing through the shock front

caused the trails to appear broken at the shock front and hooked just

behind the shock front determining the locus of the shock fromt very

accurately.

1.2.3 Effect of Relative Humidity on Rocket Trail

Since the smoke from the rockets is obtained by the
combination of FS with the water vapor in the air (see Sec. 2.1.2),
it was felt that the low humidity at the Nevada Test Site might reduce
the density of the trails seriously. In the first two weeks of Sept-
ember, 1951 an experiment was conducted at the test site by
J. F. Moulton, Jr. to determine the seriousness of this effect. One
smoke-rocket was fired and photographed under approximately the same
conditions expected for the actual tests. The density of the trail,
though reduced somewhat, was observed to be sufficient for the nec-
essary contrast with background lighting and the effect of the relative
humidity on the trail was not considered serious.

1.3 BASIC THEORY
1.3.1 The Rocket Smoke Trail Method

To obtain peak overpressure as a function of distance the
photo-optical technique described above is employed to record the time
of arrival of the shock at measured distances from the explosion center.
A third order polynominal of the form

t = A+ A R4+ AR 4 AR (t = time, R = distance)

is fitted by the method of least squares to the data thus obtained.
Differentiation of this equation gives

2
At =1l = + + 3A.R
e T St sl

correlating shock velocity, U, with distance. From it a set of instant-

aneous shock velocities is obtained for the chosen values of distance.

In addition to these values, a knowledge of the absolute atmospheric

pressure, P,, and the velocity of sound, C,, ahead of the shock is -
required to determine the peak overpressures, Pg. The overpressure is ,
calculated from the complete set of data by using the Rankine-Hugoniot ,
relation for shock pressure as a function of shock velocity: Foal
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Pg = P
23 (£

vhere ¥, the ratio of specific heats for air, = 1.403.

A complete example of the rocket smoke trail analysis may
be found in appendix B of ref (a).




CHAPTER 2
EXPERIMENTAL PROCEDURE

2.1 DETECTION GRID
2.1.1 Purpose

To follow the progress of the shock front in free air
photographically a detection grid is required. This grid was formed
by FS smoke rockets, whose smoke trails reflect the light produced by
the explosion and sunlight. The light from the grid is refracted by
the shock front and appears distorted, indicating the locus of the
shock front,

2.1.2 The Smoke Rocket

The smoke rocket consists of a standard inert 5.0 Rocket
Head Mark 10 and 5.0 Spin Stabilized Rocket Motor Mark 4 combination
(see Fig. 2.1). The head is filled sbout four-fifths full (10 1b) of
FS (55 per cent sulfur trioxide and 45 per cent chlorosulfonic acid).
Three small metal nibs, covering exit holes drilled 120° apart near
the base of the rocket head, are knocked off by the lands in the
launcher during the launching phase. Centrifugal force then dispenses
the FS, directed by scoops, through the exit holes. Upon combination
with the water vapor in the air, the FS forms a dense white trail of
fuming sulfuric and hydrochloric acids which is fairly persistent, about
2 meters thick, and continues up to about 3,000 ft altitude. Details
of the development and test of the rocket can be found in ref (a).
The single-tube launcher is shown in Fig. 2.2.

2.1.3 Firing Positions

The smoke trails forming the grid were aligned in azimuth
such that they projected down the line of sight of the camera statiomns.
This was done to present essentially vertical lines to the cameras.

The trails were spaced at equal intervals as shown in Figs. 2.5 and 2.6.

2.1.4 Firing Method

Each rocket line received its firing impulse at -5 seconds
through an EG&G timing relay which closed a circuit of 110v AC in the
rocket line. The 110v power box and EG&G relay were appropriately
mounted in the blast hut gsee Fig. 2.3). The rocket line voltage closed
a number of power relays (Potter and Brumfield type MR1lA), each con-
nected in parallel across the line, completing the individual firing

-4-



AeToy DON PR ‘YoyTAg L3888 ‘xOg Iamod
gwongguﬂgm.« ¥

%

ek,
o=

xog £A39339¢ pUS IeYOUN®T TFely, S3omg SOMPOXI 03 POTITPOK
IA0Y POZITIQeIS-uTdg 036 T°2 °B1a

) -

PROJECT 1.3b

&, e R TIONE A0. vy, | BT T W




Ie

ins g i

FROJECT 1.3b

ke o0 ROCKET LINE, 300' INTERVALS »
4 i ERSEIE e s
I 8
, -
| g
PLANE OF MEASUREMENT A ZERO {
X
5
0.33 orha 69 0.
186 | é -— f ke
B
k—h73:9o—+—526.-50—’f<—500'39——-k—h99'61—-[
!
l
|
| 8
o
| &
| &
| )
£
P
0120
e o T o.50
300102 te—g— 299192
N
)
[
| @
S
l -,
8
CAMERA STA é iy
J=2

Fig. 2.5 Test Layout, Surface




=

At ading® LN
-

T T TR T T I Y e
L8

o

- sl i R G

PROJECT 1.3b

- %00100 ROCKET LINE, 300' INTERVALS )'],
[ o @ @ & r———o——+ * -0 —e-- ® ——8- —®
|
8
|
&
PLANE OF MEASUREMENT oD *L
P
ELEV 4287:82 | g‘ ELEV L287!80
0140 0140 20
D w0 |y g5 |
ELEV k28712 B :
hoo:ooal-hoo:oo—qwhoo:ooal-hoox 00-»| ELEV 4268100
|
| l
|
|
|
| -
|
|
|
| 8
| §
| o
|
I
|
| |
LV 1258183 g
0120 65_ ' * O = oS
' ELEV 1258182

|
|
|
CAMERA
STA P=2

Fig. 2,6 Test Layout, Underground




e b

circuits at each rocket station (see Fig. 2.7). BEach individual rocket
firing circuit consisted of one power relay and two 6v BA-22/u batteries
in series with the contact ring on the rocket. The relay and

batteries at each launcher site were enclosed in a water-tight box.

The firing line extending from the blast hut to the
various launcher sites was composel of one two-conductor Romex cable
with cloth covering around plastic-coated conductors. The conductors
were No. 14 gage copper wires. All cable connections were made using
amphenol plugs and sockets which were taped with rubber tape and Scotch
electrical tape to insure against water leaks. The cables were buried
18 in. below the ground surface, no conduits being required.

2.1.5 Precautionary Measures

Watertight circuitry throughout the firing system was
maintained by sealing all amphenol plug connections with rubber tape
over which a layer of Scotch electrical tape was applied. After load-
ing, a special raincoat made of Koroseal was placed over the lsuncher
to keep rain from entering the launcher muzzle and firing box. An
example of a rocket launcher ready for firing may be seen in Fig. 2.k.

To prevent accidental firing of the rockets while lotding
the launchers, a padlocked safety jumper switch was used. The acciden-
tal application of current to the firing line was thus made _wpossible.

Rocket motors were stored in a conventional ammunition
magazine prior to use.

2.2 DESCRIPTION OF PHOTOGRAPHIC FACILITIES

2,2.1 General Equipment Details

Table 2.1 lists the details on the cameras, lenses,
filters, films, etc., used by the Sandia Corporation for this project.

2.2.,2 Camera Positions

The bearings and distances of the camera stations with
respect to zero are shown in Figs. 2.5 and 2.6. The camera towers were
25 £t high. Azimuthally, all cemeras were aimed through ground zero.

2.3 FILM-CALIBRATION PROCEDURE AND BASIC MEASUREMENTS FOR PHOTOGRAM-
METRIC ANALYSIS

2.3.1 Fiducial-marker Locations

The space fiducial markers, used to establish the
horizontal scale and horizontal-vertical orientation of the film record,

-8 -
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were provided by the Sandia Corporation. Details on the space-marker
locations are shown in Pigs. 2.5 and 2.6. The plywood markers nearest
the camera station were 4 ft square and the farthest ones were 6 ft
square. Four smaller alternating black and wvhite squares were painted
on each marker,

2.3.2 Bcaling

The fiducial markers were placed at known positions with
respect to the camera, thus establishing a horizontal distance scale in
any desired plane of measurement. A vertical scale was established using
the fiducial marker geometry together with a knowledge of the direction
of the optical axis of the camera and engineering survey data.

e R —

2.3.3 Film-measuring Instruments

A direct-projecting Recordak (Model MPE) was used for the
distance measurements given in this report. The shock front, made disceraible’
by the refraction of light from the trails and the scattered background
light, was traced frame-by-frame on special drafting vellum to reduce
distortion effects caused by humidity. The enlarged images were
measured to the nearest 0.005 in. representing approximately 1 ft in the
plane of measurement.

2.3.4 Timing

Timing scales furnished by the Sandia Corporation on the
surface shot showed that just before zero time a power failure at the
camera station occurred. The measurements recorded were useless during
the period of interest.

Piming for the underground shot was also furnished by the
Sandia Corporation in the form of a string galvanometer record. A 100 cps
signal was recorded on the same record showing a timing pip for each
frame of the film as it was being exposed. The position of each frame
with respect to zero time was measured and thus the speed of the camera :
and time of each frame during the period of interest was determined. |
The film used to obtain the results for the underground event presented |
in Chap. 3 was exposed at a constant rate within the error of measure- |
ment, The time per frame was found to be 0.0108475 sec. The accuracy
of this figure is + 0.,00005 sec. The maximum error over the entire
period of measurement (65 frames) is 0.00325 sec (0.3 per cent) which is
considered to be negligible,

2.k INSTRUMERTATION PERFORMANCE

2.4.1 Rocket Trail Grid

All but one rocket fired on both shots at the proper time
and the one failure was probably due to a faulty motor. This occurred

WL
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on the surface shot. Of the 23 rockets that fired, five failed

to smoke (four on the underground shot and one on the surface shot).
Although this was a large percentage of failures, the grid was
sufficient to extract ihe necesgsary data. Failure of the rocket launcher
lands to knock off the metal nibs covering the exist holes in the head
has been determined as the cause for the rockets not smoking. The
modified inert heads were actually at fault becawse the nibs were
recessed too much with respect to the outer surface of the rocket.

2.4.2 Cemerss and Timing

All cameras used for this project were running at zero
time for both shots. The cameras and timing for the surface shot
fluctuated due to an erratic fluctuation in the voltage supply and
eventual power failure. No such difficulties were encountered on the

underground test.

2.4.3 Film Exposures

In general, film exposures were poor. Only one usable
£1lm was obtained on each shot, film No. 232 on the surface shot and
£ilm No. 285 on the underground shot. All others lacked the necessary
contrast or were overexposed. Even film No. 232 was overexposed during
the first 0.25 sec, during which time the shock wave advanced some
750 £t radially.




; 3.1 SURPACE SHOT

At the photographic station J-2 a power failure occurred on the

4 surface test which all but ruined the experiment from the standpoint of
e this project. Although the cameras were in operation throughout the

- time of interest, their speed was erratic. This would have presented
only minor difficulties in the analysis had not the local primary timing
standard also failed. If the timing standard had been battery-operated
there would have been far less chance of its failure.

Despite the timing failure an attempt was made to get some infor-
mation from the films since the shock wave could be seen out to about
2,000 £t in film No. 232. The procedure given immediately below was
used to obtain the time of arrival of the shock wave.

; 3.1.1 Establishment of the Time Base

Timing of the individual frames of film No. 232 is based
on the Ballistic Research Labcratories (BRL) shock wave arrival times
along the ground, given in ref (b), and the assumption that the shock
wvave is symmetrical radially along the ground. By definition, then,
it follows that the two sets of data, those of the Naval Ordnance
Laboratory (NOL) and the Ballistic Research Laboratories, are identi-
cal and lead to the same pressure results along the ground.

The BRL data were plotted and connected by a smooth curve
drawn through the points. The NOL shock wave distances (radii)
measured along the ground were matched frame-by-frame to the corres-
ponding distances on the BRL curve and the time oi each frame was thus
obtained. Knowing the time of each frame, the arrival time of the
shock along the vertical axis was established. These data are plotted
in Fig. 3.1 as given in Table 3.1. The oscillations appearing in the
time of arrival curve are the result of film speed variation due to
voltage fluctuations prior to the power failure and vibrations set up
by the f£ilm feed mechanism.

g The empirical equation fitted to the arrival time data is:
‘ t = -0.18653780 + 0.54415300R + 0.04B45880R® + 0.01321468R3
> ~13 -
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TABLE 3.1

Shock Wave Arrival Times at Distances
Vertically above Zero

Surface Shot

TR t R % R € R t
(£t) (sec) (£t) (sec) (£t) (sec) (£t) (sec)

757.37 0.2663 | 1008.50 0.4205 241,16 0.5790 1512.76 0.

762.33 0.2710 | 1012.,47 0.4235 | 1245.99 ©.5910 | 1522.46  0.8217
784.17 0.2790 | 1034.31 O0.L475 | 1271.62 0.6030 | 1574.30  0.8360
809.98 0.2925 | 1076.00 0.4585 | 1273.59 0.6210 | 1588.20 0.861
840.75 0.3000 | 1095.86 0.4753 | 1262.62 0.6288 | 1631.88 0.

857.63 0.3087 | 1099.83 0.4820 | 1282.47 0.6405 | 1673.56 0.907
853.65 0.3237 | 1105.78 0.4920 | 1349.97 0.6575 | 1699.37  0.93

873.51 0.3372 | 1107.77 0.5055 | 1363.87 0.6743 | 1701.36  0.9600
891.37 0.3557 | 1125.63 0.5200 | 1357.91 0.6825 | 1762.90  0.9889
919.17 0.3635 | 1175.26 0.5275 | 1389.68 0.6930 | 1782.75  1.0075
olk.97 0.3782 | 1177.25 0.5350 | 1397.62 0.70k5 | 1800.62  1.0335
966.82 0.3843 | 1177.25 0.5500 | 1417.47 O.T175 | 1840.33  1.0580
976.74 0.4000 | 1209.02 0.5610 | 1425.41 0.7345 | 1905.8%  1.1284
972.T7T 0.h097 | 1211.00 0.5707 | 1469.08 0.7588 | 2017.01  1.1885

-l5 -
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3.1.2 Meteorologcal Data

The meteorological data required to obtain the desired
pressure results using the Rankine-Hugoniot relation were taken from
ref (c). These data were originally reported by the Test Site Weather
Station and were computed by the Experimental Weather Station of the
Geophysics Research Division, AFCRC. Temperatures and gressures at
the ground surface and at 1,334 ft above the surface were chosen as base
points to establish an assumed linear variation of atmospheric pressure
and sound velocity with altitude. These values are shown in Table 3.2.
The resulting variations of these values are shown in Fig. 3.2.

TABLE 3.2

Meteorological Data, Surface Shot

Altitude Po T & 1
(£t) (psi) (°c) (£t/sec)
o 12.69 10.3 1,108.39
1,334 12.04 6.2 1,100.29

3.1.3 Peak Overpressure in Free Air Vertically Above Zero

Using the data from Table 3.1 and Fig. 3.2, pressures were
calculated by means of the Rankine-Hugoniot relation for distances
measured vertically above zero. These pressures are listed in Table
3.3 and are plotted in Fig. 3.3.

