UNCLASSIFIED

AD NUMBER

AD834132

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to DoD only; Critical
Technol ogy; MAY 1968. O her requests shall be
referred to Air Force Weapons Laboratory, ATTN:
W.DC, Kirtland AFB, NM 87117. This docunent
contai ns export-controlled technical data.

AUTHORITY

AFW. Itr dtd 24 Apr 1979

THISPAGE ISUNCLASSIFIED




AD-83Y 3 .

r\.,"tr “t/’,’,(/ 3<»}(/ =S

AFWL-TR-67-132 AFWL-TR-

lHHIIIMIIiIIIIHIlI 67-132

r 5 0712 01000273 0

- HIGH EXPLOSIVE STORAGE TEST

_BIG PAPA

Frederick H. Peterson

Charles J. Lemont

Captain USAF

Robert R. Vergnolle
Lieutenant USAF

TECHNICAL REPORT NO. AFWL-TR-67-132

May 1968

AIR FORCE WEAPONS LABORATORY

Air Force Systems Command

|/ Kirtland Air Force Base
) New Mexico
) Each transmittal of this document outside the Department of Defense must
have prior approval of AFWL (WLDC) , Kirtland AFB, NM, 87117.

il LRARY



AFWL-TR-67-132

AIR FORCE WEAPONS LABORATORY
Air Force Systems Command
Kirtland Air Force Base
New Mexico

When U, S. Government drawings, specifications, or other data are used for
any purpose other than a definitely related Govermment procurement operation,
the Govermment thereby incurs no responsibility nor any obligation whatsoever,
and the fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data, is not to be
regarded by implication or otherwise, as in any manner licensing the holder
or any other person or corporation, or conveying any rights or permission to
manufacture, use, or sell any patented invention that may in any way be
related thereto.

This report is made available for study with the understanding that
proprietary interests in and relating thereto will not be impaired. In
case of apparent conflict or any other questions between the Govermment's
rights and those of others, notify the Judge Advocate, Air Force Systems
Command, Andrews Air Force Base, Washington, D. C. 20331,

DO NOT RETURN THIS COPY. RETAIN OR DESTROY.



AFWL-TR-67-132

HIGH EXPLOSIVE STORAGE TEST
BIG PAPA
Frederick H. Peterson

Charles J. Lemont
Captain USAF

Robert R. Vergnolle
Lieutenant USAF

TECHNICAL REPORT NO. AFWL-TR-67-132

Each transmittal of this document
outside the Department of Defense must
have prior approval of AFWL (WLDC),
Kirtland AFB, NM, 87117. Distribution
is limited because of the technology
discussed in the report.




AFWL-TR-67-132

FOREWORD

This research was performed under Program Element 6.44.15.06.4, Project
3758. Inclusive dates of research were 15 April 1967 to 15 October 1967.
The report was submitted 2 April 1968 by the Air Force Weapons Laboratory
Project Director, Mr. Frederick H. Peterson (WLDC).

The actual full-scale testing was accomplished between 1 June and 15 Octo-
ber 1967 on the Hill Air Force Test Range located on the west side of the Great
Salt Lake approximately 50 air miles west of Hill AFB, Utah. Lt Col Leroy C.
Porter was Project Officer for Headquarters USAF (AFRDDC), and Mr. Phil H.
Schuyler was Project Officer for the Explosive Safety Branch of the Office of
Aerospace Safety, Hq USAF (AFIAS-G2). Photographic coverage of all aspects and
Phases of the tests was accomplished by the Air Force Special Weapons Center,
Photographic Branch. The Naval Weapons Center, China Lake, California,
installed and analyzed the data obtained from the mechanical air pressure gages
used in Phases I and II. The project was directed and conducted by the Civil
Engineering Branch (WLDC) of the Air Force Weapons Laboratory. Capt Charles J.
Lemont (WLDC) was the test Fire Control Officer and was in charge of instru-
mentation. Lt Robert R. Vergnolle (WLDC) was in charge of construction.

The enthusiastic support of this project by the following individuals and
organizations of Hill AFB, Utah, is gratefully acknowledged: Messrs Don E.
Burkholder and Glen V. Holley of the OOAMA Plans and Management Office, Mr. Ray
Harvey of the Base Civil Engineering Office, Mr. William N. Wale of the Base
Procurement office, MSgt Robert L. Davis of the 2701 EOD Squadron, Capt John W.
Hunt, the Base Transportation Officer, and Mr. Eugene M. Craner of the Hill
Test Range. Acknowledgment is also afforded the USA Corps of Engineers, Water-
ways Experiment station, Vicksburg, Mississippi, for their assistance in
designing and supervising construction of the foam-concrete acceptors used in
Phase III of the test. The assistance of Mr. Russel G. Perkins of the Armed
Services Explosive Safety Board (0SD) in the planning of this project is also
gratefully acknowledged.

This technical report has been reviewed and is approved.
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FREDERICK H. PETERSON
Project Director

ROBERT E. CRAWFORD GEORG; C. DARBY, Jé.

