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PREFACE

(U) The study reported herein was accomplished for the Panel on Ship
Protection, Mine Advisory Committee, National Academy of Sciences, Na-
tional Research Council, under the sponsorship of the Office of Naval Re-
search (ONR), Code 463. Authority for conducting the study was contained
in MIPR-ll-SB-ONR, dated 11 November 1957. Additional funds for enlarging
the scope of the program were made available during fiscal year 1959 by
the Chief of Engineers, Department of the Army, as Task 1.2 under Research
and Development Subproject 8-12-95-420. (U)

(U) The investigation was conducted dufing the period 1 April 1958 to
15 June 1959 by personnel of the Hydraulics Division of the U. S. Army Engi-
neer Waterways Experiment Station under the general supervision of Messrs.
E. P. Fortson, Jr., and F. R. Brown. Mr. G. L. Arbuthnot, Jr., Chief of
the Special Investigations Section, was directly in charge of the study and
was assisted by Mr. J. N. Strange. This report was prepared by Messrs.

J. N. Strange and Louis Miller. Mr. Miller was also in charge of design and
construction of the test facilities, and data reduction. Mr. B. E. Boggsn
assisted with the data reduction. Field operations were supervised by Mr.
S. E. Bartlett. Instrumentation equipmént was provided and operated by the
Waterways Experiment Station Instrumentation Branch, under the supervision
of Mr. E. H. Woodman, assisted by Messrs. F. P. Hanes and E. W. Flowers. (U)

(U) The cooperation, advice, and liaison activities of Mr. H. A.
Strothers, ONR, are gratefully acknowledged. Apprecistion is also ex-
tended to Dr. A. B. Arons, Amherst College, and Dr. H. G. Snay, Naval
Ordnance Laboratory, for their periodic review of results and suggestions
as to the most meaningful methods of analysis. (U)

(U) Directors of the Waterways Experiment Station during the
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accomplishment of this program were Col. A. P. Rollins, Jr., CE, and Col.
Edmund H. lang, CE. Technical Director was Mr. J. B. Tiffany. (U)
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ABBREVIATIONS AND SYMBOLS

Screen air content, per cent of air by volume, dimensionless
Screen air content (ft3/sec/ft2), ft/sec

Screen air flow (ft3/sec/ft), ftz/sec

Reduced energy at point of reference (first gage behind screen),
in. .1b/in.2/1bl/3

WES reduced free-water energy at point of reference (first gage be-
hind screen), in.—lb/in.2/1b1/3

Reduced positive impulse, lb-ms/in.z/lbl/ 3

Shock-wave length

Milliseconds

Characteristic slope of the energy versus reduced distance plots
Characteristic slope of the pressure versus reduced distance plots
Peak pressure, 1b/in.

Peak pressure at point of reference (first gage behind screén),
:Lb/in.‘2

WES free-water peak pressure at point of reference (first gage be-
hind screen), lb/in.2

Stand-off distance, ft

Screen thickness, ft

Gage depth, ft

Reduced distance, ft/lbl/ 3

Reduced stand-off distance (charge to near face of screen), ft/l'bl/3
Kinematic viscosity of water at 68 F (1.1 X 10'5), ft2/sec

Standard deviation of a single observation

Standard deviation of the mean

Time constant of the shock wave, ms
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SUMMARY

(C) Tests were made to determine the attenuation of various water-
shock parameters resulting from the passage of explosion-generated water-
shock waves through various bubble screens. The tests were conducted in a
rectangular basin 130 ft long, 100 ft wide, and 22 ft deep. The bubble
generator was submerged to a depth of 18 ft and, when supplied with com-
pressed air, produced a bubble screen 20 ft long. The generator was so
constructed that the screen thickness could be varied from 0.5 to 3.0 ft.
One hundred and seventeen 8-1b TNT spherical charges positioned 9 ft below
the water surface were fired in making the tests. Two stand-off distances,
three screen thicknesses, and five screen air contents were tested, and
measurements of the peak pressure, impulse, energy, duration, and arrival
times were obtained at three gage levels within the water layer. Test re-
sults indicated that reductions in peak pressure and reduced energy param-
eters varied with the amount of air furnished the screen. Pressure reduc-
tions, ranging from 10 to 95% of the normal free-water pressure, were ob-
tained with air flows ranging from 0.04 to 0.10 cfs per linear foot of
screen. Similarly, energy reductions ranged from 20 to 95% with the same
air flows. Empirical equations were derived for computing the pressure
and energy of the shock wave immediately behind a bubble screen. A pro-
cedure for evaluating the propagation of that portion of the shock wave
penetrating the screen to distances behind the screen is recommended. (C)
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SHOCK-WAVE ATTENUATION PROPERTIES OF A BUBBLE SCREEN (U)

PART I: INTRODUCTION

Background

(U) 1. The use of a screen of air bubbles to reduce the damaging
effects of an underwater explosion is not a new idea. In 1944, the Navy
Department conducted an investigation of the effect of an air-bubble
screen on pressures resulting from an underwater explosion.l* This in-
vestigation, consisting of a series of small-scale tests, indicated that
the peak pressure and the total shock-wave energy were substantially de-
creased as the wave passed through the bubble screen. In 1954, the Hydro-
Electric Power Commission of Ontario, Canada, used a screen of air bubbles
to protect certain structures from the effects of an underwater explosion,
and in so doing achieved a 70:1 reduction in pressure from that which
would have normally been expected.2 (U)

(U) 2. At the request of the Mine Advisory Committee, National Re-
search Council, the possibility of conducting a study of the effectiveness
of a bubble screen in attenuating water shock was first discussed with
Waterways Experiment Station (WES) personnel by Dr. A. B. Arons in March
1956. Dr. Arons, at that time a member of the Panel on Ship Protection,
Mine Advisory Committee, was and still is a consultant to the WES. (U)

(U) 3. As a result of that and subsequent discussions, an explora-
tory study of the effect of a bubble screen on water shock was conducted
during November-December 1956 by WES for the Panel on Ship Protection.
This experimental study was sponsored by the Office of Naval Research
(ONR), Code 463. A report of the findings of this pilot investigation was
published in October 1958 as WES Miscellaneous Paper No. 2--285.LL (U)

(U) 4. This rather preliminary study revealed that considerable
reductions in peak pressure could be achieved. Because of these rather

promising results, the Panel on Ship Protection suggested that additional

* Raised numbers refer to similarly numbered items in the List of
References.



research be made to evaluate more completely the shock-attenuation proper-
ties of a bubble screen. Consequently, the study described herein was
authorized by ONR. (U)

Purpose

(U) 5. The purpose of the study was to determine the effect of a
screen of bubbles on explosion-generated, water-shock waves. Of major in-
terest was the attenuation of peak pressure, impulse, and shock-wave
energy which would result from passage of the shock wave through various
bubble screens. (U)

Scope

(U) 6. The test program consisted of firing 117 TNT charges posi-
tioned at two stand-off distances from the bubble screen. Three screen
thicknesses and five screen air contents were used during the tests.
Measurements of the principal shock-wave parameters, i.e. peak pressure,
impulse, energy, duration, and arrival time, were obtained at three gage

levels within the water layer. (U)



PART II: EXPERIMENTAL PROCEDURES
Test Site

(U) 7. All tests were conducted in an existing rectangular basin at
the WES Big Black test site (BBTS). This basin is approximately 130 ft
long, 100 ft wide, and 22 ft deep (fig. 1). During the tests, the depth
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(U) Fig. 1. Plan and section of deep-water basin

of water in the deepest portion of the basin, where the bubble generator

was located, was agbout 18 ft. (U)

Bubble Generator

(U) 8. The bubble generator was designed to produce a bubble screen



20 £t long and 3 £t thick with the provision that it could be readily ad-
Justed to produce screens 1.5 and 0.5 ft thick. The generator consisted
of two 2l-ft-long manifolds, made of 2-1/2-in.-ID galvanized iron pipe,
which were attached to opposite sides of a wood frame that was reinforced
with steel bracing (figs. 2 and 3). Each manifold was equipped with two
intake ports (symmetrically spaced) and 80 exhaust ports spaced 3 in.
apart. Opposing exhaust ports of the two manifolds were connected by
means of 3.5-ft-long sections of 3/h-in.-ID plastic tubing perforated
along its length with diametrically opposed rows of holes approximately
0.5 mm in diameter and spaced at l/8-in. intervals. Air was supplied by a

mobile air compressor having a capacity of 130 cu ft per min. (U)

Bubble Screen Air Content

(U) 9. One of the major objectives of this study was to establish
the shock-wave attenuation properties of a bubble screen when its air con-
tent is varied. To make this determination, five screen air contents were
selected for use in the testing program: 0.3, 1, 3, 6, and 12% of air by
volume. The determination of these percentages was made as follows:

a. The air supplied to the screen was maintained at a

constant pressure of 40 psi; the quantity supplied was
measured by means of a rotameter in units of cubic feet
per minute.

o’

Numerocus volumetric samples of the air-water mixture
were taken at various locations within the screen volume
for various rotameter settings. The samples were taken
with a cylindrical sampling device equipped with spring-
actuated trap doors on each end. The sampling device
was lowered in the water to the desired position and the
doors were triggered by the operator in a boat.

jo

On the basis of the values obtained with the sampling de-
vice, a curve was plotted showing the percentage of air
by volume in the bubble screen versus the amount of air
supplied to the screen (fig. h). Thus the selection of
any air percentage, within the range of values sampled,
could be accomplished by setting the desired reading on
the rotameter. (U)

(U) 10. The above procedure was used to determine the rotameter

settings for all tests made during the study; however, due to the wide



(U) Fig. 2. End view of bubble generator
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(U) Fig. 3. Side view of bubble generator
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(U) Fig. 4. Variation of the screen air content with quantity
of air supplied to the 3-ft-thick screen

scatter obtained in the values of the air-water samples, some uncertainty
exists as to the exact air content of the screen when expressed as a per
cent of air by volume. Therefore, the screen air contents are also ex-
pressed as cubic feet of air per second per square foot of screen (AC)
(screen was always positioned in a horizontal plane), and as cubic feet of
air per second per linear foot of screen (Az). The tabulation on the fol-
lowing page presents the various air contents in each of these units of

measure along with other pertinent data. (U)

Description of the Bubble Screen

(U) 11. From tests conducted previously in a Plexiglas tank,u it
was known that operation of a bubble screen would cause considerable tur-
bulence in the water mass within a confined basin. It was also known that
the screen would tend to be hourglass-shaped in that it would be pinched
in near its midheight and bell out as it approached the surface (fig. 5).