The pressures, Pg, given in Table 3.3 apply only at a
ground elevation of 4,213 ft above mean sea level. These pressure and
distance values have been corrected to sea level using the relations
as found in ref (e):

1
R(sea level) = R(test site) [Po(test site)] /3
Po(sea level)

Pg(sea level) = Pg(test site) [EO(S“ level)]
Py(test site)J

where R = distance and Ps = peak overpressure in shock wave.
- 16 -
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_ PABLE 3.3
P Free Air Peak Overpressures
Vertically Above Zero
4 Surface Shot
: i, P SR i3 7,
) (£t) (pB1) (£¢) (ped)
3] 800 13.8 1250 7.90
- 850 13.1 1300 7.31
3 900 12.4 1350 6.51
. 950 31,7 1400 6.17
1000 11.0 1450 5.8
1050 10.% 1500 5.09
1100 9.75 1550 4.56
1150 9.11 1600 L.06
1200 8.50 1650 3.57
1700 3.09
TABLE 3.k :
Free Air Peak Overpressures Vertically Above Zero'
Corrected to Sea level
Surface Shot
R ~ B x s
(£t) (pst) (£t) (pst) 1
762 15.98 1238 8.46
809 15.17 1285 7.5k
857 14,36 1333 T.14
90k 13.55 1380 6.7k
952 12,74 1428 5.8
1000 12.04 1476 5.28
1047 11.29 1523 k.70
1095 10.55 1571 4,13
11k2 9.8 1618 3.58
1190 9.15 ~

- 18 =
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Fig. 3.3 Free Air Overpressure vs Distance Vertically Above Zero
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Assuming the atmospheric pressure, Py, to be 14.7 psi at
sea level and taking 12.69 psi as measured at the test site the factors
for reducing the data to sea level are 0.952 for distance and 1.158 for
pressur:. The corrected values appear in ¥able 3.4 and are plotted in
Fig. 3.4.

3.1.k TNT Kilotonnage Equivalent

Reference (d) describes some small scale high explosives
tests conducted at the Naval Ordnance Laboratory late in 1950. Pressure
measurements were made at reduced distances, )\ , along the ground and
vertically above spherical 1 1b Pentolite charges. The charges were
placed at charge depths (or heights), A ., with respect to the ground
surface level. By definition

N- <7 (Sin)-

N, o Depthof Burial ( gt )
3 wi/3 1b1/3

where R = distance from ground zero
W = weight of charge.

Specifically, the report gives data for A = O, corres-
ponding to a charge center at the surface, and A ¢ = <0.125, correspond-
ing to a charge center almost 1 charge radius above the ground. The
charge height of the surface test on Operation JANGLE was of the order
of A = -0.024, based on a radiochemical equivalent of 1.0 K2. Thus
the data taken from the small scale tests should bracket those of the full
scale test. For reduced distances (A ) vertically above zero at the
10 psi level the small scale tests yield values of A = 8.4 and A= 9.2
for N¢ = -0.125 and A, = O respectively, after a correction factor
of 1.19 is applied to convert from Pentolite to TNT. The full scale
test yielded a corrected pressure of 10 psi at a distance of 1,135 ft
above ground level. Hence

wi/3 -B. }.8:_1.52 = 135 1v1/3, 12 A, = -0.125 for the miclear shot

and w1/3 = ]_'_;_]%.- 123 1b1/3, if A, = O for the nuclear shot.

The values of W are therefore 1.23 KT and 0.93 KT, respectively. An
exact high explosives comparison for A c = <0.024 does not exist but
the value of 0.93 KT should be closer to the true value since the nuclear
shot at A, = <0.02k more nearly approximates A . = O.

- 2] -
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3.2 UNDERGROUND SHOT

On the underground test all of the photographic and timing devices
associated with this project fur.tioned so that timing scales could be
measured in the prescribed manne:r. During the time of interest, the
camera in vhich film No. 285 was exposed functioned smoothly with the
result that the time per frame was constant within the error of measure-
ment.

3.2.1 Shock Wave Measurements

Measurements were made along the ground and vertically above
ground zero. The shock-wave-arrival times in these directions are given
in Table 3.5 and are plotted in Figs. 3.5 and 3.6.

The empirical equation fitted to the arrival-time data along
the ground was:

t = -0.01167049 + 0.31622801R + 0.36429249R2 - 0.09933107R3
In order to obtain a satisfactory fit, two empirical equations were de-
rived for the arrival-time data vertically above zero. This was necessary
because of the inflection point occurring at about 950 ft. Of these

two equations, the first was fitted to the date from 600 £t to 1,000 ft;
the second from 1,000 ft to approximately 2,000 ft. They were:

(1) t = -0.33554603 + 1.2990640TR - 1.19800814R2 4 0.59248555R3

(2) t = <0.66074835 + 1.64960339R - 0.880707O9R2 + 0.23719553R3
3.2.2 Meteorological Data

As on the surface test, the change of atmospheric pressure
and sound velocity was assumed to be a linear function of altitude above
ground level. The basic data were obtained, as before, from ref (c).
They are given in Table 3.6 and plotted in Fig. 3.7.

3.2.3 Pesak Qverpressure in Free Air Along the Ground

The peak overpressures along the ground were calculated
using the data in Tables 3.5 and 3.6 in the Rankine-Hugoniot relation.
The results are given in Table 3.7 and are plotted in Fig. 3.8.

The pressures given in Table 3.7 have not been corrected
to mean sea level. As they appear in this table, the data correspond to
those from a charge in the ground at a ground level of 4,299 ft above
sea level. Using the factors 1.150 to correct for pressure and 0.954 to
correct for distance, as found by using the relations given in Sec. 3.1.3 »
the corrected data presented in Table 3.8 are those to be considered at
sea level. These data are plotted in Fig. 3.9.

- 2?_ o
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TABLE 3.5

8hock Wave Arrival Times at Distances Along the Ground
and Vertically Above Zero

Underground Shot

mey Above Aloix:rgund t (sec)
589.22 346.28 13517
676.81 41747 .17856 ?
76%.00 489.43 22195
847.20 561.76 26534
922.85 636.42 30873
991.32 708.7h .35212
1082.89 . 761,42 39551
1164.51 822,50 43890 &
1246.12 883.10 48229 ‘
1307.83 9k1.29 -52568 ‘
1392.23 993.91 56907 | -
169.07 . 1049.24 61246 | -
1537.55 1110.49 .65585 |
1604.43 1174.03 69924
1670.12 1235.95 ~Th263
1727.85 1297.00 . 78602
1791.55 1345.40 .82941
1846.09 1405.13 87280
1891.88 1458.15 91619
942,84 1516.99 95958
2?23 -
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Fig. 3.5 Time of Arrival of Shock Wave Along the Ground
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TABLE 3.6

Meteorological Data
! Underground Shot

!
Altitude P g Co
(£t) (ped) ( %) (£t /sec)
0 12.78 6.9 1101.71
1000 12.28 3.8 1095.72
2000 11.79 0.83 1089.63

3.2.4 Peak Overpressure in Free Air Vertically Above Zero

The data used to calculate pressures vertically above zero
are taken from Teble 3.5 and Fig. 3.7 and substituted in the Rankinee-
Hugoniot relation. One important difference observed in this case is
that the time-of-arrival curve, Fig. 3.6, bas a small cusp at approxi-
mately 950 £t indicating a sudden change of slope due to the arrival
of a new wave, or, less likely, the increase in the rate of growth of

original shock wave in the vertical direction. This event accounts
the jump rise in pressure as a function of distance as given in
le 3.7 and illustrated in Fig. 3.8. The phenomenon is discussed at

greater length in Chsp. k.

Teble 3.8 gives the values of pressure and distance cor-
rected to sea level and Fig. 3.9 includes a plot of thesge data. The
same correction factors as used for data along the ground, namely,
1.150 for pressure and 0.954 for distance, are used here also.

3.2.5 TNT Kilotonnage Equivalent

The HE-1 and HE-2 tests conducted at the test site during
the operation provide exactly scaled data upon which an evaluation of
the TRT kilotonnage equivalent can be based. Both HE tests and the
underground nuclear test were made using a burial depth of Ac = 0.135.
For the HE tests, ref (b) shows that the average reduced distance
along the ground at which the pressure was determined to be 10 psi was
A = 5,0, From Fig. 3.8 the uncorrected (for altitude above sea level)
pressure-distance curve indicates a 10 psi pressure level at 760 ft.
Therefore, the TRT kilotomnage equivalent is computed to be
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k To obtain a similar figure based on the pressures measured

i ically above ground zero, recourse must be made to ref (d) as was
Sec. 3.1.4, above. For charge burial depths of Xc = 0.125
0.250, ref (d) gives values of reduced distances vertically
sbove zero of 8.8 and 8.2, respectively, for the 10 psi pressure level.
Using the pressure-distance data corrected to sea level shown in Fig. 3.9,
the pressure does not quite reach 10 psi before the onset of the sudden ¥
pres increase. The last measured pressure before the arrival of ;
thi
to

d
5,

sure

8 rise in pressure is 13.17 psi. If one extrapolates from 13.17 psi
10.0 psi, then a value for the corrected distance is found to be
990 ft. Based on this value and the values of A obtained from ref (d),
two values for W can be determined which should bracket the true value.

WEaks 130l vaozr
W1/3-§?%-m1b1/3, W = 0.89 KT
If the distance of 1,650 ft were used to calculate the
TR? equivalent, corresponding to the 10 psi pressure level in the .

spparent second pressure pulse, a riduculously low figure would be
obtained. ;

The apparent inconsistency in the equivalent kilotonnage
weights for the underground test will be treated in Chap. 4.
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: TABLE 3.7

Free Air Peak Overpressures Along the Ground
and Vertically Above Zero

Undergromnd Shot
Ttical
) 0 i * (et
300 32.80
0O 24.00
500 18.64
600 1%.76
650 35.00
700 11.93
750 33.11
¢ 800 30.03 9.54

850 25,49
900 20.91 8.05
950 15.90
1000 11.45 7.30
1100 6.56

. 1200 23.53 :

:- 1250 2345

3 1300 23.26
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TABLE 3.8

Free Air Peak Overpressures Along the Ground and

Vertically Above Zero Corrected to Sea Level

Underground Shot
g ] e i kel

286.3 37.T2
361.8 27.60
4717.2 21.hh
572.6 11.69
620.% 40.25
668.1 13.72
715.8 38.07
763.5 34,53 10.97
811.2 29.31
859.0 24,05 9.26
906.7 18.28
95k. 4 13.17 8.40

1049.8 7.5k

1145.3 27.06

1193.0 27.08

1240,7 26.75

1336.2 24,34

1431.6 20.31

1527.0 15.54

157h.8 12.97

1622.5 10.52

1670.2 8.07

1717.9 5.82

1765.6 3.64

1813.4 1.70
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CHAPTER 4
DISCUSSION AND CONCLUSIONS
b.l  GENERAL EVALUATION OF METHOD AND RESULTS

The shock velocity method of determining peak overpressure in
free air as a function of distance rests on a firm foundation of suc-
cessful results obtained by many laboratories in the past. The
Rankine-Hugoniot relation, a theoretically derived equation indicating
the relation between peak shock pressure and instantaneous shock
velocity, is based on the reasonable primary assumptions of comservdtion
of mass, momentum, and energy across the shock front. The utilization
of the relation, however, can lead to serious erroneous conclusions if
strict adherence to the rules governing its validity is neglected. The
outstanding difficulty encountered when using the shock velocity method
on tests sach as are reported here stems from lack of information con-
cerning the actual direction of propagation of the shock front. This
is particularly true in the case of an underground event. Time-of-
arrival measurements must be made only in the direction of shock
propagation unless the angle between the line in which measurements
are made and the direction of propagation is known.

h.1.1 Validity of Assumptions

Before the tests were conducted it was assumed that the
front of the shock wave for both tests would move in a radial direction
parallel to the ground in the immediate vicinity of the ground surface
and also parallel to a line extended vertically above ground zero. Only
in these directions were time-of-arrival measurements made. Spherical
symmetry of the shock, such as is observed on a high altitude air burst,
could not be assumed on the basis of past experiences with HE charges
mounted in similar positions.

As can be seen in Figs. 4.1 through 4.6, the original
assumptions concerning the direction of shock propagation are perfectly
valid except, possibly, for very short radial distances along the
ground for the underground test. The photographs for this shot indi-
cate that the shock was nearly spherical out to about 200 ft,and the
shock front was definitely at an angle with the ground lm'race other than
90°, Any resulte in this region based on the velocity method should be
treated cautiously.

4.,1.2 Suitability of Smoke Rocket Trail Grid

Aside from the fact that several of the rockets failed
to smoke, i was apparent that two improvements would be desirable in
any similar future test. In Figs. 4.1 through 4.6 it will be observed

- 33 -

o) —

-

a2 ek u.h"&w

ol WS A

AR R




3
500 FT_,

Fige 4.1 Surface Event, 0.3557 Second

' 500 FT '

Fig. 4.2 Surface Event, 0.4753 Second
-3 =




Pig. k.3

AP NP

Fig. 4.k Underground Event, 0.0 Second

PROJECT 1.3b

500 FT
—————{

Surface Bvent, 0.5790 Second

-3 e

)

" T WL e




500 FT

Pig. .5 Underground Bvent, 0.162k Second

.';.'vw)‘."(/'*" —




FROJECT 1.3b

that directly behind the burst there are no rocket trails. They were
purposely omitted in this region because the refraction effect is not
discernible along a radial line from the explosion center. It would
have helped substantially, however, if the gap in the smoke grid had
been smaller in this region. The second suggested improvement is
somevhat similar to the first. The spacing between all the grid lines
should be smaller if measurements along the ground are to be made. In
the present instance, the trails provided only a guide to the location
of the shock wave at the point of ground intersection except where the
line of sight from the camera to the shock included a trail directly
beyond the shock. At other points along the ground the shock was
barely strong enough to refract scattered background light. Had the
weapon been larger (the shock wave stronger) neither of the difficulties
encountered would bave been met.

Generally speaking, however, the rocket trail grid is
considered suitable for tests similar to those herein reported.

k.1.3 Suitability of Cameras, Film, and Photographic Techniques

Camera equipment and films used were satisfactory but the
results, in general, were poor. All films were overexposed during the
first few tenths of a second after zero time on the surface event. The
equipment used to obtain the pictures was similar to that used on
Operation GREENHOUSR vwhere decidedly better film records were obtained.

Timing records vere a complete failure for the surface
event but were successful for the underground event. As mentioned
earlier, Sec. 3.1, there would have been less chance of a timing failure
if the local primary timing standard had been battery-operated. Timing
for each camera, rather than group timing for many cameras on & single
record, is advocated by the authors. Otherwise, back-up installations
lose half of their value before operation is begun.

Films and timing records were submitted to the Naval
Ordnance Laboratory for analysis following an undue delay. In par-
ticular, the records for the underground event were evidently measured
by some other group before being submitted, contrary to a specific
request for the unscratched original films, This made the analysis
very difficult. Figures 4.4 through 4.6 shov numerous scratches which
were found priesent in the f£ilm only in the region of interest.

h.,1l.4 Pree Air Peak Overpressure Vertically Above Zero, Surface

The corrected free air peak overpressures are given for
various distances vertically above zero in Table 3.4 and are shown
graphically in Fig. 3.h. The most striking feature of the graph is its
steep slope at the larger radial distances, indicating a more rapid
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decay vith distance than that observed along the ground (

8

e 3.3 for comparison). One reason for the more rspid rate of decay
is the decline of atmospheric pressure (and air density) with increas-
ing altitwde above the surface. Even more rapid decay would be cbserved
vere it not for the bolstering effect introduced by the in
sound velocity with altitude.

-Pigures &.1 through k.3 show that the shock wave is net
bemispherical, but has a greater radius from the explosion center aleng
gound thaa vertically upward. This is to be expected, especially
o2 such & large scale explosion as compered vith HE explosions where
wnder similar conditions, the same effect has been observed.