Lt Colonel, USAF Colonel, USAF '
Chief, Civil Engineering Branch Chief, Development Division
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ABSTRACT

(Distribution Limitation Statement No. 4)

In July 1966, the Chief of Staff, USAF, was informed of the critical shortage
of munitions storage at air bases in Southeast Asia (SEA). In September 1966,
a special Air Force Ad Hoc Study Group was convened at the Armed Services
Explosives Safety Board in Washington, DC, to determine if existing munitions
storage quantity-distance criteria for barricaded munitions (bombs) could be
reduced. The Ad Hoc Study Group recommended a storage configuration incorpor-
ating standard earth barricades and reduced quantity-distance criteria which
would prevent the propagation of sympathetic simultaneous detonations from one
bomb stack to another. The study group also recommended a test program to
validate the newly recommended criteria. A four-phase test program was devel-
oped and executed as described in detail in this report. Full-scale barricaded
bomb stacks were used as donors. Both full-scale and scaled acceptors were used.
Donor stacks were detonated to discover if blast, thermal effects, or fragment
impingement could produce sympathetic simultaneous detonations in the acceptor
stacks. Total explosive weight, distances between stacks of bombs, and types
and heights of protective revetments were the basic parameters investigated.

No sympathetic simultaneous detonations were propagated from a donor stack to
any acceptor in any of the tests. Tests of earth-filled, metal-bin barricades
resulted in the conclusion that such barricades should not be used for storage
of large quantities of bombs at revised quantity-distance criteria distances.
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SECTION I

INTRODUCTION

In July 1966 CINCPACAF informed the Chief of Staff, USAF, of problems
encountered in stockpiling required munitions (bombs) at Southeast Asia (SEA)
air bases in compliance with existing explosives quantity-distance criteria.
The problem was caused by the shortage of land upon which the bombs could be
stored. The Explosive Safety Branch of the Directorate of Aerospace Safety
(AFIAS-G2), Hq USAF, Norton Air Force Base, California, was directed to
investigate this critical explosive storage problem. A three-step plan was

established.

The first step was the convening, on 7 September 1966, of a USAF Special
Study Group by the Chief of the Explosives Safety Branch of the Directorate
of Aerospace Safety. This group met at the offices of the Armed Services
Explosive Safety Board, Washington, D. C., to research and analyze data on
both accidental and planned explosions of large quantities of high explosives
to determine if existing quantity-distance criteria could be reduced. The
Chief of the Explosive Safety Branch of the Directorate of Aerospace Safety
chaired the meeting. Representatives from the Explosive Safety Branch of
the Directorate of Aerospace Safety, Pacific Air Force (PACAF), Ogden Air
Material Area (00OAMA), and the Air Force Weapons Laboratory (AFWL) comprised
the eight-member special study group. Special consultants from the Armed
Segvices Explosive Safety Board (OSD/ASESB) and the US Army Ballistic Research

Laboratory (BRL) assisted the group.

The Special Study Group expended approximately eight days (7-15 September)
of concentrated effort searching for data and evidence which would identify
those parameters pertinent to the propagation of sympathetic simultaneous
detonations of adjacent barricaded bomb stacks. The study group soon dis-
covered that very little planned experimentation which was pertinent to the
problem at hand had been accomplished. It also become obvious early in the
study that high-speed fragments impinging on adjacent stacks of bombs would
be the most likely cause of sympathetic simultaneous detonations from one
bomb stack to another and that barricades would be necessary to stop these
fragments and thereby prevent such propagated detonations.

1
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The conclusions reached by this study group were

a. Properly constructed barricades in conjunction with specified quantity-

distance relationships will

(1) Prevent sympathetic detonation between quantities of mass-detonating

explosives.

(2) Prevent blast and fragment-induced propagation between quantities

of explosives.

b. The current quantity-distance criteria could be revised to increase

barricaded storage capacity of munition areas in combat zones.

c. Distances between quantities of explosives could be reduced through
proper use of barricades.

d. Based on the study of the available accidental and planned explosive
data, the munitions storage criteria established as a result of that effort

should be considered for combat zone application.

e. Application of these criteria would increase the storage capacity of

combat zone munitions storage areas by a factor of approximately 2-1/2.
f. Testing was required to substantiate this combat zone criteria.

g. Testing was also required to determine optimum barricade geometry
for universal quantity-distance application for net weights of mass-detonating

explosives in the 125,000~ to 500,000-pound range.

Some of the primary recommendations made to the USAF Chief of Staff for

approval were

a. A modular concept of munitions storage should be utilized. A module
was defined as a barricaded area containing a maximum of five cells separated

from one another by an intermediate barricade (see figure 1).

b. The net weight of explosives within each cell would not exceed
100,000 pounds. The distance between the nearest edge of the stacks of bombs
in adjacent cells would be a minimum of 50 feet. These distance and weight
criteria were based on a K factor of 1.1 in the quantity-distance formula
D = K(W)l/3 where D is the distance (in feet) between stacks of bombs and

W is the net weight (in pounds) of explosive in each stack.
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c. The distance between the nearest edge of stacks of bombs in adjacent
modules would not be less than 200 feet. This value was based on a K factor

of 2.5 applied to the total net weight* of explosive content of the module.

d. A test program be conducted to develop minimum separation between
single stacks of bombs in the 125,000~ to 500,000-pound range as it was
foreseen that the storage of 100,000 pounds per cell would only temporarily

alleviate the problem.