In the operation of the screen used in these tests, the turbulent water



(U) Tests and Test Conditions

Gage % of cfs of cfs of
No Array  Stand-Off Screen Air by Air per Air per
of. Depth Distance Thickness Volume sq ft of 1lin ft of
shots Tt (zg) ft (RO) ft (TS) (a) Screen (Ac) Screen (Az)
3 9.0 6.0 Free water*
2 4.5 6.0 Free water*
2 0.25 6.0 Free field*
2 9.0 12.0 Free water*
2 k.5 12.0 Free water*
3 0.25 12.0 Free field*
L 9.0 6.0 3.0 0.3 0.0014 0.00k2
6 9.0 6.0 3.0 1.0 0.00k44 0.0133
7 9.0 6.0 3.0 3.0 0.0347 0.1042
i 9.0 12.0 3.0 0.3 0.001k 0.0042
L 9.0 12.0 3.0 - 1.0 0.0044 0.0133
8 9.0 12.0 3.0 3.0 0.0347 0.1042
3 4.5 6.0 3.0 0.3 0.0014 0.004k2
3 4.5 6.0 3.0 1.0 0.0044 0.0133
4 4.5 6.0 3.0 3.0 0.0347 0.1042
3 4.5 12.0 3.0 0.3 0.001k4 0.0042
3 4.5 12.0 3.0 1.0 0.0044 0.0133
3 L.s5 12.0 3.0 3.0 0.0347 0.1042
2 0.25 6.0 3.0 0.3 0.001k4 0.0042
2 0.25 6.0 3.0 1.0 0.00k44 0.0133
2 0.25 6.0 3.0 3.0 0.0347 0.1042
Y 0.25 12.0 3.0 0.3 0.001k4 0.0042
2 0.25 12.0 3.0 1.0 0.00k4k 0.0133
T 0.25 12.0 3.0 3.0 0.0347 0.104k2
2 9.0 6.0 1.5 0.3 0.0028 0.0042
2 9.0 6.0 1.5 1.0 0.0044 0.0066
2 9.0 6.0 1.5 3.0 0.0347 0.0521
2 9.0 6.0 1.5 6.0 0.0694 0.1042
2 9.0 12.0 1.5 0.3 0.0028 0.0042
2 9.0 12.0 1.5 1.0 0.00kk 0.0066
3 9.0 12.0 1.5 3.0 0.0347 0.0521
2 9.0 12.0 1.5 6.0 0.0694 0.1042
3 0.25 6.0 1.5 0.3 0.0028 0.0042
2 0.25 6.0 1.5 1.0 0.0044 0.0066
2 0.25 6.0 1.5 3.0 0.0347 0.0521
2 9.0 6.0 0.5 0.3 0.0083 0.0042
2 9.0 6.0 0.5 3.0 0.0350 0.0175
2 9.0 6.0 0.5 6.0 0.0700 0.0350
2 9.0 6.0 0.5 12.0 0.1400 0.0700

* Bubble screen not in operation.
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through the surface also caused a maximum rise of 9 in. in the water



(U) Fig. 6. Turbulence at the water surface caused by an
air flow of 0.0374 cfs per square foot of screen

surface directly over the generator during the maximum air flows (see
fig. 6). (U)

Instrumentation

(U) 12. Sixteen tourmaline, piezoelectric gages connected to Dumont
dual-beam, cathode-ray oscilloscopes were used t> measure the water shock.
The 16 gages, spaced 0.75 ft apart, were attached to a steel bracket to
hold them in a horizontal line (fig. 7). The gages were l/h and 1/2 in.

(U) Fig. 7. Gage rack with water-shock gages attached
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in diameter; they were located in front of, in, and behind the bubble
screen, as shown in plate 1. The gage signals were recorded by rotating-
drum cameras on 10-in., 35mm filmstrips. Sixteen channels of recording

equipment were used throughout the test program. (U)
Explosive

(U) 13. Eight-pound charges of TNT were used as the energy source
throughout these tests. These charges were spherically shaped and were
0.54 £t in diameter. The charge center of gravity was used as the refer-
ence point for positioning the charges. All charges were centrally

initiated with Corps of Engineers special electric blasting caps. (U)

Test Procedures

(U) 14. The bubble generator was attached to a system of cables and
pulleys so that it could be suspended above the basin when not in use,
lowered into position for each test, then raised after completion of the
test. Air flows sufficient to overcome the hydrostatic water pressure
were maintained in the generator during its entire period of submergence
to prevent foreign particles from entering the system and plugging the
small orifices from which the air was emitted. For each test the gen-
erator was lowered into position and securely cradled in a framework on
the bottom of the basin. This procedure made certain that the screen was
positioned identically for all tests. The gage rack, with its attached
gages, was lowered to the desired position, and the charge was suspended
at middepth at the required stand-off distance in front of and on the
center line of the bubble screen. The required air flow was then supplied

to the generator and the shot was fired. (U)
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PART III: TESTS AND TEST RESULTS

Test Program

(U) 15. The test program consisted of 117 shots fired with various
combinations of test conditions. Three screen thicknesses, five bubble
screen air contents, three gage depths, and two stand-off distances were
used during the investigation. Test geometries and gage arrays used dur-
ing the tests are shown in plate 1. To facilitate the analysis of test
data and for convenience in preparing this report, the test program has
been divided into four parts, namely, the free-water/free-field tests and
tests with the 3-ft-, 1.5-ft-, and 0.5-ft-thick bubble screens. A summary
of the tests and test conditions is presented in the tabulation on page
7. (U)

Presentation of Results

(U) 16. The results of all water-shock measurements obtained during
the course of the study are presented in tables 1-36. The peak pressure
and reduced positive impulse data are also presented graphically in plates
2-37. (U)

Record Interpretation and Analysis Procedures

(U) 17. The pressure-time records obtained in the free-water/free-
field tests were typically shaped records for the respective environments.
The impulse and energy values obtained from these reéords were computed by
integrating the positive phase of the pressure-time trace to 6.76, where
©® 1is the time constant associated with the decay rate of the records.
Similarly, the duration values were measured to 6.76. The records ob-
tained from gages located in front of the bubble screen and in a free-
water region, for those tests in which the screen was in operation, were
also treated as free-water records. The impulse and energy values ob-
tained from all records affected by the bubble screen (gages located

within and behind the screen) represent the integration of the total
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positive phase of the recorded shock wave. Similarly, the duration values
are the scaled lengths of the positive phase of the shock wave. At the
suggestion of Dr. A. B. Arons, efforts were made to limit the integration
of the pressure-time record obtained from gages within the screen to four
reflections of the shock wave off the front and rear faces of the screen.
This proved to be impracticable with any degree of reliasbility, as the ac-
tion of the bubbles greatly distorted the shape of the shock wave as it
passed through the screen making it impossible to delineate the perturba-
tions caused by reflection. (U)

(U) 18. The working procedure used in analyzing the data was as
follows: First, the parameters of the shock wave were determined for the
scaled distance equivalent to the location of the first gage immediately
behind the bubble screen. The observed parameters were then compared with
similar parameters for the free-water case (gages at corresponding depths)
and the per cent reduction computed. Second, the attenuation rate of the
particular shock-wave parameter was then evaluated for those measurements
obtained with the remaining gages situated behind the screen. Establish-
ing the attenuation rate for each parameter makes possible the calculation
of the parameter over the distance from the rear face of the screen to the

gage location farthest from the charge. (U)

Free-Water/Free-Field Tests

(U) 19. The free-water/free-field tests were made for the purpose
of evaluating any possible effects which boundaries of the test basin or
the free surface might superimpose on the shock-wave records as well as to
furnish basic dats with which the results of similar tests, made with the
bubble screen in operation, could be compared. The free—water/free-field
tests showed that boundaries of the test basin had no influence on record
shape for the geometries tested. The same geometries and gage arrays were
used with the various screens in operation so that a direct comparison of
the free—water/free—field results with the screen-on results shows quanti-
tatively the effectiveness of the bubble screen in attenuating the shock
wave. The free-water/free-field tests also revealed that the gage mount

and support were sufficiently free of ringing and vibration not to
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introduce spurious signals onto the pressure-time traces. The free-
water/free-field test results are presented in tables 1-3 and in plates

o k., (U)

Tests with a 3-ft-Thick Screen

(U) 20. 1In this series of tests a wide range of test conditions was
employed. The shock phenomena were measured at three gage depths, namely,
middepth, one-guarter depth, and 0.25 £t below the water surface. Three
air flows were used ranging from the minimum to the maximum possible with
the equipment available (0.3, 1, and 3% of air by volume). Two stand-off
distances were also used so that the effects of the screen on shock waves
of different intensities could be observed. The results of the tests made
with the 3-ft-thick bubble screen are presented in tables 4-21 and plates
5-22. (U)

Tests with a 1.5~-ft-Thick Screen

(U) 21. Fewer tests were made Withlthe 1.5-ft-thick screen than
with the 3-ft screen. Only two gage depths were used (middepth and 0.25
ft below surface); likewise only two stand-off distances were used in the
middepth tests, and one (6.0 ft) in the 0.25-ft-depth tests. Howe?er, due
to the reduction in the thickness of the screen, a fourth air flow was
available and was used (0.3, 1, 3, and 6% of air by volume) in the mid-
depth tests; three were used in the 0.25-ft-depth tests. The results of
this series of tests are presented in tables 22-32 and plates 23-33. (U)

Tests with a 0.5-ft-Thick Screen

(U) 22. This series consisted of only four tests with four air
flows, namely, 0.3, 3, 6, and 12% of air by volume. Only one stand-off
distance (6 ft) and only one gage depth (middepth) were used in this group
of tests. The results of the 0.5-ft-thick screen tests are presented in
tables 33-36 and in plates 34-37. (U)
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PART IV: DISCUSSION OF RESULTS

Reliability of Test Results

(U) 23. The tabulated results (tables 1-36) include values of the
standard deviation of the mean where three or more measurements were ob-
tained. Although the significance of statistical inference from such
small samples is limited, the measures obtained indicated that the results
are reproducible to a satisfactory degree. The measurements of peak pres-
sure show less variation than do the measurements of impulse and energy.
For the free~water/free-field tests, the over-all average values of the
standard deviation of the mean in per cent (qﬁ%) for peak pressure, re-
duced impulse, and reduced energy were L.k, 6.0, and 11.2, respectively.
Values of om% for similar tests with the screen in operation were 10.6,
11.k, and 17.3. The average values of the deviations of a single observa-
tion for the free-water/free-field tests were 8.2, 10.9, and 21.0, respec=-
tively, for peak pressure, reduced impulse, and reduced energy; similar
values for the bubble screen tests were 20.2, 21.9, and 33.0. Although a
minimum amount of data was obtained in a number of the tests, the data
are generally felt to be sufficiently reliable to permit a definitive

analysis. (U)

Free-Water/Free-Field Tests -

(C) 2k. The peak pressure and reduced positive impulse results for

the free-water/free-field tests are presented graphically in plates 2-4.
p)

For comparison purposes, the generally accepted free-water curves” for

peak pressure and reduced positive impulse are also shown in the plates.