As was mentioned in Sec. 3.1.4, the TNT kilotonnage
equivalent is of the order of 0.93 K%, based on the calculations
described. The reader is cautioned sgainst putting great faith in
the THT kilotonnage equivalents reported by the various projects com-
cerned with this operation. The figures quoted are critically dependent
upon the value of A used in the calculations. The suthors are unsvare
of any extant HE vertical pressure data for which the scatter is mot
laxge, from vhich the values of A\ are taken. In addition, the error is
cubed im reaching the final value in terms of kilotons of TNT.

b.1.5 Free Air Peak Overpressure Along the Ground, Underground

Very good agreement exists between the results reported
by BRL Project 1.2a-1 (ref (b)), and those reported in Sec. 3.2.3.
Both methods are fundamentally the same, yet completely different sets
of records yielded nearly identical results.

The major difference between the two sets of data is that
the BRL data yield a pressure-distance curve which is slightly concave
dowmnward, while in the same region the NOL results indicate the opposite
trend, see Fig. 3.8. It is interesting to note that the HE-1 and NR-2
data, as reported in ref (b), have a slope which is concave upward
similar to the NOL results. At greater distances, however, the NWOL
data assume a curvature similar to that of BRL.

The TET kilotonnage equivalent of 1.0l KT is comparable
with that obtained by other projects. To illustrate how widely this
figure can be made to vary, however, (see Sec. 4.1.4), consider the
following argument: If instead of using an average value of A determined
from both HE-1 and HE-2 one uses the individual values obtained, namely
A equals 5.6 and 6.4 for the 10 psi pressure level, then one obtains
kilotonnage equivelents of 1.23 and 0.84 XX, respectively. The percentage
difference between the values for A is approximately 15 per cent while the
difference between KT equivalents is approximately 50 per cenmt.
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PROJECT 1.3b
4.1.6 Free Air Peak Overpressure Vertically Above Zero,

On this test a secondary wave overtook and passed the
initial shock in the direction vertically above zero as indicated in
Figs. 3.6 and 3.8. Along the ground this effect did not appear in the
shock velocity results except possibly at the larger distances where
the pressure-distance curve (Fig. 3.8) indicates a slower rate of
pressure decay. However, the pressure-time results obtained by the
Stanford Research Institute (Project 1(9)a), ref (f), showed a secondary
pressure rise after arrival of the initial shock ocut to a radial distance
along the ground of about 1,000 ft, beyond which it was not observed.

It 414 not have a steep front like a shock but was undenisbly e pressure
wave.

If a sufficiently strong secondary pressure wave originated
at or near the explosion center it would certainly grow faster in the
vertical direction than along the ground because of the presence of the
mach hotter gases in the vertical direction. The apparent result would
occur even for a wave of much lower strength than the primary shock wave
since the pressure is a function of the Mach mumber (see Sec. 1.3.1).
The cause of the secondary wave is unknown and deserves further study.

The TNT kilotonnage equivalents based on the 10 psi shock
pressure vertically above zero and the results obtained in ref (4d)
are 0.72 and 0.89 K®. For distances along the ground the average kilo-
tomnage equivalent was found to be 1.01 K2, The average of the three
values is 0.87 X®. For reasons pointed out in Sec. 4.1.5 this figure
should be used with caution.

k.2 SOURCES AND COMPUTED MAGNITUDES OF ERRORS

With regard to errors due to resolution of the film and lens
systems, foreshortening effect, curve fitting, etc., the reader is re-
ferred to ref (a) which deals with these usually negligible problems
in complete detail. Pertaining to wind corrections, errors in using
the incorrect values of atmospheric pressure and sound velocity, ref (b)
provides complete information on how these errors affect thik computed
shock pressures.

4.2.1 Wind Correction

No corrections for wind were applied in obtaining the re-
sults presented in this report. On the surface shot where a time base
was determined from BRL times-of-arrival along the ground any error
due to wind along their line was automatically included in the results
obtained here. For computing pressures vertically above ground zero
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it is reasonadble to assume that there were no vertical components of
vind velocity large enough to warrant inclusion. A small error of un-
known magnitude necessarily exists in these results.

On the underground test the wind was negligible and no
eorrections were warranted.

§.2.2 Distance Scale

The distances measured on the enlarged images of the film
records were read to the nearest one-two hundredth (0.005) in., which
corresponded to a distance in the plane of measurement of 1 ft. The
&rror in locating fiducial markers was considerably less than this figure.
Therefore, all measured distances are considered to be accurate to
t 1.0 £t. Corrections for camera tilt and foreshortening were applied
in obtaining the vertical and horizontal distance scales.

k.2.3 Timing Scale

The timing scale for the surface shot, as taken from BRL
time-of-arrival data, contains an uncertainty due to lack of knowledge
of the asymmetry of the growth of the shock wave. Symmetry was assumed
to exist along the ground in all radial directions in the establishment
of the time scale. Because the camera speed was erratic it is impossible
to state a value of the time per frame. The maximm error in time,
hovever, probably does not exceed 5 millisec over the entire period of
interest.

For the underground shot the timing information is more
precise. The time per frame was constant and, as mentioned in Sec. 2.3.4,
was found to be 0.0108475 + 0.00005 sec. The maximum error in time over
the entire period of interest is 0.00325 sec or 0.3 per cent. "The
error is negligible.

4.,2.4 Estimated Errors in Calculated Pressures

The error in the peak overpressures determined for the
surface shot cammot be calculated because of the uncertainty in the
timing measurements and wind correction factor. All things considered,
the pressures are estimated to be accurate to within 10 per cent.

A figure of accuracy of 3 per cent can be justified for the
underground test in which the magnitudes of the numerous small un-
certainties can be tallied.
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k.3 CONCLUSIONS AND RECOMMENDATIONS

k.3.1 General

The method of detecting the instantaneous location of the
shock front using a grid formed by smoke rocket trails is good for tests
of these types to obtain peak pressures at various distances in free air
in the directions specified. In films for each test the trails served
well as guides indicating the contour of the shock front. In the
majority of cases, however, the locus of the shock front in the direc-
tions along the ground and vertically above zero was observed directly,
i.e. by observing the scattered background light refracted by the
shock wave. The wealmess and short duration of the shock wave made this
observation and measurement a matter of special skill acquired by the
authors over a period of years. Without the much more apparent refrac-
tion of light from the smoke trails it is quite conceivable that the
shock would have passed undetected.

If similar tests are conducted in the future, two simple
improvements could be made to advantage. The smoke trails should be
moved closer together and, instead of establishing vertical grid lines,
establish a grid of lines mking an angle of about 60° with the surface,
in a plane normal to the camera line of sight, thus aiding in the
detection of the shock vertically above zero.

The contrast exhibited in the films of the underground
test used for these measurements was low. The sky was cloudy and
presented a stealy background which caused much difficulty in obtain-
ing the measurements. The low contrast could have been improved
considerably if a better figure for the exposure had been chosen,

An experimental film developed by Eastman Kodak, Inc. by
direction of BG&G resembling commerical Microfile film should have been
used but was not available to the Sandia Corporation. The film has very
wide latitude covering a wide range of exposure and has, before this
operation and since, proved to be superior in obtaining desirable records
of this type. It is strongly recommended.

Failure of the timing system during the crucial period
on the surface shot almost proved to be disastrous to this project.
Once again it is repeated that timing records of the type used are
not considered practical because of the large chance for failure.

Bach camera should have its own timing device built into it and should
be operated from a separate timing signal generator. The additional
cost for such installation is negligible with respect to that of the
operation as a vhole and may mean the difference between success and
failure of a large number of the highly desired measurements.
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%.3.2 Peak Pressure Along the Ground

As explained in Sec. 3.1.1, due to the timing failure on
the surface test and the method used to establish a time base, the
pressures along the ground must agree precisely with those obtained
by IRL, Project 1.2a-l, by definition. The TNT kilotonnage equivalent
was found to be 1 t .05 KF at a pressure level of 10 psi.

For the underground test the pressures along the ground
agreed vell with the results of Project 1.2a-l, the only differerce
being in the rate of decay (see Sec. k.1.2). The pressures determined
from NOL measurements are considered accurate to 3 per cent. The
calculation of the TNT kilotonnage equivalent was shown in Sec. 3.2.5
to be 1.01 KE.

b.3.3 Peak Pressure Vertically Above Ground Zero

Results vere obtained for both events. The figure of
accuracy of the peak pressures are different, however, largely due to
the uncertainty involved in establishing the time base for the surface
shot. For this shot a figure of 10 per cent is considered reliable.
On the underground shot the figure of accuracy is 3 per cent.

The occurrence of the sudden change of slope in the time-
of-arrival curve for the underground shot led to the peculiar shape of
the pressure-distance curves of Figs. 3.8 and 3.9 for pressures deter-
mined in the vertical direction. This phenomenon did not appear in
the results obtained elong the ground where the shock velocity method
wvas used to determine peak pressures. A second pressure wave was
recorded along the ground by pressure-time gages of SRI, Project 1(9)a.
Further study of the cause of this phenomenon is warranted.

For the surface and underground tests, the THT kilo-
tonnage equivalents were found to be 0.93 - 1.23 KT and 0.72 - 0.89 X%,
respectively, based on data at a pressure level of 10 psi vertically
above zero. These values have been shown to depend critically on the
value of X employed. The only corresponding HE data found by the
authors ware those given in ref (d). Although in each case one of the
values should be weighted more than the other, it is felt that the values
are sufficiently flexible that their mean values are as good an indica-
tion of the TNT equivalents as any. The mean values are 1.08 K® for
the surface test and 0.81 K for the underground test as based on the

'10 psi pressure level vertically above ground zero.
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ABSTRACT

The object of the project was to measure the free air peak pressure
of an atomic detonation as a function of time and space. The operation-
al procedure consisted of deploying, from two aircraft, eight instru-
mented parachute-borne canisters positioned from 2000 feet to 29,000
feet vertically above ground zero. Each canister contained an altimeter
transducer, two differential pressure transdncers, a radio telemetry
transmitter and a radio tracking beacom. The ground equipment consisted
of a radio telemetry receiving station for recording pressure data, four
multiple object tracking stations for recording the positions of the can-
isters by triangulation method, and two SCR 584 radar stations for posi-
tioning the aircraft over a drop point.

The operation was a preliminary test of equipment and techniques in
anticipation of future tests involving a more extemsive array of para-
chute-borne canisters. Any canclusions may be considered temtative
since the positions actually attained by the parachute-~borne canisters
were inconsistent with the intended vertical array and did not provide a
clear cut test of the Fuchs altitude correction. For the lowest four
canisters this correction is of the same order as the estimated error of
the peak pressure measurements, Two canisters were at such grest hori-
zontal distances and low shock pressure levels that erratic results are
to be expected, due both to errors of measurement and the effects of
shock wave refraction. Data from one canister were questionable because
the canister was in the aircraft bomb bay at the arrival time of the
shock wave. No data was received from one canister becanse the pressure
transducers were off scale due to a restricted pressure line., There is
Justification for concluding that the data obtained in the project sup-
ported the Fuchs theory within the probable accuracy of the observations
out to overpressures of about 0.1 psi.

It is recommended that further tests be made using up to 20 para-
chute~borne canisters in an extensive array to cover the range of peak
overpressures fram about 0.15 to 4.0 psi.

- vii -
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CHAPTER 1
I¥TRODOTION
1.1 OBJECTIVE

The primary objective of the project was to measure the free air
peak blast pressure of an atomic detonation as a function of time and
space. Secondary objectives were to test operational procedures and in-
strumentation to improve techniques and increase accuracy of measure-
ments in a later operation involving a larger detonation.

Although gpproximate theoretical treatments of the effect of ambi-
ent pressure and temperature gradients on blast wave peak pressures have
been developed, there has been no reliable experimental test of the theo-
retical conclusions. Because of the importance of these effects in rela~
tion to the optimum height of bomb burst, particularly for bombs of much
larger yield than present types, and the determination of the minimmwm
range and altitude for aircraft safety, a direct experimental test is an
urgent requirement.

1.2 HISTORICAL

The military requirement for an experimental test of the Fuchs
theory was brought to the attention of the Terrestrial Sciences labora-
tory, Alr Force Cembridge Research Center, early in 1950. At that time
the basic techniques described in this repory were devised and a propos-
al was prepared for participation in Operation GREENHOUSE. However, the
time for preparation of such an extemsive project was insufficient and
no action was taken,

In December, 1950 the project was revived under Operation WINDSTORM
and was officially included in February, 1951. Later the project was
tentatively included in Operation BUSTER but dume to umsuitable frequency
requirements was included in Operation JANGIE on a reduced operational
scale.

1.3 TEROEEFICAL

In discussing the propagation of shock waves from chemical explo-
sives the range of distances over which military significant effects
occur is ordinarily so small that the atmosphere may be treated as a
homogeneous body of gas, initially at the same pressure and temperature
everywhere. (This is not, of course, the case with the occasional min~-
or dsmage that may be donme at comparatively long ranges duve to focusing
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effects caused by temperature variations and winds.) However, in the
case of a nuclear explosion it is necessary to consider propagation over
a range of altitudes so great that the variation of atmospheric tempera-
ture, pressure, and demsity with altitude is not insignificant. The ef-
fects of the inhomogenity of the actual atmosphere are particularly im-
portant in comnection with (a) the height of burst of atomic bombs of
very large yield, (b) the determination of the zone of danger to air-
craft in the neighborhood of an atomic bomb, and (c) the use of blast
pressure measurements on aircraft in connection with bomb damage assess-
ment systems.

The variation of atmospheric properties with altitude affects the
prediction of peak overpressure in two ways (a) the effect of the ambi-
ent presgure at the altitude at which the bomb is detonated, and (b) the
effect of variation in atmospheric properties between the altitude of
detonation and the point at which the peak pressure is to be det
The first effect has b discussed theoretically by R. G. Sachs™ and
the second by K. Fucha®. These two theories lead to scaling laws for
peak overpressure which may be expressed in the following form.

Let £(r) be the pedc overpressure vs, distance function for a bomb
of 1 KT yield (radiochemically determined) in an unbounded homogeneous
atmosphere at standard sea level pressure (14.70 psi). The free air
peak overpressure at slant range, R, apd altitude, z, due to a bomb of
yield, W, fired at altitude, h is tbe:g

4P (R,2,h) = Kt (kiR/S) (1.1)

vhere § = ¥ - (1.2)
k= [Po(n)/Po(0)) % (2.3)

A= emff Hc(h)/c(zg'{r(h)c(m/P(z)c(z} as/en) @1

M =M[P(2)e(a)/p e tu] (1.5)

and Po(z)p(Z)' and c(z) are respectively the atmospheric pressure,

1R, G Sachs, The e of Blast on Ambient Tg?ratm'e and Pres-
sure. Ballistics search m.. m. %ort Oe .
The effect has also been treated by J. G. Kirkwood and S. R. Brinkley
in OSRD Report No. 5271l. The two treatments lead to similar results
and Sachs' scaling law will be used here since it can be gpplied di-
rectly to empirical data.

2 K, Fuchs, The Effect of Altitude, Vol VII, Pt II, Chep 9 of Los Alamos
Technical es, °

3 See Appendix C for a consolidated list of mathematical symbols.
- 2 -
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”»
density and sound velocity at altitude z. Sinc =
and p(g)/p(z§°= P zh)g%zﬁra(z)wfh?. whers S( z>°1§°€iﬁ°§§§om{§(?¥§§ﬁ]
ature, equations (4) and (5) may also be written in the form.

