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SUMMARY

The DICE THROW events were the last programmed tests to be con-

ducted in the MIDDLE NORTH series. It consisted of five phases: (1)

a series of 1-1b (0.45-kg) tests to examine cratering and fireball effects

due to explosive configuration and charge detonation system variations

in a highly controlled test medium, (2) a series of 1000-1b (453.6-ka)
equivalent events to gain experience with Ammonium Nitrate Fue, 211 (ANFO) and
also to examine cratering and fireball effects in a common media using both TNT
and ANFO charges, (3) a series of 5-ton (4.5-metric ton) equivalent events tgq
identify the most likely ANF(C source configuration, (4) a series con-

sisting of two 100-ton (90.7-metric ton) equivalent events in a geology

of Air Force interest to verify the program compliance to objectives and

to provide detailed data to support charge performance characterization

of a 500-ton (453.6-metric ton) equivalent event, and (5) the 500-ton
(453.6-metric ton) equivalent event.

Phases 1 through 4 were called the ANFO Charge Develcpment Program
with Phases 1 and 2 conducted on Kirfland Air Force Base, Albuguerque,

New Mexico. Phases 3 and 4 were conducted on the White Sands Missile Range
(WSMR) at the Queen 15 location and were titled Pre-DICE THROW I and II,
respectively. These series of events are described in detail in Chapters

[ and II. Chapter III describes Phase 5 of the program called DICE THROW.
This test was conducted at the Giant Patriot site also located on WSMR.

The overall program was conducled in the January 1975 through June 1977
time frame with a total of 42 agencies participating.

Each chapter in this Test Execution Report (TER) describes the
fielding activities associated with the last three phases of the test
program. The following are among those items discussed: objectives of
the test, the experimenters and support agencies, FCTMOT Test Group Staff
and their responsibilities, site location and description, charge con-
figuration and stacking, schedule of main events, instrumentation park
arrangements, cabling requirements, timing and firing, power requirements
and experimenter or support descriptions.
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This text includes both the English and Metric systems of engineering
units. Deviations iroum this occur when tables or illustrations are too
detailed for practical inclusion. In these cases, scales or conversion
factors are provided for the reader's convenience.

There are two Appendices in this report which contain details on
engineering countdown procedures, use of frequencies and references to
drawings and Project Officers Reports and DICE THROW predictions.
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CHAPTER 1
PRE-DICE THROW I TEST EXECUTION REPORT

INTRODUCTION

The Pre-DICE THROW I program, conducted at the Queen 15 site on
the White Sands Missile Range (WSMR), was the third phase of the charge
configuration program, and this chapter describes only that portion.

Pre-DICE THROW I consisted of four events: one TNT surface-tangent
sphere, and three ANFO surface-tangent right cylinders with hemispher-
ical caps. The major objective of this program was to develop an ANFO
charge configuration that would match the ground-motion and cratering
characteristics of a surface-tangent sphere of TNT and would eliminate
or minimize jetting. The surface-tangent sphere was detonated for site
calibration. Details concerning the preliminary charge configuration
program may be found in the ANFO Charge Development Program, Program
Summary, written by Capt. T. Y. Edwards, 12 June 1977. This report
describes the first two phases of the DICE THROW charge-development
program conducted at Kirtland Air Force Base (KAFB).

The safety requirements for Pre-DICE THROW I are contained in
the Safety Standard Operating Procedures for Pre-DICE THROW Explosive
Operations - SOP 224-14-75, 27 March 1975. This document includes:
Operation No. 1, Off-Loading and Placing TNT Spheres; Operation No. 2,
Firing Hook-Up and Detonation (TNT); Appendix I, High-Voltage Firing
System Description; Operation No. 3, Off-Loading and Filiing ANFQ Charge
Container; Operation No. 4, Firing Hook-Up and Detonation (ANFO Events
2 and 4) with a letter requesting changes to Operation No. 4 to reflect
changes required for the last ANFO event dated 23 July 1975 by Mr. Hector
F. Lozano, Chief, Warheads Branch; Operation No. 7, Off-Loading and
Stacking ANFO Charge (Stacked Configuration); Apnex A, Stacking Plan 6
Tons ANFO.

Survey information pertaining to GZ-1, -3 and -4 are found in
Survey Report No. 328-75, 15 May 1975. Also included in this report
are the surveyed positions for each camera mound.
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Details pertaining to the selection of the Queen 15 site on the
WSMR (see Figure 1-1) for the Pre-DICE THROW events may be found in
the Air Force Weapons Laboratory (AFWL) Letter Report "DICE THROW Site
Selection Final Report." The Queen 15 site is located approximately
80 miles (128.75 km) north of the main post area of the range and
approximately 15 miles (24.14 km) west of the nearest boundary of the
range. The site, at an elevation of 4258 feet (1297.84 m), is on the
northwestern edge of the Tularosa Basin and adjacent to the northwestern
portion of the San Andres Mountain Range. The climate, vegetation and
biota are fairly typical to that of other basin areas in the southwest.
A hydrologic section and water level contours are shown in Figures
1-2 and 1-3.
Pre-DICE THROW I FCTMOT Staff
LCOR Bill Edgerton - Test Group Director
Capt. Tom Edwards - Technical Director
Maj. Les Langseth - Test Group Engineer
Maj. Rich Palaschak - Program Coordinator

Mr. Lou Stefani - Program Analyst

Mr. Noel Gantick - Instrumentation Engineer

Mr. Joe Sneed - Safety Engineer
Experimenters and Support Agencies

1. Air Force Weapons Laboratories (AFWL)
Civil Engineering Research Facility (CERF)
Denver Research Institute (DRI)
U. S. Air Force Aerospace Audio Visual Services (AAVS)
U. S. Army Electronics Proving Ground (EPG)
EG&G, Inc.
General Electric—TEMPO
White Sands Missile Range (WSMR)
9. MWaterways Experiment Station (WES)
Charge Descriptions

W ~N O v oW Y

Figure 1-4 shows photographs of the TNT surface-tangent sphere
(Event 1 detonated on 16 April 1975). Table 1-1 describes the sphere
and booster-detonatur system. The original TNT sphere to be used on
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Figure 1-4.

Photographs of TNT Sphere, Pre-DICE THROW
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this event had to be destroyed because of an immovable wooden plug that
had been inserted into the arming port.

The charges for Events 2, 3 and 4 are describad in Table 1-1 and
in Figures 1-5 and 1-6 (these were detonated on 30 April, 14 May and

31 May 1975). Figures 1-7 and 1-8 show photographs of the ANFO charges
for Events 2, 3 and 4.
Timing-and-Firing System
1. Timing
The AFWL and CERF provided the timing and firing (T&F) for
this series of .vents. A1l T&F functions were handled through the
AFWL instrumentation van. Table 1-2 indicates the timing functions
and signals that were required by each experimenter.
2. Firing
A block diagram of the firing system used at Queen 15 is
depicted in Figure 1-9. The firing unit is a TC-130A field X-unit
and is used to fire RP-1 exploding bridgewire detonators. This unit
was operated from a control unit that was located in an instrumentation
and test control van. A TC-359 transverter charged the X-unit to 3000
volts and provided a preset interlock capability that assured that
the X-unit was charged to the proper operating voltage before the sys-
tem could be enabled to fire. A 30-volt, 10-amp DC power supply pro-
vided power to operate the system. The firing pulse was a 28-volt sig-
nal from the countdown sequencer that triggered the firing system and

was effective only after interlock release and manual arming were com-
pleted. Refer to SOP 224-14-75, Safety Standard Operating Procedures,
27 March 1975.

System Operation

The typical sequence of events for using this system were as
follows: The arming party had the keys to the firing system and a
lock box in which all cabies going to the field components had been
secured. Once the arming party had completed hookup of explosives,
they returned the keys to the control unit operator. At the appropriate
time in the countdown, the keys to the lock switches were inserted and

I-8
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} :i ‘ Figure 1-5. Pre-DICL THROW I, Lvents 2 and 3 Charge Details
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Figure 1-6. Pre-DICE THROW I, Event 4 Charge Details
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Figure 1-7.

Top Photograph Bulk ANFO Charge Lvent 2
Bottom Photograph Bulk ANFO Charge Event 3,

Pre-DICC THROW I
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Figure 1-8. Stacked ANFO Charge Event 4,
Pre-DICE THROW I
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Figure 1-9. Firing System, Pre-DICE THROW I
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turned on. The pre-arm switch was then actuated. This turned on the
TC-369 and charged the X-unit to 3000 volts. The monitor return line
connected the X-unit voltage to the monitor section of the TC-369 and
tripped an interlock relay in the TC-369 when the TC-130A was charged
to 2800 volts. The ARM switch was then turned on, compieting the trigger
circuitry. (This is enabled only after the H. V. interilock has ac-
tuated.) When the countdcwn sequencer provided a 28-volt fire pulse,
relays were actuated providing a fire pulse to the trigger inputs of
the TC-130A. The unit discharged, firing the detonator, and returned
an isolated, stepped-down signal to be stretched and recorded on tape
by the experimenters for fiducial.
Queen 15 Pre-DICE THROW I Site and Experiment Layout and Description
Site Description
Figure 1-10 depicts the overall site layout, indicating camera

stations, access roads, instrumentation van and cable overrun areas.
The test bed, as shown in this figure, was cleared of vegetation by a
grader to minimize fire hazards and to provide for unobstructed photo-
graphic coverage of each event. An expanded view of this area is shown
in Figure 1-11 which indicates the orientation of each of the primary
and secondary gage lines for each event. Refer to the AFWL "DICE THROW
Site Selection Finai Report," letter report to Capt. Edwards, FCDNA/
FCTD-TI from DEV for details on the Pre-DICE THROW site selection.
Experiment Description

1. AFWL/CERF - Project Officers: Or. R. llenny {AFWL) and
Mr. G. Jones (CERF)

OBJECTIVES: Airblast, Ground Motion, Strong Motion,
Seismic, Detcnation Velocity, Ejecta Collection,

Displacement Pins, and Sand Columns. Photographs of
the gages used for these measuremenis are shown in
Figures 1-12, 1-13, 1-14 and 1-15.
A1l events (except the last ANFC event) had four radials
(90 degrees apart) of displacement pins and ejecta collectors, and
sand columns along one anticipated crater diameter. Strong-motion
measurements were also made on the first three events.
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Figure 1-14.

Photographs of Ground Motion Canisters,
Pre~-DICE THROW I
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Figure 1-15. Ejecta Collectors Used on Pre-DICE THROW I

The displacement pins (33 on each radial) were placed in the
ground starting at 16 ft (4.88 m) from ground zero (GZ) and spaced at
1-ft (0.30-m) intervals out to 35 ft (10.67 m); 5-ft (1.52-m) inter-
vals out to 80 ft (24.38 m); and 10-ft (3.05-m) intervals out to
120 ft (36.58 m). Each of these pins was surveyed prior to and after
each event.

The ejecta collectors were placed alcng each of the four
radials (adjaceat to the displacement pins) starting at 32 ft (9.76 m)
from GZ, with a separation of 8 ft (2.44 m) out to 80 ft (24.38 m),
and 16 f{ (4.88 m) out to 160 ft (48.77 m) for a total of 12 ejecta
collectors on each radial.

Sand columns were placed in the ground along one diameter
with a 3-ft (0.91-m) separation out to 18 ft {5.49 m) on either side
of GZ. The 13 sand columns were all 12 ft (3.66 m) deep. These columns
were excavated after each event to determine the true crater dimensions.




The AFWL's strong-motion seismographs were used to measure
radial, tangential and vertical displacements and accelerations. This
seismograph is an optical-mechanical insivrument that records (on 12-in.
(30.48-cm)-wide photographic paper) earth-particle motion in direct
terms of acceleration and displacement. The main components of the
seismograph are the s.arting devices, accelerometers, Carder Displace-
ment Meters, and the timing device. (Refer to Figure 1-13.)

Eight of these seismographs were placed along one radial
line south of GZ. They were located at 300, 400, 500, 650, 900, 1400,
1800 and 2400 ft (91.4, 121.9, 152.4, 198.1, 274.3, 426.7, 548.6, and
731.5 m) from GZ. Each of these instruments was remotely activated
by a hot closure (+28 volts dc) from the T&F van. There were a total
of 48 channels recorded (6 from each instrument package).

(1) Event No. 1, 9300 1bs (4218.41 kg) TNT Surface-Tangent

Spheve, 16 April 1975.

This event was the site calibration shot and required
only one gage 1ine as shown in Figure 1-16. There were a total of
seven overpressure and 32 ground-motion measurements made. The charge
had a Pentolite booster which was detonated with two detonators.

(2) Event No. 2, 11,045 1bs (5009.93 kg) ANFO, Capped

Cylinder with a cylinder length to diameter (L:D) of
0.34:1, 30 April 1975.

This was the first ANFO event of the series. The
charge had five C4 boosters (four spheres with two detonators each and
one hemisphere with one detonator) as shown in Figure 1-5. There were
a total of 12 overpressure and 32 ground-motion measurements made, as
shown in Figure 1-17.

(3) Event No. 3, 11,455 1bs (5195.90 kg) ANFO, Capped

Cylinder with an L:D of 0.5:1, 14 May 31375,

This event was instrumented the same as cvent No. 2.
The booster arrangement and detonation method were also the sawme.
Refar to Figure 1-17.
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(4) Event No. 4, 11,155 1bs (5059.82 kg) ANFO, Capped
Cylinder with an L:D of 0.75:1, 31 July 1975.

The Tast event in this series used seven cylindrical
boosters with two detonators in each with the exception of the top
booster having only one. Six airblast measurements were made along
each of two radials as shown in Figure 1-18.

Detonation velocity measurements were made on Events
2 and 3 (ANFO). (Refer to the photographs in Figure 1-19.) Rate sticks
were placed within the charge on three booster radials. Each rate
stick had seven pins equally spaced along the radials for a total of
21 measurements cn each charge. (Event 3 had two additional pins
placed at the booster locations not covered by rate sticks.) Each
crater was surveyed by the CERF on four different radials for apparent
crater determinations.

2. Denver Research Institute (DRI) - Project Officer:
Mr. J. Wisotski

OBJECTIVES: This technical photography is required

for the characterization of visual air-shcck quality.
Determinations will be made of the degree and extent
of explosive jetting, of triple-point trajectory and
qualification of surface-surge phenomena.

There were three camera stations monitoring each of the four
events of Pre-DICE THROW I3 two were remote and one was a manned station
(refer to Figure 1-10). Power was provided to each station via motor-
generator sets. The remote-stations readiness was determined visually
by monitoring a light on top of each station. The technical photographic
coverage included the use of the cameras as specified in Tables 1-3 and
1-4. Photographs of the remote and manned stations are shown in
Figure 1-20.

3. U. S. Aerospace Audio Visual Services/U. S. Army Elec-
tronics Proving Ground (AAVS/EPG). Project Officers:

Mr. R. Spainhour (AAVS)
Maj. W. Scamahorn (EPG)
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Figure 1-18. Pre-DICE THROW I, Event 4, ANFO Cylindrical
Charge, Airblast Measurement Stations




Figure 1-19.

Detonation Velocity Measurement - Rate Stick
Used on Pre-DICL THROW I
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Figure 1-20. Camera Stations, Pre-DICE "HROW I,
Remote (Top Photo)




OBJECTIVLS: Provide overhead technical photography for deter-
mining detonation characteristics and stereoscopic mapping.
An NC 47J aircraft with five different cameras on board was used
on kvents 2 and 3 to provide the above-mentioned technical photographic
coverage. The cameras used were:
(1) 1 each 16mm @ 3,000 fps (914.40 mps)
(2) 1 each lomm @ 500 fps (152.40 mps)
(3) 1 each 16mm @ 128 fps (39.01 mps)
(4) 1 each 70mm sequential ¢ 10-20 fps (3.05-6.1G wps)
(5) 1 each KCOA Stereoscopic Mapping Camera
The aircraft, staging from Kirtland Air Force Base, New Mexico,
flew at an altitude of 10,000 ft (3,048.00m) above mean sea level with a
flight path north to south along a vector 162.4 degrees from grid north.
Radio communications with the aircraft were maintained via the WSMR net.
4. White Sands Missile Range (WSMR)
Project Officers: Mr. W. Brown M. J. Martinez

M. B. Galloway M. AL Triller
Mr. D. Green

OBJECTIVES: Provide construction suppcrt, documentary photog-
raphy (still and movie) and to make pressure measurements

to assess ARMTL instrumentation capability.

The construction support provided by WSMR included: clearing of
the site area, making access roads, building camera mound stations, digging
cable trenches, etc., as well as the necessary documentary photography,
including still, motion and sequential pictures, using the cameras indicated
in Tables 1-5 through 1-8, and Figu-e 1-21.

Pressure measurements were made on Lvents 1, 2 and 3.

b, EG&G, Inc. - Projact Officer: Mr. R. Ward
OBJLCTIVES: To provide cable coordination fo: DNA. Cable re-

quirements for Pre-DICL THROW 1 were:
(1) 32,000 ft (9,753.60m) of 3-pair cable, #8777, not recovered.
(2) 8 each 5,000-ft (1,524-m) runs of 20-pair cable, recovered.
(3) 8,000 ft (2,438.4m) of RG 213, recovered.
(4) 30,000 ft (1,144m) of field wire, not recovered.
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Figure 1-21. WSMR Photograph Station on Pre-DICE THROW |
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CHAPTER 11
PRE-DICE THROW II TEST EXECUTION REPORT

INTRODUCTION

The Pre-DICE THROW II program conducted near the Queen 15 site
on the White Sands Missile Range (WSMR) consisted of three separate
events: Cylindrical In Situ Test (CIST), 100-ton (90.7-metric-ton)
TNT surface-tangent sphere and 120-ton (108.9-metric-ton) ANFO right-
circular cylinder, base-tangent to surface, with hemispherical top. This
fourth phase of the DICE THROW program was initially designed as a cali-
bration series for the main event; however, because of the amount of
experimental participation on the TNT event (required for cratering,
Airblast and ground-shock data to calibrate the specific geology;j
the word calibration was dropped. The CIST and ANFO events kept
their calibration status.

The safety requirements for Pre-DICE THROW 1I are located in the
following Safety Standard Operating Procedures for Pre-DICE THROW
Explosive Operations:

1. SOP 224-14-75, 7 July 1975; Operation No. 5, Cylindrical

In Situ Test. Arming and Detonation of Explosives.

2. SOP 224-14-75, 31 July 1975; Operation No. 8, Off-Loading
and Stacking Explosives, 100-Ton (90.7-Metric-Ton) TNT Test;
Operation No. 9, 100-Ton (90.7-Metric-Ton) TNT Stacking
Emergency Procedures; Operation No. 10, 7 August 1975, Fir-
ing Hook-Up and Detonation (100-Ton (90.7-Metric-Ton) TNT);
with Appendix I, High Voltage Firing System Description,
Appendix 1I, Countdown for Pre-DICE THROW I1I, 100-Ton (90.7-
Metric-Ton) TNT Event and Memorandum dated 11 August 1975
requesting changes to SOP 224-14-75, Operation 10, from
LCOR E. W. Edgerton to Commander, WSMR, Attention SF.

SOP 224-14-75, 8 September 1975; Operation No. 9, 100-Ton
(90.7-Metric-Ton) TNT Stacking Emergency Procedures with
letter from Mr. H. F. Lozano, Chief, Warheads Branch, to SF

w
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requesting changes to SOP 224-14-75 Operation No. 9; Opera-
tion No. 11, Final Assembly of Booster-Initiation System
(BIS) (120-Ton (108.9-Metric Ton) ANFO Lvent); Operation
No. 12, Main Booster Assembly (MBA) Emplacement; Operation
No. 13, Main Charge Construction (120-Ton (108.9-Metric Ton)
ANFO Event); Operation No. 14, BIS Emplacement, Firing System
Hock-Up and Detonation (120-Ton (108.9-Metric Ton} ANFO).

4. SOP-224-36-75, 8 August 1975; Laser Operation for Pre-DICE
THROW at WSMR.

5. SOP 224-41-75, 11 September 1975; Laser Operations for Pre-
DICE THROW at WSMR.

Survey information pertaining to GZ 5 (TNT event) and GZ 6 (ANFO
event) are found in Defense Mapping Agency Geodetic Support Activity
Topographic Center, White Sands Missilc Range, Survey Report No.
505-75, 12 August 1975; Survey Report No. 639-75, 1 October 1975; and
Survey Report No. 637-75, 1 October 1975. Survey Report No. 107-75
locates the CIST area and instrumentation van.

The ground zero locations for this series of tesis were located
approximately 5,000 ft (1,524 m) southeast of the charge configuration
testing area (refer to Figure 2.1). The ground-water level in the
GZ 5 and GZ 6 area is approximately 7 ft (2.13 m) as opposed to ap-
proximately 50 ft (15.24 m) in the GZ 1 through GZ 4 area. This shal-
Tow water table was one of the requirements for the TNT test main ex-
perimenter (MX experiments). The major objectives for each of these
events will be discussed in their respective test descriptions. The
Pre-DICE THROW II Summary Schedule is shown in Figure 2.2.