The slopes of the plotted lines in plates 2, 3, and 4 indicate that in

these tests the peak pressure, on the average, varies inversely as ll'o9

for the middepth gage position, and inversely as hl°l6 for both the one-
quarter depth gage position and for gages positioned 0.25 ft below the
water surface. The attenuation rate for peak pressure in free water

1.13

varies inversely as A .As shown, the WES peak pressure results agree

very well with the generally accepted free-water values. The results also

sllibew—
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show that the depth of the gage array below the water surface, in the
geometries tested, has very little effect on peak pressure. (C)

(C) 25. Reduced positive impulse on an average varies inversely as
0.92 for the middepth gage position, inversely as ko'97 for the one-

o7

A
quarter depth position, and inversely as le' for the gages positioned
0.25 ft below the water surface. The attenuation rate for reduced posi-

0.89

tive impulse in free water varies inversely as A From the above
comparison, it is obvious that the WES reduced positive impulse results,
obtained with the gages positioned at middepth and one-quarter depth,
agree very well with the generally accepted free-water values. For the
tests made with the gages 0.25 ft below the water surface, reduced posi-
tive impulse fell considerably below the free-water value, particularly
as distance from the charge increased. This reduction in impulse is due
to surface cutoff (reflection of the incident wave from the water-asir in-
terface as a rarefaction) which is common to such shot geometries. (C)
(C) 26. Reduced energy, not shown graphically, has an attenuation
rate in free water that varies inversely as kE’Oh. The free-water/free-
field tests verified this experimental axiom for the middepth gage posi-
tion, and showed the energy to vary inversely as K2'22 for the one-
quarter depth gage position, and inversely as k3'29 for the gages Jjust
below the water surface. The reduced energy results generally exhibited
the same trends as the reduced positive impulse results. The valués ob-
tained with gages positioned at middepth and one-quarter depth agree very
well with the free-water values, while the values obtained with the gages
positioned near the water surface fell, as expected, progressively below
the free-water values as distance from the charge increased. As was the
case with reduced impulse, this reduction in energy was due to the surface-

cutoff effect. (C)

General Effect of a Bubble Screen on a Water-Shock Wave

(C) 27. In general, a water-shock wave passing through a screen of
bubbles is greatly modified from its usual steep-fronted peak and expo-
nential decay characteristics. The amount of modification experienced is

dependent on the air content of the screen, the screen thickness, and the

-
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magnitude of the shock-wave incident upon the screen. As may be seen in

fig. 8, the steep-fronted peak is altered in each case, and the pressure

3600 PSi FREE-WATER PRESSURE-TIME TRACE

HORIZONTAL DISTANCE, CHARGE TO GAGE, 10,00 FT (A = 5.00)
GAGE AT MIDDEPTH

ARRIVAL TIME, 1.82 M$

BUBBLE SCREEN INOPERATIVE

——

1400 PS}H

!

HORIZONTAL DISTANCE, CHARGE TO GAGE, 10.00 FT (A = 5.00)
GAGE AT MIDDEPTH

SCREEN THICKNESS, 0.5 FT

AIR CONTENT, 0,0350 CFS OF AIR PER SQ FT OF SCREEN
STAND-OFF DISTANCE, 6.00 FT (A = 3.00)

ARRIVAL TIME, 1.87 MS

“‘r‘”_‘*"

1200 PSst
HORIZONTAL DISTANCE, CHARGE TO GAGE, 10.00 FT (A = 5.00)
GAGE AT MIDDEPTH
SCREEN THICKNESS, 1.5 FT
AIR CONTENT, 0.0347 CFS OF AIR PER SQ FT OF SCREEN
STAND-OFF DISTANCE, 6.00 FT (A = 3.00)
ARRIVAL TIME, 1.98 MS

K

720 PSt

HORIZONT AL DISTANCE, CHARGE TO GAGE, 10.00 FT {A = 5.00)
GAGE AT MIDDEPTH .

SCREEN THICKNESS, 3.00 FT

AIR CONTENT, 0.0347 CFS OF AIR PER SQ FT OF SCREEN
STAND-OFF DISTANCE, 6.00 FT (A = 3.00)

ARRIVAL TIME, 2.68 MS

e 1 s ]

' (C) Fig. 8. Modification of the pressure~time trace caused by a shock
wave passing through bubble screens of various thicknesses

.
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is greatly reduced while the length of the pulse is increased. It will be
noted that even though the time of arrival of the shock wave at a particu-
lar gage may remain unchanged, the rise time from ambient pressure to the
observed peak pressure is considerably increased over what the rise time

would be in the classical free-water case. (C)

Effect of Screen Thickness

Gages at middepth

(C) 28. The effects of screen thickness on the peak pressure and
energy parameters are shown in figs. 9 and 10, respectively, where the per

cent reduction of these two parameters is plotted versus the air content
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(C) Fig. 9. Variation of pressure (C) Fig. 10. Variation of energy
reduction with air content for vari- reduction with air content for vari-
ous screen thicknesses (7 = 9.0, ous screen thicknesses (Z = 9.0,

R, = 6.0) & R = 6.0)

of the screen (cubic feet per second per square foot of screen) for the
various screen thicknesses tested. The per cent reduction values were
computed by dividing the difference between the WES free-water/free-field
value and the value obtained behind the screen by the WES free-water

value, or algebraically,

[(wa)l - Py ]
(pfw)l

Per cent reduction for pressure =
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[(efw)l - el]
N

Per cent reduction for energy =

The value obtained at the first gage behind the screen and the value ob-
tained from the WES free-water curve at the same reduced distance were the
actual values used in the above equations. Fig. 9 shows that the 1.5-ft-
and 3-ft-thick bubble screens were more effective in reducing the pressure
than was the 0.5-ft-thick screen by factors of two and three, respectively.
Fig. 10 shows that in reducing energy the 1.5~ and 3-ft screens were more
effective than the O0.5-ft-thick screen by factors of three and five, re-
spectively. Although figs. 9 and 10 illustrate results obtained only at
the 6-ft stand-off distance for the middepth gages, similar plots of re-
sults obtained at the 12-ft stand-off distance follow the same general
pattern and show that the screen is slightly more effective at the greater
stand-off distance. By averaging the per cent reduction in pressure ob-
tained at all gages in and behind the bubble screen, average reductions at
the 6-ft stand-off distance with 0.034L7 cfs of air per square foot of
screen were: 3-ft screen, 66%; 1.5-ft screen, 56%; and 0.5-ft screen, 4k%.
A similar analysis of energy data shows reductions of 77, 63, and 55% for
the 3-, 1.5-, and 0.5-ft screens, respectively. At the 12-ft stand-off
distance, the average reductions in pressure obtained at all gages in and
behind the bubble screens with 0.0347 cfs of air per square foot of screen
area were 69% with the 3-ft screen and 64% with the 1.5-ft screen. Simi-
larly, energy reductions were 78 and 73% with 3- and 1.5-ft screens,
respectively. (C)

(C) 29. The effect of the bubble screen on impulse was not as ap-
parent as was the case with the pressure and energy of the shock wave. An
examination of the tabulated results (tables 1-36) reveals that in numerous
instances the reduced impulse behind the screen was as great or greater
than the free-water value for the same location. It is believed that this
is due, in large part, to the methods used in analyzing the water-shock
records. As mentioned previously in paragraph 17, the pressure-time
records were integrated to 6.76 for the free-water records, which is.the
generally accepted practice; the records obtained from gages positioned in

and behind the bubble screen were integrated through the entire positive
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phase of the pressure-time history rather than 6.76 or some other ar-
bitrary time. As the pressure pulse was greatly attenuated in passing
through the screen, the shock-wave duration, established from the records,
far exceeded the limit of 6.76, thus accounting for the apparent increase
in impulse behind the screen when compared to the free-water value. If a
reglistic and meaningful integratidn time 1limit could be arrived at, the
impulse parameter might be reduced by the effect of the bubble screen.
The integration times of impulse and energy were the same; however, the
decrease in pressure more than compensated for the increase in durétion,
so that the net result as regards the energy parameter was a very marked
reduction from the equivalent free-water value. (C)

(C) 30. The changes in reduced positive impulse, as indicated by
averaging the results obtained at all gages in and behind the bubble
screen at the 6-ft stand-off distance with 0.0347 cfs of air per square
foot of screen area, were reductions of 22 and h% with the 3~ and 0.5-ft
screens, while the 1.5-ft screen showed an increase of 6%. At the 12-ft
stand-off distance, the average changes in reduced positive impulse as
obtained by gages in and behind the bubble screens with 0.0347 cfs of air
per square foot of screen area were reductions of 36 and lh% with the
3- and 1.5-ft screens, respectively. (C)

Gages at one-quarter depth

(U) 31L. The results of the free-water/free-field tests showed

little difference between tests made with the gages positioned at middepth
and one-quarter depth. On the basis of the free-water/free—field results,
the bubble screen tests with the gages positioned at one-quarter depth
were limited to a single screen thickness, namely, 3 ft; therefore, no
direct comparison of the screen thickness effect is possible. (U)

Gages 0.25 £t below the water surface

(C) 32. The effect of screen thickness on the gages positioned 0.25
ft below the water surface at the 6-ft stand-off distance is shown in
figs. 11 and 12 where pressure and energy reductions in per cent are
plotted versus screen air content (cubic feet per second per square foot
of screen). Fig. 11 indicates that the 3-ft screen was slightly more ef-
fective than the 1.5-ft screen in reducing pressure. Fig. 12 indicates

that at the lower air flows the 3-ft screen was approximately 30% more
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(C) Fig. 11. Variation of pressure (C) Fig. 12. Variation of energy
reduction with air content for vari- reduction with air content for vari-
ous screen thicknesses (Z = 0.25, ous screen thicknesses (Z = 0.25,
R =6.0) & R, = 6.0)
effective in reducing energy than the 1.5-ft screen. However, as the air
flows increased, the difference between the two screens decreased, so that
at the highest air flow tested, no apparent difference existed and the
energy reductions achieved were very close to lOO%. Tables 18 and 21 in-
dicate that the records obtained from gages positioned beyond a reduced
distance of A = 5.84 for the 6-ft stand-off distance and beyond a re-
duced distance of A = 8.79 for the 12-ft stand-off distance were too
small to evaluate when the maximum air flows were used. (C)

(C) 33. Impulse reductions for the gages positioned 0.25 ft below
the water surface, as indicated by averaging the values obtained at each
gage in and behind the screen, were appreciable for each screen thickness
and air flow tested. At the 6-ft stand-off distance with an air flow of
0.0347 cfs per square foot of screen, the 3-ft screen had an average re-

duction of 76% while the 1.5-ft screen had an average reduction of

68%. (C)

Effect of Screen Air Flow

Gages at middepth

(C) 34. The effects of air flow, or the quantity of air in the

#
B




bubble screen, on the pressure and energy

tances are shown in figs. 13-16.
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parameters at two stand-off dis-

flow in these plots is expressed
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in cubic feet per second per linear foot of screen. Figs. 13 and 14 in-
dicate that pressure reductions of approximately 10 to 75% were obtained
with air flows ranging from 0.004k to 0.10 cfs per linear foot of screen.
Similarly, figs. 15 and 16 show that energy reductions of approximately 20
to 80% were obtained with the same air flows. (C)

(C) 35. A comparison of fig. 9 with figs. 13 and 14 reveals what
appears to be a contradiction. Fig. 9 shows that when the air in the
screen is reckoned as a unit volume per unit area of screen, pressure re-
duction varies with screen thickness. PFigs. 13 and lh, however, indicate
that screen thickness is not significant when the air in the screen is ex-
pressed in units of volume per screen length. It should be remembered
that the length of the bubble screen was 20 ft and the horizontal areas of
the 0.5-ft-, 1.5-ft-, and 3-ft-thick screens were 10.0, 30.0, and 60.0 sq
ft, respectively. Thus the amount of air furnished the 0.5-ft-thick
screen must be multiplied by six in ordef to maintain the same unit volume
per square foot ratio in the 3-ft-thick screen. Therefore, figs. 9, 13,
and 14 all indicate that, within the range of air flows tested, pressure
reduction varies with the total amount of air furnished the screen and is
almost unaffected by the screen thickness. A similar comparison of fig.
10 with figs. 15 and 16 indicates that the same general relation applies
to the energy parameter also. (C)