A=expf l[@(n)/m(z)}’“ {Po(h)/Po(zyl;-l]d.z/(z-h) (1.6)
PR VIAYIE o XEY XN 1.7

The quantity k is the Sachs scale factor expressing the effect of the
ambient pressure at the altitude of detonation and A and .M are the Fuchs
scale factors.

The Sachs scaling 11 has been at least roughly verified by meas-
urements with TNT charges* fired at altitudes wp to 14,000 ft., but no
experimental test of the Fuchs theory has been made. Actually a com-
pletely unambiguous test of the theory is not possible since the basic
pressure vs, distance function, f(r), for an atamic bomb in an unbound-
ed uniform atmosphere is not a directly observable quantity. An indi-
rect test may be made, however, by measuring AP at various ranges and
altitudes and plottingAP/kk against KJR/S. If the observed points
define a reasonsbly smooth curve within the experimental error, with

no systematic deviations correlatable with altitude, the theory may be
accepted as adequate for practical applications.

One of the basic assumptions of the Fuchs theory is that the flow
is purely radial at all points, that is, no consideration is given to
the effect of refraction of the shock wave. This is probably an ade-
quate approximation within the region of overpressures of military sig-
nificance, but it will certainly not be correct at very large distances
and low overpressures. As a very rough estimate, we may expect to find
observable departures from the Fuchs theory due to refraction effects
at peak overpressures of about O.l psi or less.

In addition to the uncertainty in the correct form of the £(r)
carve, there is the further complication of the effect of the ground
surface. Ideally, it would be desirable to establish f(r) by using an
air burst and measuring the peak pressure of the direct shock at air-
borne ganges located above the Mach stem. Practically, the difficulty
of placing an array of parachute-borne gauges at the desired positions
with respect to the bomb, and at the correct time, makes the use of a
ground or tower burst preferable, at least for preliminary tests. It
is then necessary to know how much the effective yield is increased by
reflection from the ground. If the ground were perfectly rigid, all of
the energy that would have been emitted in the lower hemisphere in the
free air would be reflected into the above-ground hemisphere, and the

% NDRC, Sumary '{&h&u&% Report of Division 2, Effects of Impact and

Explosion, pp
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- effective yield would be twice the actual yleld, To allow for the loss .
1 of energy to the ground due to cratering and other permanent deforma~-

> tion near the point of detonation and to the radiation of elastic wave

energy a reflection factor of 1.5 or 1.6 instead of 2 has sometimes -
been used. This is, however, a questionable figure and for the pur-

u poses of the present discussion a reflection factor of 1.8 will be as-

sumed. The r determined yield of the JANGLE shot !
' is taken as 1.2 KT, so that the ’i.ld scale factor is S = (2 10”10

) %

G 3,




CHAPTER 2
EXPERIMENTAL PROCELURE

2.1 INSTRUMENTATION

Instrumentation involved in the operation consisted of four objec-
tives: radio telemetry instrumentation to obtain free air pressure
data, canister tracking ingtrumentation to obtain time-space data of
the parachute-borne canisters, radar instrumentation to position the
alrcraft for deployment of the eight canisters vertically above the
:t:mic detonation, and the instrumentation of the parachute-borne can-

ster,

2.1.1 2adio Telemetry Instrumentation

Reference is made to Appendix A for a more detailed de
scription of the instrumentation employed in obtaining radio telemetry
pressure data. Pressure measuring instrumentation amd the parachute-
borne canister were developed by the Pacific Division Development Lab-
oratories, Bendix Aviation Corporation, Burbank, California, under
Contract AF 19(122)-459.

The airborne radio telemetry system installed in each cane
ister consisted of a pressure altimeter transducer, two differential
pressure transducers.one having a scale range of approximately twice
the other.and the radio telemetry transmitter wnit. Upon receiving a
pressure stimulus each transducer in the canister frequency modulated
a sub-carrier; the three sub-carriers were mixed and frequency modula~
ted the radio frequency carrier, the data link between the parachute-
borne canister and the recording ground station. The ground radio
telemetry recording station conmsisted of & separate IM receiver for
each parachute~-borne canister. The output of each receiver, being a
mixture of the three original frequency modulated sub-carriers, was
separated by a filter nmetwork. Subsequently each sub-carrier was
channeled to a sub-carrier discriminator which produced a current pro-
portional to the original pressure stimulus. These proportional cur-
rents were applied to galvanometers of the recording oscillograph.

2.1.2 (Canister Tracking Instrumentation

Reference is made to Appendix B for a more detailed de-
scription of the instrumentation employed in obtaining the time-space
positions of the parachute-borne canisters. The system employed to
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track the mltiple mmber of canisters was developed by The Glemn L.
Martin Company, Baltimore, Maryland, under Contract AF 19(122)-40.

The Multiple Object Tracking System is based on the method
of triangulation to obtain position data. Radio range measurements
were determined from fowr growmd interrogating stations to the canis-
Yers in space. The system is capable of tracking 32 objects in space
at opne second intervals with an accuracy of + 100 ft.

During each second of operation all ground stations shared
time to alternately interrogate each parachute-borme canister. Inter-
rogation by the ground station was accomplished by transmitting a bin-
ary code train of five digits and a range pulse which initiated the
operation of the range counting circuit. ZEach airborne beacon was de-
signed for a selected binary number which was established in the beacon
decoder. The decoder differentiated between the selected number and
all others so as to excite the modulator only when the selected mumber
occurred. The modulator fired the transmitter which initiated the re-
ply pulse. The reply pulse, received by the ground station, stopped
the range counter. The range count, in increments of 0.1 micro-sec-
onds, was recorded and established the range from the ground station
to the parachute~borne canister.

2.1.3 Aircraft Positioning Instrumentation

Two SCR 584 radar stations were used to guide two B~29 air-
craft over a drop point, both in reference to time and position in
spaces Four parachute-borne canisters were deployed from each B-29
alrcraft at a computed drop time and drop position, corrected for the
integrated horizontal wind drift of the parachute~borne canisters
through a vertical axis over ground zero.

2.1.4 Canister Instrumentation

Reference is made to Appendix A for a detailed description
of the instrumentation used in the parachute~bornme canisters.

The dual parachute system consisted of two parachutes, a
6~foot drag fist ribbon parachute and a 28-foot flat aaradmte. All
canigters were deployed from the aircraft using the 6~foot ribbon para~
chute attached to the static line. Ballistic data and the particular
position of a canister in the array determined the time of canister
fall with the 6-foot ribbon parachute. AL a predetermined time, dife-
ferent for each canister, an internal timer fired a squid cutter re-
leasing the 6-~foot fist ribbon parachute and deploying the 28-foot
flat parachute. The canisters were internally preheated in the bomb
bays of the aircraft three minutes prior to initiating deployment. Six

-6 -
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thermostats were installed in various compartments of the canister to
regulate the internal temperature. The parachute-borne canister com-
plete with dual parachutes weighed 275 pounds.

2.2 CALIERATION PROCEDURE

Reference is made to Appendix A and B for a more detailed des—
cription of calibration procedures of the radio telemetry gystem and
the Multiple Object Tracking System (MOTS).

2.2.1 Radio Telemetry Calibrating Procedure

The receiving radio telemetry ground stations were calibra~-
ted by measuring a series of standard andio frequency signals at the
appropriate station discriminators. Records were made on the oscillo~
graph for each standard frequency to the discriminators. Using these
values, calibration curves were plotted of galvanometer deflection

versus frequency.

Pressure transducers were calibrated by applying accurate
pressure values to each pressure transducer, covering the entire range
of each pickup. The frequency of the sub-carrier oscillator comnected
to the transducer was recorded and a curve of frequency versus trans-
ducer function was plotted from these data.

By use of the discriminator and transduncer calibration
curves, a correlation between the transducer function values and gal-
vanometer deflection values was obtained.

2,2.2 Canister Tracking Celibration Procedure

A ground sub-station containing a beacon similar to the
dlrborne beacun was established northwest of ground zero. A survey
was made to obtain the accurate slope range fram eech MOTS ground sta-
tion to the ground sub-station. During Operation JANGLE the sub-sta-

tion was continuously interrogated by each MOTS station. A comparison
of range readings from each MOTS station to the sub=station with the
known range established the inherent delays or effective range error

of each ground station. This range error was then gpplied as a correc-
tion factor to the range data obtained from the parachute~borne can-

isters.
2.2.3 SCR 584 Redar Calibration Procedure

Instructions contained in the applicable Technical Order's
were employed.
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2.3 CPERATIONS

The problems of the operation :zonsisted of five phases: (1) the
guidance of two B-29 aircraft over a drop point both in reference to
foutim and time, employing two SCR H8Y4 radar tracking stations;

2) the deployment of eight parachute-borne canisters from two B-29
aircraft, one aircraft flying at an altitude of 15,800 feet MSL and one
alrcraft flying at an altitude of 35,800 feet MSL; (3) the recording of
blast pressure profiles from the positions of the parachute-borne can-
isters; (4) the continuous tracking of eight parachute~borme canisters
employing the Multiple Object Tracking System; and (5) the calibration
of the integrated horizontel wind drift of the parachute-borne canister
through a vertical axis over ground zero to determine a corrected drop
point and drop time for the aircraft.

The locations of the radio telemetry station, the MOTS stations
and the SCR 584 radar stations are indicated in Figure 2.1.

The operation consisted of the following sequence of events. Co-
ordinated data between the aircraft mavigator and the SCE 584 radar op-
erators were used to position the alrcraft for initiating the deploy-
ment of the parachute~borne cenisters. The deployment position was
corrected for average wind drift of the parachute-borne canisters.

The low aircraft initiated deployment of canisters No. 1, No. 2, No. 3
and No. ¥ at B~79 seconds required by timing factors of the arrival
time of the blast wave and the ballistic factors of positioning the
canisters in the « The high aircraft initiated deployment of
canisters No. 5, No. 0 and No. | at B~100 seconds. Canister No. % was
deployed by the high aircraft at E+25 seconds to an intended position
of 33,000 feet horizontally from the vertical axis through ground zere,
The radioc telemstry ground station monitored the canisters from air-
craft oyment time to H+1l0 mimutes. The MOTS ground stations mon-
itored canisters from aircraft deployment time to H+6 minutes.

2.3.1 Low Alrcraft Operation

The low B-29 aircraft flying at 15,800 feet MSL completed
five runs as follows!?

0720 P2 -~ A calibration run was completed over ground gere to estab-
lisgh true ground speed.

0750 PST - A simulated run was completed using the arbitrary time of
0750 PST as B-79 seconds. The aircraft was approximately 1800
feot short of the calibrated position at the simulated zero drop
time. Some inconvenience and confusion was cansed by a B-50 fly-
ing in formation with the B-29. This condition was undesirable
since accurate guidance was required. It was fortunate that the
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confusion cansed by the B-50 in tracking the target B-29 did not
exist at critical times.

0810 PST - This simulated run was completed over a calculated point
1950 feet and a bearing of 190 degrees frem the vertical axis
through ground zero to compensate for computed drift of the para-
chute-borne canister. At the arbitrary drop time of 0810 PST, no
error in position of the aircraft was discernable on the plotting
board. The error was probably less than 200 feet horizontally.

0835 PST - T™is similated run was made over the same calculated
point as in the previous run. At the time of simulated drop (0835
PST) no error was discernsble on the plotting board. The error
was probably less than 200 feet horizontally.

000 PST - This run was the actual run. During the aircraft flight on
the last leg of the pattern, the aircraft was advised to increase
the air speed. A% B~] minutes the standard and emergency cosmmmi-
cations frequencies between the aircraft and the SCR H84 operator
failed. Attempts were made to use the commmications through the
other SCR 584 radar station. Communication was reestablished at
spproximately B-3 mimutes and the mission continued. The speed of
the aircraft had been considerably overcorrected. Although reduc-
tiom of aireraft speed was immediately accomplished, it was not
msiblo to prevent overshotting the target drop point by approx-

tely 6000 feet at drop time B~79 seconds.

2.3.2 High Aircreft Operation

The high B-29 aircraft planned to deploy canisters No. 5,
¥o. 6, No. 7 and No. 8 at flight altitude 35,800 feet MSL.

0700 PST - The aircraft started climb from 16,000 feet MSL to flight

altitude. A middle cloud layer of alto-cumulus from the south
from scattered to broken. Dr. Kuper (Project Officer for

JANGLE Project 1.3a) reported that one of his balloons had burst
and requested a delay in detonation time. It was reported that
AEC had called a conference to determine the advisability of a de-
lay. The aircraft remained at existing altitude of 29,000 feet
MSL until detonation time had been determined.

0750 PST -~ A simulated run was attempted at 29,000 feet MSL. The SCR
584 radar lost track of the target B-29 at O7U2 PST. Brokem
cloud conditions made it difficult to locate the target with the
vignal tracker. Radar target was established at 0751 PST. The
alrcraft was two minutes late over the drop point at the simul-
ated drop time of 0750 PST.

- 10 -
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0755 PST - Information was received that no delgy in detonation time

would be made. The aircraft pilot was informed to climb to oper—
ational altitude.

0810 PST = Tis eimulated run was made while the alrcraft was climbing
to altitude. The run was unsatisfactory because the time scale
had not been established.

0835 PST -~ T™is simulated run was attempted in conjunction with the
other airoraft operation, using the same simulated drop time.
The aircraft was late at the drop point by a minute. Overcast
cloud conditions existed.

0900 PST = This run was the actual run, The sircraft pilot was in-
formed by the SCR 584 operator to perform a 360-degree twwm to
lose time. The SCR 584 radar lost the target B-29 at E~12 mine
utes and did not locate the target B-29 until E-5 minutes. The
alrcraft position was considersbly behind the time schedule.
Irery attempt was made to gain time., The alrcraft reduced altie
tude from 35,800 feet to 32,800 feet MSL in an sttexpt to gain
speed, however, the lost time could not be completely o ed,
Parachute-borne canisters No. 5, No. 6 and No. T were at
E~100 seconds, about 45,000 feet short of the intended drcp point.
Canister No. & was deployed at H+20 seconds spproximately over
gomd sero, however, the csnister was in the bomb bay at the are
rival time of the blast wave. The spproximate positions of the
canisters at arrival time of the shock wave compared to the in-
tended positions are shown in Figure 2.2.

2.3.3 Canister Deploymant Operation

Deployment of both the 6=foot fist ribdbon parachute snd the
28=foot flat parachute was satisfactory for all canisters. All canis~
ters and parachutes survived the shock wave. However, because of the
comparative great ranges from grownd gero to the canisters no conclo-
sions can be formulated with respect to destructive blast and thermai
offects on the parachute-borne canister.

2.3.4+ Radio Telemetry Operation

Radio telametry signals from all eight parachute-borne can=
isters were recorded by the radio telemetry ground station from oy=-
ment time wntil loss of radio signals resulting from the eventual
altitude of the parachute-borne canisters. Pressure profiles of the
blast wave were recorded from seven of the eight canisters.

-1l -
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Fige 2.2 Parachute-Borne Canister Array
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2.3.5 Multiple Object Tracking System (MOTS) Operation

The Multiple Object Tracking System was originally con-
ceived in February, 1951 and development was initiated in March, 1951.
During Operation JANGLE the instrumentation was still in the stage of
development, however, the results indicated that the system with minor
mdiftgationa of instruwmentation will be greatly improved for future
operations.