On 27 September 1966, the Vice Chief of Staff, USAF, approved the recom-

mendations of the Special Study Group for immediate use in combat zones.

The second step was a visit to PACAF headquarters by a Munitions Safety
Assistance Team in late September 1966 to review combat zone munitions
storage areas and collaborate in determining storage solutions on the basis
of the criteria developed by the Special Study Group. The need for conducting

full-scale field tests employing larger quantities of explosives was confirmed.

Step three consisted of the necessary full-scale field testing. The test
was basically required to determine minimum separation between single
barricaded aboveground stacks of bombs in the 125,000~ to 500,000-pound range
and optimum barricade geometry and materials to be used in an explosive
storage area. Secondly, testing was required to validate the 100,000-pound
modular concept which had been approved for use in combat zones and also to

investigate the possibility of using this concept universally.

The initial test planning meeting was held on 8-9 November 1966 at
Norton AFB, California, at the request of the Director of Aerospace Safety
(AFIAS), Hq USAF, for the purpose of developing a proposed test program.
Representatives from AFIAS-G2, AFIIS, AFOCE, AFRST (now AFRDD), AFLC, OQOAMA,
and AFWL attended this meeting. Technical consultants from the Armed
Services Explosives Safety Board (DOD), Chief of Engineers (Army), Ballistics
Research Laboratory (Army), and the Naval Ordnance Test Station (now Naval
Weapons Center) also attended the meeting. A preliminary test plan and
layout for tests resulted. It was agreed that tests should represent
standard barricaded field storage conditions for tritonal-loaded bombs (such

as the 750-pound M117) with at least six ''samples" of acceptors located at

*All reference to explosive weight signifies net weight of explosives only,
exclusive of weight of steel bomb cases.
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the same separation formula distance of the approved five-cell module (K = 1.1),
or less, from donors containing 250,000 pounds of explosives. The AFOCE
representative proposed a barricade comparison test and agreed to provide
complete details for constructing a test array of six barricades around a

donor of 100,000 pounds of explosives. The proposed test program was approved
by the Chief of Staff during the 28 March 1967 staff meetings (Secret letter,
AFCCS, 31 March 1967, Minutes of Committee Meetings No. 13 (U)).

The Operational Support Directive (0SD) Number 7-126-(1), dated 5 April
1967, authorized the Project 3758 "Explosive Storage Test,'" and directed that
it be conducted as soon as ordnance was available. On 10 April 1967, AFWL

was designated as the agency to direct and conduct the test.

The second planning meeting was held at the Naval Weapons Center, China
Lake, California, on 20-21 April 1967. AFWL presented the proposed test plan
including an extensive AFWL electronic instrumentation plan. Before this
meeting, only three phases of the project had been discussed with test require-
ments for Phases I and II provided by AFIAS, and AFOCE supplying the require-
ments for Phase III. Phase IV was proposed at this meeting by the representa-
tive of the Air Proving Ground Center (APGC), Eglin Air Force Base, Florida,

who also proposed a test procedure.

Final plans and test configurations for the four phases of the test were
presented and discussed at the final planning meeting held at Kirtland Air
Force Base, New Mexico, on 24 May 1967. Hill Air Force Test Range, Utah, was

selected as the test site for the BIG PAPA series.

Revised quantity-distance criteria established within USAF, as a result
of this testing, have been included in the latest revision of the USAF
"Explosives Safety Manual," AFM 127-100H, dated February 1968.
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SECTION II

SCOPE OF TEST

1. TEST OBJECTIVES AND PURPOSE
The primary objectives of the test program were as follows:

a. Determine minimum distance between single stacks of barricaded mass-
detonating explosives to prevent simultaneous detonation of adjacent stacks

and to minimize nonsimultaneous propagation.

b. Determine the validity of the criteria being used in the 100,000-pound
cell (five cells per module) approved for combat zone use by the Vice Chief of

Staff, USAF, on 27 September 1966.

d. Determine if the detonation of a single general-purpose bomb, with
current explosives fill, within a stack would hurl other bombs into the air
above the barricade and subsequently detonate the bombs suspended in the air,

resulting in the detonation of adjacent bomb stacks by fragment impingement.

A secondary test objective was to obtain a substantial amount of airblast

and ground-shock data for use in future AFWL quantity-distance studies.