Gages at one-quarter depth

(C) 36. The effects of the various bubble screen air flows on the
pressure and energy parameters are not shown graphically for the gages
positioned at one-quarter depth because of the sparsity of data. However,
an examination of the data indicates that comparable air flows effected
reductions approximately 10% greater at the one-quarter depth than at the
middepth gages. As previously mentioned, this difference is probably due
to test geometry configuration, i.e. the shock traverses a greater dis-
tance in reaching a comparable gage. (C)

Gages 0.25 ft below the water surface

(C) 37. The effects of the screen air flow on the pressure and
energy parameters are shown in figs. 17 and 18. For the gages positioned
0.25 't below the water surface, pressure reductions varied from approxi-

mately 20 to 95% with air flows ranging from 0.00k% to 0.10 cfs per linear

R
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foot of screen. Energy reductions with the same range of air flows varied

from approximately 50 to 98%. (C)

Variation of Bubble Screen Effects with Gage Depth

(C) 38. Figs. 19 and 20 show the variation of per cent reduction
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in the pressure and energy parameters common to the three gage depths.
The 3-ft screen at the 6-ft stand-off distance is the only test condition
for which all three gage depths were investigated. The values obtained at
the first gage behind the screen at each gage depth were selected for com-
parison purposes. Figs. 19 and 20 both indicate that the gages positioned
at the one-quarter depth experienced reductions approximately 10% greater
than the gages positioned at middepth. This is not believed to be signif-~
icant, since the first gage behind the screen at the one-quarter depth
position was actually 1.04 ft farther from the charge than the comparable
gage at the middepth position. To reach the gages behind the screen at
the one-quarter depth position, the shock wave was forced to pass through
a somewhat thicker screen than was the case when the gages were at mid-
depth (see plate 1). The gages positioned 0.25 ft below the water surface
experienced reductions considersbly greater than the gages positioned at
middepth. Again, the major reason for this difference was the distance
from the charge to the first gage behind the 3-~ft screen at each gage
depth. These distances were 9.24 ft at middepth, 10.29 ft at one-quarter
depth, and 13.29 £t at 0.25 ft below the water surface. Naturally the
shock experienced near the water surface and at the one-quarter depth was
weaker than that experienced at middepth due to the greater distances
traversed by the shock wave. Anocther reason for the difference in pres-
sure and energy reductions is the fact that at each gage depth the bubble
screen thickness traversed by the shock wave in reaching the first gage
behind the screen was different. These thicknesses were 3 ft at middepth,
3.k ft at one-quarter depth, and 4.1 ft at 0.25 ft below the water
surface. (C)

(C) 39. Figs. 21 and 22 are plots of the pressure and energy
reductions achieved at the 6-ft stand-off distance versus air flow
(cubic feet per second per linear foot of screen). Fig. 21 indicates
that pressure reductions averaged lO% greater at the one-quarter
jepth gage position than at middepth, and 30% greater near the surface
than at middepth. Fig. 22 shows that energy reductions averaged 15%
reater at the one~quarter depth than at middepth and hs% greater at
che gages near the surface than at middepth. Figs. 19-22 all show that
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at the maximum air flow tested, pressure and energy reductions realized

were approaching 100%. (C)

Effect of Stand-off Distance

(C) 40. Two stand-off distances, 6 and 12 ft, were used during the
tests so that the effectiveness of the bubble screen could be determined
at different shock-wave intensities. Results obtained at all three gage
depths with the 3-ft-thick screen indicated that larger pressure reduc-
tions, ranging from 1 to 25% greater, were achieved for the 12-ft stand-
off distance than for the 6-ft stand-off distance. Similarly, average
energy reductions ranged from 1 to 21% greater for the 12-ft stand-off
distance than for the 6-ft stand-off distance. For comparison purposes,
when the charge was positioned at the 6-ft stand-off distance the incident
pressures at the front of the screen were 30 to 50% greater than when the
charge was positioned at the 12-ft stand-off distance. For those tests
in which maximum air flows were involved, the stand-off distance effect

on the screen's ability to cause reductions in the shock wave was almost

..




26

negligible. Where low air flows were involved, the effect was
appreciable. (C)

(C) 41. With the 1.5-ft-thick screen, average pressﬁre reductions
at the 12.ft stand-off distance exceeded the reductions obtained at the
6-ft étand-off distance by approximately 5%. Similarly, average energy
reductions at the 12-ft stand-off distance were approximately 12% greater
than at the 6-ft stand-off distance. Since only one gage position (mid-
depth) was used with the 1.5-ft-thick screen at the 12-ft stand-off dis-
tance, the data obtained from these tests are not as conclusive as those

obtained in tests of the 3-ft-thick screen. (C)

Effect of the Bubble Screen on Arrival Time

(C) 42. Plots of arrival time versus reduced distance (1) for each
of the bubble screen tests are not presented in this report, because the
great majority agreed very closely with the free-water results. There was,
however, one exception to this general agreement that occurred répeatedly.
Fig. 23 is a plot of the time of arrival of the shock wave versus reduced
distance (k) for the 3-ft-thick screen and the 6-ft stand-off distance.
The gages were at middepth and the screen air content was 0.0347 cfs per

square foot of screen (see table 6).

s Fig. 23 shows that the arrival time
j / closely approximates that obtained in
o A free water until the shock wave ap-
30° proaches the back side of the screen
% . o’ /// at approximately gage 7 (A = 4.25).
é‘s ,/A:w“wuem”m) For the shock wave to travel the
% y)/f 0.75 ft between gages 6 and 7 re-
E:: 9}7 quired approximately 0.6 ms, where-
:: \,/ as the average time required for it
0.6 /// ’ to travel the O0.75-ft distance be-
3 tween each preceding gage was 0.15

1 1.5 2 3 4 L] € 7 8 8 10 15

v ms. This apparent change in the

A ~ REDUCED DISTANCE, FT/L8

shock-wave velocity occurred only .

(C) Fig. 23. Variation of arrival '
time with reduced distance (T, = 3.0,
R, = 6.0, Z_ = 9.0, &_ = 0.8347) used, and it occurred each time

when the maximum air flows were
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these flows were used regardless of screen thickness, gage depth, or
stand-off distance. With the 3-ft- and 1.5-ft-thick screens, this change
occurred each time the air flow was 0.1042 cfs per linear foot of screen.
With the 0.5-ft-thick screen, this phenomenon occurred only when the air
flow was 0.07 cfs per linear foot, which was the maximum flow used for
this screen. The change in the time of travel always occurred near the
back of the screen, usually between the last gage in the screen and the
‘first gage outside the screen. A study of the pressure data obtained with
%the maximum air flows reveals that the largest pressure reductions usually
occurred between the same two gages (see plates 7, 10, 13, 16, 19, 22, 26,
30, and 37). A hypothesis to explain this phenomenon has not been formu-
lated. It should be noted that reductions in peak pressure and energy
were attained without the occurrence of this phenomenon; however, the

largest reductions were achieved when the phenomenon was noted. (C)

Effect of the Bubble Screen on Shock-Wave Duration

(C) 43. As mentioned previously in paragraph 27, the shock wave was
lengthened considerably as it passed through the bubble screen. No anal-
ysis of the duration data was made to ascertain the magnitude of this in-
crease in comparison with the free-water values; however, numerous in-
stances were noted in the data tabulations where the shock-wave duration

was increased by a factor of as much as three. (C)

General Solution to Determine Effectiveness of a Bubble Screen

(C) bk. Considerable effort was devoted to developing a generalized
solution of the bubble screen problem, one that would permit quantitative
assessment of the screen's effectiveness. A dimensional analysis was ac-
complished, and from it the plots shown in figs. 24 and 25 were developed;
these plots represent as near a general solution as can presently be de-
termined. The following equations, determined by the method of approxi-

mation, fit the data sufficiently well to represent a general solution.

L
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For pressure,

pl cTsKso 1
Ty "y x 100 | B o
fw'l v X 10 c’s sg + 0.1k
v X 10
and for energy,
el AcTs}\so 1
(efwjl T v X lO5 A Ts)tso (2)
——C-—-——5+o.o7
v x 10

p)

In the above equations Vv x 10 is the kinematic viscosity of water at
68 F (prevailing temperature), and its units are ftg/sec. As is the
case with all equations arrived at by empirical means, certain limitations

must be imposed; these are that:

RO/w1/3 > 3

0<L /T <12
s’ 8 ™

A TX
c 8 80

0.01 < 5
v X 10

<1.0

Similar efforts to rationalize the impulse results were not attempted,

primarily because of the scatter associated with these data. (C)

* S
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Behavior of the Shock Wave Behind the Screen

(C) 45. 1In order to predict either the peak pressure or energy at
locations‘behind the screen, the attenuation of each parameter with dis-
tance must be determined. The attenuation of peak pressure with distance
behind the screen was determined by superimposing or overlaying a slope
chart onto the pressure-distance plots in plates 5-37. The attenuation of
energy with distance was evaluated in a similar manner from pencil plots
of the energy versus distance ()). Results of these determinations are
presented in the tabulation on the following page. A similar effort to
predict impulse was not attempted because of the scatter associated with
these measurements. (C)-

(C) 46. Efforts were made to correlate attenuation rates (charac-
teristic slope of the plotted points) with air content; with a dimension-
less parameter, 52— ; and with the product of the air content and screen
thickness. These correlations were attempted both with and without regard
to the depth of the gage array, but were not successful. The plots indi-
cated that although there were considerable variations in the values of
ep and ne, they seem to hover about a mean regardless of other factors.
This implies that the attenuation rates behind the screen are not affected
by parameters of the bubble screen. (C)

(C) 47. It was therefore decided to compute averages for the atten-
uation rates and to use these averages in establishing the pressure or
energy magnitude behind the screen. (The pressure and energy immediately
behind the screen may be computed from equations 1 and 2, respectively.)
The average attenuation rate for pressure was calculated to be -3.1. By
statistical methods it can be inferred that a single attenuation rate will
lie between -1 and -5 with a confidence level of 95%. Similarly, the
average of the energy attenuation rate was -4.7, and its standard devia-
tion infers that a single attenuation rate will lie between -1 and -8.
Therefore, the procedure for determining the shock-wave parameter immedi-
ately behind the screen and at other distances behind the screen is:

a. Compute the shock-wave parameter immediately behind
the screen using equations 1 and/or 2.

b. On log-log paper, lay off the slope of -3.1 or =47
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(C) Approximate Attenuation Rates of Pressure

and Energy Behind the Screen
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(depending on whether the graph is for pressure or
energy) through the value of the pressure or energy
computed in step a. The lines thus drawn determine
the level of pressure and energy out to as great a
distance as A = 15. (C)

(C) 48. Although the average values of n, and n_ are recommended in
the above procedure, the statistical implications of the attenuation rates
verying from -1 to -5 for pressure and -1 to -8 for energy should not be
overlooked. Depending on the use of these data, it may be desirable to
use the -1 value defensively and the higher rates for offensive

planning. (C)