The range data obtained were intermittent and no position-
al information of parachute-borne canisters was obtained for the crit-
ical arrival time of the shock wave. The interrogated replies recorded
at the four ground stations were as follows:

Ground Station Canisters Which Responded
No. 1 No. 8 :
No. 2 No. 4 and Fo, 8
¥o. a Yo. 3, No. 4 and No. 8
No. NO. 1. No. 3, No. l" and No. 8

2.3.6 Wind Calibration Operation

Operational plans included the deployment of a parachute-
borne canister at B~1t hours to determine the aircraft drop point. It
was planned to track the position of the canister during descent with
the MOTS to obtain wind drift data. However, at pre~test briefing of
the aircraft crew the deployment of the calibration canister was can-
celled by SWC. The pibal data available at the Control Point were
used t0 compute the wind drift of the parachute-borne canisters.

-l3 -
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CHAPTER 3
TEST RESULTS
3.1 DISCUSSION OF PRESSURE RECOEDS

The basic dpta obtained are summarized in Teble 3.1. The oscil-
lograph traces are reproduced as Figures 3.1, 3.2 and 3.3. The damped
oscillations which gppear on the differential pressure gauge traces
imnediately after the arrival of the shock wave are dne to oscillation
of the air column in the tube conmnecting the pressure probe to the
gange and have no bearing on the structure of the shock wave itself.
The pesk pressures tabulated have been obtained by averaging these os-
cillations out and extrgpolating the mean curve back to the arrival
time of the shock front. The 0.7 psi gaunge in canister No. 4 appears
to be considerably over—-damped, so that a longer extrapolation (over
about 0.1 sec) was required in this case, but the peak overpressure
obtalned agrees well with that measured by the ed 1 psi
gauge on the same canister. On canister No. 5 and No. 6 the pressure
differential existing between the sealed reference chambers and the
ambient atmospheric pressure putl the low range differential pressure
gmmges off scale, so that no shock pressure readings could be obtained
from these traces. On canister No. 7 both differential pressure
ganges were off scale for the same reason.

Due to the large errors in the deployment of the canisters the
observed pesk pressures are in most cases only a small fraction of the
total range of the differential pressure ganges used, and it is diffi-
cult to estimate the accuracy obtained. Anticipating that about 80%
of the positive range of the lower range gauge would be used in each
cese, an overall accuracy of 3% of the total gange range was considered
acceptable. In the case of the * 10 psi gemge this would mean an al=-
lowable error of 0.6 psi, a value equal to the observed peak pressure
at canister No. 1. However, it is quite obvious by inspection of the

trace for thie gauge, shown in Figure 3.1, that the error in

the trace displacement is certainly not 100% of its maximum value, and
is very likely less than 20%. Considering the excellence of the agree-
ment between the high and low range gange readings on canisters No. 1,
¥o. 2 and No. 4, it is considered that the pesk pressures at these
positions are very unlikely to be in error by more than * 106, In the
case of the low-range gauge on canister No. 3 a gross error is suspec-
ted on the grounds of inconmsistency with the other data. For canisters
Fo. 5 and No. 6 the trace displacement is so small that the reading
error is probably a major factor, but it seems unlikely that this

- 14 -
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TABLE 3.1

Observed Peak Pressures and Travel Times

i v o v [ Y ML B E 5 T
1 +10 0.60 11.80 5.112
1 + 5 0.60
2 + 5 0.60 11.10 5.20
2 + 2 0.59
3 + 2 0.2 10.52 6.832
3 + 1 0.5
Y + 1 0.33 9.45 8.122
b + 0.7 0.34
5 + 0.7 0.030 8.66 46.84
6 + Ol 0.030 7.14 Lg.ol
8 + 0.2 0.068 3.85 %.45
8 + 0.2 0.074

could be more than + 3% of the indicated peak pressure. Canister No. 8
was 8till in the bomb bay of the alrcraft at the time of arrival of the
ghock wave. As a result, the nolse level was quite high, amounting to
about 50% of the pesk shock pressure as shown by the traces for this
canister in Mgure 3.3. In spite of this, the difference between the
two gauges in this canister is only 8% of the mean of the two and it
will probably be conservative to assume that the mean peak pressure is
reliable to at least 15%.

3.2 DETERMINATION OF CANISTER POSITION

in the absence of sufficient MOTS data for a complete determina~-
tion of canister positions the altitudes and slant ranges have been de-
termined as accurately as possible from the telemetered ambient pres—
gsures and shock wave sxrrival times. Radiosonds temperature, pressure,

el i 0 i M i e 3 i
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and wind data for 0700 and 1000 PST on the day of the shot were Sup-
plied by the Nevada Test Site Weather Station and are given in Tables
3.2, 3.3, 3.4 and 3.5. From this data true altitude vs. pressure was
computed by the Experimental Weather Station of the Geophysics Research
Division, AFCRC, using standard meteorological procedures. The alti-
tudes given in Table 3.6 were then obtained fram the telemetered ambi-
ent pressure data by interpolating for the time of the shot (0900 PST).
The ambient pressure values are considered to be accurate to about 0.1
psi, corresponding to an altitude accuracy of about + 200 ft. at 6000
ft. or + 500 ft. at 30,000 ft. At 30,000 ft. there may be an addition-
aledSOQiﬂ. uncertainty in the pressure vs. altitude data used in the
reduction.

To convert the observed travel times into slant ranges a provi-
sional angle of elevation from ground zero for each canister was first
agsuned., Expected values of peak overpressure as a function of dis-
tance along the radial lines from the bomb to each canister were then
computed and used in conjunction with the radiosonde temperature and
pressure data to compute the shock propagation velocity from the Ran-
kine~-Hugoniot equation.

U = cof1+(6/7} @P/Po) (3.1)
where U = shock front velacity
¢ = sound velocity at the ambient temperature

AP = peak overpressure

P, = ambient pressure

To this was added the component of the wind velocity, as determined
from the radiosonde data, along the various radii to the canisters.
(Since the azimuths of the canisters from ground zero were not accurate-
ly known, it was assumed that the whole array lgy in a vertical plane
along the flight path of the aircraft, which was 210°. Canisters No. 1
through No. U4 were known to have been dropped beyond ground zero and
canisters No. 5, No. 6 and No, 7 were short of ground zero, hence it

was assumed that the shot to canister azimuth was 210° for No. 1 through
No. 4 end 30° for No. 5, No. 6 and No. 7. Canister No. 8 was suffi-
ciently near to the vertical above ground zero so that the wind compon-
ent in this case was negligible . From the resultant radial velocities .
the travel times along the radii to each canister were computed as func-
tions of distance. gﬁese values were then converted into average velo-
cities as functions of time. The average velocities and computed radial
distances corresponding to the observed travel times for each canister
are given in Table 3.6. Since the angles of elevation corresponding to
the ranges and altitudes shown in the table do not differ greatly from
those assumed initklly, a second gproximation was not justified by the
accuracy of the data, At these ranges the computed average velocities are

-16-
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TABLE 3.2

Radiosonde Presgure-Temperature~Altitude Data for 0700 PST
19 November 1951

Pressure Dew Point Altitude

(millibars) Temp. (°C) (°c) (ft. MSL)
875 - 2.2 -15.6 Wzy
863 - 5.5 - 7.8 W67
850 - 45 - 8.5 4g37
797 - 3.2 - 4.6 6587
708 - 3.2 - 5.2 9557
700 - 3.0 - 6.0 9847
687 - 2.2 - 8.6 10322
653 - 4.8 -22,6 11632
585 - 45 152
522 - 6.8 17372
500 -13.2 18454
400 -27.0 -39.2 23874
345 -34.0 40,2 27319
305 =40.0 =%0.0 30089
300 11,5 30Lkg
257 -50.0 33849
200 ~63.8 39049
150 -66.0 44789
42 -69.0 45865
100 -67.9 52765

70 -61.0
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TAELE 3.3

Wind Data for 0700 PST
19 November 1951

| Altitude Wind
(£t. MSL) Yelocity (imots) Azimmth

27 calm

5000 calm
6000 13 160
1000 18 1
8000 22 190
9000 3 200
10000 33 200
12000 33 20
14000 TS 200
15000 5 20
16000 31 20
18000 33 20
20000 5 200
21000 g3 20




Radiosonde Pressure~Temperature~Altitude Data for 1000 PST

FROJECT 1.30

TARLE 3.4

19 November 1951

\

bt e B - - -
875 +10.5 -9.5 w127
g% + 6.5 - 8.5 L4907
3 830 + 6,2 - 4.2 54T
132 - 1.0 - 5.0 8887
700 - 2.0 - 8.1 10037
665 - 1.2 -20.1 11357
572 - 9.0 15237
561 - 8.2 15717
500 ~15.0 18597
400 -2,0 24ou7
370 -3L.3 ~43.2 25887
32 40,2 29187
300 43,0 30627

-28‘
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TARIE 3.5

¥Wind Data for 1000 PST
19 November 1951

Altitude
(£t. MSL)

Wind
Velocity (kmots)

Azimuth

2

12000

14000

15000

16000

glalvlelal £ &l s|uw ninislalf|d

B|B| 8| 8/ 8| B|B|E|B|B|B|B|B(S

35000
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TAELE 3.6

Computed Slant Ranges and Altitudes of Canisters

Computed Aver-
age Velocity Altitude Altitude
Canister | to Canister Slant Renge, B | (ft above (£t above
No. (ft/sec.) (£t) sea level) | ground zero)

1 1277 6530 5980 1780
2 1263 6580 7640 3440
9 126 8310 070 4870
n 1191 9670 11890 7650
5 1153 54010 14060 9860
6 1158 55630 18920 14720
3 1100 28000 33280 29080

not particularly sensitive to the assumed variation of overpressure with
distance since over most of the distanceAP/P, is a small quantity. 4An
indication of the probable accuracy of the computed ranges mgy be ob—
tained from canister No. 8. Since the calculated slant range comes out
to be less than the altitude above ground as determined from the ambi-
ent pressure data, this canister must have been nearly directly above
ground zero. The discrepancy of 1080 feet is 3.8% of the mean and this
is at least as likely to be due to an error in the altimeter altitude

as to an error in the range computed from the travel time. It is there-
fore considered that the computed ranges ere accurate to at least 2f.

3.3 DNTEPEEMTION OF EESULIS
The gimospberic pressure at the altitude of the shot was 12.60 psi

8o that 12,60/14,70 = .857 aud k = .950. The scale factors A n&q
have been ed as functions of altitude by rmerical evaluati

of the integrals sppearing in eqs. (1.6) and (1.7), using the radio-
sonde metecrological data. The values for the altitudes of the various
canigters are given in Table 3.7 together with the values of f£(r) =
AP/kp and r = KAB/S, For canister No. 8 the slant range used is the
mean of those determined from vhe altimeter and from the shock wave

ey .
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travel time, The values used for the peak overpressures are the means
of the readings of the high and low range gauges when both were ob-
tained, except in the case of canister No. 3, for which, as previously
poted, the reading of the low range gange 1s grossly inconsistent with
the other data. The tabulated values of f(r) are plotted against r in
Figwre 3.% (circled points). Similarly reduced values obtained from
surface measurements are also plotted in the Migure (triangle points).
The latter points have been computed from a tabulation of distances to
glven peak overpressures supplied by the Armed Forces Specizl Wegpons
Project and do not represent the original data. They are shown here
for comparison purposes only.

To compare the present results with small charge measurements we
use the data for pentolite spheres obtained by Stoner and BleakneyD.
The amalytic expression which the authors give to fit their data be-
comes for 1 1b. of pentolite

AP = 1842/ +215.7/z +31.97/r (3.2)

where AP is in psi and r is in feet. If we take 1 1b. of pentolite to
be equivalent to 1.18 1b. of TNT this becomes

AP = 1561/ +246.9/r>+30.26/r (3.3)

for 1 1b. of TNT. This expression is derived from experimental data
covering the range of overpressures between 35 and 1.5 psi. According
to an appaéoximate theory for small blast pressures developed by Bethe

and Fuchs“, the peak pressure should diminish at long ranges like
AP = 4/rV1In(/B) (3.4)

where A and B are constants. A numerical expression of this form which
Joins eq. 3.3 smoothly at about 1 psi is

AP = 36.50/rVTog,, (2[4 H67) (3.5)

(The values ofd P given by equations 3.3 and 3.5 agree to within 0.1%
in the range between 0.86 and 1.29 psi, within 1% between O.64 and 1.7
pel, and within 5% between 0.28 and 2.95 psi). overpressure meag-

52. C. Stoner and-W. Bleakney, The Attenuation of Spherical Shock
Weves in Air, Jour. App. Phys. 19, 60 W1oug8).

6 E. A. Bethe and K, Fuchs, totic Theory for Small Blast Pressures,
Los Alamos Technical Series H 1021, Vol ﬁf. Part 11, Chepter 8.
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TABLE 3.7

Altitude Correction Scale Factors and Observed Data Reduced
to 1 ET at Sea Level in an Unbounded Homogeneous Atmosphere

Canister Altitude

Bo. |Above Saot (28)| A | a4 | £(x) =a®/id| r = xhy/s

1 1780 1.020 | 1.007 0.695 Lgeo

2 340 1.090 | 1.017 0.683 5240

3 4870 1.136 | 1.034 0474 6900 }
3 0.282 ‘

4 7690 1.22 | 1.047 0.373 8550

5 9860 1.278 | 1.068 0.033 50400

6 14720 1447 | 1.101 0.032 58800

g 28540 2.210 | 1.335 0.062 47300

- '.-
5 3 €« 178y
Ly
. b e { 3 i T TR
ooy i it g y ’

urements in previous atomic bamb tests it has been determined that the
radio-chemically determined yield is not the same as the weight of TT
that would produce the same peak pressure vs. distance cmxve. ¥or com-
parison with the present data we assume that for blast pressure a 1 KT
nuclear explosion is equivalent to 500 tons of THT, so that equations
3.3 and 3.5 become for 1 nuclear KT

4P = 156140° /r’+2146.9x10'/r"+ 3026/x (3.6)
for 1APQ(35 pei and
AP = 3630/rV log r 46,7 (3.7

for4P<£1 psi. The solid cwrve shown in Figure 3.5 is plotted from these
expressions. It should be noved that the assumption of a nuclear-to-HE .
conversion factor off that we used to make the curve derived from HE ;
data fit the present observations is no more reliable than the ground
reflection factor of 1.8 that we have assumed. Thus if we had used a
ground reflection factor of 1.5,a miclear-to-E conversion factor of 0.6
would have produced the same degree of agreement between the observed
and computed pressures.
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CHAPTER 4

CONCLUSIONS AND RECOMMENDATIONS
4.1 CONCLUSICNS

The operation was intended primarily as a preliminary test of
equipment and techniques in anticipation of future tests with a more ex-
tensive array of parachute-bornme pressure gauges. Any conclusions that
mgy be drawn from the present data must therefore be considered as ten-
tative. In particular, the positions actually attained by the canis-
ters were very far from the intended vertical array above ground zero
and were not such as to provide a clear cut test of the Fuchs altitude
correction. For canisters No. 1, No. 2, No. 3 and No. 4 this correc—
tion is of the same order as the estimated error of the peak pressure
Deasurements, while canisters No. 5 and No. 6 were at such great dis-
tances and low shock pressure levels that erratic results are to be ex-
pected due both to errors of measurement and the effects of shock wave
refraction. The data from canister No. 8 is questionable because of
the relatively high noise level and the possibility of systematic error
due to shock reflections within the bamb bay of the aircraft. With
these cautions ir mind it is, nevertheless, interesting to note the ex-
cellent agreement exhibited in Figure 3.8 between the reduced data from
canisters No. 1, No. 2, No. 3 and No., 4 and the camputed curve, which
was derived from HE data as described above, and which forms a reason-
able extrapolation of the ground pressure measurements., If the para-
chmte gange data is reduced without applying the Fuchs correction (i.e.,
ifAP/k’® is plotted against kR/S) we obtain the points plotted in Fig-
ure 3.5, which fall systematically below the computed curve. It would,
of course, be possible to draw a reasonshly smooth curve through these
points and the ground pressure points, but this would produce an f(r)
curve that falls off at large distances at a rate considerably greater
than 1/r, which cannot be reconciled with either experimental HE data
or theory. There is therefore Jjustification for concluding that the
present data support the Fuchs Theory within the probahle accuracy of
the observations out to overpressures of about 0.1 psi.