Pre-DICE THROW I1 FCTMOT Staff

LCDR Bill Edgerton - lest Group Director
Capt. Tom Edwards - Technical Director

Capt. Ernie Jaskolski - Test Group Engineer

Maj. Rich Palaschak - Program Coordinator

LCDR J. D. Strode - Program Coordinator/Deputy Test Group
Director

1I-
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Charge Descriptions
, 1. CIST Construction Details
b Figure 2-3 are photographs of the CIST assembly operations.
Refer to Figure 2-1 for the CIST location with respect to GZ 5 and
GZ 6. The CIST required a cased hole (with steel liner) 47 ft (14.3 m)
i deep and 28 in. (71.1 cm) in diameter to contain the explosive (AFWL
hole designation LO1). The explosive used was 205 1bs (92.99 kg) of
400-grain (25.92 gram) PETN primacord with a weight distribution of
5 1bs (2.27 kg) per foot. The total depth of the charge from the
ground surface was 41.3 ft (12.59 m). The primacord was strung on
racks (Figure 2-4) which were hooked together as shown in Figure 2-5.
Figure 2-6 depicts the detonator/booster assembly.
2. _109-Ton TNT Surface -Tangent Sphere (GZ 5) - Construction Details
A photograph of the completed TNT sphere is shown in Fig-
ure 2-7. The charge, with a radius of 7.87 ft (2.40 m), was placed
on a base made of 3 layers of 3/4-in. (1.91 cm) plywood 18 ft (5.49 m)
in diameter. The lower hemisphere was supported with polystyrene blocks
that were cut to conform to the outer surface of the TNT. These poly-
styrene blocks were pre-cut and marked according to TNT layer prior to
stacking. Each layer of TNT was sprayed with an antistatic solution
(Anti-Static Compound "Statico," Regal Supply and Chemical Co. of E1 Paso).
The charge was designed by the Defence Research Establish-
ment Suffield (DRES), Ralston, Alberta, Canada. Details pertaining to
the slacking pian, base and styrofoam blocks are located in the DRFS
Technical Support Plan. The booster was a 16-in. (4.64-cm)-diameter
sphere of Tetryl weighing 123 1bs (55.79 kg) and was placed in the cen-
ter of the TNT sphere during the stacking operation. Two aluminum
tubes were also placed within the stack for access to the booster
after Lhe charge buildup (two detonators, X-128, inserted into the
booster during the arming process). Ionization probes were placed
along 13 radials within the charge to determine detonation velocity
and symmetry of detonation. Photographs indicating various stages
in the stacking operation are shown in Figure 2-8.
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Figure 2-3. CIST Assembly Operations,
Pre-DICE THROW 11
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Figure 2-7. Completed 100-Ton (90.7-Metric Ton)
TNT Surface-Tangent Sphere, Pre-
DICE THROW II

Lightning rods were equally spaced around the charge at
four locations, 30 ft (9.14 m) from charge center. These rods were
30 ft (9.14 m) high and hooked to ground cables as indicated in the
Technical Support Plan, Appendix L. An electricai polentiali-measuring
device was also placed in the area to monitor the potential gradient
in the area. Floodlights were used to illuminate the GZ area during
the night stacking shifts.

The TNT blocks were procured from three places: DRES -
58 tons (52.6 metric tons); lowa Ammunition Plant, Burlington, Iowa -
30 tons (27.22 metric tons); and Pueblo Army Depot, Pueblo (Avondale),
Colorado - 20 tons (18.14 metric tons). The TNT blocks from the DRES
and Pueblo locations had already been cast into 12x12x4-in. (30.5x
30.5x10.2-cm) blocks. The lowa shipment had to be manufactured in

I1-11
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iqure 2-8. 100-Ton (90.7-Metric-Ton) TNT Stack -
After One-Day Stacking (Top Photo),
After Two-Day Stacking (Bottom Photo),
Pre-DICE THROW II
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cast blocks, with production starting 30 June 1975. The production
was handled by Mason and Hanger, Silas Mason Company, Inc., the con-
tractor who operates the plant for the Army.

The as-built charge weight, excluding the booster, was
199,978.6 1bs (90,708.8 kg) of TNT. Table 2-1 indicates the assort-
ment and quantities of TNT blocks received at WSMR.

Table 2-1. 100-Ton (90.7-Metric-Ton) TNT Summary Data Sheet for
Cxplosives Received for Pre-DICE THROW 1I, Event 1
(CANADIAN) DRES EXPLOSIVE RECEIVED

Truck No. No. Boxes No. Blocks
1. (B/L K5584205) 638 503 1006 Whole

133 353 Partial

2 Boosters

2. (B/L K5584204) 600 1200 Whole
3. (B/L K5584206) 579 11658 Whole
TOTALS 3364 Whole

353 Partial

USA EXPLOSIVES RECEIVED

4. (B/L K8551440) 434 268 Whole
5. (B/L K8415246) 588 1176 Whole
6. (B/L K8551439) 504 1008 Whole
TOTALS 3052 Whole

NOTE: For additional information see Canadian General Electric
Company Limited letter of 26 August 1975 signed by

Mr. A. P. R. Lambert.

Ii-13
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3. 120-Ton (108.9-Metric~Ton) ANFO (GZ-6)

——— e e . e

The charge design, as shown in Figure 2-9, was a right-
circular cylinder, base-tangent to the ground surface, hemispherical
top, with a multiple detonating system. The charge was constructed
from pre-mixed bagged ammonium nitrate and diesel fuel, which is a
commercial blasting agent composed of 94.5 percent (by weight) ammonium l
nitrate and 5.5 percent Number 2 diesel fuel (ANFO). The length to
diameter (L to D) of the cylindrical section was 0.75 to 1.00 (refer
to Figure 2-10).

The ANFO was purchased from Bud Walter, Inc. of [stancia,
New Mexico. It was pre-mixed and bagged at the plant prior to its
delivery by truck to the WSMR Queen 15 site.

The Naval Surface Weapons Center (NSWC) had the following
responsibilities:

(1) Design ANFO stack

(2) Design, fabricate and emplace initiation system

R S S VSR S IR, G- TR SNy S, P

Figure 2-9. Completed 120-Ton (108.9-Metric-Ton) ANFO Charge,
Pre-DICE THROW 11
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Figure 2-10. ANFO Charge Design,
Pre-DICE THROW I1
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(3) Supervise charge construction
(4) Monitor fuel oil content and particle-size distri-
bution of ANFO in charge, and
(5) Monitor internal temperature of charge up to time
of detonation.
(a) Boostering and Initiation System. The boostering
and initiation system was designed as a two-part system in order to

meet safety requirements as outlined in SOP 224-14-75. The system
consisted of a booster column containing 75/25 Octol (a very insensi-
tive explosive) called the Main Booster Assembly (MBA), and an arming
column containing pentolite, detonators and cabling called the Booster
Initiation System (BIS). During charge construction, only the MBA was
in place. At arming time, the BIS was lowered into the MBA.

The MBA consisted of the following: A piece of
5-in. (12.70-cm)-diameter (1.D.), 5.5-in. (13.97-cm)-diameter (0.D.),
Poly-vinyl-Chloride (PVC) pipe, 20 ft (6.10 m) long, around which
were placed seven discs of Octol, as shown in Figure 2-11. Each
disc of Octol was 12 in. (30.48 cm) in diameter, 5 in. (12.70 cm)
high and weighed approximately 29 1bs (13.15 kg). The discs were held
in place with PVC flanges, cemented to both the pipe and to the Octol.
Surrounding the Octol was a cardboard construction tube [1/4-in. (0.64-
cm) wall thicknessl, 12 in. (30.48 cm) in diameter (I.D.), 20 ft (6.10 m)
fong. Figure 2-12 shows a photograph taken during the placement of the
MBA.

The BIS consisted of the following: A 4.5-in.
(11.43-cm)~diameter (0.0.), 4.0-in. (10.16-cm)-diameter (1.D.), piece
of PVC pipe 22 ft (6.71 m) long. Into this pipe were placed seven
pentolite discs, each weighing approximately 2 1bs (0.91 kg), as is
shown in the assembly sketch, Figure 2-13. Refer also to the photos
in Figure 2-14. Each pentolite disc was equipped with two exploding
bridge-wire detonators, type RP-1, manufactured by Reynolds Industries.
The seven detonators on the upward sides of the pentolite discs were
considered the primary system, with the seven on the bottom as a back-up

'I-106
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Photographs of the MBA Prior To and
During Placement on Pre-DICE THROW II

Figure 2-12.
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Figure 2-13. 120-Ton ANFO Booster Initiation System (BIS),
Pre-DICE THROW II
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system. Each system of seven detonators was connected in series, using
Reynolds high-voltage cable, and fired by its own firing supply.

In the armed position, each pentolite disc was oppo-
site an Octol disc. The weights of the Octol and Pentolite in the
BIS/MBA are presented in Table 2-2.

(b) Construction Details. Construction commenced on
Wednesday, 10 September 1975, with 40 tons (36.3 metric tons) of
ANFO being loaded. At this point, the charge was covered with a 6-mil
plastic cover and stacking operations were suspended for the day.
Rains and high winds prevented further operations until Saturday,

13 September. Upon removing the cover from the charge, it was dis-
covered that a portion of the stack had collapsed (see Figure 2-15).
The cause of the collapse was attributed to a combinatior of a faulty
stacking plan and water leaking into the ANFO stack (Ammonium Nitrate
is extremely soluble in water). It was decided to remove all the
material that had already been stacked, and to begin again. A new
stacking plan was ceveloped and eventually used for the entire 120-ton
(108.9-metric-ton) stack. This revised plan is similar to that used in
the TNT stack. As many of the ANFO bags as could be salvaged were
re-used in the new stack. Stacking re-commenced on Monday, 14 September,
and was completed on Wednesday, 16 September. Detailed dimensions of
the completed charge are presented in Tables 2-3 and 2-4.

The stacking crew consisted of 11 workers: 7 men
from the University of New Mexico Civil Engineering Research Facility
{(CERF), 3 stacking supervisors from NSWC/WOL and one-half time from both
the DICE THROW Technical Director and a White Sands Missile Range
(WSMR) conveyor operator. A total of 297 man-hours were required in
restacking the entire 120-ton (108.9-metric-ton) charge.

The internal temperature of the stack, as well as
the air temperature, was monitored with a dual-channel thermistor
recorder. The stack sensor was located in the fourth layer above the
base, about 3 ft (0.91 m) from the edge of the charge.

J1-21
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Lvent 11

™




Table 2-3. Details of Cylindrical Section

Layer Heighi* Design Height*

Layer Radius Above Ground Above Ground

Number Feet Meters Feet Meters Feet Meters
1 8.74 2.66 0.21 .06 0.20 .06
2 0.62 .19 0.61 .19
3 1.04 .32 1.02 3
4 1.45 .44 1.43 .44
5 1.86 .57 1.84 .56
6 2.28 .69 2.25 .69
7 2.69 .82 2.66 .81
8 3.10 .94 3.07 .94
9 3.52 1.07 3.48 1.06
10 3.93 1.20 3.89 1.19
11 4.35 1.33 4.30 1.31
12 4.76 1.45 4.NM 1.44
13 5.18 1.58 5.12 1.56
14 5.59 1.70 5.53 1.69
15 6.00 1.83 5.94 1.81
16 6.42 1.96 6.35 1.94
17 6.83 2.08 6.76 2.06
18 7.24 2.21 7.17 2.19
19 7.66 2.33 7.58 2.31
20 8.07 2.46 7.99 2.44
21 8.49 2.59 8.40 2.56
22 8.90 2.7 8.81 2.69
23 9.30 2.83 9.21 2.81
24 9.7 2.96 9.63 2.94
25 10.12 3.08 10.04 3.06
26 10.52 3.21 10.45 3.19
27 10.93 3.33 10.86 3.3
28 11.34 3.46 11.27 3.44
25 11.75 3.58 11.68 3.56
30 12.1% 3.70 12.09 3.96
31 12.56 3.83 12.50 3.81
32 Y Y 12.97 3.95 12.90 3.93

*To Center of Layer

11-24
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Table 2-4. Details of Hemispherical Cap

Layer Height* Design Height*
Layer Radius Above Cylinder Above Cylinder
Nunber Feet Meters Feet Meters Feet Meters
33 8.7 2.66 0.19 .06 0.22 .07
34 8.60 2.62 0.57 A7 0.66 .20
35 8.43 2.57 0.95 .29 1.10 .34
36 8.19 2.50 1.33 .41 1.54 .47
37 8.02 2.44 1.7 .52 1.98 .60
38 7.85 2.39 2.09 .64 2.42 .74
39 7.65 2.33 2.47 .75 2.86 .87
40 7.44 2.27 2.85 .87 3.30 101
41 7.10 2.16 3.23 .98 3.74 1.14
42 6.77 2.06 3.61 1.10 4.18 1.27
43 6.44 1.96 3.99 1.22 4.62 1.41
44 6.02 1.83 4,37 1.33 5.06 1.54
45 5.60 1.7 4.75 1.45 5.50 1.68
46 5.10 1.55 5.13 1.56 5.94 1.81
47 4.56 1.39 5.51 1.68 6.38 1.94
48 3.85 1.17 5.89 1.80 6.82 2.08
49 3.32 1.01 6.2 1.91 7.26 2.21
50 2.9 .89 6.65 2.03 7.70 2.35
51 2.10 .64 7.03 2.14 8.14 2.48
52 1.74 53 7.41 2.26 8.58 2.62
*To Center of Layer

Samples were taken trom each layer of the charge and
analyzed for both fuel oil ¢ mtent and particie-sice distiibution
(refer to the photo's in Figure 2-16). In addition, several samples
were collected at the mixing plant in Estancia, just prior to ship-
ment. Based on 203 samples, the average ANFO bag in the charge weighed
50.82 1bs (23.05 kg), with the empty bag weighing 0.5 1b (0.23 kg).

The total amount of material loaded into the charge was 123.62 tons
(112.15 metric tons) (this figure includes the weight of the paper
bags, booster, PVC pipe and flanges, cabling and cardboard tubing).
The weight of the ANFO and booster was 122.45 tons (111.09 metric tons).
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Figure 2-16. Particle-Size Distribution and Fuel 0il

Content Measurements made by NSWC, Pre-
DICE THROW II




TIMING AND [ IRING

1. Timing and Monitoring

The U, S. Ay Engineer Waterways xperiment Station (WES)
provided the T& and menitor vequirements of the experimenters on
Pro-DICL THROW 11-1 and =20 The timing and monitor requirements are
shown in lables 2-5 [100-ton (90.7-metvic-ton) INT event] and O-0
[120-ton (108.9-metric-ton) ANLQ event]. The T& requivements for
the CIST were provided by the CIST van.

2. MHigh-Voltage Firing System Description

(a) Tiring System. The {iving system for the CIS1 is an
integral part of the CIST instrumentation van. An overall block dia-
gram for this system 1 shown in Figure 2-17. Only one {field X-unit
is shown for simplicily; however, two units are actually used, as in-
dicated in Figure 2-5. Details concerning sately are found ia the
Safely Plans for the CIST Program, September 1972, UOperational de-
tails are located in ATWL TR-74-136

The fiving systowm used for the Pre-DICE THROW 11-1 and

=2 projects was one which had been field proven on a number of prior
evenls.  The fiving systew consists of components mounted in a con-
sole locited in the T8 trailer plus one or two fiving supplies located
near G/, A generabzod block diagram of the system is shown in ig-
ure 2-18. When in gpevation, the centval unit is deiven from an IR1G
clock generator through a countdown unit. Discrelo time signals from
the countdown unit are used Lo control the saiely interioch cotay did
arming circuits for detonating the charge.  these civceuits furnish
the supply voltage, trigger pulse and safetly velay voltage to the for-
ward X-unmiis.  These civcuits are controlled by a keylock switch and
are effective onty after the key is anserted into the contrvol unit.

(b) System Operation. A typical sequence of events for using
this system is as follows:

(1) When detonators are to be firved for check-out or

actual test., the keylock switch is turned to the off position and the

koy withdrawn fvom the lTock. In additior to this sately precaution,
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Figure 2-17. AFWL CIST Firing System Block Diagram,
Pre-DICE THROW 11
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Figure 2-18. Firing System for Pre-DICE THROW II
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all cables from the console unit to the X-unit firing supply are dis-
connected from the console and the cable connectors locked in a box.

(2) The arming party will have the keys to the firing
system and to the lockbox in which all cables going to the field com-
ponents have been secured. After the arming party has placed the
detonators in the boosters and completed hookup of the deftonator leads
to the firing line (at the safety relay box), they will return the
keys to the control unit operator. At the appropriate time in the
countdown, the key to the lock switches will be inserted and the unit
turned on. The firing supply cabies are removed from the lockbox and
reconnected. The remote indicating devices are observed and the T&F
operator will be apprised of a “go" or "no-go" condition. After this,
the firing sequence is under the control of the T&F console.

(3) When the countdown sequence reaches zero time, a
28-volt trigger pulse is sent to the X-unit which discharges the high
voltage, firing the detonators.

The system described previously was used with two
RP-1 detonators fired in parallel from one X-unit for the TNT event.
The ANFO event firing required two X-units, each having seven RP-1
detonators in series, as shown in Figure 2-13.

CABLE REQUIREMENTS
PROJECT TITLE: Cable Coordination - Support to 0ONA Field Command
PROJECT OFFICER: Mr. R. Ward, EG&G, Inc. (702) 986-9252
SUPPORT DESCRIPTION: The cable required for Pre-DICE THROW 11
was obtained from the DNA cable storage area at NTS. The ex-

perimenter cable requirements were obtained by Field Command
via the Technical Support Plans. The majority of the cable
used on the 100-ton (90.7-metric-ton) TNT event was also used
on the 120-ton (108.9-metric-ton) ANFQ event (refer to Figure
2-1 for layout of both events with respect to the instrumenta-

ion park). Table 2-7 indicates the cable distribution to the
experiment agencies for both events.
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ENVIRONMENTAL MONITORING

Samptes of soil and water were taken from the Pre-DICE THROW 11
site locations for analysis. A letter report written by G.E. TEMPO
descrioes the results of these analysis. Refer to the photographs
in Figure 2-19.

QUEEN 15 PRE-DICE THROW II SITE AND EXPERIMENT LAYQUT AND DESCRIPTION
Site Description
The overall testing area for the CIST, TNT and ANFO events

is shown in Figure 2-1. An area of approximately 40,000 ft2 (3716.12 mz)

was cleared around GZ 5 and GZ 6 to accommodate the experiments and
technical photography requirements. Each of the events had unique site
preparations, and they will be addressed later.
CIST Experiment Description (DNA Project No. 160-72)
AFWL PROJECT OFFICER: Mr. C. Noble
TEST QLJECTIVE: This test was designed to measure the dynamic
response of the site area geology to a cylindrically sym-
metrical high-explosive shock input, the data obtained pro-
viding a data base from which the in-situ dynamic material

properties may be determined. These properties are required
to adequately define the constitutive relationships needed
for free-field computer calculations.

The CIST site layout is shown in Figure 2-20. Figure
2-21 shows the ground structure and gages. Four types of
reasurements were made: cavity pressure, acceleration
(horizontal and vertical), stress and strain. A total of
44 channels of data were recorded. Cavity pressure was
measured at six locations inside the main CIST pipe. Ac-
celeration measurements were made out to 75 feet (22.86 m)
from GZ (total of 32 gages). The six stress and strain
measurements were made 5 and & feet (1.52 and 2.44 w) from
GZ. Refer to Figures 2-22, 2-23 and 2-24 for details on
gage placement and nole locations. Table 2-8 indicates
the hole diameters and depths. A block diagram of the
CIST instrumentation is shown in Figure 2-25.
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S0il1 and Water Samples Taken at the Pre-DICE THROW II Site Location by G. E. TEMPO

Figure 2-18S.



Building

Instrumentation
& Park

' (304.8 m)

CIST Instrumentation

CIST Gz Location

x = 490521.64' (149511.00 m)
y = 541537.03" (165060.49 m)
£ = 4199.78' (1280.09 w)

Figure 2-20. AFWL CIST Site Layout,
Pre-DICE THROW I
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Figure 2-23. AFWL CIST Hole Configuration, Pre-DICE THROW II
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Figure 2-24. AFWL CIST Cavity Pressure Transducer Placement,
Pre-DICE THROW I1

11-40




e -

Table 2-8.