Damage Mechanism and How It lIs Affected by
Pressure, Impulse, and Energy

(U) b9. For some time, extensive efforts have been put forth to dis-
cern the interrelation between the explosion forces and the structural
response of any given target. Quantitatively, the manner in which these
forces (pressure, impulse, and energy) damage a given target cannot be
assessed independently of the nature, mass, and strength of the target
structure. Qualitatively, if the duration of a shock wave is assumed to
be somewhat longer than the natural period of the structure, it will re-
spond as though the loading were a static load andVdamage will depend
directly on the pressure applied. If the pressure is sufficiently great
to produce collapse of a structural frame, or to rupture outer shells,
damage will result. If, however, the loading duration is short compared
to the structure's natural period, the damage criteria will depend on the
impulse and/or energy of the shock wave. Here again the critical level of
impulse and energy depends upon the nature, mass, and strength of the
structure as well as upon its elastic properties. (U)

(U) 50. Generally, impulse is the important consideration in de-
termining damage to large, rigid underwater structures, whereas energy ap-
pears to be the better criteria for determining damage to underwater
structures that can accept relatively large plastic deformatlons Al
though these seem to be general trends, it must be emphasized that a clear

separation of the roles of impulse and energy in the damage mechanism has
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not been formulated, although in recent months the energy of the shock
wave has been considered with greater emphasis for targets typical of an
underwater environment (mainly ship hulls). For this reason the bubble
screen gains considerable stature as a means of mitigating the effective-
ness of underwater shock in that it reduces significantly both the peak

pressure and energy of a given shock wave. (U)




(C) 51.

marized below:
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PART V: CONCLUSIONS AND RECOMMENDATION

Conclusions

The conclusions reached as a result of this study are sum-

a.

o’

el

Reproducibility of results. Considering the possible
causes of scatter in the measurement of water-shock
parameters, the uncertainty of the bubble screen bound-
aries at the instant of charge detonation, and that a
minimum of data was obtained and evaluated for a number
of the tests, the data are believed to be generally re-
producible. For the free-water/free-field tests the
water~shock measurements on an average basis showed
that the standard deviation of the mean was approxi-
mately 4% of the observed average peak pressure, 6% of
the observed average reduced impulse, and 11% of the
observed average reduced energy. The standard devia-
tion of a single observation amounted to approximately
8% of the average peak pressure, ll% of the average re-
duced positive impulse, and 21% of the average reduced
energy. For the tests made with the bubble screen in
operation, the standard deviation of the mean was ap-
proximately ll% of the observed average peak pressure
and reduced impulse, and 17% of the observed average
reduced energy. The standard deviation of a single ob-
servation for the bubble screen tests was 20% for peak
pressure, 22% for reduced positive impulse, and 33% for
reduced energy.

Effect of test basin boundary conditions. For the test
geometries used, the results of the free-water/free-
field tests indicated that no reflections or other sig-
nificant irregularities, due to the houndaries of the
basin, affected the test results. Reflections and
perturbations from the basin boundaries were noted at
times too late to influence the signature of the in-
cident shock waves.

Effect of bubble screen thickness. In evaluating the
relative effectiveness of bubble screens of various
thicknesses, it is also necessary to consider the air
content of the screens or the volume of air supplied to

_ the screens. These properties of the bubble screen are

interrelated in such a way that one cannot be considered
without the other. The results of this study indicate
that, for the screen thicknesses tested and air quanti-
ties used, varying the bubble screen thickness had no
significant effect on the water-shock parameters
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el

o

b

measured provided the volume of air (cubic feet per
second per linear foot of screen) remained unchanged.

It was also noted that when the ratio of the physical
length of the shock wave to the screen thickness

(LS/TS) varied between 1.6 and 9.8, screen effective-
ness in producing reductions in the pressure and energy |
was unhampered.

Effect of bubble screen air flows. Reductions in the
peak pressure and reduced energy parameters varied
directly with the bubble screen air flows. The magni-
tude of the pressure reductions ranged approximately
from 10 to T5% of the free-water values with air flows
ranging from 0.04 to 0.10 cfs per linear foot of screen
for the gages positioned at middepth, while the gages
positioned near the water surface experienced reduc-
tions varying from 20 to 95% with the same air flows.
Energy reductions ranged approximately from 20 to 80%
of the free-water values with air flows ranging from
0.04 to 0.10 cfs per linear foot of screen for the
gages positioned at middepth, while reductions ranging
from 50 to 95% were noted by the gages positioned near
the water surface with the same air flows. It is sig-
nificant to note that the bubble screen manifests its
greatest effectiveness in attenuating both pressure and
energy when

AT A
cC S SO

0.01 < 5
v X 10

< 1.0

The impulse parameter was also affected by the various
air flows; however, the extent of the reductions
achieved could not be stated in such generalities.

Effect of stand-off distance. Two stand-off distances,
6 and 12 ft, were used during the tests, with the ma-
Jority of tests made with the screen at the 6-ft stand-
off distance. Results indicated that the screen was
approximately 15% more effective at the 12-ft stand-
off distance than at the 6-ft distance. This differ-
ence was more spparent at the lower air flows used, and
the difference gradually diminished as the air flow in-
creased so that at the higher air flows very little
difference was noted. Qualitatively, this indicates
that a given bubble screen will be more efficient in
effecting reductions in pressure and energy when the
shock wave behaves more nearly as a sonic wave.

Variation of effects with gage depth. Slightly larger
reductions (10 to 15%) in peak pressure and reduced
energy were obtained at the one-quarter depth gages
than at the gages positioned at middepth. Peak pres-
sure reductions 30% larger and reduced energy reductions
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45% larger were obtained at the gages 0.25 ft below the
water surface than were obtained at the middepth gages.
The differences in effects between the middepth and
one-quarter depth gages were attributed to differences
in test geometry. The differences in effects between
the middepth gages and the gages positioned 0.25 ft
below the water surface were attributed to the surface-
cutoff effects and differences in test geometry which
combined with the bubble screen effects to cause much
larger reductions in peak pressure and reduced energy
near the surface than at middepth.

General solution. The following empirical equations
can be utilized to determine the peak pressure and
shock-wave energy immediately behind a bubble screen:

pl AcTs-')\so 1
). -t~ 5 |ATx (1)
fw'l v X 10 c's s; + 0.1L
v X 10
el AcTs}\so 1
(ef‘wjl=l_v 10° | A Tets (2)
X —E—E——% + 0.07
v X 10

In order for the above equations to be meaningful, the
following limitations are imposed:

0<L /T <12
S S

ATA

C g SO
v X lO5
The attenuation of pressure and energz behind the
screen varies inversely as A3-1 and A4.T, respectively.
The ranges of the respective exponents are discussed
in paragraph LT.

0.01 < < 1.0

Comparison of WES results with other work. All avail-
able reportsl;2:3 concerning similar bubble screen
work were reviewed, and efforts were made to compare
the published results with the results of this study.
Although each of the referenced studies indicated that
significant reductions in peak pressure could be
achieved, the geometries of the tests, charge sizes,
and air flows used were such that no direct comparisons
were possible. (C)
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Recommendation

(U) 52. It is recommended that investigations be made to determine
the shock-attenuation properties of aerated materials. Solids of an air-
cellular structure such as plastic foam, sponge rubber, etc., would be of
primary interest. Such materials could be used to form a "fixed screen,"
thereby eliminating the ancillary equipment needed to keep a bubble screen
in operation. These materials would alsd lend themselves to flexibility

in screen geometry and an accurate determination of the air content per

unit volume. (U)
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Table 1

Results of Water-Shock Measurements
Free Water Condition
Water Depth - 18 ft Gages at Middepth

Reduced Positive Reduced Fositive
Averages ' Peak Impulse Reduced Energy Duration Time of
and Shot Pressure o 1/3 5 1/3 1/3 Arrival
Deviations No. psi 1b-ms/in./1b™/ O* in.-1b/in. “/10"/ 2% ms/1b™/ Fxx ms
Distance, Charge to Gage, 4.00 ft (A = 2.00)
2 9800 660 580 0.37 0.68
3 9000 800 720 0.58 0.65
Average 9400 730 650 0.48 0.66
Distance, Charge to Gage, 4.75 £t (A = 2,38)
2 8800 T00 620 0.43 0.80
3 8100 730 650 0.53 0.78
I 8400 640 koo 0.1 0.77
Average 8400 690 560 0.4 0.78
O 200 26 72 0.037 0.009
cm% 2.4 3.8 13 8.0 1.2
o 350 L6 120 0.064 0.015
o% h,2 6.6 21 1h 2.0
Distance, Charge to Gage, 5.50 ft (X = 2.75)
2 7400 590 =) 0.48 0.95
3 7200 650 430 0.52 0.93
L 7100 620 390 0.50 0.89
Average 7200 620 410 0.50 0.92
g 91 17 12 0.036 0.018
o 1.3 2.8 2.9 7.2 1.9
& 160 30 21 0.062 0.031
o% 2.2 4.8 5.1 12 3.4
Distance, Charge to Gage, 6.25 £t (A = 3.12)
3 kooo 480 230 0.58 1.09
L 5600 530 270 0.53 1.06
Average 5200 500 250 0.56 1.08
Distance, Charge to Gage, 7.00 £t (A = 3.50)
2 5000 460 240 0.53 1.32
3 k500 Y70 220 0.58 1.20
4 k800 Léo 200 0.hg 1.23
Average 14800 460 220 0.53 1.25
o 150 b1 12 0.026 0.036
) 3.1 0.9 5.4 k.9 2.9
- 260 7.1 21 0.0k5 0.062
o% 5.3 1.5 9.5 8.5 5.0
Distance, Charge to Gage, 7.75 ft (X = 3.88)
2 4600 k70 230 0.62 1.45
3 k700 Loo 180 0.43 1.38
L 4500 380 160 0.45 1.0
Average 4600 h20 190 0.50 1.1
o 58 27 21 0.060 0.021
o 1.2 6.5 11 12 1.5
oM 100 47 36 0.10 0.036
% 2.2 11 19 21 2.6

(Continued)

* Integrated to 6.76, where 0 is the time constant associated with the decay rate of the shock wave.
** Measured to 6.76.
(1 of 4 sheets)
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Table 1 (Contimued)

Reduced Positive

Reduced Positive

Averages Peak . Time of
and Shot Pressure Impul;e 1/3 Reduced gner§§3 Durati7g Arrival
Deviations No. _psi 1b-ms/in.“/1b in.-1b/in.“/1b ms/1b us
Distance, Charge to Gage, 8.50 ft (X = L4.25)
2 3600 370 140 0.60 1.60
3 k600 400 140 0.4k 1.54
n 4800 400 170 0.51 1.53
Average 4300 390 150 0.52 1.56
) 370 10 10 0.046 0.022
o, 8.6 2.6 6.7 8.8 1.k
- 640 17 17 0.080 0.038
o%b 15 Lb 11 15 2.4
Distance, Charge to Gage, 9.25 £t () = 4.62)
2 3600 340 100 0.54 1.67
3 3600 300 85 0.k6 1.67
i 3600 k2o 130 0.58 1.66
Average 3600 350 100 0.53 1.67
g 35 1h 0.035 0.004
o, 10 1k 6.7 0.3
M 61 ol 0.061 0.008
o%b 17 2k 12 0.5
Distance, Charge to Gage, 10.00 ft (A = 5.00)
2 3200 300 80 0.68 1.79
3 3900 300 90 0.37 1.80
4 3600 280 90 C.45 1.57
13 3600 350 120 0.58 1.82
1k 3400 350 90 0.57 1.80
Average 3500 320 o1 0.53 1.76
g 120 14 6.8 0.054 0.0k7
o, 3.k k.5 7.2 10 2.6
o 260 32 15 0.12 0.10
% 7.6 10 16 23 5.9
Distance, Charge to Gage, 10.75 ft (X = 5.38)
2 3300 330 85 0.53 1.94
3 2800 250 65 0.58 1.94
b 3300 260 70 0.hh 1.75
13 3300 320 75 0.54 1.99
1k 2900 340 100 0.57 1.96
Average 3100 300 79 0.53 1.92
g 110 19 6.2 0.025 0.043
o, 3.6 6.2 7.8 4.7 2.2
e 250 b2 14 0.056 0.095
o% 8.1 14 18 10 5.0
Distance, Charge to Gage, 11.50 ft (A = 5,75)
2 3200 320 100 0.53 2.12
3 2700 280 75 0.62 2.06
I 2900 260 65 0.52 2,08
13 3200 320 90 0.58 2.1k
1k 2600 300 70 0.62
Average 2900 300 80 0.57 2.10
a 120 12 6.5 0.022 0.018
% 4.3 3.9 8.1 3.8 0.9
» 280 26 1k 0.048 0.036
0% 9.6 8.8 18 8.4 1.7