4,2 RECOMMENDATIONS

Since the data obtained in the present test are insufficient for g
definitive test of the altitude correction theory, it is recommended
that further tests be carried out using up to & parachute-borne canis-
ters in an array distributed gymmetrically in the up and down wind di-
rections from ground gero and positioned to cover the range of peak
overpressures from sbout 0.15 to 4.0 psi. All possible effort should
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be made to perfect the MOTS system for position determination so that

it will not be necezsary to rely upon & timeter and travel time data
for range determination in future tests.

After satisfactory data has been obtained fram tower or surface
bursts and canister positioning techniques have been perfected it
would be very desirable to make air-borne blast pressure measurements
with an air burst atomic bomb in order to separate the factors of
equivalent HE blast yield and ground reflection.
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APPENDIX A

RADIO TELEMETRY INSTRUMENTATION AND CALIBRATICN

A1 INSTRUMENTATION

Pressure measuring instrumentation was accomplished by the Paci-
fic Division Development Laboratories, Bendix Aviation Corporatiom,
Burbank, California, under Contract AF 19(122)-l59. Radio telemetry
instrunentation included the design and fabrication of parachute-
borne canisters and receiving-recording ground stations. Instrumen-
tation required the simultaneous measurement of ambient pressure and
E dji'fa‘ez;tial pressure at eight locations vertically above am atamic
3 detanation.

3 A.l.l Canigter Physical Data

| : The parachute~borne canister in Figwre A.1 has the fol-
i lowing weight, and form factorss

Weight 275 pounds
Over-all length 86.25 inches

k Air-frame length 50.75 inches

g Antenna probe 25.50 inches

s» Air-frame diameter 14 inches

' Nose section 450 cubic inches
Battery and power supply 680 cubic inches

L Radio Telemetry equipment 570 cubic inches
MOTS equipment 1470 cubic inches
Parachute section 12,040 cubic inches

In addition, space was provided for antenna tuning and filter units,

- insulation, cable lines, circulation space around the equipment and

E, mounting frames. The canisters were weighted with lead plates so

] that the CG fell spproximately midway between the two bomb shackle lugs.
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PROJECT 1l.30

A.1.2 Canister Radio Telemetry Instrumentation

A block diegram of the radio telemetry instrumentation con-
tained in the parachute-borne canister is shown in Figure A.2., The sys-
tem operated on the principle of MM/IM and consisted of a pressure pick-
up probe, two differential pressure transducers of different range, a
pressure altimeter transducer, three sub-carrier oscillators of differ-
ent frequency, a crystal controlled M oscillator, a differential pres-
swre reference chamber and associated parts.

Prior to deployment of the canister from the eircraft, the
equipment was internally preheated by thermostatically controlled strip
heaters strategically located in the air frame to maintain operating
temperature of vital components during high altitude flight. The elec~
tronic equipment was powered by the aircraft's power system and con-
trolled at a switch panel in the aircraft. During check-out procedure
volteges and currents were monitored. At the instant of deployment the
canister electronic equipment was amtomatically switched to the internal
canister battery and the se e timing motor was started. The canis-
ter was deployed on a six (6) foot fist ribbon parachute using the stan-
dard static line. The terminal rate of descent was equivalent to 135
fest per second at sea level. At a predetermined time after deployment
a reley was actuated by the sequence timing motor which gpplied power
to fire a squid cutter. The cutter released the 28-foot parachute which
reduced the rate of descent to an equivalent 22 feet per second at sea
level. During this time the pressure in the reference chamber increased
and the altimeter data was telemetered to the ground receiving-recording
station. The acoustic impedance No. 1 produced no eappreciable lag in
the pressure time characteristics of the system since the rate of change
of pressure during the descent on the 28-foot parachute was extremely
slow compared to the time constant of the impedance. Within ten seconds
of the arrival time of the blast wave a second relay was actuated by the
sequence timing motor. This relay circult, in series with the power

source, blast switch and solenoid valve, armed the blast switch.

On arrival of the blast wave, the blast switch was actuated
and closed, completing the circuit to the solemoid valve thus sealing
the pressure in the reference chamber. This pressure, as recorded by
the altimeter, was the reference pressure value for the differential
pressure ganges. The blast pressure was transmitted through the cmmi-
directional spherical pickup probe to the tramsducers. The differential
pressure transducers were activated by the blast wave and produced the
corresponding frequency shift in the sub-carrier oscillators. The out-
put of the three sub-carrier oscillators were mixed and the composite
wave then frequency modulated the high frequency carrier oscillator.
The resultant IM/IM carrier was transmitted via radio link to the re-

ceiving-recording ground station.

G e
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Fige A2 Radio Telemetry Instrumentation Block Diagrsm
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Nominal frequency response capzbilities of the three sub-
:;u‘l{ier channels used in each canister radio telemetry system were as
ows:

Ghannel Punction Freq. Besponse
7.35 K0 Altitude 110 cps
10.5 KC Differential pressure, high range 160 cps
4.5 EC Differential pressure, low range 220 cps

?a:].e A1 shows the specific types of equipment instrumented in the can-
stler,.

Al.3 Ground Radio Telemetry Instrumentation

The ground receiving-recording radio telemetry station con-
sisted of eight receiver-recorder sections, one section for each para~-
chute~borne canister as shown in Figure A.3. Each section contained a
M receiver tuned to the carrier frequency of the particular canister.
The output of the MM receiver, a mixture of the original three MM sub-
carrier frequencies, was channeled to filters adjusted to pass a fre-
quency bend commensurate with and centered on the quiescent frequency
of the particular sub-carrier. The output signals were separately con-
nected to sub-carrier discriminators which produced a varying current
proportioned to the original presswre stimmlus. The output signals were
then gpplied to appropriate deflecting galvanometers of the recording
oscillograph. Two Consolidated Model 5-114-PY recording oscillogrsphs
were connected in parallel to obtain a recording on Eastman Linogrsph
type 809 paper at a recording speed of 1.8 inches per secand and a re-
cording speed of 21.6 inches per second. The galvanomsters used in all
oscillographs were Midwestern Geophysical Laboratory Model 107+400.
These galvanometers had an undamped natural frequency of 40O cps but
vere magnetically damped to 60 per cent of critical damping.

Two antennas were mounted on d=-foot masts at opposite cor-
ners of the trailer., Each antenna consisted of two folded dipoles each
with a reflector and director, spaced gpproximetely one-half wave
length spart. The sntennas were mounted in a vertically polariged di-
rection and were cepable of being electrically trained through 180 de-
grees of azimuth and gpproximately 100 degrees of elevation, controlled
from ingide the trailer. A special coupler was employed which allowed
each antenna to be comnected to four receivers. The gain of the anten-
na and the loss of the coupler were such that an over-all gain was real-
ized for each receiver over that which might be obtained with each re-
ceiver operated from a separate dipole antenna.

The operational trailer contained two sets of identical
equipment located on opposite sides of the trailer interior. Each set

- 43 -




PROJECT 1.3¢

i Y a

WIS LnjeweTel oW ('Y °Bu4

|
w
w




PROJECT 1.30

of equipment consisted of four receivers, four filter-amplifier chassis,
3 twelve discriminators, four low-pass filter chassis, one monitor panel,
ks one oscillograph control panel and two consolidated recording oscillo-
s . graphs. The combined equipment of both sides of the trailer, the anten-
nas and a common voltage regulator wnit were sufficient to receive and
record the radio telemetry data from the eight parachute-borne canisters.

A.2 CALIERATION

{" The receiving station instrumentation was calibrated by feeding a
series of standard audio frequency signals to sppropriate sectional dis-
criminators. Nine standard frequencies were fed into a group of four
discriminators having center frequencies of 7.350 KC. Another series of
nine frequencies were fed into a growp of 10.5 KC discriminators and
likewise with the 14.5 KC discriminators. The frequency values
guch that they covered the range of the discriminators, i.e. + m cen-
ter frequency. The values of the calibrating frequencies used for each

group were: : A
1.3 K grom 10.5 KO growp 4.5 X0 | 1
6800 cps 13400 cps |
600 8%

10000

o e B A AU

G,

13600

R0 1550 B
%% 1090 14500 |
F%g 10% 14800 1
11000 1
1800 11200 1% f
1900 11300 1 | &
4 short recording was made on the oscillogreph for each calibrating fre- '
quency fed to the discriminators. Since the output of each discrimina-

tor was comnected to a galvanometer of the oscillograph, every change in :
the frequency of the signal introduced to the discriminator, resulted in i
a corresponding change in the deflection of that particular galvanometer. i
The galvanometer deflection in each channel was measured and recorded

for each imput frequency to the discriminator. The values were used to :
plot curves of galvanameter deflection versus frequency. | a

The pressure transducers consisted of a small piece of mu-metal and
an E-coil enclosed in a metal case. By v the distances between the
mo-metal and the P-coil the inductance of i1 is changed. The
E-coil was the inductive section of an oscillator circuit, and bty attach-
ing the piece of mu-metal to a movable part of the digphragm of the
transducer the movement of the mu-metal caused a change in the frequency |
of the oscillator. Accurately standard pressure values were gpplied to ]

|
! - il
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v
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each transducer, covering the entire range of each piclap. The frequen-

cy of the sub-carrier oscillator comnected to the transducer was record-

;% ::d a calibration curve of frequency versus transducer function was
otted.

A.3 DATA REDUCTION PROCEDURE

By use of the aforementioned discriminator and transducer calibra-
tion curves, a correlation between transducer function values and gal-
vanameter deflection values was obtained. These data were tabulated
for each common value of frequency. Curves were then plotted for trans-
ducer function versus galvanometer deflection for each telemetered chan-
nel of each canister. The curves were used to obtain scales which were
calibrated in terms of the function to be measured.
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APPENDIX B

MULTIPLE CBJECT TRACKING INSTRUMENTATION AND CALIBRATICN

B.1 INSTRUMENTATION

The instrumentation used to track the eight parachute-borne canis-
ters was developed by the Glenn L. Martin Company, Baltimore, Maryland,
under Contract AF 13(122)-460. The system is based on the triangulation
of renge measurements determined from each of three or more grownd based
interrogating stations fo the airborme beacon responder unit. The sys-
tem is capable of tracking thrity-two canisters, however, only eight
parachute~borne canisters were deployed. A picture of the airborne bea~
con is shown in Figure B.l and the ground station is shown in Figure B.2.

A bdlock diagram of the alrborne and ground station system is shown
in Fgure B.3. A one second timing signal initiated the operation of
the synchronizer-coder through a station delsy which proportioned the
operating cycle of each ground station over a portion of the one second
interval. The synchronizer-coder generated a code train consisting of
a start pulse, a five digit binary code and a range pulse. This code
train modulated the transmitter and also opened a range gate circuit in
the range oscillator. When the range gate was opened the output of the
range oscillator, 9.836 MC, was fed into a twelve digit binary counter.

The transmitted code train was received by all airborne beacon re-
ceivers and was passed to the decoder. Each decoder was designed for a
selected binary number so that it differentiated between the selected
number and all others so as to excite the modulator only when the selec-
ted nmumber occurred. When the selected number was received the decoder
excited the modulator which pulse modulated the beacon transmitter. The
beacon transmitter response pulse was then transmitted to the groumd
station receiver and then to tae range timer which turned off the range
&ate. During the interval between the ground station transmission of
the range pulse of the code train and the reception of the beacon
pulse, the binary counter had counted the number of cycles of the 9.836
MC range oscillator. The number of counte being a function of the range
from the airborne responder beacon to the grownd interrogating station

‘was recorded with the selected binary code number. A reset pulse resets

the counters to zeros for the next code train.

When one ground interrogating station completed the cycle of thir-
ty-two code trains and ranged on the airborne responder beacons, another
gomd station, delayed an appropriate time, initiated its cycle. Each
ground station interrogated all beacons during the allocated time of

-‘8-
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Fige Bel Airborne Beacon
- 49 -
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Fige Be2, MOTS Station
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the one second interval and the entire process repeated during each suc-
cessive second of time.

The gystem was designed to have a maximum static range accuracy of
+ 50 feet and a maximum range of 204,800 feet. The position of the air-

Porne beacon located in the parachute-borne canister was based on methods

of triengulation from the ramge data obtained at each ground station.

B.2 CALIBRATION

A ground sub-station containing a beacon similar to the airborme
beacon was established northwest of ground zero. A survey was made to
obtain the accurate slope range from each MOTS ground station to the
ground sub-station., During the Operation JANGIE the sub-station was con-
tinnously interrogated by each MOTS station. A comparison of renge read-
ings from each MOTS station to the sub-station with the kmown range estab-
lished the inherent delays or effective range error of each ground station.
This range error was then applied as a correction factor to the range data
obtained from the parachute-borne canisters.

- b2 -
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APPENDIX C

MATHEMATICAL SYMBOLS

peak overpressure vs. distance function for 1 KT yield
slant range

altitude

yield of bomb

altitude of bomb detonation

free air peak overpressures
scaling factor = w3

Sach's scale factor

atmospheric pressure at altitude z
atmospheric density at altitude 2z
sound velocity at altitude z
atmospheric pressure at altitude h
atmospheric density at altitude h
sound velocity at altitude h
absolute temperature at altitude z
absolute temperature at altitude h
Fuchs scale factors

shock front velocity

kAR/s

- 58 =
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ABSTBACT

Becords of air overpressure versus time were made at essentially
ground-level stations for both surface and underground atomic explosions
of approximately one kiloton yield as part of Operation JANGLE in
November 1961. JFor the surface shot several instruments were placed on
a line extending from an overpressure region of 13 psi to a region of
less than one psi; the air measurements for the underground shot ranged
from 32 to 2 pel.
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SECTION 1

1.1 QRJECTIVE

The responsibility of Project 1.4 was to record the pressure-time
wvave form of the air blast at stations throughout the areas where
structural damage was to be investigated; measuring stations were to de
set up along a radius (the major dblast line) from the predicted edge of
the crater-throwout to a pressure region of approximately 2 psi. The
measuring system was to have an over-all response of 500 cps or better
and an accuracy of 5 per ceat,

Although not a part of the mission assigned to Project 1.4, a rough
examination of the symmetry of the divergent air shock wave was made by
means of Naval Ordnance laboratory indenter gauges.®

1.2 METHOD QF QBTAINING DATA

Free air pressure was measured along the ground from an over pressure
region of 13 psl to a region of less than one psi on the surface shot and
from 32 to 2 psi on the underground shot. All pressure measurements were
made by means of Wiancko pressure gauges except that for the 4,200 foot
station vhich was made by means of a self recording interferometer gauge.

In general two Wiancko gauges were used at each instrument station
to odtain duplicate pressure meagsurements. Data transmission from each
gauge was offected either by a wire link or by a radio telemeter link,
Unless otherwise noted, the data presented in Tables 3.1 and 3.2 were
transaitted over a wire link,

All wire-link channels have an over-all system frequency response
which is flat from 0-8500 cps while the radio telemeter channels have an
over-all system frequency response which is flat from O - 1,500 cps. The
linearity of both systems was within 1 per cent, Signal amplitudes for
the wire-link channels were approximately twice thoge of the radio tele-
meter channels.