Transducer Hole Configurations - CIST

Hole Number Diameter Depth
(inches) (cm) (feet) (m)
LO1 28 71.12 41.3 12.59
L02 7 17.78 23 7.01
L03 7 17.78 42 12.80
LO4 7 17.78 23 7.01
LO5 7 17.78 42 12.80
LO6 7 17.78 23 7.01
L07 7 17.78 42 12.80
L08 7 17.78 23 7.01
L09 7 17.78 23 7.01
L10 7 17.78 3 91
L1 7 17.78 3 91
L12 7 17.78 12 3.66
L13 7 17.78 12 3.66
L14 7 17.78 3 91
L15 7 17.78 3 91
L16 7 17.78 12 3.66
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PRE-DICE THROW 11, EVENT 1 (TNT) AND EVEN[ 2 (ANFO) EXPERIMENT
DESCRIPTIONS (Refer to Figures 2-26 and 2-27 for the test-bed lay-
outs for these events)
1. Air Force Weapons Laboratory (AFWL)/Civil Engineering Research
Facility (CERF)
TITLE: Debris (Eiecta) Measurements (DNA Project No. 160-73)
PROJECT OFFICERS: Dv. R. Henny (AWFL) and Mr. G. Jones
(CERF)
OBJECTIVE: Measure ejecta and correlate crater measurements
with prior events.
EXPERIMENT DESCRIPTION: (Refer to Figuves 2-28 and 2-29)
Ejecta collectors were placed on four radials extending
from 100 to 750 feet (30.48 to 228.60 m). These collectors
included cylindrical-shaped bins (placed above the ground
surface). In addition, many conventional pan collectors
were placed in the test area to identify ejecta density.
Post-event measurements of ejecta thickness were made near
the crater lip. An examination of missile size and ground

coverage was made on Event 2.

AFWL/Environmental Research Institute of Michigan (ERIM)/

U. S. Geological Swurvey (USGS)/Southern Methodist University (SMU)

TITLE: Seismic Measwrements (DNA Project No. 160-76)

PROJECT OFFICERS: Mr. R. Zbur (AFWL), Mr. R. Turpening (ERIM),
Mr. J. Hoffman (USGS), and Dr. G. Herrin (SMU).

OBJECTIVES: (1) Profile the test-bed area pretest by obtain-
ing seismic refraction and reflection data and study deep-
basin structure by analyzing motions generated by the tests;
(2) Study charge-coupling phenomena and equivalency of
comparable TNT and ANFO charges.

EXPERIMENT DESCRIPTION: (Refer to Figures 2-30 and 2-31).
Thirty-one stations of accelerographs to monitor seiswmic
strong motion were placed in and around the testing arca
(500 Tt (152.4 m) from GZ out to approximately 7 miles

™~
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Figua 2-31. Typical Seismic Electronic Pachage Used On
Pre-DICE THROW 11

(11.27 km)). Refer to Figure 2-31 for a view of a typical
seismograph station,
3. AFRNL

TITLE: Near-Source Ground Motion Measuvements (DNA Project
No. 160-74)

PROJECT OFFICER: Mr. J. Renick

OBJECTIVE: Provide near-source measwrements of soil motion
for comparing the TNT and ANFO souwrces.

EXPERIMENT DESCRIPTION: (Refer to Figure 2-32.) The trans-
ducers fielded were mutual-inductance particle velccimeters
(MIPV) developed by the AFWL. Refer to Table 2-9 for gage
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Figure 2-32. Pre-DICE THROW II, Events 1 and 2,
AFWL Ground-Motion Measurement Systems
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Table

c=9.  Mutual Inductance Particle Velocimeter Locations
and Predictions, Pre=DICE THROW 11, Events 1 and 2

: e —— -
A { Particle
Event ' hage - Length Depth Stress '!gjgfj}3_1

| (in.} | (cm) (rt) (em) | (kb) (mm/usec)
O A S .

POTLE-Y | 1 | 25 | 6350 | LS| .88 X 1.0

POTLI-N N KU R TUS R 19 ¥ 3o 85 1.25

POTLL-] 3 B swe0 [ || oW 1.20

POTLI-2 1 1) 114,30 | 1.08 A3 10 I8

POTII-2 2 35 al.ad e .65 28 .60

POTII-2 3 Q £0.96 | 3.17 A7 18 00

design pavameters and placement information. Three gages
were placed under the charges on each event in narrow
radial trench»s and backtfilled with a low strength grout
as shown in Figure 2-33.

The arientation of the gages of the INT event was op-
proximately 10 degrees from vertical to 2dign the gages
with the expected flow field. On the ANFQ event, the qages
were oriented vertically. The power supplies were located
near the gages. Refer to POR o918 for further details of
this experiment.

4. Ballistic Research Laboratory (BRL)

TITLE:  Free-Field Airblast Measurements (reter to Figures
2-2, 2-35 and POR 6915) (DNA Project No. 160-63),

PROJECT QFFICER: Mr. G. Teel

OBJECTIVE: Document the free-vield airblast environment
parameters and prepare pre-test predictions.

EXPERIMENT DLSCRIPTION: Twenty-two channels of pressuve-time
instrumentation were installed on the TNT event. The in-
strument lucations were chosen to coincide with the loca-
tions of the Waterways Experiment Station (WES) ground

[1-81




100 TON THT
SPHERE

/ 300 vsi GROUT

/',,=z.o

BACIKFILL

!
138
T 18

5.25
]
74

v IFV2 V. 5//
A LA
iy

x'/
ey

/

8" WIDE TRENCH

——GAGE SUPPORT
7 g POWER SUP
AP ,xf/,"ff/’/j/ 5/ R osx PLY—\___\
i3 .y‘\\, TNE
Pre-DICE THROW 11-]
1 kPa = 6.89 psi
120 ToN N 1 meter = 3.28 ft
— ———;QZOT‘CHFATRGE —e 1 metric ton = 1.1 ton
433
3.08 300 pst GROUT
__m_,' B =20 uflKFILL
e /
zmwnﬁ%/ 7R
&/1:/// Z('/{;/// a7z
4 ///T}/va//ﬁ T
Z
| ”>/ %r%@ 8" WIDE TRENCH
/] /)
f WA VAV
Z 7 7? / - GAGE SUPPORT
' L 120 /wn UPPLY
S
X /,; PO anx :
R\
62 Pre-DICE THROU [I-2

Figure 2-33. AFWL Gage Placement in Pre-DICE THROW II,

Events 1 and 2

II-52




‘ ' ’
N A

. Line A
4
9.6 Q600
Legend 2_; J:'
O Side-0n 2 . 1 kPa = 6.89 psi
§‘; §‘ 1 meter = 3,28 ft
a. Q. &:u
oy
400
~
\
1261 230
{
\
< (\) ()
Line C tine B
i

Figure 2-34. BRL Instrumentation Layout, Pre-DICE THROW II,
Event 1

1I-53




et Ll - e [TIDE - .
I > N 4 -
e -t e o Crt— 7y e - .
PR . o

L e ot o < A ot Bt gt it s et A ot o ot Lo

Line A

Legend 1 2400

Q Side-On 1120
A Side-On, Tota! Head
240

¢ S1de 8n, Total Head Elev. 5
Side-
0O Side-0On, Elev. Side-On 10 580

\iJ*NC}\

1 kPa = 6.89 psi
1 meter = 3.28 ft

(82

—«— Pressure psj
a—
<
o

Q)

Y

5800 4, -
580
12 \f&\ AVV 1120
/

”’////////// Line B

Figure 2-35. BRL Instrumentation Layout, Pre-DICE THROW II,
Event 2

Line C

I1-54




o

motion stations. All measurements were configured to
measure the side-on or incident-pressure time histories.

Forty-four channels of instrumentation were vecorded
on the ANFO event. The channels were divided as follows:
(1) twenty-nine side-on at the ground surface; (2) five
side-on at 3 feet (0.91 m) above the ground; and (3) ten
total-head or stagnation-pressure measurements. The sta-
tions located at ground ranges of 40, 70, 110 and 160 feet
(12.19, 21.34, 33.53 and 48.77 m) were chosen to compare
directly with the results of Event 1. Refer to Figure
2-36 for photographs of the gages and their mounts.

On Event 1, BRL supported the MX Trench Experiment by
installing and recording pressure gages to monitor wall
static pressure inside and overpressure outside the
trenches (refer to MX Trench experiment description for
exact locatjons). Nine gages were mounted inside treach
number one, and six others outside the trench. Eight gages
were mounted inside trench number two; six gages inside
trench number three and six also inside trench number
four. Two additional gages were placed near the entvrance
to trench number four.

Canada-Defense Research Establishment Suffield (DRES)/Canadian

General Electric Co. (CGE)

TITLE: TNT Charge Design and Construction (DNA Project No.
160-65, POR #6913)

PROJECT OFFICERS: Mr. R. Klymchuk and Mr. R. Naylor (DRES)/
Mr. A. Lambert (CGE)

EXPERIMENT DESCRJI“TIUN: Refer to the section on Charge Des-
criptions for details concerning this effort.

Canada (DRES)

TITLE: Detonation Velocity Measurements (POR #6913)

PROJECT OFFICER: Mr. R. Naylor

OBJECTIVE: Measure the detonation velocity of the TNT charge.
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EXPERIMENT DESCRIPTION: (Refer to Table 2.10, and Figures

2-37 and 2-38.) Fifteen ionization pins were placed within
the TNT stack during the construction of the charge. Two
of the pins were located at the interface between the 16-
in. (40.64-cm)-diameter tetryl booster and the TNT blocks.
The remaining thirteen pins were equally spaced on the
longitudinal circumference of the charge, three on layer 8,
six on layer 24, three on layer 41 and one on layer 48.

7. Lawrence Livermore Laboratory (LLL)
TITLE: 120-Ton (108.9-Metric-Ton) ANFO Charge Explosive Per-

formance (DNA Project No. 160-54)

Table 2-10. Stack and Probe Geometvy, Pre~DICE THROW II,

Event 2
Probe Radius Azinuth Layer
(in.) {(cm) (degrees)
1 94.28 239.47 4 8
‘\ 2 94.50 | 240.03 124 8
3 94.10 239.01 244 8
4 94.25 239.40 4 41
5 94.35 239.65 124 a1
6 94.16 239.17 244 41
7 94,50 240,03 4 24
8 96.60 245.36 64 24
9 94.50 240.03 124 24
10 94.50 240.03 184 24
11 96.80 245.87 244 24
12 94.50 240.03 304 24
13 96.50 245.11 19 48
H 8. 20.32
15 8. 20.32

11-57




N
— " Probe 1-(4)
N
7 \\
\
/
Probe ¢
3-(6)
\
\
N /
N o
Praobe 2-(5)
Layer 8-(41)
Plan View
N

Layer 4

Plan View

Figure 2-37. Plan Views of Layers 8, 41 and 48 Pre-DICE THROW II,

Event 1

[1-58

8




Probe{
N

y Probe

N Probe 7
\\‘\\\
Prehe 14
ol feeme
Profe 15

) /]

\\ //

Probe 1'0\ Brobe 9

=T

Plan View

Figure 2-38. Plan View of Layer 24, Pre-DICE THROW 1I, Event 1

[1-59




PROJECT QFFICER: Mr. M. Finger and Mr. E. Lee

OBJECTIVES: Assess the dynamic performance of the explosive
material, and ascertain the simultaneity of the initiatows
used to detonate the booster column of the ANFO stack.

EXPERIMENT DESCRIPTION: Three 16-in. (40.6-cm)-long rate
sticks and one 6-ft (182.9-cm)-long rate stick were em-
bedded in the ANFO stack to record the time the detonation
front passed a recording station. The rate sticks con-
sisted of a phenolic rod or substrate with barium titanate
BaTi03 self-generating electric pins mounted at known
intervals along the stick. The ratio of pin separation
to differential pin time is the detonation velocity;

D = Ax/At. Refer to Figure 2-39 for rate stick placement.
Each of the three short rate sticks had eight signal
pins and a parallel pair of trigger pins. The trigger pin
pairs fed individual trigger lines connected to three ras-
ter oscilloscopes. The pin signals fed into a single com-

pensated signal line through a diode mixing box. The pin

signal line was cascaded to the three raster oscilloscopes.

Time-sharing was accommodated with space-separated triggers.
Rate stick No. 1 was 6 in. (15.2 cm) from the booster

container, in line with the second booster, and directed

in the NE quadrant of the stack. Rate stick No. 2 was

42 in. (106.7 cm) from the booster container, botween the

fifth and sixth boosters, and also directed in the NE

quadrant. Rate stick No. 3 was in the loose ANFO, filling

the void between the outer and inner cardboard material

supporting the high-explosive ring charges. The last pin

on this rate stick was 10.5 in. (26.7 cm) below the top

20 ft (6.1 m) of the booster container. This allowed over-

lap of the last pin on rate stick No. 2 with the first

pin on rate stick No. 3. The overlap was used to correlate

signal identification. Between rate stick No. 1 and rate
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stick No. 2, where there was no sigral overlap, continuity
was accomplished by starting a Time Interval Meter (TIM)
with the trigger pulse from rate stick No. 1 and stopping
the TIM with the trigger pulse from rate stick No. 2.
Thus, the three separate rate sticks were effectively
joined in time. Table 2-11 shows the individual pin spac-
ing for each rate stick.

The magnetic probe used on the Pre-DICE THROW IT ANFO
stack was designed to produce a pulse shape corresponding
to the particle velocity of the embedded plate. For this
veason the probe had an aspect ratio of 2:1, and a separa-
tion from the plate to the sense coil/magnet face of 2 in.
(5.08 cm). The magnet, a nominal 0.98 x 0.98 in. (2.5 x
2.5 cm) right-circular barium ferrite, 3700 gauss cylinderv,

[ was calibrated prior to being installed on the shot. A

.i% nine-turs circular coil serving as the sensing element

f!! had a mean radius of 135.4 wm. This coil size requived a
if large plate size which turned out to be 27 in. (68.6 cm)

on a side.
Table 2-11. Measured Rate Stick Pin Spacing

O
L SV

Rate Stick Rate Stick Rate Stick
No. 1 No. 2 No. 3
Spacing Spacing Spacing
Pin Numbers e wEn wn
1-2 58.4 57.9 55.2
2-3 57.0 57.4 54.8
3-4 57.6 57.4 53.9
4-5 57.7 57.6 58.4
5-6 57.6 57.3 55.6
6-7 57.5 57.0 65.5
7-8 ¢ 57.9 57.8 52.2
1-8 403.7 402.4 343.4*

*Spacing for pins 1 through 7
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The probe was originally intended to be buried in the
ANFO stack. However, due to unforeseen circumstances, the
rectangular stacking arrangement was abandoned and the
probe was secured to the NE stack perinmeter about 5 ft
(1.5 m) off the ground. The rear side of the plate was
butted against the overhanging bags of explosive, and the
voids were filled with loose ANFO. This arrangement proved
to be very satisfactory since the driver explosive appeared
homogeneous and the large radius of curvature gave a one-
dimensional aspect to the experiment. In all, approxi-
mately 250 1bs (113.40 ka) of explosive were used for the
appendage with an estimated density of 0.84 g/cc.

Two coaxial Tines, a compensated RG-331/U signal line
and an RG-213/U trigger line, connected the probe to the
recording equipment. Four barium titanate trigger pins at
the corners of the embedded plate were connected in parallel
to feed the trigger line. The trigger line was terminated
at a Tektronix Type 556 dual-beam oscilloscope and a Type
7912 transient digitizer. The trigger pins extended into
the driver explosive a distance sufficient to overcome the
difference in propagation velocity between RG-213/U cable
and RG-331/U as well as providing sufficient run-up to
properly frame the record.

Signal and trigger lines were calibrated using a loop-
around technique which amounted to a quality time-domain
reflectometer. With the loop-around technique half-micro-
second wide, 0.4-volt square-wave calibration signals were
sent down one line and returned on anoiher. The compen-
sators used on the signal lines reduced the amplitude of
the pulses by preserving phase delay giving an effective
rise time of 10 ns over a cable length of 5500 ft (1676.40 m).




Naval Surface Weapons Center (NSWC)

TITLE: 120-Ton (108.9-Metric Ton) ANFO Charge Design and
Stacking Supervision (DNA Project No. 160-64)

PROJECT OFFICERS: Mr. J. Petes and Mr. M. Swisdak

EXPERIMENT DESCRIPTION: Refer to the section on Charge Des-
criptions for details pertaining to this «ffort.

Naval Weapons Evaluation Facility (NWEF)

TITLE: Aircraft Component Experiment (DNA Project No. 160-69)

PROJECT OFFICER: Mr. P. Hughes

OBJECTIVE: Obtain preliminavy information on the structural
response of an instrumented F-4 wing trailing-edge-flap-
panel to the blast, produced by Pre-DICE THROW II, Event 2.
The data on this test will be used in plamning the config-
uration and the instrurentation requirements for the A-4C
Aircraft test specimen which will be exposed to the DICE
THROW blast.

EXPERIMENT DESCRIPTIQN: Refer to Figures 2-40, 2-41 and 2-42.
The test article was mounted on two vertical poles located

Figure 2-40. Pre-DICE THROW II, Event 2 NWEF
Aircraft Component Experiment
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at the 1000-ft (304.80-m) range (3.7 psi (25.5 kPa)). To
minimize edge effects, plywood panels were installed flush
with the flap panel. Two smaller panels were instrumented
with strain gages. These gages (Figures 2-41 and 2-42) were
installed on the upper-skin outside and inside surfaces as
well as on the web of the rib which made up the outboard
boundary of panel number one. Pressure gages were also
installed to monitor the overpressure at the pane’ surface.
10. Strategic Air Command (SAC)

TITLE: SAC Electro-Optical Viewing System (EVS) Experiment
(DNA Project No. 160-50)

PROJECT OFFICERS: Maj. B. Stephan and Capt. J. Riggs

OBJECTIVES: Determine the usefulness of the B-52 EVS as a
damage assessment device and provide system operation data.

EXPERIMENT DESCRIPTION: Two B-52 aircraft from K.I. Sawyer
Air Force Base, equipped with the EVS (steerable low-light-
level T.V. and infrared scanners) and video recorders par-
ticipated on each event. They were prepositioned on a syn-
chronized elliptical flight path that crossed the ground
zeros at nine-minute intervals. Low-altitude passes were
made over the ground zero of each event to record the am-
bient signature, the actual detonaticn and changes in the
crater infrared-signature over time. Operating altitudes
varied from 2000 ft (609.60 m) AGL to 500 ft (152.40 m)
AGL with track offsets of 0 - 2000 ft (0 - 609.60 m) from
the ground zeros.

11. Space and Missile Systems Organization (SAMSO)/TRW Systems
Group (TRO)/The Ralph M. Parsons Co./Karagozian and Case
(0) TITLE: MX Debris Collectors (Bins and Barriers) (DNA
Project No. 160-55)
PROJECT OFFICER: Maj. D. Gage (SAMSO)/(K&C)
OBJECTIVE: Study debris buildup in scaled MX land-mobile
entry ways.
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EXPERTMENT DESCRIPTION: (Refer to Figures 2-43 and 2-44

and Pre-DICE THROW II-1 Debris and Tvench Tests Final
Report, 6 November 1975, Karagozian and Case.) The
Debris Test was located in the second 120-degree sector
clockwise from the wain free-field gage line as indi-
cated in Figure 2-26. The test consisted of three dif-
farent types of collectors:

1. Bins placed flush with the ground surface to

establish the amount of debris entrapment.

2. Barriers placed flush or above ground to obtain
debris profiles around typical structures.
Control pads to obtain free-field debris measuve-

Lo
.

ments within the area of the bins and barriers.
Figure 2-43 shows the placement design of these test
articles within the 120-degree sector. The experiment
consisted of 13 concrete bin structures and 13 concrete
barrier structures placed along arcs at radii of 100 and
120 feet (30.48 and 36.58 wm), and 27 free-field steel
collector pads set flush with the ground throughout the
Debris Test area.

The bins were 20 in. (50.80 cm) deep, 12 in. (30.48 cm)
wide, and various lengths with 6-in. (15.24-cm) thick
reinforced concrete bottoms and walls. The barviers were
open ended channels 12 in. {30.48 w) wide and various
lengths and depths with 6-in. (15.24 m) thick reinforced
concrete bottoms and walls. The collector pads were 18-
by 18-in. (45.72- by 45.72-cm)-square 10-gage steel plates.

The bins were all placed with the long axis radial lo
ground zero and top of concrete flush with the surround-
ing ground surface. The barriers were placed with the
open end of the chamnel at various angles and at diffevent
depths of burial, depending upon their angular alignment.
The bariers were anchored to the ground. Refer to the
photographs in Figure 2-44,

[1-08
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Figure 2-44.

- ‘i-v"
T Mg

s A
M

MX Bins (Top Photo), Barriers (Bottom Photo), and
Collector Pads, Pre-DICE THROW II, Event 1
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(b) TITLE: MX Trench Test (Project No. 160-56, POR #6906)

PROJECT OFFICER: Maj. D. Gage (SAMSO/K&C)

OBJECTIVE: Determine the response of soft tunnels and
measure viscous flow inside extended pipes when sub-
jected to explosive airblast loading.