(Continued)
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Table 1 (Continued)

Reduced Positive Reduced Positive

Averages Peak Time of
and Shot Pregsure Impul;e l/ Reduced gner§§ Duration Arrival
Deviations No. psi 1b-ms/in.=/1b 3 in.-1b/in.“/1b 3 ms/1b 3 ms
Distance, Charge to Gage, 12.25 £t (X = 6.12)
2 2900 300 95 0.60 2.23
3 2900 250 70 0.58 2.23
I 2600 260 55 0.58 2.17
Average 2800 270 73 0.59 2.21
o 100 15 12 0.007 0.020
o 3.6 5.6 16 1.2 0.9
o 170 26 21 0.012 0.035
ot 6.2 9.8 28 2.1 1.6
Distance, Charge to Gage, 13.00 £t (A = 6.50)
2 2600 260 55 0.56 2.37
3 2600 260 60 0.60 2.4
I 2700 280 70 0.59 2.43
13 2100 190 50 0.60 2,44
1k 2300 300 kg 0.66 2.41
Average 2500 260 57 0.60 2.4
o 110 18 3.8 0.016 0.039
) 4.6 7.1 6.7 2.7 1.6
- 250 41 8.5 0.036 0.087
o% 10 16 15 6.0 3.6
Distance, Charge to Gage, 13.75 £t (X = 6.88)
2 2500 260 €0 0.60 2.46
3 2500 260 55 0.58 2.55
L 2400 220 43 0.56 2.57
13 2600 320 85 0.75 2.59
1h 2400 260 60 0.62 2.51
Average 2500 260 61 0.62 2.54
o 39 16 6.8 0.03k4 0.023
"% 1.5 6.2 11 5.4 0.9
" 87 36 15 0.075 0.052
% 3.5 1k 25 12 2.0
Distance, Charge to Gage, 14.50 £t (X = 7.25)
2 2200 220 Lo 0.60 2,76
3 2000 160 27 0.45 2.72
I 2200 220 Lo 0.52 2.70
13 2600 300 43 0.53 2.73
14 2400 300 70 0.66 2.72
Average 2300 240 TS 0.55 2.73
o 100 27 7.0 0.036 0.010
%% L.l 1 15 6.6 0.k
e 230 60 16 0.081 0.022
oh 10 25 3k 15 0.8
Distance, Charge to Gage, 15.25 ft (X = 7.62)
2 2100 220 L 0.64 2.88
3 2200 240 4s 0.53 2.82
L 2100 220 40 0.56 2.85
13 2200 2h0 48 0.62 2.87
14 1700 220 38 0.68 2,93
Average 2100 230 43 0.61 2.87
o 95 5.0 1.8 0.027 0.018
o k.s 2.2 k.2 4.5 0.6
o 210 11 1.0 0.061 0.041
% 10 k.9 9.3 10 1.k

(Continued)
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Table 1 (Concluded)

3
Averages Peak Reduced Positive Reduced Positive Time of
g Impulse Reduced Energy Duration
and Shot Pressure 5 1/3 > 1/3 l/3 Arrival
Deviations No. psi 1b-ms/in./1b in.-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 16.00 ft (X = 8.00)
13 1900 140 27 0.hk 3.03
14 2100 200 37 0.57 2.99
Average 2000 170 32 0.50 3.01
Distance, Charge to Gage, 16.75 ft (A = 8.38)
13 2000 220 33 0.57 3.17
Distance, Charge to Gage, 17.50 ft (N = 8.75)
13 1700 1580 2l 0.52 3.33
14 2000 220 L1 0.63
Average 1800 200 32 0.58 3.33
Distance, Charge to Gage, 19.00 £t {A = 9.50)
13 1700 180 25 0.52 3.62
Distance, Charge to Gage, 19.75 £t (A = 9.88)
13 1600 160 22 0.58 3.74
14 1600 200 36 0.68 3.73
Average 1600 180 29 0.63 3.7k
Distance, Charge to Gage, 20.50 ft (A = 10.25)
13 1900 180 23 0.52 3.92
14 1700 200 ho 0.66 4,07
Average 1800 190 32 0.59 4.00
Distance, Charge to Gage, 21.25 £t (A = 10.62)
13 1600 160 20 0.52 4,08
1 1500 180 25 0.60 4,13
Average 1600 170 22 0.56 4,10

(4% of L4 sheets)



Table 2

S

Results of Water-Shock Measurements

Free

Water Depth - 18 ft

Water Condition

Gages at One-Quarter Depth

Averages

Peak

Reduced Positive

Reduced Positive

Time of

T o T Y NN Tt N o
Distance, Charge to Gage, 6.02 £t (X = 3,01)
;B %o % o:3l st
Average 6400 600 360 0.56 0.98
Distance, Charge to Gage, 6.5k ft (X = 3.27)
5 6000 540 280 0.53 1.08
6 6100 570 330 0.52 0.97
Average 6000 560 300 0.52 1.02
Distance, Charge to Gage, 7.1l ft (X = 3.56)
é a0 i 2 0.5 126
Average 4800 460 180 0.52 1.24
Distance, Charge to Gage, 7.70 ft (A = 3.85)
5 5200 Lo 260 0.55 1.35
6 4300 4lo 200 0.63 1.34
Average 4800 Lho 230 0.59 1.34
Distance, Charge to Gage, 8.32 £t (2 = 4.16)
5 3700 Loo 140 0.58 l.he
6 3800 450 180 0.62 1.52
Average 3800 k20 160 0.60 1.kt
Distance, Charge to Gage, 8.96 ft (A = 4.u48)
5 Looo 350 120 0.50 1.58
6 4000 370 130 0.54 1.58
Average Looo 360 120 0.52 1.58
Distance, Charge to Gege, 9.62 ft (A = L.81)
5 3700 360 140 0.57 1.71
6 3200 380 110 0.60 1.7h
Average 3400 370 120 0.58 1.72
Distance, Charge to Gage, 10.29 ft (A = 5.14)
5 3500 390 130 0.66 1.86
6 3100 340 100 0.62 1.85
Average 3300 360 120 0.64 1.86

(Continued)

* Integrated to 6.76, where 6

** Measured to 6.76.

is the time constant associated with the decay rate of the shock wave.

(1 of 4 sheets)



Table 2 {Continued)

Averages Peak Reduced Positive Reduced Positive Time of
Impulse Reduced Energy Duration
and Shot Pressure o 1/3 5 1/3 1/3 Arrival
Jeviations No. psi 1b-ms/in./1b in.~1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 10.97 ft (A = 5.48)
5 2900 270 70 0.52 1.97
6 3500 340 70 0.hg 1.98
11 3300 300 85 0.56 1.85
12 3200 ‘ 320 130 0.56 2.01
\verage 3200 310 89 0.53 1.95
. 130 15 1k 0.017 0.035
3% 3.9 4.8 16 3.2 1.8
~ 250 30 28 0.034 0.070
by 7.9 9.7 32 6.4 3.6
Distance, Charge to Gage, 11.65 £t (A = 5.82)
5 2900 280 75 0.52 2.10
6 3200 290 90 0.52 2.11
11 2700 290 75 0.62 1.86
12 3000 . 310 80 0.62 2.13
tverage 3000 290 80 0.57 2.05
b1 110 6.5 3.5 0.029 0.06k
e, 3.6 2.2 L.k 5.0 3.1
e 200 13 7.0 0.058 0.127
% 7.2 k.5 8.8 10 6.2
Distance, Charge to Gage, 12.35 £t (M = 6.18)
5 2500 300 55 0.63 2.23
6 2900 350 120 0.61 2.25
11 2700 300 55 0.57 2.21
12 3000 290 80 0.58 2.31
Average 2800 310 78 0.60 2.25
a 110 11 12 0.014 0.022
o, 4.0 3.6 15 2.3 1.0
o™ 220 22 ol 0.028 0.043
% 8.0 7.2 31 4.6 1.9
Distance, Charge to Gage, 13.05 ft (A = 6.52)
5 2800 260 55 0.45 2.37
6 2300 220 55 0.60 2,39
11 2400 260 36 0.62 2,38
Average 2500 250 4g 0.56 2.38
o 150 13 6.3 0.054 0.001
% 6.1 5.4 13 9.6 0.3
>” 260 23 11 0.093 0.001
o% 10 9.4 22 17 0.k
Distance, Charge to Gage, 13.76 £t (A = 6.88)
5 2400 240 39 0.50 2,51
6 2900 260 70 0.52 2.58
11 2100 300 50 0.76 2.48
12 2100 280 60 0.8 2.57
Average 2400 270 55 0.6k4 2.54
g 190 13 6.6 0.079 0.024
% 7.9 4.8 12 12 0.9
- 380 26 13 0.157 0.048
o% 16 9.6 ok 2y 1.9

. (Continued)
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Table 2 (Continued)

Reduced Positive Reduced Positive
Averages Peak TImpulse Reduced Energy Duration Tim? of
and Shot Pressure > 1/3 5 1/3 1/3 Arrival
Deviations No. psi 1b-ms/in.“/1b in,-1b/in,.%/1pb ms/1b ms
Distance, Charge to Gage, 1h.k7 £t () = 7.24)
5 2200 2ko 36 0.54 2.63
6 2000 240 55 0.72 2.68
11 2200 260 L6 0.61 2.65
12 2300 260 55 0.61 2.67
Average 2200 250 48 0.62 2.66
g 64 5.8 4,5 0.037 0.011
% 2.9 2.3 9.4 6.0 0.4
& 130 11 9.0 0.07h 0.022
% 5.9 4.6 19 12 0.8
Distance, Charge to Gage, 15.18 ft (X = 7.59)
5 2500 240 3k 0.50 2.82
6 2000 230 55 0.68 2.76
11 1700 210 3L 0.64 2.83
Average 2100 230 41 0.61 2.80
o 230 9.1 7.0 0.055 0.022
o 11 k.0 17 9.0 0.8
& 410 16 12 0.095 0.038
o 19 6.9 30 16 1.k
Distance, Charge to Gage, 15.90 ft (X = 7.95)
5 1800 220 39 0.6k4 2.94
6 2000 250 43 0.72 2.92
11 2200 200 18 0.52 2.93
12 2100 2ho- Lo 0.6k 3.03
Average 2000 230 L2 0.63 2.96
g 87 11 2.0 0.041 0.026
% 4.3 4.9 4.8 6.6 0.9
S 170 22 4.0 0.083 0.051
% 8.7 9.7 9.5 13 1.7
Distance, Charge to Gage, 16.62 £t {\ = 8.31)
11 2400 210 33 0.57 2,92
12 1700 140 32 0. Lk 3.12
Average 2000 180 32 0.50 3.02
Distance, Charge to Gage, 17.34 £t () = B.67)
12 1800 260 4o 0.7k 3.29
Distance, Charge to Gage, 18.07 ft (A = 9.04)
11 1800 220 29 0.71 3.40
12 1600 180 21 0.62 3. Lk
Average - 1700 200 25 0.66 3.42
Distance, Charge to Gage, 18.80 ft (A = 9.40)
11 1500 160 17 0.68 3.5k
12 1600 200 28 .74 3.55
Average 1600 180 22 0.71 3.5h4