*Shafer, P. 3., Operation SANDSTONE, Part 1I, Ch 9, Vol 31, 19548
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» At the time of detonation a burst of noise ocourred on all channels
' (Figure 3.1), and the beginning of this burst of noise was used as zero
E for the time dase.

' To examine the symmetry of the divergent air shock wave five instru~
! ment stations consisting of four Naval Ordnance laboratory indenter gauges
each were placed on the circumference of a circle having a radius of 1,700
feot about ground zero. For the underground shot four instrument stations
consisting of four indenter gauges each were placed on the circumference
of a circle having a radius of 1,200 feet about ground zero,

B7 g

Iocations of all instrument gtations for the surface and underground
shots with respect to ground zero are shown in Figures 1.l and 1.2.
Instrumentation is discussed in Section 2,
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SECTIOR 2

DISCUSSION OF INSTRUMENTATION
2.1 )IANCKQ PRESSURF GAUGES

Yor clese-in pressure measurements, variable-reluctance gauges
manufactured by the Wiancko Corporation were chosen for two reasons. The
Weapons Effects Department of Sandia Corporation made an extensive survey
of the entire field of pressure-measuring instruments in connection with
participation in Operation GREENHOUSE.* It was found that the Wiancko
Type 3-PAD exhibited desirable characteristics for this type of operation,
namely, short rise time with adequate damping, good response to near static
pressures such as ocour in the negative phase of a shock wave, high-level
signal, and relatively little response to acceleration. The last character-
istic indicated that the Wiancko gauge would be an excellent choice for
Operation JANGLE since large accelerations resulting from earth shock were
anticipated. Moreover, the variable-reluctance gauge readily lends itself
to applications involving carrier curreat systems such as the Consolidated
fiysten D*¢ oquipment available at the Sandia Corporation.

The second reason for choosing the Wiancko gauge was its availability,
A number of these gauges were procured for Operation GREERHOUSE. The gauges
were returned from the Pacific Proving Grounds in time for use in the Novem-
ber tests. Thus the choice of this gauge gave a satisfactory solution to a
major logistic prodlem of procurement without further overloading instrument
mamfacturers.

The VWiancko gauge consists of a twisted Bourdon tube, an iron vane, a
small B-coil, and the associated canister necessary to support and house
these components. The iron vane is mounted on the free end of the Bourdon
tube and oriented in such a way that the twist of the Bourdon tube gives
rise to an angular motion of the vane, thus increasing the inductance of
one leg of the B-coll while decreasing the inductance of the other,
Borthrop® has given a complete description of the Wiancko gauge.

8ince a relatively small mumber of the available gauges was required
for Operation JANGLE, it was possidle to give consideradle attention to
selecting those gauges having optimum characteristics. To determine the
gauges having the dest characteristics, a conventional four-arm inductance
bdridge was employed in which the Wiancko E-coils formed the two adjacent
active arms. The bridge was excited from a 10-kc source, and provision

¢ Northrep, P. A., Operation GREENHOUSE, Scientific Directors Repors,
Annex 3, 4, Part 1, bn 1, 1951,

$¢Statio-Dynanic Recording Measurement System D, Consolidated Engineering
Corperation, Pasadens, California.
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wvas made for amplitude and phase balance of the bridge. Application of
pressure to the gauge resulted in a bridge unbalance proportional to the
applied pressure. FPressure standards were Wallace and Tiernan aneroid-
3 5 type gauges and Heise Bourdon-tube gauges which were calibrated by the
: Sandia Corporation Standards laboratory,

caa bl At Aas Ll b

P Using this system, a linearity check was made of all gauges. The :
output of the bridge was observed as pressure was changed from atmospheric |
(sero) to the maximum gauge rating and back through zero to a negative |
pressure approximately one fourth the maximum gauge rating., Calibration
curves relating output and pressure were drawn, and from these the per-
centage deviation from linearity was determined. These calibration runs
were repeated from time to time to sheck repeatability. At the same time
the sensitivity and hysteresis of the gauge were determined. A catalog
- was made of the gauge sensitivities, and the most sensitive gauges were
3 -reserved for those positions in which the expected peak overpressures were
relatively small (175 to 1/2 of the maximum gauge ratings).

"l‘ﬂ'.‘_,f

In general all gauges were within the specified nanmufacturer's toler-
ances of less than 1.5 per cent of the measured pressure with respect to
total hysteresis, drift, nonrepeatability, and nonlinearity,

After a study of climatological data for the Nevada Test Site it was
decided that the gauges should be from 60 to 90 (75 nominal) per cent ;
eritically damped at a temperature of 40°F, Moreover, the damp should ,
remain essentially the same over a range extending from 20° to 60°F if
possidble, Various mixtures of silicone 0ils were tried and rejected be-
cauge thoir use led to extreme overdamping, The best results wvere odbtain-
ed by applying a small amount of Dow=Coraning D0-4 silicone grease between
the armature and the damping plate secured to the core of the E-coll.

Actual temperature measurements at the test site on surface and underground
shot days showed the 20° to 60°F range to be adequate.

Vertical lincs are 10-msec¢ markers

Fig. 2.2 Burface Shot--680-f4 Station
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To facilitate the damping adjustment, & special damping jig was
constructed (Fig. 2.1) in which air under pressure is introduced into a
reservolr enclosed by one or more sheets of cellophane. When the desired
pressure is reached, the cellophane is punctured, and a rapid decrease of
pressure results. The Bourdon-tube assembly is clamped in the jig in such
& way that the reservoir pressure is applied to the tube while the armature
and damping plate are accessible to the operator., Both rise time and damp-
ing can be determined from an analysis of the photograph of the gauge re-
sponse as presented on an oscilloscope screen. Provision was made for the
synchronization of the cellophane puncture with the start of the oscillo-
scope trace.

When DC-4 grease is used as the damping agent, a gauge properly
damped at 40°F has an overshoot of about 15 per cent at 76°F. The gauge
and damping jig were placed in a Bowser pressure-temperature chamber
operated by the Nlectro-Mechanical Test Department of Sandia Corporation.
The gauge response was examined at 10° gteps from 70° to 0°F. Intervals
varying from one-half to one hour were required for thermal equilibrium
at each step, The relative humidity was held constant at 14 per cent.
The shift in the balance point and changes in sensitivity were negligidble
over this temperature range.

f— 20 ft {
fs-m. nominal pipe - Wiancko gauge Packing
—— e . N
Electronic equipment————/
Flexible
4 3-in. conduit
% /—plpe 4 ft pipe
To
ground a
zero

Fg. 2.3 Pipe Prode
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Analysis of the oscillographs of the dynamic responses of the gauges
at these temperatures showed that the gauges were somewhat overdamped at
20°F and somewhat underdamped at 50°F, When 10-psi gauges were checked
dynamically in the Bowser chamber, the damping ranged between ;U and 80
per cent critical at 40°F, and a rise time of 0,40* 0,10 msec to 95 per
cent of the final pressure was observed. Thus it was coancluded that this
damping criterion was justified, i.e., the damping should allow a 15 per
cent overshoot at 75°F,

Figure 2.2 gives a representative trace from the oscillographic
record of the surface shot, An average curve drawn through the overshoot
and the nolse envelope is superimposed on this record. The intersection
of this curve with a vertical line drawn from the point of initial trace
deflection was taken as the peak overpressure, Subsequent points were also
obtained from the average curves on those channels in which the signal-
to-noise ratio was low,

2.2 PIFE FROBR

The design of a baffle for measuring true 'free air! pressures was
originally predicted on Operation WINDSTORM using a nominal A=bomb, For
convenience the tested and accepted full-scale baffle was used for
Operation JANGLE,

A search was made for a stationary pletform that would not change
attitude as a result of blast buffeting or the ground motion anticipated
from the burst of a full-scale weapon, The baffle which seemed to fill
the requirements best was a one~dimension baffle having a large fineness
ratio and supported at the extreme ends to minimize pitch angle variation
resulting from ground motion (Fige 2.3). By using a U=ft eupport an added
advantage was realized in that measurements were made in the medium where
the effects of surface-flow anomalies were less pronounced. The use of
6=-inch steel pipe provided a rigid structure having a convenient mounting
space (inside the pipe) for electronic gear, Using a 20-ft length of pipe
in which the sensing element is at the top center of the span, calibration
tests were made using high-explosive charges as great as 1,6 tons of TNT.
No detectable discrepancy existed between measurements made using Wiancko
gavges in the pipe baffle and mounted flush with the ground in a plane
baffle, These data agreed within 1 per cent with interferometer gauge*
readings from the same distance,

Choice of footings for the pipe was made on the basis of observations
from previous tests, where permanent displacements were noted in the earth's
surface near large craters, Consequently the front leg of 6-inch pipe was
welded to a foot 18 inches in diameter and buried to a depth of U feet.

The rear leg rested on the ground and terrinated in a sled runner to permit
surface motion. -8 -
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The face of the Wiancko gauge was contoured to conform to the surface
of the pipe. All gauges faced up since the pipe was more likely to change
orientation because of yaw than decause of pitch and since it was desirable
to stay as far away from ground-roughness perturbations as possible,.

2,3 INTERFEROMETER GAUGES

Self-recording interferometer gauges were installed at distances from
surface-shot ground sero a% which the anticipated radiation level was
sufficiently lowe To further minimize radiation effects and to provide

air=-baffling for such bulky equipment the gauges were buried flush with the
earth (l'is. 20!")0

To ground zero

Fig. 2,4 Interferometer Coffin
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Linegraph Ortho 35-mm film in 100-ft spools was chosen as the recording
" medium because of its high contrast, relative low semsitivity to radiation

f‘ contamination, and availability, ~“usts conducted dy the Bureau of Standards
s using 1,400-kv X-radiation indicate that data could be easily reduced after 1
b o a 20=-r radiation dose and could be reduced with some accuracy even after a

40-r dose,

Using quartz sensing elements having a maximum range of 3 to 5 psi
and a recording speed of 30-40 ft/sec, a system response in excess of
2000 cps was assured,

The control system used for the interferometer received a turn=on
signal and a 1000=cps timing pulse from the manned station, delivered over
one pair of W-110-B wires serving all gauges. The coffin for each gauge
contained batteries and delay-time relays set to insure film operation at
the correct time, No tie~in to zero time or time correlation to the other
recorder system was effected,

Two interferometer gauges were the only instrumentation employed at
each 3,100 and 4,200-ft station for the surface shot. Since the radiation -‘
hazard to film was undetermined, one additional gauge was installed at f
both 2,300 and 1,700 feet to establish the marginal point for operation |
of the underground shot, However, results from the surface shot were so | 4
discouraging (extensive contamination made data reduction impossible even ‘
at 3,100 feet) that the system was scrapped for the underground shot and
the remote-recording Wiancko oquipment used throughout.

2,4 INDENTIR GAUGES

A complete discription of the Naval Ordnance Laboratory indenter
gauges used by this project is given in the Final Report of Operation
SANDSTONB, Part 11, Chapter 9, Volume 21, 1948, No attempt was made to
baffle the gauges, The agsembled instruments were installed flush with
the ground on steel-stake mounts,

2,5 TRANSMISSION AND RECORDING SYSTEM

For the surface shot, two parsllel intelligence=transmission systems
were used, At each pressure-measuring station, two pipe prodes were spaced
80 as to minimize the danger of missile damage, (A single pipe probe was
located at 500 feet, but no record was obtained,) One probe was linked by
radio telemetering equipment to a manned K35 trailer outfitted as a mobdile
recording laboratory. The other probe was linked to the same traller by
twisted=pair steel=-copper telephone cables (Signal Corps W=1l0=B), Five such
instrument stations were spaced logarithmically from 680-2, 300 feet, The
positions of these stations relative to ground sero are given in Figure 1l.1.
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For the underground shot eight instrument stations were spaced log-
arithmically from 31l4=3, 100 feet, The positions of these stations relative
to ground zero are given in Figure 1,2, Single pipe probes were used at
each of the other stations, Radio telemetering was used only at the 1,700~
£t station since preliminary evaluation of the surface shot data led to the
conclusion that the wire link was more reliable, The pipe probe at 500 feet
contained two Wiancko gauges in the wire link, one at 498 and one at 500
feet.

2,51 Wire Transmission System

A Static-Dynamic Recording Measurement System D, manufactured
by the Consolidated Engineering Corporation, was used to excite the Wiancko
gauge and demodulate the returning signal., The Consolidated equipment pro-
vides a 3000=-cps carrier and & means of null-balancing the return carrier
both in magnitude and phase. The Consolidated equipment was located in
the K35 trailer, five miles west of the blast areas,

Signal Corps Type W=-110-B field telephone cable was used to
carry the carrier wave to the gauge and to return the modulated signal
to the recording equipment,

The equipment, which was located in probes using this wire=-
linked system, consisted of the gauge and a coupling unite A circuit
diagram of this equipment is shown in Figure 2.5,

UTC-A30 i
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g < ] 2
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Because of the unusually long lines used with the Consolidated + |

equipment and the necessity of employing a carrier generator having very

low output impedance, a 3000-cps 30-watt amplifier was used to deliver at
least a 6-volt carrier to the gauge. .

A simulated pressure was obtained for calibration purposes by
neans of a relay in the coupling unit, The relay inserted fixed electrical
components into the bridge circuit and caused an unbalance equal to that
vhich wuld result from a known applied pressure, The calibration pressures
were based upon pressures predicted by Stanford Research Institute,

Yollowing the original calibration in the instrument trailer,
the coupling unit was installed in the probe and the calibration checked

by applying pressure using a hand pump.

The decision to replace the telemetering system by the wire
system for the underground shot required further modification of the
acasuring system. Jour carrier lines supplied four gauges directly from
the carrier amplifier, A second amplifier at 8000 feet from ground zero
supplied the remaining eight gauges, each of which had a separate carrier
1line,

In addition, a single tube amplifier was placed in each signal
return line at a distance of approximately Y000 feet from ground sero.

It wis found that the Consolidated equipment did not provide
a sufficient degree of adjustment to bring the outgoing and return carrier
into phase, To overcome this difficulty a phase control was inserted in
the grid input of the signal line amplifier, This adjustment, with that
on the Consolidated equipment, gave the necessary degree of control,

A linearity check of the entire system from gauge to galva~-
nometer wvas made less than twelve hours bdefore each shot,

2:5.2 Radio Telemeter System

Simplicity and availadility of equipment were the primary
considerations which resulted in the choice of an AM=-FN radic telemeter
system. The Wiancko gauge was used in the usual four-ara inductance
bridge. To indicate pressure polarity, provision was made for operation
with some unbalance of the bdridge circuit.