EXPERIMENT DESCRIPTION: (Refer to Figures 2-45 through 2-48)
The Trench Test was located (as shown in Figure 2-26) in
the first 120-degree sector clockwise from the main gage
line. The test consisted of the following five items:

Trench 1. A radially-placed open-erded trench, 500 ft
(152.40 m) long and extending in as close
to ground zero as possible.

Trench 2. A tangentially-placed closed-ended trench,
500 ft (152.40 m) long and extending into
the predicted 1000-psi (6894-kPa) station.

Trench 3. A radially-placed open-ended trench, 250 ft
(76.20 m) long extending to within 250 ft
(76.20 m) of ground zero.

Trench 4. A small-diameter radially-placed open-ended
trench, 250 ft (76.20 m) long extending to
within 250 ft (76.20 m) of ground zero.

T-dunction. A chamber vented to the surface.

The four trenches and the T-junction were placed as shown
in Figure 2-45. Trenches 1 and 2 each simulated a soft
trench (simulating failure) for the first 250 ft (76.20 m)
and hard trench (survivable) from 250 to 500 ft (76.20 to
152.40 m). Trenches 3 and 4 were both hard trenches.
Trenches 1, 2 and 3 were fabricated using 24-in. (60.96-cm)-
diameter steel pipe with 0.25- and 0.283-in. (0.64- and
0.283-cm) wall thickness. Trench 4 was fabricated with
6-5/8-in. (1.59-cm)-diameter steel pipe with 10-gage wall
thickness.
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Figure 2-47. MX Trenches Being Readied for Instrumentation
Hookup, Pre-DICE THROW 11
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Figure 2-48. MX Trench Test Photographs, Pre-DICE THROW II
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The pipes for Trenches 1 and 2 were placed in the ground
with the crown 3 in. (7.62 cm) above the ground surface.
Trenches 3 and 4 were placed with the invert, flush with
the ground. A1l of the pipe of the hard trenches was cov-
ered with 8 in. (20.32 cm) of dirt to minimize pretest
heating of the pipe. The placement design for the pipes
and the entrance and exit configurations are shown in
Figure 2-46. Refer to Figure 2-47 for photographs of two
of the trenches.

Trenches 1 and 2 were located in the area where large
crater-induced motions were anticipated. To prevent
these motions from propagating lengthwise along the steel
pipe, sections near the expected crater were cut 10 ft
(3.05 m) long and placed with 6~in. (15.24-cm) gaps be-
tween sections. At ranges where smaller ground motions
were expected longer length sections were used, the sec-
tions were anchored, and 6-in. (15.24 cm) gaps were
placed between sections out to a range of 250 ft (76.20 m).
The two trenches above ground (3 and 4) were anchored to
resist asymmetrical airblast loadings.

The soft portions of Trenches 1 and 2 were simulated
by cut-out panels placed back in the pipe sections with
glass clips for support. The glass clips assured that
the panels would be blown out or in by the pressure
without being sensitive to variations in peak pressure
or impulse magnitudes. Refer to the photograph in Fig-
ure 2-48 (top photo).

The trenches were instrumented with pressure trans-
ducers and transducers for viscous-flcw phenomenology
measurements (wall shear-stress, wall temperature and
total pressure). Time-of-Response (TOR) gages were placed
on soft panels of Trenches 1 and 2. These measurements
were made by BRL. Refer to Figure 2-48 (bottom photo).
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Each measurement item was given a Measurement Number
for identification purposes. Table 2-12 summarizes the
measurements installed on each trench test article.

The pressure and temperature gages were mounted in a
brass plug that was in turn mounted in a steel block
welded to the pipe sections. The brass plugs were each
fitted to a block and then shipped to the instrument sup-
plier for mounting of the gage in the plug and later
installation into pipe at the test site.

The TOR gage consisted of a breakwire placed between
the soft panel and the pipe section at one side of the
panel. By laboratory tests it was demonstrated that
relative shear-type displacement of 0.075 in. (0.19 cm)
broke the wire which then triggered a change in the volt-
age output of the coder. There were four wires to each
coder and six coders per trench. For each trench the
output of the coders was sampled at the rate of once
per 50 microseconds. Each trench had a separate multiplexer.

Cables were run from each shear-stress, wall-tempera-
ture, total-temperature, and total-pressure gage to a
vault located between Trenches 1 and 2 for signal condi-
tioning and then on out to the instrumentation vans.
Cables were run from each TOR gage to a second vault
located clockwise from Trench 2 for multiplexing and then
on out to the instrumentation van. The cables for each
pressure gage ran divectly to the instrumentation van.

(¢) TITLE: MX Structures Test (DNA Project No. 160-57, POR #6907)

PROJECT OFFICER: Maj. D. Gage (SAMSO/Parsons)

OBJECTIVES: (1) Determine the response mechanism of thick-
walled cylinders of low-tensile strength buried with a
depth of cover of one-quarter diameter; (2) Compare the
response modes and magnitudes of response of cylinders
segmented longitudinally by weakened planes with similar
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Table 2-12.

MX Trench Test Measurement Summary

SAMSO Total
Measurement Trench No. of
No. Measurement Type No. | Ground Range - Feet(Meters) | Gages
1501 thru | Pressure 1 36 - 496(10.97 - 149. 35) 9
1509
875 thru | Time of Response 45 - 242.6(13.72 - 73.94) 2%
876
1510 thru | Pressure 2 112 - 490(34.14 - 149.35) 8
1517
971 thyu | Time of Responce 74.25 - 248.56(22.63-75.76) | 24
994
001 thru | Shear Stress 3 325 - 490(99.06 ~ 149.35) 4
004
009 010 | Wall Temperature 385 - 490(117.35 - 149.35) 2
013 014 | Total Temperaturd 385(117.35) 2
015 016 | Total Prassure 385(117.35) 2
Additional | Wall Temperatuve 250(76.20) 2
325(99.06) 1
Total Temperaturd 250(76.20) 2
385(117.35) 1
Total Pressure 385(117.35) 1
491(149.66) 1
005 thru | Shear Stress 4 325 - 490(99.06 - 149.35) 4
008
001 012 | Wall Temperature 385 - 490(117.35 -~ 149.35) 2
Additional | Wall Temperature 325(99.06) 1
1530 Pressure T- 250(76.20) 2
1531 Junction
*NOTE: 2 TOR gages deleted by welding closed the first 6 panels in

Trench No. 1.
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monolithic concrete cylinders; (3) Determine the etvect
of variation of backfill compaction, overpressure, con-
crete strength, and wall thickness to diameter ratio on
shallow-buried thick-walled cylinder response; (4) Inves-
tigate the effect of footing width on footing penetration
and arch barrel response for arches in the 200-and 300-
psi (1378-and 2068-kPa) overpressure regions.

EXPERIMENT DESCRIPTION: Refer to The Ralph M. Parsons Co.
Report #POR 6907, Pre-DICE THROW II-1 Structures Experi-
ments and Figure 2-49.

Twenty-nine structures were buried at ranges from ground
zero corresponding to the calculated 600-, 300-, 200- and 100-
psi (4136-, 2068-, 1378- and 689.4-kPa) pressures. Their
Tongitudinal axes were perpendicular to their radii from
ground zero as shown in Figure 2-49. A1l structures were
buried with 1 ft (0.30 m) of cover corresponding to approx-
imately a 1/4-diameter depth of burial, and the fill over
each structure was finished flush with the surrounding

Ty

grade.
The structures were fabricated from nominal 4-ft

(1.22-m)-diameter commercial concrete pipe reinforced with
) elliptical cages of steel wire. 1his pipe is conventionally
used with the elliptical reinforcement cages oriented to
resist positive bending (internal surface-cracking) at the
crown and invert and to resist negative bending {exlernal
surface-cracking) at the springlines for vertical loads
on the pipe. When so placed, the reinforcing is nmost
effective for resisting airblast-induced (vertical)
ground shock and least effective for resisting direct-
induced (horizontal) ground shock. When rotated 90 degrees
from the conventional placement, the reinforcement is
least effective for resisting vertical ground shock but
most effective for resisting horizontal ground shock.
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Cylindrical test articles were placed in both the con-
ventional and rotated reinforcing cage orientation, de-
signated at Type R and Type M cylinders, respectively,
to compare the effects of conventional and reduced-moment
capacity on cylinder response to vertical ground-shock.
Additional cylindrical test articles, with reinforcing
as for the M configuration, were notched in the intrados
and extrados by longitudinal saw-cuts at the crown and
at 45 degrees either side of the crown cuts, and desig-
nated as Type S. The saw cuts were 1 in. (2.54 cm) deep
to produce sections of reduced flexural resistance while
still maintaining shear resistance. The steel-strip
filler detail was intended to provide full contact for
compression transfer at each notch; the degree of contact
achieved varied along each strip but this had no discern-
ible effect on the Type S cylinder response. Arch test
articles were half-cylinders cut from full pipe sections,
which were tested in both the R and M reinforcing
configurations.

For unambiguous reference, the cylinders were coded
according to their nominal wall thickness, reinforcement
! orientation, wall notching, and nominal concrete strength,
5! and the arches were coded according to their reinforce-

! ment orientation and footing width, as listed in Table 2-13.
The backfill and cylinder bedding material was sand.
The sand compactieon was measured ¢c-cording to ASTM-D-1557.
] A11 cylinders were founded on beds of sand compaction to
a design value of 95 percent. The compacted sand was cut
to fit the cylinder extrados and checked with a template
to provide 90 degrees of full bearing. The arch footings
were cast-in-place on compacted native soil. The back-
fill for all test articles was sand with a design com-
paction of 95 percent, except for test articles 310 and
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30, which has backfill design compactions of 85 and 75
percent, respectively. Field check of compaction was
made by the sand-cone method. Refer to Figure 2-50 for
photographs of the structures.

End closures for the test articles were reinforced
concrete slabs 58 in. (147.32 cm) square for the cylin-
ders, and 29 in. (73.66 cm) high by 58 in. (147.32 cm)
wide for the arches. The end closures were designed for
elastic behavior and were placed against, but not fastened
to, the test articles in order to minimize their effect
on test-article response.

———

A1l test articles were instrumented with passive
scratch gages which, for the cylinders, recorded the peak
change in diameter and, for the arches, recorded the peak
vertical displacement of the crown relative to the foun-
dation grade between the arch footings. A1l cylinders
had at least one scratch gage on the vertical diameter,
and selected cylinders had scratch gages on the horizon-
tal and 45-degree diagonal diameters as well.

Selected structures, Numbers 12, 28, 29, 34, 35, 39,
62 and 65, were electronically instrumented to obtain the
time history of response. This was done with Tinear
variable differential transformers (LVDTs) mounted on the

instrumientation strut tubes to read their relative dia-
metral displacement. The mounting consisted of plastic
blocks, epoxy-glued, one each to the inner and outer

tubes, into which the transducers were screwed. Test
article 65 was further instrumented with an accelerometer
to obtain the time history of vertical acceleration seen

by its crown. A1l of these test articles were instrumented
for vertical, horizontal, and diagonal diametral response,
except No. 62, on which diagonal measurement was not made,
and No. 28 which was an arch.
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ments (lop Photo), Structure Placement
(Bottom Photo), Pre-DICL THROW 11
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‘ Both the scratch-gage set screws and the displacement
transducers were placed on faces of the instrumentation
struts, which were perpendicular to the longitudinal axes
of the test articles, and the transducers were mounted
in the plane of the strut neutral axis. This transducer
placement minimized spurious readings caused by possible
transverse (radial to the test articles) vibration of
the instrumentation struts.

Eight overpressure gages were wounted in two 1ines,
30 degrees apart, two each at the calculated 600-, 300-,
200- and 100-psi (4136-, 2068-, 1378~ and 689.4-kPa) ranges.
The overpressure gages, and the electronic instrumenta-
tion of the test articles, were installed and monitored
and their data reduced by Sandia Laboratories. All
electronic data were recorded on tape, then digitized
before plotting.
12. Sandia Laboratory Albuquerque (SLA)

(a) TITLE: Optical Measurements (DONA Project No. 160-51)

PROJECT OFFICER: Mr. D. Thornbrough

OBJECTIVE: Evaluate the performance of the YSR and Super
Suitcase optical detection devices.

EXPERIMENT DESCRIPTION: (Refer to Figure 2-51) One Super
Suitecase was fielded on Event 1 and two Super Suitcases
and a YSR Suitcase were fielded on Event 2. These de-
vices were placed approximately 14,000 ft (4267.20 m)
from GZ on both events.

(b) TITLE: Free-Field Airblast, Stress, Ground Motion and
Arrival Time Measurements (DNA Project No. 160-52)

PROJECT OFFICER: Mr. D. Breding

OBJECTIVE: To measure stress, motion and arrival time in
the near-surface earth media, and airblast in the near-
source region.
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EXPERIMENT DESCRIPTION: (Refer to Figures 2-52, 2-53, 2-54,
2-55 and 2-56) Measurements were recorded at three loca-
tions where airblast was predicted to be 25,000, 8,000
and 1,000 psi (1.72x109, 5.52x104 and 6.89x103 kPa).

The gages were prepared in two versions: one a fluid-
coupled metal plunger and lithium niobate crystal, and

the other involving direct mechanical coupling. The
fluid-coupled model was used at all three stations and
the mechanically coupled model only at the predicted 8-ksi
(5.52x10%-kPa) station. A fifth gage was included at the
predicted 25-ksi (1.72x105-kPa) level. It was a commer-
cially available gage with a carbon sensor, manufactured
by Dynasen, Inc., Goleta, California. This gage was
added to provide a comparison with the lithium niobate
gage being developed.

SLIFER (Shorted Location Indicator by Frequency of
Electrical Resonance) time-of-arrival measurements were
made on the Pre-DICE THROW II events. The measurement
method has been used successfully at the Nevada Test Site
for several years to aid in determining time-of-arrival
contours, although application to high-explosive Jetona-
tions with greater resolution is a more recent development.

For the Pre-DICE THROW II-7 event, two SLIFER's were
installed on the 300-degrec azimuth at depths of approx-
imately 0.5 and 4.5 ft (0.15 and 1.37 m). Their radial
length was approximately 63 ft (19.20 m). Frequency
versus shorted-length calibration data was processed to
determine shock position as a function of time. These
data will be used to supplement the arrival-time contours
constructed by WES.

Stress measurements were made at five ranges with
several types of sensors located at each location. The
five distances chosen were at the predicted 15-, 8-, 3-, 1-,
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Figure 2-52. SLA Airblast Transducers (Top Photo), Acceleration
Canister (Bottom Photo), Pre-DICE THROW 11
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Figure 2-54. SLA Carbon Airblast Gage (Top Photo), Carbon
Paddle Gage (Bottom Photo), Pre-DICE THROW 11
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SLA Ytterbium Gages ,
Pre-DICE THROW II
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Figure 2-55.




SLA Lithium Niobate Gages, Pre-DICE THROW 11

Figure 2-56.
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13.

and 1/3-kbar stress levels. The sensors included ytter-
bium gages in both paddle and cylinder configurations,
carbon gages in the paddle configuration and 1ithium
niobate gages in both bar and paddle torms. Lithium nio-
bate gages, all with Z-cut crystals, were employed in
several different orientations (refer to Table 2-14).

At the three closest stations the stress gages were
oriented so as to point to the charge center, and the
two farthest station gages were positioned horizontally
in the anticipation of a vertical shock front.

(c) TITLE: Microbar Measurements (DNA Project No. 160-53)

PROJECT OFFICERS: Mr. B. Holt and Mr. J. Reed

OBJECTIVE: Provide microbar prediction and measurement
services on both events for cdamage assessment studies.

EXPERIMENT DESCRIPTION: Measurement stations were placed
in the closest inhabited comnunities which include Oscuro,
Tularosa, Carrizozo and Alamogordo, New Mexico (refer to
Figure 1-1). A tabulated listing of distances, arrival
times, arrival velocities and pressure for the two events
is contained in Tables 2-15 and 2-16. Radio-telemetry
(TM) and microbarograph (MB) rec.rding devices were
co-located in Carrizozo.

Stanford Research Institute (SRI)/Kaman Sciences Corporation (KSC)

TITLE: Light-Detecticn and Ranging (LIDAR) Experiment (DNA
Project Nos. 160-70, 71, POR #6911)

PROJECT OFFICERS: Dr. W. Viezee (SRI) and Mr. P. Jessen
(Kaman Sciences)

OBJECTIVE: Evaluate the extent of laser performsnce degrada-
tion by the dust c¢loud generated by both events and provide
diagnostic data on the history of the dust cloud.

EXPERIMENT DESCRIPTION: (Refer 0 Figures 2-57, 2-58, 2-59 and
2-60) The laser systems deployed in the field tests were
available at SRI and were usad at WSMR in mobile configurations.
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Table 2-14. SLA Earth Stress Measurements, Pre-DICE THROW II-1

Slant Distance
Gage Configuration (ft) (m)

Li15-1 Z-cut bar 46.40 14.144
Li15-2 Z-cut bar 49.73 15.158
Li8-1 Z-cut bar 54.37 16.572
Li8-2 Z-cut bar 54.21 16.523
Li8-3 Z-cut paddle £t4.24 16.533
Lig-4 Z-cut paddie, hydrostatic 54.12 16.497
Li3-1 Z-cut paddle 73.32 22.347
Li3-2 Z-cut paddle 73.40 22,373
Li3-3 Y-cut paddle, normal 73.44  22.386
Li3-4 Y-cut paddle, transverse 74.02 22.560
Li3-5 Z-cut paddle, hydro., normal 73.34 22.353
Li3-6 Z-cut paddle, hydro., transv. 73.53  22.413
Lil-1 Z-cut paddle, hydrostatic 74.04  22.568
Lil-2 Z-cut paddle, hydrostatic 96.89  29.532
Li1/3-1 Z-cut paddle, hydrostatic 133.88  40.806
Li1/3-2 Z-cut paddle, hydrostatic 133.90 40.812
Yb15-1 Cylinder 46.43 14.151
Yb15-2 Paddlie 46.42 14.148
Yb 8-1 Cylinder 54.02 16.464
Yb 8-2 Paddle 54.24  16.533




42QU S°/9Q  134MSS3Jd SIRi4NG,

w M 9/s20 | 0°0L- “ /040 M Lot- 7/0v1 L6~ | €0°9603  CCOOZ W
M 9/0e0 | 9°9- * 2/01¢ W 29 9/00z | 0%~ | 07'9Evs  COC2L
d W 6/CEL 1 &'z zl/eyl w g 2z- 21/;20 | 6z- w teroley 00031 m
| E/oeL | 22 | zeL o s/sto | 1z | 0zL%zy  oCORL |
M o/0% 1L 9/s0e . 29 . 8fmez . 99 | 097L8%%  COCZL W
W oz | zar ousssz | oot W Loz |oeol | comsz ooool |
| 9/0sz m 0°sl t/ozz el M 8/0sz W 921 m oz'ersz 0006
| m | . . |
6/01z . 1°L1 6/06L ' L1'sL i 8/ozz AL w 0y'2E¥C  OOC2

£1/sel . L6l 2u/s8L LZL L e/sel . g9teL | ggTEElz 0COL .