The nature of the overall test objectives was such that it was necessary
to divide the project into four separate phases. Current criteria applicable
to all mass-detonating explosives require that the separation distance (in
feet) between aboveground barricaded storage facilities be six times the cube
root of the net weight of explosives. This is a K factor of six. Phases I
and II were designed to demonstrate the feasibility of reducing these existing
explosives quantity-distance criteria to the maximum practical extent for
barricaded bomb storage in single stacks in the range of 125,000 to 500,000
pounds of high explosives. Phases I and II were also designed to prove the
validity of the five-cell module concept which had just been approved for
immediate use in combat zones based on the recommendation of the Special Study
Group. The distance between explosives in adjacent cells within the five-cell

module was based on a K factor of 1.1 (e.g., 50 feet for 100,000 pounds).
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Phase III of this test was designed to determine optimum barricade geometry
and materials for use in munitions storage by comparing the fragment attenu-
ating effectiveness of six different barricades. Four vertical-faced metal-bin
barricades, a soil-cement barricade, and a standard earth barricade were tested.
A secondary objective of this portion of the test was to obtain a multipurpose
barricade which could be used for aircraft protection, munitions storage, and
for protection of habitable buildings. Metal-bin barricades are not presently
being used in combat zones for the storage of large quantities of mass-

detonating explosives.

Phase IV was an attempt to determine what would happen when only one bomb
in an 80-bomb donor stack was detonated. Two acceptors were placed with
center lines 80 feet from the center of a donor. A standard earth barricade

separated the donor from the acceptors.
2. DATA ACQUISITION

a. Instrumentation
As previously stated, the secondary objective of this test series was
the acquisition of as much data as could be obtained on air pressure and ground

motion in the area adjacent to the detonations.
(1) Type of Instrumentation Used

Four types of transducers were used in the BIG PAPA test series.
Three of these were electronic transducers which produced parameter-time
histories where the parameter was either air pressure, acceleration, or
velocity. These transducers were installed, operated, and their data recorded
by AFWL. The fourth type of transducer was an electro-mechanical air-pressure
gage which was installed, operated, and the data recorded by the Naval Weapons

Center, China Lake, California.
b. Fragmentation Survey

Fragmentation surveys were conducted on Phases I, II, and IIL. All
of the survey areas for the three phases were prepared in an identical manner.
The areas were stripped of all vegetation and debris, and the ground surface
was graded and compacted. All fragments found on these areas after each test

were collected, weighed and counted, and the data were tabulated.
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(1) Phase I

The fragmentation survey for the Phase I test consisted of
establishing two survey lines each extending 5000 feet from the center of the
Phase I doner at right angles to each other. Each of these lines consisted of
five 300 x 300-foot areas centered at 575 feet, 1890 feet, 3150 feet, 4310 feet
and 5000 feet, respectively, from the center of the donor. These distances
represent explosives quantity-distance criteria, respectively, as follows:
barricaded intraline, barricaded public highway/railway, barricaded inhabited
building, and unbarricaded inhabited-building distance for 250,000 pounds of
mass—-detonating explosives. The area at 5000 feet was added to provide a
sample beyond the inhabited-building distance. One of these fragmentation
survey lines extended normal to the longitudinal axis of the bombs, and the
other extended parallel to the longitudinal axis of the bombs. Figure 2 shows

the layout of the fragmentation survey areas.
(2) Phase II

The same fragmentation survey areas that were used in Phase I
were reused in Phase II. However, as illustrated in figure 3, the Phase II
donor was located 188 feet (center to center of bomb stacks) in front of the
original location of the Phase I donor. Therefore, the fragmentation survey
areas located on the line that extended parallel to the longitudinal axis of
the bombs were not located from the center of the Phase II donor as was the
case in Phase I. The direct distances from the center of the Phase II donor
to the center of the fragmentation survey areas located on the line extended
parallel to the longitudinal axis of the Phase I donor bombs were 605 feet,
1915 feet, 3170 feet, 4320 feet and 5005 feet, respectively. The distances to
the fragmentation survey areas located on the line that extended normal to the
longitudinal axis of the bombs were then 188 feet greater than those for

Phase I.
(3) Phase III

The fragmentation survey for Phase III consisted of establishing
two survey lines intersecting at the center of the donor and at right angles
to each other. The survey lines extended in four directions, 1850 feet from
the center of the donor. Fragment survey areas 100 x 50 feet were centered

on each line at 400 feet, 800 feet, 1400 feet and 1850 feet, respectively,
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from the center of the donor. This made a total of sixteen fragmentation
survey areas. The fragmentation survey plan for Phase III1 is shown in

figure 4.
c. Simulated Aceptors
(1) Preliminary Study

For Phase 111, AFOCE proposed the use of foam concrete (also
known as cellular concrete) simulated acceptors after a preliminary study had
been conducted ﬁy the Concrete Division of the Waterways Experiment Station
(WES), Jackson, Mississippi. The primary reason for this was that fragment
energy data could be obtained and from this, it could be determined whether
certain fragments that survived the barricade obstruction would have detonated
a bomb stack at the position of the simulated acceptors. Also, this could
help in evaluating the fragment attenuating effectiveness of the various

barricades.