The dridge was excited Dy a 10=kc subcarrier sscillator, The
magnitude of the bdridge unbalance current corresponding to sero pressure
wvas adjusted to about one-third the anticipated maximum unbalance current.
The amplitude=-modulated unbalance signal was applied to a reactance tude
mofidator, which modulated the frequency of a transmitter in the 70-90
g -per=gsec band,

12 -
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The transmitter consisted of a Raytheon CK-5702 reactance tube,
a CE=5702, 20=-mc oscillator-doubler, and a CE-5702 4O-mc buffer-doubler
driving an RCA 5763 80-mc final amplifier, The r=f power output was ap-
proximately three watts, A quarter-wave vertical shunt-fed antenna was
used,

The receiving antennas consisted of 3-element vertical Yagi
arrays. The receivers were Navy Sonobouy RBF-3's whose audio amplifiers
were modified to provide approximately 10 watts of a~f power, The 10-kc
signal was fed tc a full-wave bridge comprised of 1N39 germanium diodes,
The demodulated signal was fed to the recorder through a 1,500 cps low=
pass filter,

The Wiancko gauges used in the radio link were calidrated th
through the entire radio telemeter system, Linearity of the system was
vithint 1l per cent. Calibration signals were obtained by means of relays
which shunted the bridge arms by suitable reactances which were chosen to
simulate the maximum expected pressure,

The subcarrier oscillator, transmitter, calibration box, and
battery power pack were located in the pipe probe, Power was applied to
the electronic system by relays actuated by the =15-minute control, and
the calibration relays were actuated by the =l=gec control signal, These
control signals supplied by Bdgerton, Germashausem, and Grier were trans-
mitted from the recording trailer to the pipe probes by means of a S=mile
length of W=1ll=B cable,

2,5.3 Recorder

All Wiencko gauge data were recorded using one Consolidated
Engineering Corporation type 5-114P3 recording oscillograph., The 28=volt
power supply for the oscillograph consisted of a bank of five 6=volt
heavy-duty lead-acid storage bdatteries, Recording was initiated by the
=l-gec control signal supplied by Bigerton, Germeshausen, and Grier,

Consolidated Engineering Corporation type 7=-223 galvanometers
were used to record the output of the wire-link system, These galvanometers
have a flat (£ 5 per cent) frequency response from O to 500 cps. The output
of the radio telemetering system was recorded by Consolidated Engineering
Corporation type 7=-226 galvanometers having a flat (% 4 per cent) frequency
response from O to 3000 cps and were 80 per cent critically damped,

To realize the higher frequency response inherent in the radio-

telemeter system a recording speed of 75 in,/sec was chosen, The record=
ing medium was Kodak Linagraph Ortho film,

O f—
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- 2.5.4 Critique of Data~Transmission Systems

E The information-transmission
field wire (¥-110-B) proved reliable and

system employing copper-steel
Practical although somewhat 1imite

[ ' ed in frequency response, The cross-talk problem from a total of as many
B as 26 pairs buried in the same trench was insignificant, The use of field
‘ wire, which was procured from the military services, had the advantages

E of availability, economy, and mechanical

strength, Splices and terminations

were of the Stakon type, Therefore any lineman's crew could lay the S~mile

lengths of wire, and field terminations could de rapidly and efficiently
made in adverse weather conditions without special equipment or techniques,

would be required to instrument a test.
could be placed in the test area as late

impair the reliabdility of a r-f system,

Traffic, the blast wave, dust-control sprinkling, and weather proved to be
Bo serious hazard to the wire since the most vulnerable portions were
buried 1 to 3 feet below the surface, Further investigation of methods

for transmitting high-frequency carrier signals on field vire will probably
result in coneiderabdle improvement of the

500-cps resolution limit,

Frequency-modulated telemetering, despite the mediocre showing
in this project, deserves some consideration. The system employed re=
quired on control line to each transmitter for turn-on and calibration,
Bven wvhen using this system, dut especially when using an all r-f setup
(turn-on and calibration using a one=tube receiver), minimum preparation
End instrument=transmitter packages
as one day prior to the test,
used, recovered, and stored for the next test,

However, it is doubtful that any atomic test will take place
vithout last-mimute unforeseeable radio interferemce that would seriously
Unless consideradle attention
is given to the prodlem of radio interference, the full advantage of a
radio-telemetered system with Tespect to modility and economy of time, ex-
Pense, and personnel can not be realised.

P T




SECTION 3

RESULTS AND CONCLUSIONS

3.1 DATA OBTAINED

Pressure-tine~distance data for surface and underground shots are
presented in Tables 3.1 and 3.2. Peak overpressure, time of arrival,
and positive phase duration are plottod against distance from ground
sero in Figures 3.2, 3.3 and 3.4, Pressure-time waveforms for the sur-
face and underground shots are summarized in Figures 3.5 and 3.6.

Tables 3.3 and 3.4 contain indenter diameter data for the surface
and underground shots. It is not necessary to rationalize indent-
diameter with overpressure by determining the force constant for rapid
rise time phenomena. The tabulation of diameters is sufficient to
indicate that the measured phenomenon (regardless of its components)
shows a marked symmetry. JFrom analysis of the variants it is apparemt
that the symmetry of the measured phenomenon is greater than the pre-
cision of the measuring system,

—_——
Vertical lines ar

Fige 3¢1 Zero-Time Noise Burst
-15 -
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TAELB 3.1

Pressure~Time=Distance Data, Swfaco Shot

:=
T_;otmo <t Peak Overpressure| Time of Arrival|Positive Phase
(£¢) A (psi) (msec) Duration (msec)
680 Sk 17.76 203 197
680( tel) 17.85 202 224
9ao( tel) ‘9!.55 19,.32 ggu §°2§
® o 3
1250( tel) 1+53 593,14 322,6
13.5 4,07 947 381.5
1100(“1) 4,02 946 a
2300 18,2 2.4 1446 10,0
2300( tel) 2,64 14k46 390.0
4200(4int) | 33.3 0.83 502,0
4 = A\ based on a charge weight of 2 x 105 1bs T
Tel = telemeter link
Int = interferometer
TABLE 3.2
Pressure-Time~-Distance hu#ﬂucmund
Distance + Peak ( Onrpru-nro Time of Arrival Pounn Phnu
(£¢) A (ped) (msec) Duration (msec)
14 2.5 122.5 100.2
el B | B
2% o4 030 8.7 206.8
580 10.09 38,0 201.0
920 Te3 T30 520.,5 238.5
920 107 521.5 287.5
1250 9.95 95 77,3.0 274.0
1250 5¢20 5 254,5
1700 13.5 3,0 1134 3145
1700( tel) 347 usu.o 335.0
2300 18,2 2.14 1636.3 363.0
3100 24,6 1.70 2322.0 387.0
F

Tel = telemeter link

Bl MR i

sAbased on & charge weight of 2 x 105 1bs TN
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Fige 3.2 Peak Overpressure vs Distance (Lines connecting data

Oround acceleration may have introduced a systematic error into all
readi of indenter gauges. However, a K-factor (force constant) of 50
psi/mac can de derived from surface shot indenter data and the 1,700=-ft
peak air pressure, as meassured by the Wiancko system, This same K-factor
applied to the underground data resulted in agreement bdetween indenter
and Wiancko data at 1,250 feet, where ground accelerations were higher.
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Arrival time (msec)

Distance ()
3.5 3.96 5.4 7.3 9.05 18,5 18.2 24.6
3000 byl i L} L] /t
V4
1000 L ‘,/
/7
2
S
500
e »
A1
gy
/ :
100 L
200 500 1000 5000
Distance (ft)

Pig. 3.3 Time of Arrival vs Distance

Distance ()\)
2.5 3.965.4 7.3 9.95 13.5 18.2 24.6  33.3
GOOI: v T Y e
500 .
g 400 2 =
i I EETS
g 300 ~ 'L
5 L ”
e i
i 200 ;L
5 it Legend
z ® S-shot
® U-shot
1001
300 500 1000 5000
2 Distance (ft)
Fig. 3.4 Positive Phase Duration vs Distance
-18 =

T
R 2T TR W e C T ‘MM.J




e R ST

3 8
Ly 32 T ‘
t . 314-ft station F\
by 24 6
1 .\
=16 ik i AN
£ \ | - | A
o .
@ 1 i \
b >
: 3 | 7
g g \ | g, A
£ b
& Y \\
'~\ 3
i} 0 \ 0
o
e ——t
! -8l ; e -2
100 150 200 250 300 350 400 450 500 550 600 650 700 500 600 700
Time (msec)
16 . ; : I 6.0
| 500-ft station \
12 4.5 i
S8 3 3.0 i
: = &
3 v ®
3 b S
3 3
0 17
3 ]
o4 } ® 1.5
= & i o
0 4 0
; -4 : l -1.5L
. 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 700 800 900
i Time (msec)
10 - 4 r
680-ft station N
H \
\
7.5 3 e
\
. N
\ \
2 5.0 =2
L] ' e
& 2 PR
4 e \‘
a 3
] ® N\
o 2.5 & \
4 & 1
o &
0 0
| ——
| o :
300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1100 1200 1300

Time (msec)




it i

P
\»\ x
e !
PROJECT 1.4
8 2.0
station 920{ft station
6 1.5
\
G4 A = 1.0
(- \ 2
7 \ a
, \ 7 ] 0.5
[ S e 0.
§ N : S
4 ‘\ l
0 NG 0
\\___m -
_———
-2 -0.5
650 700 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1600 1700 1800 1%
K Time (msec)
6.0 - - 2.0
station \ 12504ft station
4.5 \\\\ 1. \\
{
;6. 3.0 E] 0 \
2 2 \
o
i LY
5 5 N
w
0 \ 0
o 1.5 ]
E E 0.5 Y

| 0
- S ’ "qy-—-- —
-
-1. 5 - -0. 5
300 1400 700 800 900 1000 1100 1800 1300 1400 1500 1600 1700 1820 1900 2300 2400 2500
Time (msec)
4 . T
| Legend
ft station 17004t station Wire link channel
™ Duplicate wire link chans{
I ,,\_*_1,,, e Telemetered channel - ==
3 )|
)
\
\\
=2 % 4
& 1
i ‘4_' ~J
7 8
3 - \ |
¢ N {
/ N i
i S |
#-——" Y \ ‘
g S l L s — 5
= -%
-1 |

A
1400 1500 1100 1200 1300 1400 1560 1600 1700 1800 1900 2000 2100 2200 2300
Time (msec)

Fig. 3.6 Underground Shot Pressure-Time Curves
-20-

TR




it -

e
920{ft station zsoo;g_!-uog!
1.5 \

—
=

=
o

Pressure (psi)

o < = [p—

-0.5 \\

0 1500 1600 1700 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 2600 2700 2800
Time (msec)

T 2.0

12504ft station 3100-ft station

<

Pressure (psi)

/

(]
\\ /-/'
-0. 5| /
1700 1800 1900 2300 2400 2500 2600 2700 2800 2900 3000 3100 3200 3300 3400 3500
Time (msec)
! |
| Legend
1700}t station Wire link channel ;

Duplicate wire link channel — - —

Telemetered channel- ==~ -~

2100 2200 2300




L

_

S aaiaiarie s il . Lo dna i iy by

680-ft station Y

\ 3
v A
12 3 \ E
= Extreme interference ‘q~\ E
g on telemetering channell E \\
8 & \
% £ N
3 ; SN
H a
A 1
% [
o
L = __#s— 4
7 -1 -
200 700 800 1400 1500 1606 1700 DRl L DOD
:
12 2.5 \
\
920-ft station
10 2
\
\
\
\
8 : .5
\
— . -
% 6 L % 1.0
& ' &
'
* ' o
5 ' Y
v 4} 8 .5
o [] v
& ! &
4 1
|
2 0
[} 4
' ]
° & -0.5
el
-2 -1.0
300 800 900 1500 1600 1700 1800 1400 1500 1
0.8 A\
1250-ft station
0.6
0.4
i i
5 0.2
13
-
"
H
i 0 - &
s--\\--‘ —t -
-2 -0.2
-4 0.4
800 1000 1100 1700 1800 1900 2000 o

Fig. 3.5 Surface Shot Pressure-Time Curves
-19-

N'ﬁ Wil

T e



T L L e

tion/

1700-ft statior

ce S
el

7,

Pressure (psi)
”

-
\\ E—— et ——— ]
[ — — e
——n s

- S

0 1300
1700 900 1000 1100 120

1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400
Time (ssec)

2300-ft station

3 \

X station NL

4 \
i

Pressure (psi)

W g o
\ P e bl B
- -t P
f & L e T
-1.0] !
F‘N‘" 1800 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 250 600 2700 2800 2900
E Time (msec)
|
; 0.8
" station 4200-ft station|
i 0.6 \
| Interferometer
| record
| \ (no time correlation)
0.4
|
| o \
| ‘@
0.2 \
g N
=
0
= 2
& o
| -0.2
: z
|
i -0.4 .
55000 2000 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 13CO 1400 1880

|

|

8 Surface Shot Pressure-Time Curves
| -19-

Time (msec)
Legend
Wire link channel——
Telemetered channei « - - -

PRI & TPy SR WINPT 0N

ik, iy

- » SR

e o h




PROJECT 1.4
5 1 |
TABLE 3.3 |
Indenter Geuge Data, Surface Shot 1 1
Station | Gauge No. | Diameter Diameterd Pressure T
(mm) (pei)
1 1 «255 +0650 3425 f f
2 0256 o°$5 302‘
a «306 +0936 68 |
271 0T34 3.67 ' 1
: 3.72 (ave) | !
2 1 280 0784 3'92 | =
2 «290 0841 o2l
e «237 0562 2,81
o2Th OM1 3.76
k 3.6‘ (.")
3 : .2?3 00691 3.46
«273 0 o713
e 0296 <0876 aoﬁ ; 1
«298 .0888 4,
4,00 (ave) _
b 1 o304 ~0924 4,62
2 +288 +0829 4,15
z «268 0718 3.59
302 «0912 56
4,23 (ave) ;
1 .292 F 4,2
| 5 2 .29 ‘085% k.oII %
L 02” 00‘9"’ h’“?
4,30 (ave) |
, - 21 = :
%”U\SSF
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PROJECT 1.4

TABLE 3.4
Indenter Gauge Dsta, Underground Shot
—
Station | Geuge No.| Diameter Dismeter< Pressure
(=m) (psi)
1 3 ©336 o1l «65
2 0”1 0093 2070
3 339 o1l 575
b +337 11 5470
5.45 (ave)
2 | 340 «116 5480
2 .}ul .116 Som
z 42 o117 585
o . 6.00
5.86 (ave)
3 1l o337 114 °
2 g 6 228
a .,EJ . 6.25
M3 118 590
5.91 (ave)
L 1 332 «120 5450
2 o33 12 5460
g »339 o115 5¢T5
o332 «110 5¢50
5459 (ave)
The data gathered are wseful for correlating blast strengths with
observed damage to structures of Program Three, for distinguishing air-
induced ground shosks from true ground phenomena (air-to ground coupling,
and as source material for any application study,
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PROJECT 1.4
3.2 CONCLUSIONS

It is apparent from the pressure-time curves for both underground
and surface shots that the shape of the shock wave conforms generally
to the classic form as described in The Effects of Atomic Weapons.®
The system (including data reduction) permitted time resolution to
0.5 msec, Within this limitation the pressure discontimuity at the shock
front appears instantaneous in most instances. *

Pressure-distance data were within 10 per cent of anticipated
values, based on Stanford Research Institute extrapolations from scaled
TNT blasts at DUGWAY and early JANGLE tests.** Extrapolation of air
shock data from surface and underground TNT tests appears valid for
surface and underground atomic bdlasts.

¢ The Effects of Atomic Weapons, Section 3.11, Los Alamos Scientific
Laboratory, U. S. Government Printing Office, 1950,

* For a discussion rise-time phenomena from other atomic blasts see
Murphey, B, F., Operation BUSTER -« Some Measurements of Overpressure-
Time vs Distance for Airburst Bombs, Sandia Corporation report No.
8C=2142 (tr) (to be pudlished).

#% Doll, E, B. Interim Report - Part II HE tests = Operation JANGLE,
Stanford Research Institute, October 1951, Pigs. 5 and 6,
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