] | wl/seL o0tz ot/g8l - €6l e/l eml  temzel coos w 0
| M su/sal | Lwz | e/sil W 62z | L/l W e0z | ttezst 060G W
n . 8/o0z | yezs a/oel | @z | s/et | tzee | ZUlsEl Copp |
; w ) (34) !
: M vt " 1 K L S soRiang |
| ~ +(10HS) 104 (OLL | 1OWS 104 5560 10K GE20 o H/EImRRIRAEL
sL/zL/2 L1y M
{s30Uy ‘uanwizy, :SpuLK ¢J, :saunzesdwsy) !
gleqg yis ‘s3Jdodsy vy 42ddn spuosuimey nw

s3J0d5y 4ty J3ddr SpuOSULMEY ‘L UBAT TT MOYRL 3DI0-34d  G[-Z 3(gel




qu G°g/8 :34NSS3Ud 9I0IANG

11-96

GL/0%¢ 8°€ElL- A4S L"pl- 8L/sbe 8°EL- 00°9609 00002
G1/06€ 6°8- vL/56¢ 8'6- L1/GSE 6°6- 0" 98%S 00081
GL/010 6 €- 1/0€0 €°6- 0L/s10 L°G- 08°9/8% 0009t
LL/sto 0l 91/6%0 bol- L1/s20 LT 1- 02°L9¢y 000Vt
01/S50 ¢'0 L1/5S0 8°0- L1/080 0°L- 09°£69¢ 000ct
6/550 L°€ 91/850 8°¢ 02/080 €1 00°8%H0¢ 00001
8/0¢c0 ER 7 L1/550 0°¢g €2/5%0 €€ 02°¢vle 0006
L/0E0 6°L L1/SY0 €L €2/0%0 ¢°S Ov°8eve 0008
6/5620 L° Lt LL/SYO 6°6 81/520 A 09 ¢gcle 000.L
2L/0€0 29l v1/040 S°LL L1/0€0 £°6 08°8¢81 0009
£L/0g0 rANAl 8/5€0 Syl 2/5%0 1"t 00" p2st 000s
6/0€0 0°6L+ Wivd v oi+ €/091 L*pl+ gL LvEL 00bd
M 1 M 1 i 1 () ISKH Mwwws:m
+(30US) 1aW 00zZ1 LGW 00LL LW 0760 ”usHhccwz\mgsmemasmk
6L/22/6 TAva
(sqouy ‘ynwizy, :SputM <), :sa.nieuadus))
eleQ YIS €s3J0ddy Jly Jaddn spuosulmey

s340day ALy 4adup epuosuLmey ©Z JUSA3 1T MCHHL 39I0-24d °9l-2Z dlqel




Figure 2-57. SRI LIDAR Experiment, Laser System (Top Photo),
Target (Bottom Photo), Pre-DICE THROW 11
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O DUST SAMPLER

-+ GROUND ZERQ

X=489,104.6
¥=543,022.0

X=490,423.6
Y=541,518.6

GZ6

500 Feet
(152.4 m)

1 meter = 3.28 feet

Figure 2-59. Kaman Sciences Layout for Dust Samplers,
Pre-DICE THROW 11
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Figure 2-60. Photograph of Kaman Science Dust Sampler,
Pre-DICE THROW Il

(a) Pre-DICE THROW II, Event 1

This experiment included a pulsed neodymium LIDAR (1060-nm
wavelength) pointed at a stationary passive target along a
fixed line-of-sight offset about 400 ft (121.92 m) from deto-
nation (GZ). The LIDAR system with its power supply and data
recording equipwent housed in a closed van, was located 5430
ft (1655.06 m) northwest of GZ with the solid white reflect-
ing target (-0.98 reflectivity) placed at a distance of 4000
ft (1219.20 m) southeast of GZ. The target center was 12 ft
(3.66 m) above ground.

The mode of operation involved illumination of the 16x16-
ft (4.88x4.88-m) solid target every 10 seconds with 1.5 joules
laser energy in a 30-nanosecond pulse (50 megawatts output
power), and measuring the laser radiation reflected back
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toward the LIDAR receiver. By calibrating the reflection
characteristics of the target under natural (pre-detonation)
atmot pheric background conditions, the history of the target-
reflected laser signal received during the HE test can be
related to the history of atmospheric laser transmission over
the 9430-ft (2874.26-m) LIDAR-to-target distance. Also, by
monitoring the backscatter from dust along the line of sight,
diagnostic data related to the history of the HE dust cloud
is provided. The LIDAR/target experiment was conducted
during the Pre-~DICE THROW II 100-ton (90.7-metric-ton) TNT
and 120-ton (108.9-metric-ton) ANFO events.
(b) Pre-DICE THROW II, Event 2

In a second experiment, a pulsed ruby LIDAR (694.3-nm
wavelength) with the capability to automatically scan in
azimuth and elevation, was used to observe atmospheric
back-scatter of clutter from the dust cloud. With a pulse-
repetition rate of one 30-nanosecond pulse per second, this
narrow~beam (0.5-milliradian beam divergence), high-power
(50 megawatts) system mapped the configuration of the dust
cloud from a location 6248 ft (1904.39 m) southwest of GZ.
The ruby LIDAR monitored the dust cloud while scanning from
0-degree elevation (laser beam 45 ft (13.72 m) above GZ 6).
Azimuth scans were made from 0 degree (laser beam pointed
at GZ 6) to 10 degrees right azimuth relative to GZ 6 at
constant elevation angles between 0 and 15 degrees.

Aerodynamic sorters were used by Kaman Sciences Corporation
to collect the dust samples. Frigure 2-58 shows this concept.
Each stage eliminates particles of progressively greater
aerodynamic drag-to-weight ratio (1/8). These stages are
followed by a final filter which traps all remaining particles,
down to about 0.1uM diameter. For particles having roughly
equal dimension. in alil directions, the larger particles are
trapped in stP 2 1 and the smaller in stage 5. The sorters
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were located as shown in Figure 2-59. These points were
chosen to be a few feet from the 1060-mm LIDAR beam path.

The sampler inlets were opened and closed simultaneously.
On Pre-DICE THROW I the sample collection was started at
5.0 minutes after detonation and terminated 2.5 minutes later.
On the second event, start time was 1.5 minutes after deto-
nation and termination was 45 seconds later.

14. Stanford Research Institute (SRI)

TITLE: Crater Stress Measurements (DNA Project No. 160-67,
POR #6908)

PROJECT OFFICER: Mr. C. Smith

OBJECTIVE: Detail the ground-shock environment in the near-
source region and determine what charge-characteristic dif-
ferences might be exhibited from TNT and ANFO detonations in
an assumed similar geology.

EXPERIMENT DESCRIPTION® (Refer to Figures 2-61 and 2-62) Six
ytterbium stress gages were fielded on each of the Pre-DICE I'
THROW II Events.

In addition to the stress gages, a PZT crystal was placed
in a hole on the line between ground zero (GZ) and the first
gage, and just a few feet ahead of the first gage. This
crystal was to act as an auxiliary scope trigger for cri-
tically tiwmed data.

The stress-gage locations relative Lo the ground surface
and the explosive are shown in Figure 2-62 for each event.
For the 100-Ton (90.7-Metric-Ton) TNT Event, SRI gages were
located along an azimuth of 257 degrees. The gages were
located on the 271-degree azimuth for the 120-Ton (108.9-
Metric-Ton) ANFO Event. The geology, as specified by WES,
at the various gage locations is also shown in Figure 2-62.
Oscilloscope records of gage output signals were digitized
to oblain accurate stress-time history data.

15. Systems, Science and Software {SSS)

TITLE: Close-In Ground Shock and Airblast Measurements (DNA

Project No. 160-61, POR #6909)
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Figure 2-61. SRI Stress Gages, Pre-DICE THROW, Events 1 and 2
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3 PROJECT OFFICER: Dr. E. Gaffney
OBJECTIVE: Make airblast and ground-shock measurements and
test the use of an SSS-designed hardened-quartz gage for
measurement of airblast.
? EXPERIMENT DESCRIPTION: Six airblast gages and six ground-
¢ stress gages were installed on each event. Gage locations
: were as shown in Figure 2-63 for the airblast measurements,
1 and in Figures 2-64 and 2-65 for the ground-stress measure-
‘ ments. (The gage number-scheme is as follows: the letter
' ( S or A refers to ground shock or airblast, respectively;
the nuwbers 1 - 6 indicate gage location; and the Roman
numerals 1 or Il indicate the TNT event or the ANFO event,
respectively. Gages S1-1 and S1-II are in similar positions,
etc.) Gages S1 and S2 were placed at the bottom of pits
3 4-1/2 ft (1.37 m) deep, back-filled with soil and tamped with
‘ a pneumatic foot. These two gages were oriented to measure
a horizontal stress radial from GZ. Gages S3, S4, S5 and S6
were emplaced in 45-degree slant holes filled with E-2(D)
grout, a soil-matching grout designed for a previous test by
i the Soils and Pavements Laboratory of the U. S. Army Waterways
Experiment Station (WES). These gages were oriented to
measure stress radially downward from GZ at 45 degrees.
The airblast gages, Al-I through A6-1, were emplaced in
pools of RTV-602, a low-loss, transparent siiicone rubber.
In the ANFO event, the gage was closer to the surface of the
RTV, and the pit did not extend more than a few centimeters
onto the preamplifier housing. This modification was under-
taken to eliminate high-frequency noise seen in results
from the TNT event. Low temperatures prior to the ANFO event

apparently prevented the RTV from curing in some of the
gages.
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Figure 2-63. SSS Airblast Gage Locations, Pre-DICE THROW II, Events 1 and 2,

(a) ANFO, (b) TNT
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Figure 2-64. 5SS Stress Gage Locations, Pre-DICE THROW 11,
Events 1 and 2
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Figure 2-65. SSS Stress Gages, Pre-DICE THROW Il
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¢ 16.  Denver Research Institute (DRI) (Refer to POR 6917, Technical
Photography from Pre-DICE THROW 1 and I1, March, 1976)
TITLL: Technical Photography
PROJLCT OFFICCR: Mre. J. Wisotski
OBJLCTIVES: Record and analyze the early-, intermediate-,
and late~times phenomena from the Pre-D'CL THROW 11 series
s0 as to determine the behavior of ammonium nitrate/fuel
0il (ANFQ) detonations as compared to equivalent Lirinitro-
toluene (TNT) detonations.
EXPERIMENT DESCRIPTION: (Refer to Figure 2-66) The DRI instru-
mentation for Pre-DICE THROW I, Events 1 and 2, consisted
of 17 high~speed cameras ranging in framing rates from 20
to 33,000 frames per second and two photometric devices
Tocated at the camera station situated approximately 4500
ft (1371.6 m) Cvom each of the GZs. The photometric devices
consisted of modified and unmodified solarcells. The photo-
metric traces were recovded on a dual-beam oscilloscaope.
A11 cameras except the two Dynafax cameras had timing light
systems. The parameters investigated were: detonation
velocity. peak amplitudes and times of total Tight radiation,
when and where the main shockwave passed the surface-surge
fireball, anomalies, shockwave time-of-avrival, fireball
dimensions, angles of upper and lower ejecta spires and cloud
dimensions. Refer to Tables 2-17 and 2-18 for camera details.
17. U. S. Ay Engineer Waterways Experiment Station (WES)
(a) TITLE: Ground Motion Measurements (DNA Project No. 160-59,
POR #6910)
PROGECT OFFICERS:  Mr. D. Day and M. D. Murvel
OBJECTIVES: Assess the ground-shock environment produced
by the two Pre-DICL THROW 11 Lvents, and corrvelate ilhe
results between the 100-Ton (90.7-Metric-Ton) TNI Lvent
(Cvent 1) and the 120-Ton (108.9-Metric-Ton) ANFO vent
(Lveni 2) and compare the results from both events with
those from similar tests in different redia.
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DRI Technical Photography Camera Sialions, Mained
Station (Top Photc), Remote Station {Bottom Photo),
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EXPERIMENT DESCRIPTION: Event 1 was instrumei ted with 202
channels of stress, acceleration, and particle-velocity
gages extending over a range of 40 to 600 ft (12.19 to
182.88 m) and a depth of 1.5 to 60 ft (0.46 to 18.29 m).
Event 2 was instrumented to a lesser degree, with 112
channels of similar gages extending over a range of 40
to 400 ft (12.19 to 121.92 m) and a depth of 1.5 to 40
ft (0.46 to 12.19 m). For both events, instrumentation
was installed into the region of outrunning motion. The
majority of the measurements were concentrated in the
upper 20 ft (6.10 m) of the soil profile. Only selected
ranges were instrumented to the greater depths.

Three radials were instrumented for each event: a
primary radial, which contained about 2/3 of the total
instrumentation, and two auxiliary radials, at 120 degrees
and 240 degrees referenced to the primary radial. In
addition, on Event 1 the 110-ft (33.53-m) ground range
was instrumented at two depths on supplements 60-, 180-
and 300-degree radials to examine test-bed azimuthal
symmetry.

For Event 1, the 202 measurements included 108 veloc-
ity gages, 78 accelerometers and 16 stress gages. For
Event 2, there were 72 velocity gages, 32 accelerometers
and 8 stress gages. Refer to Figure 2-67 through 2-70
for gage layouts and profiles. Figures 2-71 and 2-72
depict the gages and their installation.

(b) TITLE: Permanent Displacement and Crater Measurements (DNA
Project No. 160-60, POR #6912)

PROJECT OFFICER: Mr. J. Meyer

OBJECTIVES: Determine the basic dimensions of the apparent
crater: radius, depth, and volume; measure the permanent
surface displacements; and obtain estimates of true
crater dimensions through 1limited excavation.
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WES Ground Motion Gage Canisters, Pre-DICE THROW II

Figure 2-71.
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EXPERIMENT DESCRIPTION: The permanent displacements were

measured by means of displacement pins placed along the
profile diameters. Each pin was a 10-in. {25.4-cm)

spike driven flush with the ground surface and surveyed
preshot and postshot to give elevation and distance tfrom
its respective GZ. Changes in position of a pin result-
ing from a detonation are assumed to be a measurement of
the soil permanent surface displacement. The displace-
ments were measured from the crater lip crest out to &
radial distance of 500 ft (152.4 m). The pins began at
40 ft (12 19 m) from GZ (just inside the expected crater
radius) and extended out to the 500-ft (152.4-m) bench-
marks with the following spacing: 3-ft (.91-m) intervals
to 100 £t (30.48 m), 5-ft (1.52-m) intervals from 100

to 200 ft (30.48 to 60.96 m), 10-ft (3.05-m) intervals
from 200 to 350 ft (60.96 to 106.68 m), and 25-ft (7.62-m)
intervals from 350 to 500 ft (106.68 to 152.40 m). This
gives 61 pins per radial (244 pins per shot). Elevations
were measured by standard leveling techniques, and dis-
tances were measured with a Hewlett-Packard 3805A elec-
tronic distance measuring device. Accuracy was *+ 0.01 ft
(3.04x1073 w).

Two radials of sand columns were emplaced on each
event. The columns were spaced at iU-fi (3.05-m) inter-
vals from the GZ out to a distance of 80 ft (2.44 m) on
both events. Column depths ranged from 25 ft (7.62 m)
near GZ to 10 ¥t (3.05 m) near the crater's edge. On
the Pre-DICE THROW II-2 Event, two additional 10-ft
(3.05-m)~deep columns were placed on each radial at
radial distances of 100 and 120 ft (30.48 and 36.58 m).
Below the water table, the colums were filled with pre-
cast colored grout cylinders. These cylinders were 6
in. (15.24 cm) in diameter and 1 ft (0.30 m) in length.
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The top of each cylinder was surveyed for elevation.
Above the grout cylinders, the columns were filled with
dyed sand. Metal disk-markers were placed in the sand
columns at half-foot increments and surveyed to deter-
mine elevation.

The apparent craters were measured by standard level-
ing techniques along two perpendicular diameters. These
diameters were marked by permanent benchmarks, located
at 500 and 750 ft (152.40 and 228.60 m) from ground zero
on each side. These benchmarks were permanent (set in
concrete to protect against distuvbance by traffic or
other construction activities) and tied in with the
overall site control by the support survey. Immediately
after the shot, GZIs were relocated with transits from
the benchmarks. The apparent crater and crater lip were
then profiled.

(c¢) TITLE: Timing and Monitors (DNA Project No. 160-68)

PROJECT OFFICER: Mr. L. Watson

EXPERIMENT DESCRIPTION: Refer to the Timing-and-Firing
section of this report.

(d) TITLE: Soil Sampling and Testing*

PROJECT OFFICER: Dr. E. Jackson

OBJECTIVE: Sampling, identifying and testing the materials
in the t,2-DICE THROW II test area.

EXPERIMENT DESCRIPTION: Four piezometers were placed in
the test-bed to monitor depth-to-water table at each GZ
and intermediate points along the main ground-motion gage
arrays. In addition, fourteen Standard Penetration Tests
(SPTs) were conducted to generally classify material

*Refer to WES Reports: Material Property Investigation for Pre-DICE THROW
I and II: Results from the Subsurface Exploration Programs, June 1976 and
Material Property Investigation for Pre-DICE THROW I and !1: Results from
Laboratory Testing Programs, Novembe» 1976.
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response and examine the test ted for material variations.
Boring logs were obtained from voth the SPT hotes and
from eleven undisturbed sample holes. The lecation and
identification of this sampiing, SPTs and piezometer
borings, are shown in The Preliminary Results Report,
POR #6904 and in Figure 2-73. The deepest undisturbed
sample was taken at a depth of approximately 400 ft
(121.92 m). The majority of the borings extended from
the ground surface to a depth of 50 ft (15.24 m). In
addition, there were two geophysical holes placed near
the main ground-motion gage-iine for Event 1. Measure-
ments in these borings were intended to address cross-
hole and uphole seismic profiles and to attempt a shear-
wave enhancement technique to identify shear-wave veloc-
jties in the materials. In addition, a Birdwell boring

log was taken in boring U-1.
White Sands Missile Range (WSMR)

(a) TITLE: Project Support
PROJECT ENGINEER: Mr. R. Dysart
UP-RANGE FACILITY ENGINEER: Mr. D. Green
SUPPORT DESCRIPTION: The WSMR provided construction sup-

port, TNT charge construction support, documentation and

18.

supplemental technical photography, security, meteor-
ological support and communications for the Pre-DICE
THROW II program.

The WSMR high-speed photographic support was supplied
at two camera stations, each separated by 120 degrees
from the DRI station and located approximately 450u ft
(1371.6 m) from GZ. Eight cameras ranging in framing
rates from 20 to 5000 frames per second were used. The
camera details are outlined in Tables 2-19 and 2-20 and
pictured in Figure 2-74.

(b) TITLE: Camera Mount Test
PROJECT OFFICER: Mr. J. Gorman

I1-122




L1-1.23

‘r'::
A .
‘V” (=}
.-—.
\ ]
“ﬂ
w o
o I‘ [t
e WU
w e -
o K
\ -~ =~
Q@ w \ W
Q \\\
Q
w W
o
ay
(%]
— o ’
vi Y N
>
o / N
[ B \
VO - W)
¥ e %
Sl }‘l&( Jdow
NN Al =
[ Y v
R B
. <
- ’ 0w
? 5 vy Ot
[\ Y
[\ \/":: (RO
3 : \
AR
- \ L =
- ) PR S
r— '\v\ \
[\ &y [ oD
Malian O oQ
L. ) T
- W g e ) L
Ve ewe Ly
[ ¢ e e
47 O o ‘@ 4o »
] \ M D B -
L. oy ()
= \ [ W Bha™ BNV @ I § [T
=l el L)
\ I DWW I~e
< jues BN -
\]
' AP 1 o
! iy o — —
) \ . -
N [%2] o <
~ X — N
- ™ ) © o "'.‘
U | -
9 X, a. we W
[Purgion
] ’ e
4 Q
o ve
)('4'- (YL
]
(2}
i Q)
<
i - '
v, )
[
~f [ L) A
4 m @ o - E
Q. W [ e
S~ (D S p-
u. [GNSY
s (8]
e
we ]
Q) e
xu

el U
O o
PR

[V ]

\
G
NUR Y

[RUNY Sa)

N
\
(53]
Yoo
[}
AT [y
el
[} A=
YO
-
- S-S R
Doosw
s g [\Y) \
(IS R O e
(i) Q ~
(S S + ' T
Q LSRN
Qe O
Py F 0 Y ..,\
-~ [\ T
™~ E% \y
[SARN U N
R VAT B @
C ol
[ T
W o -
[N =} i)
[ I N B
AL
T W !3;
[ U T % N
b TR S N |
[N ] "{ o
- [l S
Y D vy O

Ty

e
o
L

)

~sling Layout, Pre-DI

o~
Y-




*foeandde asind-34els 332fouad ayz uo Juabuiluod g LM
sjuawnuaisul paads-ubLy 3yl jo sawil Huipdodsd pue ueig  “a4nsodxs Jubip-jusique 404 38S SuolieyS Y :3ILON

uo1-0Q| M0 aiedzdo LM pue G79 wody saa4b3p gg| e (w «m.mpwwpmw MMNW »mwummmwmwwmwmwmwmmmw+*
(w $8°£507) 14 00E°EL 32 [O Si v 3215
‘ssa P gbz 30 (W 0Z°6LZL) 34 000y St € 931S tsdaubep 0 3@ (W 0Z°61ZL) 33 000y SL | 33!S«
. 3LPPLY 43MOT € Youady urige "ut g¢ 00se #x J-§ Jtuosoloyd
” 1497 wojjog e abaey) | wwgy ‘ut g 0005 € 911t$ RAON L0 wedAH
1ybLy woljog je abaey) | umge ‘ur 9 0052 € 9118 9-§ 21U0S030Yd
.W 1497 wojjog e sbueyy | uwge "uL 0L 0052 £ 2118 J-§ 21U0S030Ud =
1497 wo3zog e 8buey) | wuGe uL 9 0052 £ 311§ J-p D1U0S030Yd m
J3jue) wo3jog 3e 8buey) | wmwp/ ‘uL 9 0S v 211S ¥-0L 21u0so3oyd
, 1497 wo330g e 2bueyy | wwg) ‘ut ¢ 0005 L 2318 BAON 0 WeIAY
W J33u3) wollog e abuey) wwo/ ‘uL ot 09¢ | 9118 g-01 SLu0SN3IOoUd
= 3ybLy wo3llog 3e sbuaey) | uwwge “ut ot 0052 L 315 J-f diuosoloud
| 2497 wo3jog 32 8buey) | uwmGe ‘UL 9 0052 L 23tS J-p I1U0S030Ud
31497 woljog 3e sbaey) wge Tut ot 0052 L 331LS J-p dtuosojoud
M3LA wpLd sua (o3s/sawed}) xU0L3B207 adAl edawe)
a3ey Burwedd

L 3UsA3 “II MOYHL 3D10a-34d “s[triag Aycdesbojoyd [EDLUYOdL YWSM "61-2 @19°L




e . T

sjuswnajsul paads-ybry syl 1o sswil buipuaodaus pue Juels

*foeandoe asind-quels 3oafouad ay3y uo JusbuLluod ag [[im

*sansodxa jybiLi-3usique 40} 23S Suolieis ||y 310N

(w 08°£50%) 32 00c°Cl 38 LQ SL § S3LS
saa463p Op2 1@ (W 0Z°6LZL) 34 000F St € @3LS
. soaubap ¢ 3° (W 0Z°6LZL) 22 000K St L 331Sx
3497 wo330g e abaey) | wugl uL ¢ 0005 £ 9315 RAON JO WedAH |
1461y woljog 3e 8buey)y | wuwge ‘uL 9 0052 £ 811S J-§ 21U0S030Ud
1497 woljog 3e 8bJey) | uwge ‘ut 0l 0052 € 2118 J-§ DLUDSO30U4
3437 wor3og e abuey) | wwGe "uL g 0052 € 518 J-§ 21U0S030U4
493u3) woljog 2@ 8buey) | umwp/ ‘ut / 0S b 33118 ¥-0L D1U0SO30U4
1497 wo3log 3e 9buey) | umg| ‘ut g 000S L 231S BAOY U0 WedAH
3ybLy wolzog 3e 3bdey) | wuwge “ur ot 0052 [ 9215 J-¢ 31U0S020Ud
1497 woljog 3e 8b4ey) | wwGe "ut 9 00S2 i 931 J-p J1U0SO20U4
1427 wo3jog e abdey) | uwse "uL 0l 0052 L 931LS J-§ 2LU0S030U4
J483u8) woijog 3e abuey) | umGe uog 0052 ¥ °1LS J-% 2.40s030Ud
MILA wied Sua (o3s/sauedt) xU0130207 3df}] edswe)
91vy buLwedy |

Z IUSAT ‘11 MOYHL 3D10-34d sitezag Aydeabojoyd LeoLuydal UhSH

"0¢-2 3taqel

3
~n

[1-1




A A e me

Figure 2-74. WSMR Camera Station on Pre-DICE THROW II

EXPERIMENT DESCRIPTION: A camera mount and camera
were placed in the test bed at the 25-psi Tlevel to
determine its structural response to the ground
motion and airblast on Event 2. Refer to photo-
graphs in Figure 2-75.
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Figure 2-75.