(Continued)
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Table 2 (Concluded)

Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure 2, 1 /3 2,1 /3 1 /3 Arrival
Deviations No. psi 1b-ms/in.“/1b in,~1b/in.“/1b ms /1b ms
Distance, Charge to Gage, 19,53 £t (A = 9.76)
12 1500 160 22 0.61 3.72
Distance, Charge to Gage, 20.26 £t (A = 10.13)
1z 1500 180 24 0.74 3.82
Distance, Charge to Gage, 21.72 ft (A = 10.86)
11 1400 180 30 0.66 h.12
12 1600 170 22 0.59 b7
Average 1500 180 26 0.62 4.1k

(% of 4 sheets)



Table 3

Results of Water-Shock Measurements
Free Field Condition¥*

Water Depth - 18 ft Gages 0.25 ft Below Water Surface
Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure 5,1 /3 5, 1 /3 1 /3 Arrival
Deviations No. psi 1b-ms/in./1b in,-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 9.62 £t (A = L.81)
7 4200 120 90 0.05k4 1.70
8 3200 150 75 0.073 1.55
Average 3700 140 82 0.06h4 1.62
Distance, Charge to Gage, 9.96 £t (A = 4.98)
7 3800 120 80 0.050 1.77
8 3700 160 120 0.070 1.h47
Average 3800 140 100 0.060 1.62
Distance, Charge to Gage, 10.34 £t (} = 5.17)
7 3200 100 55 0.0L7 1.82
8 4100 180 110 0.064 1.78
Average 3600 140 82 0.056 1.80
Distance, Charge to Cage, 10.75 ft (X = 5.38)
7 3100 80 32 0.0k} 1.91
8 3800 140 85 0.062 1.86
Average 3400 110 58 0.053 1.88
Distance, Charge to Gage, 11.21 ft (X = 5.60)
7 3000 8 48 0.0L46 2.02
8 2500 85 30 0.059 1.90
Average 2800 82 39 0.052 1.96
Distance, Charge to Gage, 11.69 ft (X = 5.84)
T 3000 85 39 0.046 2.09
8 3200 110 60 0.056 2.17
Average 3100 98 50 0.051 2,13
Distance, Charge to Gage, 12.20 ft () = 6.10)
7 2800 80 55 0.045 2.26
8 3100 110 70 0.062 2.18
Average 3000 95 62 0.054 2.22
Distance, Charge to Gage, 12.73 £t (A = 6.36)
7 2500 55 22 0.048 2.34
8 3000 100 55 0.052 2.24
Average 2800 78 38 0.050 2.29

{Continued)

* "Free field" denotes the fact that boundary conditions affected the water-shock measurements obtained at the
stated depth. (1 of 4 sheets)
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Table 3 (Continued)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 / Reduced gner§7 Durat:iLc/)g Arrival
Deviations No. psi 1b-ms/in. /10 3 in.-1b/in.“/1b 3 ms/1b ns
Distance, Charge to Gage, 13.29 ft () = 6.64)
7 3100 85 38 0.040 2.41
8 2800 60 18 0.0k 2.27
9 2700 75 30 0.0k2 2.h4
10 2900 75 bt 0.042 2.45
Average 2900 Th 33 0.0k2 2.39
o 87 5.2 6.2 0.0008 0.0k2
o, 3.0 7.0 19 1.9 1.4
& 170 10 12 0.0016 0.066
o% 6.0 1 38 3.8 2.7
Distance, Charge to Gage, 13.86 £t (A = 6.93)
7 3300 85 Lo 0.0k4 2,52
8 2800 80 3k 0.0kk 2.42
9 2600 80 34 0.042 2.55
10 2700 55 22 0.034 2.57
Average 2800 75 32 0.041 2.52
o 160 6.8 3.8 0.0024 0.033
oy, 5.6 9.0 12 5.8 1.3
™ 320 1h 7.6 0.0048 0.067
o% 11 18 2h 12 2.6
Distance, Charge to Gage, 1h.45 £t (A = 7.22)
7 2700 60 28 0.037 2.56
8 2300 75 32 0.045 2,53
9 2300 55 23 0.0kk 2.66
10 2600 45 16 0.037 2.66
86 2400 70 27 0.0k 2.77
Average 2500 61 25 0.0k1 2.6k
o 8k 5.3 2.7 0.0018 0.0k2
oy 3.4 8.8 11 bk 1.6
o 190 12 6.0 0.0041 0.094
o%b 7.5 20 2k 9.9 3.6
Distance, Charge to Gage, 15,05 £t (M = 7.52)
7 2100 49 17 ” 0.034 2.68
8 2200 60 33 0.04k 2.73
9 2300 55 20 0.040 2.78
10 2300 48 16 0.032 2.82
86 2300 70 26 0,054 2.88
Average 2200 56 22 0.0k1 2,78
g 45 k.0 3.2 0.0039 0.035
o 2.0 7.2 1k 9. 1.3
M 100 8.9 7.2 0.0088 0.078
o% 4.6 16 33 21 2.8
Distance, Charge to Cage, 15.67 £t (A = 7.84)
T 2300 50 19 0.0ko 2.89
8 2100 50 10 0.052 2.88
9 1800 42 19 0.043 2.93
10 1800 4o 12 0.0k2 2.91
86 1900 55 16 0,044 3.00
Average 2000 L7 15 0.04k 2.92
a 97 2.8 1.8 0.0020 0.021
Ca) .9 5.9 12 L6 0.7
e 220 6.2 k.0 0.0046 0.0h7
o% 11 13 27 10 1.6
(Continued)
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Table 3 (Continued)

Averages Peak Reduced Positive Reduced Positive Time of
& Impulse Reduced Energy Duration
and Shot Pressure 5, 1 /3 5,1 /3 1 /3 Arrival
Deviations No. psi 1b-ms/in.“/1b in,~1b/in.“/1b ms /1o ms

Distance, Charge to Gage, 16.30 £t (X = 8,15)

7 2100 L8 20 0.0k2 3.03
8 1800 50 17 0.050 3.09
9 2200 46 20 0.036 3.06
10 2100 L6 1h 0.039 3.00
86 2500 55 19 0.042 3.10
Average 2100 49 18 0.0k2 3.06
a 110 1.7 1.1 0.0023 0.019
% 5.4 3.k 6.1 5.6 0.6
M 250 3.7 2.4 0.0052 0.0h2
o% 12 7.6 13 12 1.4
Distance, Charge to Gage, 16.94 £t (X = 8.47)
7 1900 50 22 0.036 3.22
8 1900 50 18 0.0k0 3.1h
9 1900 43 13 0.043 3.22
10 1900 42 14 0.0h1 3.16
86 1900 40 12 0.036 3.27
Average 1900 45 16 0.039 3.20
o 2.1 1.9 0.001k 0.023
] L7 12 3.6 0.7
& k.7 k2 0.0031 0.052
o% 10 26 8.0 1.6
Distance, Charge to Gage, 17.58 ft (X = 8.79)
7 1800 35 10 0.028 3.35
8 2100 48 13 0.0k42 3.3h
9 2100 L7 11 0.0kk 3.30
10 2000 34 8.0 0.034 3.4t
86 1900 ko 11 0.038 3.36
Average 2000 41 11 0.037 3.36
o 59 2.9 0.8 0.0029 0.028
o) 3.0 7.1 7.3 7.8 0.8
& 130 6.5 1.9 0.006k 0.06k4
% 6.6 16 17 7 1.9
Distance, Charge to Gage, 18.24 £t (X = 9.12)
9 1800 35 13 0.029 3.57
10 2000 38 1k 0.032 3.43
Average 1900 36 14 0.030 3.50
Distance, Charge to Gage, 18.90 ft (X = 9,L45)
9 2000 Lo 18 0.0L42 3.59
10 1900 38 1h 0.036 3.57
Average 2000 39 16 0.039 3.58
Distance, Charge to Gage, 19.56 ft (X = 9.78)
9 1700 2k 8.0 0.0k2 3.68
10 1800 L 14 0.038 3.67
86 1600 29 ) 0.038 3.78
Average 1700 32 9.8 0.039 3.71
g 58 6.0 2.1 0.001k4 0.035
g 3.4 19 21 3.5 0.9
M 100 10 3.6 0.0023 0.061
% 5.8 32 37 6.0 1.6
"' (Continued)
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Table 3 (Concluded)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impu;se l/ Reduced gner§§ Durati7n Arrival
Deviations No. psi 1b-ms/in./1b 3 in.-1b/in.“/1b 3 ms/1b 3 ms
Distance, Charge to Gage, 20.24% £t (X = 10.12)
9 1400 27 9.0 0.038 3.8
10 1600 32 8.5 0.034 3.84
86 1800 27 8.5 0.026 3.92
Average 1600 29 8.7 0.033 3.85
o 120 1.7 0.2 0.0035 0.035
o 7.2 5.8 2.0 11 0.9
o 200 2.9 0.3 0.0061 0.061
o% 12.5 10 3.k 19 1.6
Distance, Charge to Gage, 20.92 £t () = 10.L46)
9 1500 26 5.5 0.053 4,09
10 1700 28 7.0 0.0h2 3.99
86 1%00 26 6.5 0.046 4,08
Average 1500 27 6.3 0.0k47 k.05
o 91 0.7 0.4 0.0032 0.031
oo 6.1 2.6 7.0 6.8 0.8
™ 160 1.2 0.8 0.0056 0.053
% 10 k.5 12 12 1.3
Distance, Charge to Cage, 21.60 £t (A = 10.80)
9 1600 27 5.5 0.039 4.08
10 1800 26 8.0 0.039 4.06
86 1200 2L 6.0 0.049 4,19
Average 1500 .26 6.5 0.0k2 4,11
o 180 1.0 0.8 0.0033 0.040
% 12 3.8 12 8.0 1.0
o~ 310 1.7 1.3 0.0058 0.070
% 20 6.7 20 1k 1.7
Distance, Charge to Gage, 22.29 £t (A = 11.14)
9 1500 28 5.0 0.0k0 k.27
10 1500 36 6.5 0.054 4,22
86 1200 16 2.0 0.032 k.o
Average 1400 27 4.5 0.0k2 4.30
a 91 5.8 1.3 . 0,006k 0.054
% 6.5 22 29 15 1.2
- 160 10 2.3 0.0111 0.093
o% 11 37 51 26 2.2
Distance, Charge to Gage, 22.98 ft (M = 11.49)
9 1600 23 3.5 0.036 k.36
10 1300 27 7.0 0.036 h.27
Average 1ko0o 25 5.2 0.036 4.32
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Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft Gages at Middepth
Alr Content of Screen, 0.0014 cfs of Air per sq f't of Screen Stand-Off Distance, 6 ft
. Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure > 1/3 P 1/3 1/3 Arrival
Deviations No. psi 1b-ms/in.=/1b in,-1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 4.00 ft (M = 2.00)*