The preliminary investigation conducted by WES consisted of a
laboratory study to show the fragment penetration characteristics of foam
concrete and to demonstrate that depth of fragment penetration versus fragment
energy could be calibrated. These tests consisted of impacting a 2-foot cube
of foam concrete with a plane-faced cylindrical projectile at velocities of
200, 310, and 380 feet per second. The foam-concrete blocks were unconfined
with a semirigid support at the rear surface. The foam concrete used in
these tests had a density of 43 pounds per cubic foot and the static compres-

sive strength was 156 psi after nine days of curing.

Figure 5 is a graph of projectile velocity versus depth of pene-
tration for the preliminary study. In addition to the graph data, it was
found that a clearly defined path of penetrations into the foam concrete
existed, and no cracking or spalling was visible which would interfere with a

depth of penetration measurement (see figure 6).

From the results of this test, it was concluded that foam concrete
could provide the desired material properties for use as a fragment-catching

mechanism. Table I contains a summary of the results for this investigation.

After this preliminary study was completed and it was seen that
the depth of penetration of a projectile could be measured in foam concrete,

it was decided that some additional laboratory tests should be conducted to
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Figure 4. Fragmentation Survey Plan for Phase III
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Figure 6a. Round No. 1

Figure 6b. Round No. 2

Figure 6. Penetration of Projectile into Foam-Concrete Laboratory Specimens
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Table I

SUMMARY OF FOAM-CONCRETE LABORATORY TEST RESULTS

Round 1 Round 2 Round 3

Projectile weight

(pounds) 23 248 2.3
Projectile length

(inches) 7.5 7.5 7.5
Impact area

(square inches) 2l 3h. el
Impact velocity

(fps) 200 310 380
Kinetic energy

(ft-1b) 1400 3400 5150
Depth of

penetration

(inches) 5.5 8.75 11.75
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establish a relationship between the depth of penetration and fragment energy.
These tests would be performed after the Phase III shot was completed so that
the laboratory specimens could be designed to the strength of the field-cured
foam-concrete acceptors. It was expected that the most serious factors
affecting the validity of these calibration tests would be the irregular shape
of the fragments and the determination of the surface areas presented to the
foam concrete during penetration. These factors would probably permit only

an approximate determination of the impact energy associated with such
fragments. WES stated that this problem would exist for any acceptor material

used.

For these calibration tests, WES used three shapes of projectiles.
each projectile was a plane-faced right-circular cylinder with shaped nose
plates; these plates were plane, spherical, and conical. These shapes provided
a range of penetration data from which the penetration characteristics of
actual fragments could be extrapolated. It was planned to test each of these

projectile shapes by using four different velocities.

WES recommended the following mixture for use in constructing the

foam concrete simulated acceptors:

Water/cement ratio (by weight) = 0.65
Density (unhardened) = 48 pcf
Portland cement, Type III = 786 lbs/cu yd or
8.36 bags
Water (73°F) = 511 1bs/cu yd or
61.32 gal
Foaming agent = less than 0.25 gal/cu yd

The exact amount of foaming agent used depended on the type of foaming agent
used, the expansion factor of the foam, and the equipment used by the con-
tractor. WES served as a consultant to the AFWL on-site project engineer on

all foam-concrete operations.
(2) Field Layout

Two different shapes of poured-in-place foam-concrete simulated
acceptors were employed in Phase III. The first shape, an inverted L (see
figure 7) was located directly behind each of the six barricades being tested

and at a distance of 50 feet (K = 1.1) from the edge of the 100,000-pound
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PLAN VIEW

FOAM CONCRETE
ACCEPTORS
i N 50'
g 1
5I

12 oy

COMPACTED EARTH FILL GROUND

SURFACE
SECTION A-A

Figure 7. Typical Foam-Concrete Simulated Acceptors
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(net weight explosives) donor. These simulated acceptors were constructed
on a 5-foot high compacted earth fill. The final surface height was 7 feet,

the approximate height of a typical bomb stack.

The second shape (see figure 7) was 30 x 30 feet square by 2 feet
thick, and these simulated acceptors were constructed directly on the ground
surface. Four such acceptors were constructed on two lines at distances of

145 feet and 225 feet from the donor edge behind Barricades A and D.
(3) Planned Post Shot Activities

After the Phase III shot, WES was to provide an engineer and a
technician at the test site to take photographs, plot locations, angles, and
depth of penetration, and recover embedded fragments. The fragments were to

be returned to the WES laboratory for density and size measurements.

At this time, the laboratory calibration study, which was
previously discussed, would be conducted. Graphs, similar to the one illus-
trated in figure 5, would be developed for each of the three different-shaped
projectiles at four velocities. With the depth of penetration of a fragment
known, its velocity could be found by using the graph of the projectile most
closely resembled by that fragment. With the fragment weight and velocity

known, the impingement energy could be computed.
d. Photography

All four phases of the BIG PAPA test series were covered by photography.
For Phases I, II, and III, photo coverage was provided from five camera
stations surrounding the test site and also by helicopter-borne cameras.
The distances from the detonation to the four unmanned camera stations ranged
from approximately 1600 feet to 3200 feet. The manned camera station (station
number 5) was located on top of a mountain, approximately 1000 feet above the
test site and 6000 feet from the detonation. Stations 2, (see figure 8) 3,
and 4 were located on relatively high terrain while station 1 (see figure 9)
was on top of a 35-foot tower, thus providing excellent coverage of the entire

site. Figure 10 shows the photographic layout for Phases I, II, and III.