WSMR Camera Mount on Pre-DICL THROW
Event 2
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CHAPTER III
DICE THROW TEST EXECUTION REPORT

INTRODUCTION
The DICE THROW event was conducted near the GIANT PATRIOT site on
the White Sands Missile Range (WSMR) and was the final test of the
DICE THROW program. The charge for this test was composed of approxi-
mately 628 tons (570 metric tons) of Ammonium Nitrate Fuel 0i1 (ANFO and
its configurations was a right-circular cylinder, base-tangent to the sur-
face with a hemispherical top, the same configuration as the second event
in the Pre-DICE THROW II series. The primary objectives of this test were
to provide a simulated nuclear blast and shock environment for target-response
experiments that are vitally needed by the military services and defense
agencies concerned with nuclear weapons effects, and to confir empirical
predictions and theoretical calculations for blast response of military
structures, equipment and weapons systems.
The safety requirements for DICE THROW are located in the following
Safety Operating Procedures.
1. SOP 224-51-76, 4 October 1976; Operation No. 2 Pre-Arming (BIS
Emplacement), Arming (Firing System Hook-up), Detonation and
“inal Assembly of Booster Initiation System (BIS).
2. SOP 224-51-76, 20 September 1976; Main Booster Assembly (MBA)
Emplacement and Main Charge Construction.
3. SOP 224-50-76, 20 September 1976; Firing of XM-198 and SP-M109
Howitzers (155 mm).
The DICE THROW Safety Plan, 1 June 1976, was also used as a supple-
ment to the HE Test Safety Document.
The security cperation procedure followed was SOP TE-1G-380-5a,
21 September 1976, Communication Security COMSEC Standing Operating
Procedures. Security personnel were provided by WSMR during the stacking
operation and for controlling access to the test bed prior to and after
the event.

I11-1




10.
1.
12.
13.
These surveys were provided by the Defense Mapping Agency, Geodetic

Support Activity Topographic Center, White Sands Missile Range, New Mexico.
The countdown procedure used for the DICE THROW event is located in

Survey information pertaining to ground zero and target locations
pre- and post-test are located in:
1.

Survey No. 296-76, WSD-73 (NAD) DiCE THROW 90-mile area,

12 May 1976.

Survey No. 306-76, WSD-73 (NAD) DICE THROW 90-mile area,

21 May 1976.

Survey No. 397-76, WSD-73 (NAD) Transmitter and Receivers for
DICE THROW, 7 July 1976.

Survey No. 434-76, WSD-73 (NAD) DICE THROW M109 Impact Point
Reference #036070, 28 July 1976.

Survey No. 473-76, WSD-73 (NAD) DICE THRON Transmitter,

12 August 1976.

Survey No. 574-76, WSD-73 (NAD) Pre-Shot DICE THROW Profile
for October 1976, 21 September 1976.

Survey No. 613-76, WSD-73 (NAD) M109, M198 Impacts DICE THROW,
7 October 1976.

Survey No. 614-76, WSD-73 (NAD) DICE THROW Survey Points Pre-
Shot, 13 October 1976.

Survey No. 633-76, WSD-73 (NAD) Post-Shot DICE THROW Profile
for October 1976, 18 Gctober 1976.

Survey No. 636-76, WSD-73 (NAD), M198 #1-M198 #10, M108 #1-M109

#10 (DICE THROW), 22 October 1976.

Survey Nu. 658-76, WSD-73 (NAD) DICE THROW Control Points
Post-Shot, 22 Uctober 1976.

Survey No. 674-76, WSD-73 (NAD) DICE THROW (90-Mile Area)
Pre-Shot, 26 October 1976.

Survey No. 686-76, WSD-73 (NAD) DICE THROW Survey Points
Post-Shot, 27 Octooer 1976.

Appendix B. The DICE THROW Test Engineer's Report is also located in
this Appendix. The DICE THROW Summary Schedule is showa in Figure 3-1
and the Testing Area is shown in Figuro 3-2.
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DICE THROW TEST GROUP STAFF {Refer to Figure 3-3)

LCDR E. W. Edgerton, USN (505) 264-4651
Test Group Director
LCOR J. D. Strode, CEC, USN (505) 264-4651

Daputy Test Group Director
Vehicle Control Officer
Program Coordinator for:
*Blast Effects on U. S. Wheeled Vehicles (BRL)
**Charge/Detonation System Construction (NSWC/CERF)
*Blast Effects on Army Operationally Oriented Weapons
Systems (ARMCOM/WSMR)
**Timing and Firing (DRES/LLL)
Armored Personnel Carrier (Netherlands)

**Aiy Blast Damage Predictions (SLA)

**Particle and Detonation Velocity Measurement (LLL)
Wall Response (SRI/BRL) 6
Industrial Equipwent (Boeing)

Component Test (GM)
Component Test (Chrysler)
7th Special Forces Group (SFG)
MAJ R. G. Palaschak, USA (505) 264-4651
Security Officer
Safety Officer
**Documentary Photoyraphy
Program Coordinator for:
Seismic Measurements (AFWL/ERIM/SMU)
*Blast Effects on In-Flight Helicopter (BRL)
*xDynamic Aicblast Measurements (BRL)
Army Personnel Shelters (WES)
Blast Tests of Expedient Shelters (ORNL/ERDA)
**Aircraft Overpressure Vulnerability (NWEF)

*DNA Supported
**DNA Funded

IT1-5
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Shelter Exposure to Ground Shock and Air Blast (FRG/WES)
Blast Door Response (NOR/CERF)
Shelters (Sweden/CERF)
Low Light TV and IR Scanner Observations (SAC)
**Taechnical Photography (DRI)
**Qverhead Technical Photography (Williamson/USGS)
CPT V. A. Alvarez, USA (505) 264-4651

Document Control Officer
Program Coordinator for:
Fireball Measurement Techniques (AFTAC)
*Yulnerability and Hardening of CCC Shelter Systems (BRL)
Mobility Experiments (WES)
**RF Transmission Experiment (SRI)
**Blast Displacement Effects in Field Fortifications (LF)
Blast Response of Slatted Antenna, Integrated Masts and
Vented Radomes (ASWE-UK)
Blast Response of Navy Masts (DRES-CAN)
*AF Aircraft Structures (AFWL)
Nuclear Blast Detection Systems (SLA)
CPT T. Y. Edwards, USAF (505) 264-4651
Technical Director
**Airblast Predictions (BRL/AFWL)
Seismic Predictions (DNA)

(D
Crater Predictions {DMA)

**Explosive Diagnostics (LLL)

**Documentation (GE TEMPQ)
Ejecta Collection and Displacement Pins (CERF/AFWL)

LT C. A. Klimmek, CEC, USN (505) 264-8261
Test Group Engineer

**Engineering Services (KOA)

Mr. L. J. Stefani (505) 264-7804
Program Analyst
Budget Preparation
Schedule Preparation

111-7




Mr. N. A. S. Gantick (505) 264-7888
Instrumentation Engineer

Mr. R. L. Ward (EG&G, Inc.) (702) 986-9252

**Cable Coordinator

YN1 J. E. Salazar, USN (505) 264-4651

5SGT P. McCarty, USAF (702) 986-9252

Adminstrative Specialists
Shipping/Receiving Coordinator

EXPERIMENTS AND SUPPORT AGENCIES (Rei - to Figure 3-4)
1. Air Force Technical Application Center (AFTAC)

2. Air Force Weapons Laboratory (AFWL)

3. Ballistic Rescarch Laboratory (BRL)

4. Bendix Field Engineering Corp.

5. Bob Rutherford Construction Co.

6. Boeing Aerospace Company

7. Canada - Defense Research Establishment Suffield (DRES)
8. Chrysler - Chrysler Defense Division (CDD)

9. Denver Research Institute (DRI)

10. EG&G, Inc.

11. Envircnment Research Institute of Michigan (ERIM)

12. Falcon, Inc.

13. General Electric Company - TEMPO

14. General Motors (GM)/Detroit Diesel Allison

15. Germany (FRG) - Bundewehr

16. Ken 0'Brien and Associates (KOA)

17. Lawrence Livermore Laboratory (LLL)

18. Lovelace Foundation (LF)

19. Naval Surface Weapons Center (NSWC)

20. Naval Weapons Evaluation Facility (NWEF)

21. Netherlands (GON) - Technologisch Laboratorium (TNO)
22. Norway - Norwegian Defense Construction Service (NDCS)
23. 0Oak Ridge National Laboratory (ORNL)

24. Rodman Laboratory - U.S. Army Armament Commend (ARMCOM)
25. Sandia Laboratory Albuquerque (SLA)

26. Socorro Power and Electric Coop., Inc.

IT1-8




N 210512730 LRADIUS)

Psy) 2T0 Y

/
//
o A
o - BRL/ZHELO
.
1N
X
e
.
P A N
&
: : BRL/NELQ

~

SWELEN
NORWAY «e—

7
P

e
P W

EaLE rery

. “e "e 00

STALE NW(YIRY

Figure 3-4. Test Bed Layout on DICE THROW
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27. Southern Methodist University (SMU)

28. 7th Special Forces Group

29. Stanford Research Institute (SR1)

30. Strategic Air Command (SAC)

31. Sweden - Royal Swedish Fortification Administration (RSFA)

32. United Kingdom (UK)/Admiralty Surface Weapons Establishment (ASWE)
33. University of New Mexico Civil Engineering Research Facility (CERF)
34. U. S. Army Electronics Command (ECOM)

35. U. S. Arny Engineer Waterways Experiment Station (WES)

36. U. S. Army White Sands Missile Range (WSHMR)

37. Williamson Aircraft Company

SITE LOCATION ~M9 DESCRIPTION (Refer to Figure 3-5)

The DICE THROW event was conducted on the WSMR at the GIANT PATRIOT
site which is located 12 miles (20.9 km) southeast of the Stalljon Range
Center in the northern portion of the range and approximately 100 miles
(161 km) north of the main post area. The site is at an elevation of
4730 ft (1442 m) above sea level in the northern portion of the
Jornada del Muerto Basin. The test area is flat, and the nearest moun-
tains are approximately 8 miles (12.9 km) to the east. The site lies
within the Sonoran Life Zone of a northern extension of the Chihuahuan
Desert. It is categorized as a gypsum grasslands and dunes association
near a sand grasslands and dunes association, the two most abundant
vegetation associations on WSMR. The immediate area of the test site
is largely chamisa, grasses and isolated yucca plants.

The site climate is typical of semi-arid areas of the southwest
desert. Days are typically sunny, and annual rainfall averages from
jess than 8 in. (20.3 cm) in the basin to more than 16 in. (40.6 cm) in
the mountains. The winds are normally from the west during the dry months
and are frequently gusty. During the summer and fall months, moist
tropical air masses intrude from the Gulf of Mexico causing prevailing
winds from the southeast, frequent thundershowers and electrical atmo-
sphere disturbances. The highest wind speeds occur in the spring when
dust storms are common.

I1I-10
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Copper, lead, and other minerals exist in the nearby morntains and
large amounts of gypsum are present. The watertable is variable in the
area, 80 feet (24.4 m) or greater, and sand water movement 1s slowly
westward to the Rio Grande River. Bedrock at the site is greater than
200 ft (61.0 m) below the surface.

CHARGE DESCRIPTION
The DICE THROW ammonium nitrate fuel oil (ANFO) charge design (stacking

plan), stacking and charge shelter system were provided by the Civil Engineer-
ing Research Facility (CERF) under the supervision of Mr. K. Bell and Dr. G. Lane.

Mr. Mike Swisdak of the Naval Surface Weapons Center (NSWC) was re-
sponsible for the specifications of the ANFO, monitoring the internal
temperature of the stack, the design and fabrication of the charge deto-
nation systems and monitoring the fuel o0il content and particle size
distribution of the ANFO in the charge.

The stacking plan was based on the same design used for the Pre-DICE
THROW II, Event 2 charge (120-ton (1rS.9-metric ton) ANFO charge). The
charge shape was a surface tangent (base), 628.27-ton (569.97-metric ton)
ANFO, multiple~detonated, domed (cap) cylinder with a length to diameter
(cylindrical section) of 0.75 to 1.00. Refer to the photo in Figure 3-6.

i
i
|
!
!
|
i

Figure 3-6. Completed DICE THROW ANFO Charge
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It was constructed of layers of 50-1b (22.7-kg) bags of ANFO with all
voids (spaces between bags) filled with loose ANFO. Refer to Table 3-1
for the physical dimensions of the completed charge.

The ANFO was procured from two distributors: the H and N Company
of Carlsbad, New Mexico, for Gulf 0il, and Bud Walter, Inc. of Estancia,
New Mexico for Atlas. Delivery of the ANFO to the test site was by
tractor trailers (26 loads). Refer to Table 3-2 for details pertaining
to ANFO deliveries. The off-loading of the ANFO during the charge stacking
phase was accomplished using a roller-conveyer onto an electric hydraulic
conveyor to the charge (refer to the right photo in Figure 3-7).

The charge was stacked on a plywood base 2-1/4 in. (5.72 cm) thick.
Circular forms, in 4-ft (1.22-m) sections, constructed of 3/8-in. (0.95-
cm) thick plywood with 2x12-in. (5.08x30.48-cm) stiffeners, were emplaced
around the charge during stacking to control the charge diameter and aid
in keeping the stack plumb. Refer to the left photo in Figure 3-7.

The outer two bags of ANFO of each layer were glued to prevent the bags
from slipping. The type of glue used was Polycrinyl Acetate Emulsion
Adhesive (Gulf 1ot #B-3252). A charge shelter system was constructed
around the charge to protect against rain, wind and lightning (refer

to Figure 3-8). There were delays in the stacking schedule due to prob-
Tems with the erection of this protection system and also with ANFO de-
liveries because of a breakdown of equipment at the H and N Company in
Carlsbad. The time was made up, however, due to the hard work and long

Table 3-1. Physical Dimensions of Completed Charge

Diameter 29.70 ft (9.05 m)

Cylinder Height 22.28 f% (6.79 m)

Cap Radius 14.85 ft (4.53 m)

Total Charge Height 37.13 ft (11.32 m)
Layers in Cylinder = 52

Layers in Cap = 35

I11-13
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Table 3-2.

DICE THRCY ANFO Deliveries

A

= Total Wt|of Load Date
; Load # # of Bags ANFO (1bs) (kq) Delivered Supplier
. 1 1000 50,000 | 22,5680 9/20/76 H &N Co.
i 2 9/20/76
2 3 9/21/76
:L 4 9/22/76
: 5 9/24/76
‘ 6 9/24/76
¥ 7 9/25/76
o 8 9/25/76
i 9 9/25/76
8 10 9/26/76
i N 9/27/76
. 12 9/27/76
.fj’ 13 9/28/76
K 14 9/28/76
§ ! 15 9/28/76
% 16 9/29/76
N 17 9/29/76
. 18 9/29/76
| 19 Y Y Y 9/30/76 Y
N 20 840 42,000 | 19,050 | 10/01/76 | Bud Walter, Inc.
; 21 840 42,000 | 19,050 | 10/02/76 | Bud Walter, Inc.
i 22 1000 50,000 | 22,680 | 10/02/76 H & N Co.
§ 23 800 40,000 | 18,144 | 10/02/77 H& N Co.
N 24 840 42,000 | 19,050 | 10/02/77 | Bud Walter, Inc.
| 25 840 42,000 | 19,050 | 10/02/77 | Bud Walter, Inc.
; 26 840 42,000 | 19,050 | 10/02/77 | Bud Walter, Inc.
i TOTAL* 25,000 igzs mZ%Zic
‘ tons
} *107 bags of ANFO were returned to supplier (2.675 tons (2.427 metric tons)) =
. 622.325 tons (564.57 metric tons)
i
| 111-14
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hours of the DNA staff and CERF construction and stacking crews. Ap-
proximately 216 hours were required in stacking using two shifts (9
men on day shift, 10 men on night shift).

The boostering and initiation systems were also based on the de-
signs used for the Pre-DICE THROW II, Event 2. The Main Booster Assem-
bly (MBA) was emplaced during charge construction (refer to the top
photo in Figure 3-9), and the Booster Initiation System (BIS) was lowered
into position during Pre-Avming (refer to the bottom photo in Figure
3-9). Detail drawings of these systems are referenced in Appendix A.
The system layouts were similar to those depicced in Figures 2-11 and
2-13 in Chapter 2.*

During stacking, the air temperature and internal-stack temperature
werc monitored with a dual-channel thermistor recorder. The stack sen-
sor was located in the sixth layer above the ground, approximately 9 ft
(2.74 m) from the edge of the stack. The air-temperature sensor was
located approximately 10 ft (3.05 m) above the ground inside the pro-
tective structure. The temperature extremes recorded outside the stack
were 86° F (30° C) and 55° F (12.8° C) and inside the stack were 74° F
(23.3° C) and 78 F (25.6° C) over the time period between 24 September
and 5 October 1976.

Samples of ANFO were taken from each layer of the stack and analyzed
for fuel oil content and particle-size distribution of the ANFO prills.
Table 3-3 presents information relevant to eech layer of the charge and
1ables 3-4 and 3-5 preseni the charye weights and material propertics,
respectively. Refer to the photos in Figure 2-16 in Chapter 2 depicting
the quality control procedure.

*Sayven octol boosters were installed during stackina around the MBA,
each weighing 29.143 1bs (13.22 kg). Each of the seven pentolite
boosters weighed 2.14 1bs (0.97 kg). The pentolite boosters with two
detonators each were inserted ints the BIS at positions vertically
identical to the octol boosters.

11117




Figure 3-9,

Flacoment of Qetol Booster on Main Booster Assemb)y
During ANFQ Stacking (Top Photo), Deyv-run Placement
ot Booster Initiation System in Completed ANEQ
Charge (Bottom Photo). on DICE THROW
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TIMING, MONITORING AND FIRING SYSTEMS FOR DICE THROW

The Timing and Monitoring Systems were provided by the Defence Re-
search Establishment Suffield (DRES) and installed and operated under the
supervision of Mr. Charles Sutherland of Canada. The Firing System was
built and installed by the Lawrence Livermore Laboratory under the super-
vision of Mr. Bernard Hayes.

TIMING AND MONITORING (Refer to Figure 3-10 for main cable layout)
These functions were extremely critical to the success of each

experimenter participating in DICE THROW. The testing of these func-

tions with each experimenter was ongoing continuously throughout the

fielding operation with problems being identified and solved alwost
up to shot day.

The type of trailer function monitoring required was temperature,
power and tape recorder run/record. Due to cost considerations, each
trailer did not have its separate monitoring of these parameters. The
only exception to this was the tape recorder run/record. This function
was monitored for each trailer separately with the exception of the
AFWL's two vans. Even though most experimenters instrumentation trailers
had more than one recorder, only one wonitor was used (the run/record
contacts of each machine were wived in series). A layout of the trailer
monitoring scheme is shown in Figure 3-11.

Approximately 30 different timing signals were distributed to the
experimenters via the Timing and Firing Bunker and are described in
Figure 3-12. Figure 3-13 (top photo) is a photograph showing the in-
terior of the T & F Bunker during a dry-run. The Countdown Procedures
for DICE THROW are contained in Appendix B. A block diagram of the cir-
cuitry within the DRES Timing and Firing Bunker is shown in Figure 3-14.
Figure 3-13 (bottom photo) shows one cf the T & F junction boxes.

FIRING

The T & F Bunker and the LLL instrumentation trailer were both
involved in the initiation of the DICE THROW charge (refer to the block
diagram in Figure 3-15). LLL was also responsible for: monitoring the
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Figure 3-13. Interior of DRES T & F Bunker During Dry-Run (Top
Photo), Installation and Checkout of T & F Junction
Box Used (Bottom Photo), DICE THROW
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simultaneity of the seven octal booster detonations by determining the
shock-arrival time at the booster-ANFO interface, obtaining a detona-
tion velocity tor the ANFO, measuring detonation wave transit time and
providing pressure profiles within the charge. These additional items
are considered as experimentation and will be included in a later
section of this report.

LLL designed, built and provided to DNA two certified firing sets
to be used on DICE THROW. These sets were thoroughly tested at the
site and a determination made to use both firing sets in parallel, fir-
ing two series sets {7 each) of detonators (RP 1's).

The firing system comprised fowr main elements: a high-voltage
controller with trigger generator, a 6000-ft (1829-m) transmission
line duplexed for charging and firing, a capacitor discharge unit (CDU)
and firing lines and harness to initiate seven detonators in a series
string. A duplicate back-up system to provide redundancy was triggered
1.5 usec after the primary system.

The charging of the main enerqgy stovage capacitors (located near
ground zero) started two minutes before zero-time via the controllers
which were located in the Timing-and-Firing Bunker. At zero-time, a
fire signal was delivered to the high-voltage controllers, these in
turn generated and transmitted fiving pulses to the CDU's over separate
Tines. An additional pulse was also generated and sent to the LLL
trailer to trigger a delay generator (required for the charge-detonation
diagnostics and for the 1.5 usec delayed pulse triggering the redundant
High-Voltage Controller).

The output from the CDU's fed four parallel firing lines termi-
nating at the firing harness. A reduced and differentiated output from
each CDU was mixed and their output used as a fiducial signal for the
experimenters. A single-current viewing resistor (CVR) located between
the firing lines and the firing harness indicated the rate of rise of
current in the detonator-string bridge wires, the time to bridge-wire
burst and the peak-burst current.
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TRAILER PARK LAYOUT, COMMUNICATIONS, PONER DISTRIBUTION AND CABLING

Trailer Park Layout

Three instrumentation trailer parks were required on the DICE
THROW event, each located approximately 6000 ft (1829 m) from ground
zero at the ends of the main gage lines. They were layed out according
to the instrumentation requirements of the experimenters with the major-
ity of the trailers located in trailer park number one (TP-1). Refer
to Tigure 3-16 for details pertaining to trailer orientation and agency
location. Bendix had shop vans located in TP-1 and -2 and provided main-
tenance support for all DNA electronic equipment used on DICE THROW by
the experimenters. Seven of the instrumentation trailers were DNA
property. Office space and additional shop facilities were provided
the agencies and were located at the Administration Trailer Park (ADMIN
AREA). The FCONA and WSMR staft also had their office facilities in
this area (refer to the photograph in Figure 3-17).

The two AFWL instrumentation vans in TP-1 were bermed (wood bracing
and earth fill) to provide protection from the sheck wave. A special
shock absorber system was placed on the front end {toward ground zero)
of a selected number of instrumentation trailers for testing purposes,
with the results to be compared with the unprotected vans. The vans
with this protection were: WES and BRL in TP-1, BRL and LLL in TP-2,
and BRL in TP-3.

The trailer parks were constructed with dirt and a 4-in. (10.2-cm)
gravel surfacc. Instrumentation grounding pits were built in TP-1 and
-2; however, only the one in TP-2 was used. Noise problems showing up
in TP-1 necessitated a grounding well to be drilled to a depth of ap-
proximately 200 ft (61 m). Copper pipe was inserted to the full deptn
and all instrumentation grounds were attached to the pipe. TP-3 had
a 12-ft (3.7-m) copper rod ground. Lightning arresters with separate
grounds were also located in each park. The trailer parks were con-
nected via graveled roads as shown in Figure 3-2. The gravel used for
the trailer parks and roads was quarried and crushed on the WSMR and
delivered to the site area by a sub-contracted trucking firm.
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Figure 3-17. Photo of ADMIN AREA For DICE THROW

Communica’ions

The types and quantities of communication gear were extensive and
varied. They includea: 20 telephone lines with 6 extensions, 2 Motor-
ola base stations with 35 G. E. Porta Mobile units, 33 intercom units,
and others.

Most of the phone lines wore located in the ADMIN AREA office and
shop trailers. An emergency phone was located in each of the trailer
parks and two lines were required by SRI, one at North Oscura Peak and
the other at their receiver station.

The intercom units were placed in office trailers, instrumentation
vans and shop trailers and were used exclusively for intra-office com-
munications. The portable radios were used for direct communications
between test control and personnel in the test area. The frequency used
for these transmissions was 166.0 MHz.

R



Fifteen frequencies were set aside for use by CCC experiment, nine for
SRI, seven for aircratt operations, one for range control and one for ar-
tillery support. Refer to Appendix B for further detail.
3 Power Distribution
g The main source of power for the DICE THROW program was provided by the
. Socorro Power and Electric Coop., Inc. This commercial power was used exclu-

! sively in TP-1 and TP-2 and ADMIN AREA. Additional power requirements were

; provided by diesel generators. Refer to Figure 3-18 for a typical power
| distribution schematic, and Figure 3-19 and Table 3-6 for the overall system.
Ken 0'Brien and Associates (KOA) directed by Mr. D. Cronk under the supervision
of Field Command staff provided engineering and drafting support of the DICE
THROW program. The services included: power requirements and distribution,
run-off protection and finished as-built drawings.

The commercial power was 14.4 kV, three phase, with an expected demand
requirement of 1400 kW. This voltage was stepped down and isolated via pole
transformers using a wye to delta configuration to 480 volts. Three areas in
the test bed required substations due to their power demand and remote loca-
tions. In these cases, the 480-volt source was stepped up to 4160 volts for
transmission purposes, then reduced to 480 volts at the substation for distri-
bution to the ARMCOM bunker, DRI-2 (main camera station) and the AFWL stations.
The ARMCOM bunker demand was supplied by the diesel generator system located in
TP-3 as was the DRI-4 location. During the initial fielding stages, the ADMIN
AREA was powered by the diesel generator system which was Tater moved to TP-3
(two at 125 kW, only one used at a time). Additional generators were used to
power the DRES station (30 kW) and DRI-3 remote camera station (100 kW). The
DRES station was originally supplied commercial power; however, a lightning
strike degraded the power cable to the extent that prohibited its use.

The instrumentation trailers required both utility and instrument power.
Refer to Figures 3-20, 3-21 and 3-22 for details of power distribution in the
trailer park areas. This was accomplished by using motor generator sets that
were vrun from commercial or diesel generator systems, the motor generator
sets (placed on the instrumentation side) providing the isolation necessary
between the two types of demand. The AFWL instrumentation vans in TP-1
did not use this isolation technique, and this created a problem during
one of the dry runs. One of the air-conditioning units (two in each van) in
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Table 3-6. Power Distribution Legend, DICE THROW

POWER REQUIREMENTS

MY 2 R
. RSSO | N
TN D o s B s s [ Bt

Ref. Required Power | Power Provided
No. Required For (in W) (in KW)
MOTOR GENERATORS:
MG- 1 NWEF INST. TRAILER 40002 30 50
2 WES INSTR. TRAILER 50021 30 50
3 BRL INSTR. TRAILER 40003 20 30
4 CERF INST. TRAILER 36040 30 50
5 AFWL INST. TRAILER AFWL-05 40 50
6 AFWL INST. TRAILER AFWL-07 40 50
7 BRL INSTR. TRAILER 50025 50 50
8 LLL INSTR. TRAILER 36016 30 50
9 DRES T&F BUNKER 30 50
10 BRL INSTR. TRAILER 40006 30 50
N DRES INST. BUNKER 20 30
12 SRI VAN 30 30
13 BRL HELO BUNKER 20 30
ISOLATION TRANSFORMERS:
IT- 1 NWEF INST. TRAILER 40002 30 50
2 WES INSTR. TRAILER 50021 30
3 BRL INSTR. TRAILER 40003 20
4 CERF INST. TRAILER 35040 30
5 AFWL INST. TRAILER AFWL-05 30
6 BRL SHOP VAN 45
7 BRL INSTR. TRAILER 50025 30
8 LLL INSTR. TRAILER 36016 30
9 BFEC SHOP VAN 20
10 BRL INSTR. TRAILER 40006 20
11 BRL SHOP TRAILER 15
12
13 DRES CAMERAS 12 Y
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le 3-6. Power Distribution Legend, DICE THROW (Continued)

POWER REQUIREMENTS

Ref. Required Power | Power Provided
No. Requived For (in Ku) (in KW)
ISOLATION TRANSFORMERS (Continued):
IT-14 ARMCOM BUNKER 20 50
15
16 DRI CAMERA BUNKER #1 4.8
17 DRI CAMERA BUNKER #2 12
18 DRI CAMERA BUMNKER #4 6
19 SRI MAIN TRANSMITTER 0.5 Y
20 AFWL CAMERAS 30 50
DIESEL GENERATORS:
DG- 1 TRAILER PARK #3 POWER 125 125
2 TRAILER PARK #3 POWER 125 125
3 DRI BUNKER #3 10 15
4 DRES BUNKER 55 100
POWER TRANSFORMERS:
PT- 1 SHOP VAN POWER (480/208 V) 73 112
2 AFWL & DRI (480/4160 92 300
3 AFWL INSTR. VAN (208/480V)
4 ARMCOM BUNKER (4160/480 V) 55 300
5 ARMCOM BUNKER (480/4160 V) 55 300
6 AFWL CAMERA (4160/480 V) 30 300
7 DRI #2 (4160/480 V) 12 300
8 SRI INSTR. VAN (120/480 V)

DISCONNECT PANELS:

DP- 1
2

3
q
5
6
7

UTILITY TP #1 (SOUTH)
INSTRUMENT TP #1 (SOUTH)
UTILITY TP #1 (NORTH)
INSTRUMENT TP #1 (NORTH)
UTILITY TP #2

INSTRUMENT TP #2

POWER TP #3
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Power Distribution in Trailer
Park #1, DICE THROW
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one of the trailers froze up. When switching betweer units took place,
a voltage spike was produced causing an overvoltage condition to be
indicated on the voltage monitoring equipment. This was a difficult
problem to locate since all six instrumentation trailers in TP-1
were in series for power monitoring.

Cabling

Twenty-one types of cable were used for the instrumentation and
power requirements on DICE THROW (refer to Table 3-7). Mr. Bob Ward
of EG&G Las Vegas provided the cable coordination between DNA and the
experimenters. Almost 1.5 million ft (457 km) of cable was layed out,
33,450 ft (10.20 km) of power cable and 1,453,964 ft (443.2 km) of
instrumentation cable. After the event, the cable recovery amounted
to: all power cable and 393,300 ft (119.9 km) of main instrumentation
cable.

EXPERIMENT DESCRIPTIONS
1. AFTAC, Patrick AFB

PROJECT OFFICER: TSgt T. Cummings, (305) 494-2451

OBJECTIVE: Record Optical Time-History fireball measurements.

EXPERIMENT DESCRIPTION: The Super Suitcase Optical (SSO)
which measures the optical output versus time for 1ight-
producing phenomena and the Super Suitcase EMP (SSE) which
measures the "E Field" of the Electromagnetic Pulse versus
time for phenomena that produce EMP were fielded at the
WEAP site which is 12,700 +t (3,871 m) from GZ (refer to
Figure 3-2 for the location cf WEAP site). Other equip-
ment fielded included a Hycam High Speed Motion Picture
Camera, an Image Converter Streak Camera, and a Microsecond

Recording System.
2. Air Force Weapons Laboratory (AFWL)

TITLE: Blast Effects on Blast Door and Shelter, DNA Project #398

PROJECT OFFICER: Capt. J. Teague (505) 264-0226
OBJECTIVES: Obtain experimental data for the development of

hardened aircraft shelters by measuring and recording:
{1) the loading and dynamic response of a one-third scale,
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proposed aircraft shelter closure subjected to face-on air-
blast pressure; (2) the response of a one-third scale TAB
VEE shelter arch and a one-third scale upgraded TAB VEE
shelter arch when exposed to an airblast environment; (3)
the airblast and ground motion effects on a buried surface-
flush aircraft shelter. Refer to Figure 3-23 for an overall
view of these shelters and Figure 3-24 for the layout drawing.

EXPERIMENT DESCRIPTION:

(a) Upgraded Aircraft Shelter Closure - Shelter "A"

The upgraded one-third scale shelter closure was fabri-
cated by the Civi1 Engineering Research Facility (CERF) on
Kirtland AFB, NM. It was later transported to the test site
and erected on the previously constructed foundation slot
and adjacent supporting shelter arch which was built at the
site by FALCON, Inc. of Socorro, NM {refer to Figure 3-25).
This one-third scale model was placed face-cn to the blast at
a range of 492.13 ft (150 m), the anticipated 65 psi (455 kPa)

Figuras 3-23. Overall View of the AFWL Shelters on DICE THROW

[11-45




e e e

MOYHL

3010 UO SUB3{3YS M4Y 40 IN0AR] “Hz-f Buntid

S

e
. r wet
ok aesy
vret antaas .
oot # s m o
‘e o
¥
€ o 5
i LY
o, R
. . R &
.
\-.I
[ IR N ~
e
..-.\- -
L . I <
) >,
8 . I/
113 & L2 -.nwt..o-\u“
obe
cre ¥317348 » ros WE b ayan
- / ~ ~ »
L iR B d
“ ‘Qr'
- ’ ARV
H . P
7
. ~ 2 Y3113HS
H —
.~ x . . B
crTET N ¥, . A
M CFEV SImwiats
w o FD S e e
L3 g .
L3 . .
y - L
iy B yo
o« a
N6 e TremsE 4 e
v 3 CEPRELLS g
L .
Y ~ ol R NN AT P T T T
~ on e N L M T O
- s ' P vl e
Y § e ceeas i H . P HE R e 4
aranr, mips b oaan e b e ]
. « . [
- st i) e .
A . .7 »
. st reas ” ¥ + y
" ve t . v )
sr ey, cassd - s i .
oa R R T
r O e R v
‘ .- oW m - M .
! £ .- ot~ LIS
‘s - - * & .
' . ' ‘ .
. DTS Y ma e
v . » M
B * » H v
» K . - - ow ! ¥
e wr e ’ Y + .
* * -9 »
H M s
v oaw oo »
. ¢
04 e e A aut Ao '
P L s R e S e Y] N N
. “sev e e M
ek eer e moaere em ks . ..
PR R AP SR P e T - e, %
P T T R I e L o R A L omw s s
PO I I S i e e T T L I T . . -
* [y - e
+ ) . -
- me b ¢ Ll .‘,
. -
- 1 # [ -,
— - . Pae v i
e -
P ! P m e oy ~
srem i
- M B T PR

I111-46




Figure 3-25,

The AFWL DICE T

During Installa
Photo)

I

HROW Up

tion (Top Photo)

1-47

graded Aircraft Sheiter Closure
> and Completed (Bottom




©

s
S

R
. -

; ‘ﬁﬁ\\f"j"‘?" et ‘

- .
.

level. At this range the blast was expected to produce
measurable inelastic response of the closure.
Instrumentation for the shelter and closure consisted of
93 active electronic measurements including blast pressures,
accelerometers, velocity, displacement and strain gages.
Four pressure sensitive gages were also installed in the
foundation slot to measure bearing stress transmitted to the
foundation sl:-¢ from the closure.
(b) First Generation (TAB VEE) Shelter Arch - Shelter "B"

The modified one-third scale TAB VEE arch shelter, con-
structed by FALCON was oriented side~on to the blast at a
range of 600 ft (180 m) at the predicted 35-psi (245-kPa)
level (refer to Figure 3-26). At this range the blast was
expected to produce measurable inelastic response of the arch.

Instrumentation for the shelter consisted of 54 active
electronic measurements, including blast pressures, accelerom-

aters, velocity and strain gages.
(c) Upgraded First Generation (TAB VEE) Shelter Arch -

Shelter "C"

This upgraded one-third scale TAB VEE arch structure was
tested, oriented side-on to the blast at a range of approxi-
mately 500 ft (150 m), the same pressure level as Shelter "A".
This shelter is the same as Shelter "B", but with a heavy
overlay of concrete (refer to Figure 3-27).

Instrumentation for the test structure consisted of 74
active electronic measurements, including blast pressures,

accelerometers, velocity and strain gages.
(d) Hard Flush Aircraft Shelter - Shelter "D"

This shelter was a one-third scale model of a Boeing de-
signed underground aircraft shelter (refer to Figure 3-28).

The shelter was constructed by Bob Rutherford Construction Co.,
Albuguerque, New Mexico, and buried at a distance of 295.3 feet
(90m) from ground zero, with the top flush with the ground. The
shelter was to be exposed to the 270-psi (1890-kPa) incident over-
pressure level.
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Arch Shelter During Construction (Top Photo), and
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Figure 3-28. AN DICE THROW Hard Flush Aircraft Shelter (Boeing
Designed), Roth Photos During tons truction
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Instrumentation for the sheltar consisted of 76 active
electronic measurements, 16 of which were in the free field.
The 16 free-field gages were on the centerline of the struc-
tures at 9.84 ft (3 m) from either edge of the structure on a
radial from ground zero. Other wmeasurements included blast
pressures, accelerometers, velocity and strain gages, and
interface pressure gages. For further information regarding
this experiment description, refer to AFWL-TR-77-001.

AFWL/CERF

TITLE: Ejecta Collectors

PROJECT OFFICERS: Mr. G. Jones (CERF) and Dr. R. Henny (AFWL)

OBJECTIVE: Determine permanent near-surface ground displacement
and ejecta coverage from the blast. Refer to Figure 3-29 for
an overall layout of the experiment.

CXPERIMENT DESCRIPTION: Displacement pins were placed along
three vadials (15, 105 and 195 degrees) from SGZ. The pins
had a 3-ft (.91-m) spacing from 71 ft (21.6 m) to 191 ft
(58.2 wm) and 10-ft (3.04-m) spacing from 200 ft (61.0 m) to
600 ft (182.9 m). Concrete spheres, bowling balls and alumi-
num discs were placed at different depths at two radials as
shown in Figure 3-30. Figure 3-31 shows the two radials (0 and
and 145 degrees) used for the artificial wissile placement.
Retails pertaining to the layout of surface plates, pits and
walls are shown in Figure 3-32.

AFWL/ERIM/SMU

TITLE: Seismic Measursments

PROJECT OFFICERS: Mr. S. Melzer (AFWL) (505) 264-0482, and Capt.

A. Scheinker (AFWL)/Mr. R. Turpening (ERIM)/Dr. G. Herrin (SMU).

OBJECTIVL: Document the nature of the far-field ground-motion
environment in the DICE THROW alluvial geologic situation.
EXPERIMENT DESCRIPTION: The AMWL, ERIM and SMU participated in
seismic monitoring during DICL THROW. The AFWL had five

stations located west-southwest of GZ out to a range of
5250 ft (1600 m). These stations were multiplexed prior to
transmission via cable to the instrumentation van. SMU had
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Figure 3-30. AFWL/CERF Artificial Missiles Layout, DICE THROW
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four stations each measuring radial and vertical accelerations,
and ERIM had twelve stations, most of which were self-record-
ing. An exception to these were the ERIM stations east of GZ,
which were recorded in a special instrumentation van iocated
near Highway 20, southeast of GZ. Refer to Figure 3-33 for

a map showing locations of these seismic stations.