Phase IV photographic coverage was obtained in a similar manner except
that, because of the location of the test site, an additional camera station,

also located on high ground, was introduced (station number 6). The distances
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Figure 8. View of Phase I from Camera Station Number 2
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Figure 9. View of Camera Station Number 1
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LOCATION OF
PHASEIII DONOR
APPROX. 700 ft
FROMPHASEI
DONOR

LINE DIAGRAM OF
PHASE I EARTH BARRICADE

4

CAMERA STATION 5
MANNED
PHASE I DONOR

LINE DIAGRAM OF PHASETI
EARTH BARRICADE

PHASE II DONOR LOCATION

%
v§&€§9
G
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CAMERA STATION 3
UNMANNED

NOTES:THE SAME CAMERA STATIONS WERE USED FOR
PHASESI,II, AND TII. PHASE T ANDIII ACCEPTORS
ARE NOT SHOWN,

Figure 10. Photographic Layout for Phases I, II and III
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from the detonation to the four unmanned camera stations were approximately
the same as for Phases I, II and III. The manned camera station was located

approximately 7000 feet from the Phase IV detonation.

The photographic layout for Phase IV is illustrated in figure 11.
Tables II, III, IV, and V list the type of camera, frame rate, type of film,

and frame size which were used at each station.

All cameras at stations 1, 2, 3, 4, and 6 were started by an electrical
pulse from the AFWL instrumentation recording and control van. These elec-
trical pulses were transmitted at two predetermined times, 2 seconds and 1
second before test detonation. In the case of station 5 and in the helicopter,
the cameras were started manually at various stages of the last 10 seconds of

the countdown.
3. EXPLOSIVES

The explosives used for the four phases of this test were tritonal-filled
M66A2 and M117 bombs. Each M66A2 bomb had a gross weight of 2000 pounds. Of
this gross weight, 1181 pounds consisted of high-explosive material and the
remalnder was casing. Each M117 bomb had a gross weight of 750 pounds con-

taining 386 pounds of explosives.

For Phases I and II, two sizes of bomb stacks were used. The 250,000-
pound (net weight explosives) bomb stack contained 191 M66A2 bombs and 62
M117 bombs. When completely stacked, the height of the bombs above the top
of the concrete pad was about 8 feet 10 inches. This was approximately 2 feet
2 inches below the top of the earth barricade. Each 75,000-pound (net weight
explosives) bomb stack contained 55 M66A2 bombs and 26 M117 bombs. These
bomb stacks were 6 feet 4-1/2 inches above the top of the concrete pad when
stacked. This was 4 feet 7-1/2 inches below the top of the barricade. All the
dimensions stated above included the timber dunnage between each layer of bombs.

Typical 250,000-pound and 75,000-pound stacks are shown in figures 12 and 13.

Phase III had a hexagonal donor pad constructed about a 30-foot diameter
circle. This hexagon was divided into six triangles with each triangle having
an identical stack containing 12 M66A2 and eight M117 bombs. This made a
total of 72 M66A2 and 48 M117 bombs in the donor stack. This bomb arrange-

ment for Phase III was designed to give each of the six barricades tested an
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CAMERA STATION 3
UNMANNED

LINE DIAGRAM OF
PHASE I¥ EARTH BARRICADE

PHASE IZ DONOR —-% PHASE I ACCEPTORS

NOTE: CAMERA STATION 1 NOTUSED
IN PHASE I

Figure 11. Photographic Layout for Phase IV
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Table II

SUMMARY OF PHASE I CAMERA SETUP

Frame
Frame rate Type of film size
Station Camera (frames per sec) (ft) (mm)
1 Hycam 3000 Color-EF-400 16
il Milliken 500 Color-Ms-200 16
Milliken 500 Color-MS~200 16
2 Hulcher 25 Color-5-100 70
2 Hycam 3000 Color~-EF-400 16
2 Fastax 3000 Color-EF-400 16
2 Milliken 400 Color-MS~200 16
2 Milliken 400 Color-MsS-200 16
3 e o = e
4 Hycam 3000 Color-EF-400 16
Milliken 500 Color-MS-200 16
4 Milliken 500 Color-Ms-200 16
5 Hulcher 25 Color-5~100 70
S Hycam 3000 Color-EF-400 16
5 Milliken 400 Color-MS-400 16
5 Milliken 400 Color-MS-400 16
5 Milliken 400 Color-Ms-400 16
5 Milliken 400 Color-Ms-400 16
5 Bell & Howell 24 Color-EC0-100 16
5 Airiflex 48 Color-EC0-100 16
5 Graflex i Color 4x5 1in.
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Table II1

SUMMARY OF PHASE II CAMERA SETUP

Frame
Frame rate Type of film size

Station Camera (frames per sec) (ft) (mm)