Ballistic Research Laboratory (BRL)

(a) TITLE: Dynamic Airblast Measurements, DNA Project #101
PROJECT OFFICER: Mr. G. Teel (301) 278-3361
OBJECTIVE: Measure the free-field airblast environment from

a large-scale ANFO detonation.

EXPERIMENT DESCRIPTION: Instrumentation was installed to
record the airblast parameters throughout the pressure
runge 5000 to 0.5 psi (35,000 to 3.5 kPa). Incident and
total head overpressures were recorded both along the
ground surface and at various heights above the ground
(refer to Figures 3-34 ana 3-35). A total of 8% free-
field airblast measurements were recorded. The three main
gage lines required 69 of these measurements (refer to
Figures 3-36 through 3-38 and Tables 3-8, 3-9 and 3-10).

Some of these measurements were made for: AFWL air-
craft shelters (3), stations 112, 214 and 219; BRL heli-
copter experiment (1), station 136; BRL c3 (7), stations
229, 232 and 235 in location 0-2, stations 229, 232 and
235 in location 0-3, and station 232 in location 0-4;
Lovelace Foundation fighting bunker (2), stations 321 and
323; BRL wheeled vehicle area (9), stations 320, 322, 324,
325, 330, 332 and 335 in location 0-3, stations 322 and
3245 support was also given to DRES and DRI.

(b) TITLE: Blast Effects on In-Flight Helicopter, DNA Project #107
PROJECT OFFICER: Mr. R. Mayerhofer (301) 278-3663
OBJECTIVES: (1) Determine the structural response and rigid

body motions of an in-flight helicopter subjected to blast
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loading and compare the resultart data with predictions
made by computer modeling; (2) compare the response of
newly developed transparent armor to the response of con-
ventional Plexiglas observed on MIXED COMPANY.

EXPERIMENT DESCRIPTION: A tethered drone UH-1B helicopter
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with 56 channels of structural and rigid body motion
instrumentation (strain gages, pressure transducers,
accelerometers and gyros) was flown in a hover config-
uration at 50 - 60 ft (15.2 - 18.3 m) altitude side-on

to the blast wave propagation (refer to Figures 3-39

and 3-40). Eighteen strain measurements were made on the
main and tail rotor and the instrument panel. Bending
was measured with one gage on the tail boom and one gage
on the vertical fin. Internal and external blast pres-
sure measurements were made at two locations on the tail
boom. The main and tail rotors RPMs were recorded as
well as the flap angle. To measure the Rigid Body Motion,
there were acceleration gages placed at each axis at the
center of gravity. Attitudes (pitch, yaw and roil),
attitude rates (pitch, yaw and roll), and altitudes were
recorded. Measurements were made of the control posi-
tions and tether loading.

The instrumentation was “hard wired" to four magnetic
tape recorders located at a manned control bunker. The
helicopter was viewed by two cameras on the ground and by
two onboard cameras. An additional camera was used inside
the control bunker to record the drone pilot's response
and to view the drone control panel. Free-field blast
measurements were made in the immediate vicinity of the
helicopter. A complete transparent armor kit was in-
stalled on the drone helicopter and an additional heli-
copter (UH-1B), also with a transparent armor kit in-
stalled, was included in the project as a static ground
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Figure 3-39. In-Flight Helicopter Control Bunker, Remote Pilot
Position (Top Photo), and Recording Instruments
(Bottom Photo), DICE THROW
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Figure 3-40.

}
g
e

In-Flight Helicopter Experiment, DICE THROW
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target (refer to Figure 3-41). Instrumentation for the
static helicopter consisted of motion picture coverage
from two cameras and from internally mounted styrofoam
blocks that acted as fragment catchers. Refer to Figure
3-42 for layout details of this experiment.

(c) TITLE: Blast Effects on U. S. Army Wheeled Vehicles, DNA

Project #034

PROJECT OFFICER: Mr. R. Raley (301) 278-4912
OBJECTIVES: (1) Determine damage versus distance and asso-

ciated blast parameters for U. S. wheeled vehicles; (2)
correlate such damage with past nuclear test data and

with current prediction techniques; (3) record movement
of large vehicle targets for evaluation and improvement

of motion prediction techniques.

EXPERIMENT DESCRIPTION: Refer to Figure 3-43 for an overall

view of this experiment. Twenty 1/4-ton trucks, fifteen
2-1/2-ton trucks, and two vans were exposed to the airblast.
Obsolete, 1/4-ton (M-38) vehicles were selected because
these models were exposed on past, above ground, nuclear
tests. The M-38 jeeps for operation DICE THROW were ob-
tained from excess property depots located throughout

the U. S. (refer to Figure 3-44 for photographs of some

of these test items).

The originally selected M35A-2 2-1/2-ton trucks were
chosen as desirable targets because they represented a
current class of cargo vehicle; a vehicle whose cargo
can include large electronic shelters. However, these
models were not available and older model M35's were used.
Primary investigations indicated that damage and response
of an M35 could be directly related to the damage and re-
sponse incurred by an M35A-2 if both were subjected to
the same blast loading.

The vehicular targets were exposed to the air blast
at overpressure levels ranging from 3 to 40 psi (21 to

I11-79
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Figure 3-41. BRL Remote Control Helicopter Pad During Construction
(Top Photo), Static Helicopter with Transparent Armor

Kit (Bottom Photo) on DICE THROW
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Figure 3-43. BRL U. S. Army Wheeled Vehicles Experiment,
DICE THROW

I11-82




3
T T

e

-

|
!
i
|

Figure 3-44.

BRL U. S. Army Wheeled Vehicles Area with M-38 Jeeps
and M-35 2-1/2-ton Trucks, DICE THROW
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280 kPa). Damage data obtained from the exposure of

both the 1/4-ton and the 2-1/2-ton trucks were to be cor-
related with similar data obtained during past nuclear
tests.

The 1/4-ton jeeps were tested at pressure levels
which would cause damage ranging from severe to light,
and the 2-1/2-ton vehicles would suffer moderate to light
damage. Since it was desired to compare damage to the
2-1/2-ton trucks with past nuclear data, for comparison
purposes, two of these vehicles were tested without any
cargo load or canvas. However, it was also desired to
simulate a current, battlefield ready, cargo truck; thus,
the remainder of the 2-1/2-ton vehicles were tested with
mock loads and canvas in place.

The response of the vehicles at the 14- and 20-psi
(98- and 140-kPa) locations were to be recorded on high-
speed motion picture film. These data will be precisely
read and used to verify or improve existing vehicular
overturning prediction codes. Four of the 2-1/2-ton
trucks and two of the jeeps were restrained by a concrete
curb su that they would be permitted to overturn but not
to slide; this information will also be useful in veri-
fying motion prediction codes.

Overpressure and dynamic pressure was to be measured
near each target to insurc that the blast wave character-
istics were defined. The whole-body motion of selected
vehicles was to be recorded by high-speed photography.
Ground stabilization was attempted to reduce dust pick-up
at the camera stations. The material used was COHEREX,

a water emulsion of petroleum resins (refer to Appendix A).
Refer to Figure 3-45 for details on experiment iayout.
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Ballistic Research Laboratory (BRL)/U. S. Army Electronics
Command (ECOM)

TITLE: Vulnerability and Hardening ot Command, Contrcl and
Communication Shelter Systems, DNA Project #103.

PROJECT OFFICERS: Dr. W. Schuman (301) 278-4320/Mr. R. Frei-
berg (301) 544-4683.

OBJECTIVES: (1) Determine the vulnerability of current opera-
tional tactical signal communication systems. (2) Evaluate
retrofit hardened shelter-system designs developed under the
U.S. Army Materiel Development Readiness Command (DARCOM)
Hardened Shelter Systems Program and obtain data required by
that program.

EXPERIMENT DESCRIPTION: Refer to photograph in Figure 3-46 for
an overview of this experiment. Figure 3-47 pertains to the
details for placement of the test items.

(a) Vulnerability of Operational Tactical Signal Communi-
cation Systems Program

Elements of a basic tactical signal communication cen-
ter were exposed at three pressure levels. Truck-meunted

Figure 3-46. Overview of CCC Experiment, DICE THROW
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Figure 3-47. CCC Experiment Layout, DICE THROW
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assemblages representing two centers were exposed at each
level. The range of levels selected did encompass the range
of levels now existing in specifications for these systems.
One TRC-145 in an S-250 shelter with its power supply and an-
tenna connected, and a split terminal using TRC-110 and
TCC-61 in S-280 shelters with their power supply and antenna,
were exposed to a predicted 3-, 5~ and 7-psi (21-, 35- and
48-kPa). The S-250's were mounted on a 1-1/4-ton truck,

the 280's were mounted on 3/4- and 1-1/2-ton trailers. In
addition, there were equipments peculiar to switching and
automatic data processing. These assemblages include: the
GRC-1u’ radio, TD-660 multiplexer, patch panels, teletype-
writers, and TD-206 pulse restorer in land-lines. The single
and split-terminal equipment were turned on; those at 3 psi
(21 kPa) were operating over land-lines through the blast
period. A1l equipment was checked operationally before

and after the test.

The TRI-TAC switch was mounted in seven S-280 shelters at
the predicted 4-psi (28-kPa) level. The shelters were placed
on the ground at various orientations, with and without re-
butments. The ATACS switch was mounted in two truck-mounted
$-280 shelters at the predicted 3- and 5-psi (20~ and 35-kPa)
levels. Refer to Figures 3-48 and 3-49 showing the S-280
and S-250 shelters in.different configurations. Tie ARTADS
modutar shelters with some equipment were fielded at the
predicted 3- and 5-psi (21- and 35-kPa) levels. A SATCOM
hardened, simulated antenna was fielded at the predicted
7.3-psi (51.1-kPa) level (Figure 3-50). One Surgeon General
shelter was fielded at the predicted 4-psi (28-kPa) level.
The REMBASS sensors were fielded at all four levels. Two Air
Force Electronic System Design (ESD) expandable shelters
(portable toilets) were fielded at the predicted 4-psi (28-kPa)
level (Figure 2-51).

Each of the signal center shelters contained eight ac-
celerometers mounted at critical positions on the electronic
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Figure 3-48. CCC Experiment $-280 in Trench (Top Photo), S-280
Sandbagged (Bottom Photo), DICE THROW
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Figure 3-49. CCC Experiment S-250 Shelter (Top Photo), Modular
Shelter (Bottom Photo), DICE THROW

[11-90




Figure 3-50.

CCC Experiment SATCOM Antenna (Top Photo), Receiving
Site (Bottom Photo), DICE THROW
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equipment. Pressure gages measured the loading parameters.
Two dummies were placed in each of two S$-280 shelters with
cameras. The intent was to obtain data at low, medium and
high levels of damage. The condition of all equipment was
carefully assessed before and after blast exposure.

The TRI-TAC, ATACS and ARTADS shelters contained four
accelerometers each. The SATCOM-simulated antenna was in-
strumented with eight strain gages. The Air Force/ESD
contained six deflection gages and three accelerometers.

(b) Shelter Systems Program (Refer to Figures 3-52 and
3-52.)
In order to meet the specific objectives, a number of

retrofit 5-280 shelters and overturning models were exposed
at three predicted pressure levels: 5-, 7- and 15-psi
(35-, 49- and 105-kPa). Two retrofitted S-280 shelters,
mounted on 2%-ton trucks, and one fixed to the ground,

were positioned at the predicted 5- and 7.3-psi (35- and
51.1-kPa) levels.

The truck-mounted shelters had equipment racks which
were supported by shock-isolation systems. Simulated
equipment were placed within the racks. The shelters were
exposed at the pressure levels for which they were de-
signed to survive, and in their most vulnerable orientation.

Instrumentation included pressure, displacement and ac-
celeration gages. Peak-reading gages were used to measure
peak displacements and accelerations. Displacement gages
were used on the walls of one shelter and on the ground
to obtain data for detailed comparisons with predictions
of wall response. Two anthropomorphic dummies were placed
within one shelter to obtain information on effects on
personnel. The motion of the dummies was recorded by
cameras within the shelters. Cameras were used to observe
the exterior environment and response of the shelter and
truck-shelter combinations.
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BOEING Aerospace Corp.

TITLE: Industrial Equipment Survival/Recovery Feasibility Program

PROJECT OFFICERS: Mr. E. York and Mr. R. Holze

OBJECTIVE: Demonstrate the feasibility of achieving significant
protection via earth arching under dynamic loads and deter-
mine what soil depth would be required to provide adequate
arching.

EXPERTMENT DESCRIPTION: (Refer to Figure 3-54 for details on
the overall experiment layout.) Several types of equipment
were placed at 600, 200, 80 and 40 psi (4200, 1400, 560 and
280 kPa) locations. There were four large machines tested:
a minibike at 600 psi (4200 kPa), an exactomatic drill grinder
at 200 psi (1400 kPa), an electrolytic chip breaker grinder
at 80 psi (560 kPa) and the power supply for the electrolytic
chip breaker grinder at 40 psi (280 kPa). Other equipment
included: 16 aluminum 6-in. (15.2-cm) diameter pipes of three
different wall thicknesses at 600 psi (4200 kPa); 6 electric
chain hoists to represent rugged machines; four varidrives and
a vacuum pump to represent medium hard machines, 22 mechanical/
electrical desk calculators and adding machines to represent
soft machines; and five water-filled electronic cabinet racks
to represent chemical tanks from chemical processing lines.

Most test specimens were placed on a foundation of rigid
polystyrene tvoam. Either flexible polyurethane or aluminum
chips were placed under some specimens to represent the place-
ment of final protective material to fill voids in the mach-
ine support stand or legs. Refer to Figures 3-55 and 3-56
showing equipment packing and trenches used for equipment
placement.
A11 machines were surrounded on all sides and on top by

a layer of aluminum chips. Most of the specimers were placed
at depths where arching of the soil above the protective
material was expected to provide protection from the blast
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Figure 3-56. Boeing Industrial Equipment Trench, DICE THROW

wave. However, at the 200-psi (1400-kPa) station, a set of
mechanical/electrical calculators were placed on 1-ft (0.30-m)
increments at depths from 5 ft (1.5 m) to only 1 ft (0.30 m)
to assure damage to some specimens and hopefully to determine
the minimum depth of cover necessary to assure effective
soil arching.

8. Canada/Defence Research Establishment Suffield (DRES)

TITLE: Blast Response of Navy Masts, DNA Prnject #166

PROJECT OFFICERS: Mr. J. Watson and Mr. F. Winfield
(403) 544-3701, ext. 285

OBJECTIVE: Determine the blast response of Navy masts and
antennas. Refer to Figures 3-57 and 3-58 for an overall
view of this project.

EXPERIMENT DESCRIPTION: (1) Blast Response of Navy Masts
(Refer to Figure 3-59.) A 30-ft (9.14-m) lattice-type
mast, designed by computer, mounted on a 26x13x3-ft
(7.9x3.96x0.9-m) concrete base was located at the pre-
dicted 10-psi (70-kPa) location. Instrumentation included

I11-99
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Figure 3-57. DRES Experiment Overviews, DICE THROW
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36 channels recording strain, eight bending strains,
three acceleration and one high-spee cawera.
(2) Blast Response of the UNHF Priemast Antenna.
(Refer to Figure 3-60.) A newly developed UHF polemast
antenna was placed at the 7-psi (49-kPa) incident over-
pressure level. The mast was 30 feet (9.14 m) high and was
mounted on a 12x6 x1-1/2-foot (3.7 x1.8x0.,46-m) reinforced
concrete base. Instrumentation consisted of 10 channels re-
cording structural response (strain), overpressure trans-
ducers, and high-speed photography. Note the dust collector.*
(3) Blast Response of 35-foot (10.7-m) Fiberglass Whip
Antenna. (Refer to Figure 3-60.) Taree redesigned 35-foot
(10.7-m) fiberglass whip antennas were placed at the 10-, 2.2-,
and 7-psi (85.4-, 70- and 49-kPa) incident overpressure levels,
Instrumentation consisted of strain plus overpressure f'ans-

ducers and high-speed photography.

(4) Aerodynawic Drag. (Refer to Figure 3-61.) Three sizes
of cylinders were used to measure the aerodynamic drag: 3.5-,
9- and 18-in. (8.9~, 22.9- and 45.7-cm). The 9- and 18-in.-(22.9-
and 45.7-cm)-diameter circular cylinders will provide an almost

complete spectrum of drag loading on cylinders. The 3.5-in.
(8.9-cm) cylinder will provide experimental results for correla-
tion to actual members of model masts. Cyiinders were exposed
at 20-psi (140-kPa), 10-psi (70-kPa) and 7-psi (49-kPa) locations.
Instrumentation consisted of 12 channels of velocity data plus
overpressure and high-speed photography.

(5) Airblast Measurements. A total of 14 Bytrex Model

HFH-100 strain-type pressure transcucers were installed.

Fifteen transducers were located ahead of, or in the

vicinity of, the structural response targets and the

aerodynamic drag experiments to define their blast en-
vironment. One transducer was ivstalled at each of the

*Next to the antenna. Fitfteen dust collectors were placed adjacent to the
drag cylinders. {See (4) below.) This was to assess the augmentation of
drag force within 6.5 feet (2m) of the ground.
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Figure 3-61. DRES Drag Cylinder Mounts and Whip Antenna
in Background, DICE THROW

50-psi {350-kPa) and 5-psi (35-kPa) locations to extend
the range over which pressure-distance data would be
obtained. At the 20-, 10- and 7-psi (140-, 70~ and 49-
kPa) levels, transducers weve set out so that two trans-
ducers were on a radial line through ground zera. The
time of arrvival of the shockwave at the successive gages
would be used to calculate shock front velocity firom which
peak overpressure could be calculated for comparison with
the results obtained from individual transducers.
CHRYSLER
TITLE: Gunner's Primary Sight (GPS) and Crosswind Sensor
PROJECT OFFICER: Mr. Smith
OBJECTIVE: Verify prediction mode during the XM Validation
Phase as to responses of the subsystem and their components
to simulated nuclear blast loading.
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10,

EXPERIMENT DESCRIPTION:  The Gunner's Primary Sight (GPS) and
Crosswind Sensor wore placed at the predicted 10=psi (70-KPa)

overpressure level,  These devices were mounted in ani upon
the ballistic test stand. (Refer to Figure 3-ul).  The base
was made of reinforced concrete and was designed to preveat
qross movement of the experiment by the blast wave drag load-
ing. (Reter to Figure 3-6d tor the experiment layout details.)

Denver Research Institute (DRD)

TITLE:  Technical Photography, DNA Project #9201

PROJECT OFFICER: M. J. Wisotski, (303) 753-2010 or =278

OBJLCTIVES:  Pertform and analyze ground level technical motion
photography and analyze overhead and ground level photography
to identify the fireball and shock envivonment characteris-
tics from a 628-ton (H70-metric-ton) ANFQ detonation.

EXPERIMENT DESCRIPTION: DRI was responsible for the technical
pirotography ot the detonation phenomena from HCt THROW
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Figure 3-62. CHRYSLER Gunner's Primary Sight (GPS) and

Crosswind Sensor, DICE THROW
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and also the technical photography ot different targets in the
Uo S0 Amy and FRG Wall Structure experiment programs, which
were under the divection of the Ballistic Research Laboratory
(BRL) and Stanford Research Institute (SR1), respectively.

A total of 28 cameras and 4 photometric devices were
employed at four locations in the DRI technical photography
program, The BRL technical photegraphy utilized 78 cameras
situated in seven project locations.

The DRI camera locations were about 4500 tt (1371.6 m)
from surface ground zervo (SG2) and were situated radially
approximately west (1), south (2), southeast (3) and east (4)
around SGZ (refer to Figure 3-64). There were three cameras
each at the west and southeast stations. There were 13 cam-
emas and three photometric devices at the main camera station
(2). There woere nine cameras situated in the east camera
station, Table 3-11 gives a listing of the cameras and photo-
metric devices used in the p atography of the detonation
phenomena.

There were 12 channels of photometric data. Two ot these
channels were used to obtain the average detonation velocity
through the charge. The other ten were used to obtain the
temperatwre-time, unit radiation and total radiation data.

The DRI technical photography was divided among seven proj-
ects which utilized 78 cameras (refer to Figure 3-65 showing
canerd wounts).  The project descrintion and the number of
cameras employed during the event are as indicated in Table 3-12.

1. Stanford Research Institute (SRI)

TITLE: Wall Experiment, DNA Project =337

PROJECT OFFICER: My, C. Wiehle (415) 3206-6200

OBJECTIVE: Investigate the dynamic response and collapse modes
for two types of German house construction subjected tu air
blast loading; the two types were masomy ciavity wall and
Fachwerk, or half-timber construction. The data frowm this
experiment are of direct interest to the development of the
DNA collateral damage methodologqy.
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