1 Milliken 500 Color-MS-200 16

il Milliken 500 Color-MS-200 16

2 Fastax 5000 Color-EF-400 16

2 Milliken 400 Color-MS-200 16

2 Milliken 400 Color-Ms-200 16

3 Milliken 400 Color-MS-200 16

4 Hycam 5000 Color-EF-400 16

4 Milliken 500 Color-MS-200 16

4 Milliken 500 Color-Ms-200 16

5 Hycam 5000 Color-EF-400 16

5 Milliken 400 Color-MS-200 16

5 Milliken 400 Color-MS-200 16

5] Milliken 400 Color-Ms-200 16

5 Milliken 400 Color-Ms-200 16

5 Bell & Howell 24 Color-EC0-100 16

5 Airiflex 48 Color-EC0-100 16

5 Graflex 1 Color 4x5 in.
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Station

£

L i b Lt i inn

Camera

Milliken
Milliken

Fastax

Milliken
Milliken

Hycam
Milliken
Milliken

Hycam

Milliken
Milliken
Milliken

Bell & Howell

Airiflex
Graflex

Table IV

Frame rate

(frames per sec)

400
400

7000
400

400

9000
400
400

9000
400
400
400

24
48
2

25

SUMMARY OF PHASE III CAMERA SETUP

Type of film
(ft)

Color-MS-200
Color-MS-200

Color-EF-400
Color-MS-200

Color-MS-200

Color-EF-400
Color-MS-200
Color-MS-200

Color-EF-400
Color-MS-200
Color-MS-200
Color-MS-200

Color-EC0-100
Color-EC0-100

Color

Frame
size

(mm)

16
16

16
16

16

16
16
16

16
16
16
16
16
16
70
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Station

[, T, B Y R Y I VA 5

Camera

Fastax

Milliken
Milliken

Fastax
Milliken
Milliken

Hycam
Milliken
Milliken
Milliken
Milliken
Airiflex
Graflex

Milliken

Table V

SUMMARY OF PHASE IV CAMERA SETUP

Frame rate
(frames per sec)

7000
400

400

5000
500
500

5000
400
400
400
400

48

400

26

Type of film
(ft)

Color-EF-400
Color-MS-200

Color-MS-200

Color-EF-400
Color-MS-200
Color-MS-200

Color-EF-400
Color-MS-200
Color-MS-200
Color-MS-200
Color-MS-200

Color-EC0-100

Color

Color-MS-200

Fram
size

e

(mm)

16
16

16

16
16
16

16
16
16
16
16
16
4x5

16

in.
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Figure 12. Typical Bomb Arrangement for 250,000-Pound
Bomb Stack
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Figure 13. Typical Bomb Arrangement for 75,000-Pound
Bomb Stack
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equal test environment (fragmentation, airblast, and ground shock). The height
of the bomb stack above the top of the concrete pad was approximately 6 feet

6 inches. The bomb arrangement is illustrated in figure 14.

The Phase IV donor consisted of 80 M117 bombs 30,880 pounds (net weight of
explosives). The two acceptors were identical with each containing 39 M66A2
bombs 46,060 pounds (net weight of explosives). The bomb arrangement for the

donor and for a typical acceptor is shown in figure 15.

The first layer of bombs was stacked on 4 x 4-inch timbers which rested on
the concrete storage pad. Additional 4 x 4-inch timbers were placed between
the remaining layers of bombs with 2 x 4-inch timbers used as chocks to
prevent the bombs from rolling and to maintain proper bomb spacing. This

procedure for stacking the bombs was used on all four phases.

All the bombs in the donor stacks in Phases I, II, and III were primed and
simultaneously detonated. In Phase IV, only one bomb (figure 16) in the

donor stack was primed.
4, TEST CONTROL AND FIRING

Because of the safety requirement that personnel be evacuated a minimum
distance of 2 miles, remote operation of the recording van was required. The
hardened section of the van containing the recording and control equipment was
located approximately 700 feet from the Phase I and Phase II shot location and
covered with 5 feet of earth. Control cables were laid to a bunker which was
used as the master control area. At the master control bunker, the Fire
Control Officer (FCO) monitored the WWV (call sign for worldwide timing net-
work) time being registered in the van, monitored the start of magnetic tape

recorders, and could have stopped the test at any time up to the actual firing.

The recording equipment was prepared and the time code generator was
synchronized with the WWV time. This time synchronization allowed other
interested agencies to know exactly when the test was fired by reference to a
common time base. A time programmer was set up so that instrumentation and
recording functions could be automatically started at preselected times. One
of these programmed functions was the actual initiation of the detonation of
each test. Only by a decision of the FCO to hold the test and the actual

closure of the hold switch could the programmed times pass without the activity
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Figure 14. Phase III Bomb Stack Configuration
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occurring. If such a hold condition were to become necessary, the FCO would
have had the option of waiting 1 hour until the programed times recurred. Or
a crew could have been dispatched into the recording van area to reprogram

the activities to occur at later times within the same hour.

L iy o

_ ' PRIMED BOMB
= i .

Figure 16. Phase IV Donor Stack Showing the Single Primed Bomb
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SECTION III

PHASES I AND II

1. GENERAL

Phases I and II of Project BIG PAPA had identical objectives. Phase II
was essentially a repeat of Phase I except that only three acceptors were used
instead of five. The Phase I shot was fired at 1000 hours (MDT) on 26 July
1967, and Phase II was fired at the same hour on 30 August 1967. These two
phases provided four "samples'" of acceptors located at K-factor distances of
1.1, one at a K-factor distance of 0.9, one at 0.8, and two at K-factor

distances of 2.5.
2. DESCRIPTION OF PHASE I

A layout of Phase I is shown in figure 17. This portion of the test
consisted of a 250,000-pound donor, a 250,000-pound acceptor, and four 75,000-
pound acceptors all separated by standard earth barricades. The large
acceptor, Al, was separated from the donor by a distance of 70 feet repre-
senting a K factor of 1.1. Acceptors A2 and A3 were separated from the donor
by distances of 58 feet 6 inches and 70 feet representing K factors of 0.9
and 1.1, respectively. Acceptor A4 was separated from the donor by a distance
of 158 feet representing a K factor of 2.5 while A5 was located the same
distance from Al. The donor and all acceptors, with the exception of acceptor
A5, were placed on reinforced-concrete slabs 30 feet wide by 40 feet long and
9 inches thick. One-half-inch diameter steel reinforcing bars were placed 3
inches from the top of each slab and spaced 18 inches center to center in both
directions. The tops of the donor and acceptor Al stacks were approximately
8 feet 10 inches above the tops of the concrete pads, and the tops of the

barricades were 11 feet above the concrete pads.
3. DESCRIPTION OF PHASE II

During the planning stages of the test, the Phase II layout was based on
predicted results of Phase I. Phase II, as originally planned, was to

consist of a 250,000-pound donor and three 75,000-pound acceptors with all
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As
75,000
Ibs i
158"
A2
75,000
Ibs
‘\ 58'—6
) | l
A DONOR Az '
250,000 250,000 75,000| 40
Ibs Ibs Ibs l
| i T |
70" _ 30 70"
STANDARD EARTH BARRICADES ——\ 158'
\
.
Ae |
75,000
Ibs ;_J

NOTES. DONOR, A|,A, A3 AND A, ARE ON REINFORCED CONCRETE. Ag IS ONTHE
NATURAL GROUND SURFACE. ALL WEIGHTS ARE NET WT EXPLOSIVES.

Figure 17. Test Configuration for Phase 1
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acceptors spaced 70 feet from the donor (K factor of 1.1). The three acceptors
and the donor were to be separated by standard earth barricades as shown in
figure 41. The donor was to be placed on a concrete storage pad, whereas the
three acceptors were to be placed on timber dunnage directly on the ground
surface. The original Phase II layout is shown in figure 18. The final

design of the Phase II test was based on results of the Phase I test.

Ao
STANDARD EARTH 'I’b5'°°°
BARRICADE —\ .
| ?01
A DONOR A3
75,000 250,000 75,000 40'
Ibs Ibs Ibs L
- -
70' 30" 70'

NOTE: Donor is on reinforced concrete. Al, A2, and A3 are on natural ground
surface. All weights are net weight explosives.

Figure 18. Originally Planned Test Configuration for Phase II

After the Phase I shot, the Phase II test layout was modified to test one
acceptor at a K-factor distance of 0.8 (50 feet for 250,000 pounds). This was
done in an attempt to find a lower limit K factor for the 250,000-pound detona-
tion. If the acceptor located at a K-factor distance of 1.1 survived and that

at factor 0.8 did not, it would be reasonable to assume that the K factor of
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1.1 was the minimum safe factor to use. Should the acceptor at a distance
corresponding to a K factor of 0.8 survive, it would increase the confidence

in the validity of the K factor of 1.1. Also, it could possibly lead to a
study concerning the feasibility of raising the present 100,000-pound limit

per cell for the five-cell module to 250,000 pounds per cell. This would
increase the capacity of this module by a factor of 2.5. The acceptor distance
selected for modification in Phase II was that for acceptor A2. Another change
incorporated into Phase I1 was the use of reinforced-concrete Storage pads
under acceptors A2 and A3 rather than the natural ground surface. Acceptor Al
was retained on the natural ground surface as originally planned. A diagram
and photograph illustrating the revised Phase II test arrangement are shown

in figures 19 and 20.

I0ea MII7 INERT BOMBS
WITH INERT Mi23 - Mi25
SERIES LONG DELAY FUZES

STANDARD EARTH
BARRICADE

75,000 |Ibs

/ \ Sf
A DONOR T A3 AR
75,000 250000(50' 75,000 %
ibs Ibs -l Ibs
i s
70" PO, ol 70" _\

NOTE: Donors A2 and A3 are on reinforced concrete. Al is on the natural
ground surface. All weights are net weight explosives.

Figure 19. Test Configuration for Phase 11

36



AFWL-TR-67-132

uorjean3dtTjuo) 3Isal I

aseyd JO MOTA TeTiaVy