20 10,000 750 610 0. bkt 0.69
31 8,500 750 540 0.48 0.65
52 11,000 850 940 0.49 0.66
Average 9,800 780 700 0.47 0.67
T 730 33 390 0.015 0.012
g% 7.k k.3 56 3.2 1.8
& 1,300 58 680 0.026 0.021
o% 13 an 97 5.6 3.2
Distance, Charge to Gage, 4.75 ft (A = 2.38)%
20 9,500 700 580 0.uh 0.78
27 8,200 800 Lo 0.59 0.78
31 7,100 700 270 0.52 0.82
52 10,000 700 660 0.52 0.79
Average 8,700 720 kg0 0.52 0.79
Oy 650 25 86 0.031 0.010
cm% 7.5 3.5 18 5.9 1.2
g 1,300 50 170 0.061 0.019
o% 15 7.0 35 12 2.4
Distance, Charge to Gage, 5.50 £t (X = 2.75)%
20 6,300 600 180 0.46 0.94
27 7,500 700 520 0.h9 0.93
31 7,700 650 450 0.50 0.95
52 9,300 800 640 0.51 0.9k
Average 7,700 690 k50 0.49 0.94
g 610 43 97 0.011 0.00k
Sy 8.0 6.2 22 2.2 0.4
o 1,200 85 190 0.022 0.008
o% 16 12 43 k.4 0.9
Distance, Charge to Gage, 6.25 ft (X = 3.12)
20 6,700 Lo 2ho 0.350 1.10
27 6,500 480 260 0.450 1.08
31 6,100 550 280 0.419 1.10
52 8,200 750 510 0.479 1.10
Average 6,900 560 320 0. Lok 1.10
o, L60 69 63 0.0277 0.005
g % 6.6 12 20 6.5 0.5
& 900 140 130 0.0554 0.012
o% 13 25 39 13 1.0
Distance, Charge to Gage, 7.00 ft (X = 3.50)
20 4,800 380 240 0.362 1.25
31 5,400 Lro 160 0.570 1.26
52 8,100 750 510 0.455 1.22
Average 6,100 530 300 0.h462 1.2k
o 1,000 110 110 0.0601 0.012
0% 17 21 35 13 1.0
o 1,800 190 180 0.1041 0.021
o% 29 36 61 22 1.7

(Continued)

* Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations

were integrated to 6.76. (1 of 4 sheets)




Table 4 (Continuedi

Reduced Positive Reduced Positive

Averages Peak X Time of
and Shot Pressure Impuése 1 / Reduced gner§§ Dumti;g Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.-1b/in.=/1b 3 ms/1b ms
Distance, Charge to Gage, 7.75 ft (A = 3.88)
20 4,000 300 100 0.307 1.37
27 3,600 - - R 1.38
31 4,200 L2o 140 0.k496 L.h2
52 5,600 600 290 0.540 1.36
Average 4, koo 140 180 C.448 1.38
On Lo 87 58 0.0715 0.013
v % 9.9 20 32 16 1.0
> 870 150 100 0.1238 0.026
% 20 34 56 28 1.9
Distance, Charge to Gage, 8.50 £t (A = 4.25)
20 3,400 410 120 0.498 1.56
27 4,200 600 180 0.938 1.51
31 3,700 550 120 0.859 1.58
Average 3,800 520 140 0.765 1.55
e 2ho 57 20 0.1354 0.021
d % 6.2 11 4 18 1.3
M 410 98 35 0.2345 0.036
% 11 19 25 31 2.3
Distance, Charge to Gage, 9.25 £t (A = 4.62)
20 3,200 300 84 0.410 1.68
27 3,800 430 93 0.764 1.66
31 3,100 450 90 0.708 1.72
52 3,900 Lo 130 0.530 1.69
Average i 3,500 Loo 99 0.603 1.69
o 200 35 10 0.0814 0.013
) 5.8 8.8 10 ik 0.7
& 410 71 20 0.1628 0.025
o% 12 18 20 27 1.5
Distance, Charge to Gage, 10.00 ft (* = 5.00)
20 3,900 k2o 110 0.602 1.82
27 3,300 320 69 0.614 1.83
31 2,100 390 75 0.588 1.91
52 3,300 310 67 0.478 1.84
Average 3,200 : 360 80 0.570 1.85
g 380 27 10 0.0313 0.020
o) 12 7.4 12 5.5 1.1
g 760 - 5k 20 0.0626 0.0k1
o% 2k 15 25 11 2.2
Distance, Charge to Gage, 10.75 ft (2 = 5.38)
27 3,100 300 66 0.596 1.98
31 2,100 k20 Th 0.802 2.0k%
52 2,600 260 51 0.548 2.03
Average 2,600 330 6l 0.649 2.02
O 290 L8 6.7 0.0779 0.019
o % 11 15 10 12 0.9
o 500 83 12 0.1349 0.032
o% 19 25 18 21 1.6

(Continued)
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Table 4 (Continued)

Reduced Positive Reduced Positive

Averages Peak Time of
and Shot Pressure Impu;se l/ Reduced gnerfy Durati7§ Arrival
Deviations No. psi 1b-ms/in.~ /1b 3 in.-1b/in.“/1b 3 ms/1b ms
Distance, Charge to Gage, 11.50 ft (X = 5.75)
20 2,900 390 8l 0.675 2.12
27 2,600 320 56 0.90k4 2.12
52 3,300 370 85 0.680 2.17
Average 2,900 360 75 0.753 2.1k
g 200 21 9.5 0.0755 0.017
% 7.0 5.8 13 10 0.8
& 350 36 16 0.1308 0.029
o% 12 10 22 17 1.h
Distance, Charge to Gage, 12.25 ft (A = 6.12)
o7 2,600 460 72 0.922 2.29
31 1,800 500 53 1.110 2.37
52 2,700 280 52 0.637 2.38
Average 2,400 k1o 59 0.890 2.35
o 290 68 6.5 0.1375 0.029
g 12 16 11 15 1.2
- 500 120 11 0.2382 0.050
o% 21 29 19 o7 2.1
Distance, Charge to Gage, 13.00 ft () = 6.50)
20 2,300 340 66 0.498 2.h2
o7 2,200 400 43 1.186 2.h42
31 980 300 Ly 1.053 2.51
52 2,400 250 Ly 0.602 2.48
Average 2,000 320 50 0.835 2.46
O 330 32 5.4 0.1680 0.022
cm% 17 9 11 20 0.9
o 660 6k 11 0.3360 0.045
ot 33 20 22 Lo 1.8
Distance, Charge to Gage, 13.75 ft (A = 6.88)
20 2,000 280 50 0.428 2.52
27 1,500 280 28 0.887 2.60
31 1,300 430 L8 1.004 "2.6h
52 2,300 320 50 0.859 2.63
Average 1,800 330 Ly 0.794 2.60
% 230 35 5.4 0.1261 0.027
g% 13 11 12 16 1.0
o 460 71 11 0.2522 0.054
% 25 22 ol 32 2.1
Distance, Charge to Gage, 14,50 £t (X = 7.25)
27 1,400 330 26 0.994 2.77
31 1,200 330 29 0.992 2.80
52 2,200 270 34 0.824 2.78
Average 1,600 310 30 0.937 2.78
g 310 20 2.4 0.0563 0.009
% 19 6.4 7.8 6.0 0.3
- 530 35 4.1 0.0975 0.016
% 33 11 1k 10 0.6

(Continued)
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Table 4 (Concluded)

Averages
and

Deviations

Average

Q

A%y

Shot

No.

31
52

Reduced Positive

Reduced Positive

Peak X Time of
Pressure Impu]g.se 1/3 Reduced gner?/r Duratlljn Arrival
psi 1b-ms/in.“/1b in.-1b/in.“/1b 3 ms/1b 3 ms

Distance, Charge to Gage, 15.25 £t (A = 7.62)
1,500 200 27 0.589 2.88
660 120 7.0 0.838 2.98
1,600 160 26 0.458 2.92
1,200 160 20 0.628 2.93
300 23 6.5 0.111h 0.029
25 1k 32 18 1.0
520 Lo 11 0.1930 0.051
43 25 56 31 1.7
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Table 5

-
Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft Gages at Middepth
Air Content of Screen, 0.004k4 cfs of Air per sq £t of Screen Stand-Off Distance, 6 ft
Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure 5.1 /3 2,1 /3 1 /3 Arrivel
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1p ms/1b ms

Distance, Charge to Gage, 4.00 ft (A = 2.00)*

15 9,900 800 720 0. 47 0.66
16 9,500 800 550 0.45 0.70
25 10,000 800 480 0.51 0.62
32 8,600 700 410 0.4 0.78
53 9,300 550 500 0.48 0.71
Average 9,500 730 530 0.47 0.69
G 790 kg 52 0.012 0.027
) 8.4 6.7 9.8 2.6 3.9
- 1,800 110 120 0.028 0.060
% 19 15 22 5.8 8.7
Distance, Charge to Gage, 4.75 £t (A = 2,38)x
15 7,700 700 430 0.49 0.80
16 7,800 700 520 0.53 -
25 7,800 800 220 0.50 0.75
32 7,300 550 310 0.48 0.82
53 7,700 600 310 0.52 0.86
Average 7,700 670 360 0.50 0.81
g 95 L 52 0.010 0.023
% 1.2 6.5 1k 2.0 2.8
e 210 97 120 0.021 0.0L6
% 2.8 14 32 h.2 5.6
Distance, Charge to Gage, 5.50 £t (A = 2.75)%
15 5,200 500 230 0.53 0.95
16 6,300 460 280 0.hh 0.99
25 7,400 700 420 0.52 0.89
32 6,900 550 340 0.55 0.93
53 6,800 550 340 0.60 1.01
Average 6,500 550 320 0.53 ' 0.95
g 370 41 32 0.026 0.022
g, 5.7 7.4 10 4.9 2.3
& 830 91 72 0.058 0.048
o% 13 16 22 11 5.1
Distance, Charge to Gage, 6.25 ft () = 3.12)
16 4,200 430 150 0. b7k 0.97
25 6,600 550 . 270 0.416 1.03
32 6,000 480 300 0.326 1.10
53 6,100 500 280 0.322 1.16
Average 5,700 490 250 0.384 1.06
[ 520 25 34 0.0369 0.042
o9 9.2 5.1 14 9.6 3.9
& 1,000 50 68 0.0738 0.083
o% 18 10 27 19 7.8

(Continued)

* Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations

were integrated to 6.76. (1 of 4 sheets)
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Table 5 (Continued)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 / Reduced gner%3/r3 Durati7r31 Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.-1b/in. /10 ms/1b ms
Distance, Charge to Gage, 7.00 ft (A = 3.50)
15 4,400 koo 170 0.396 1.20
16 4,600 400 160 0.386 1.22
25 5,300 Lho 200 0.450 1.18
32 5,100 hio 180 0.386 1.20
53 3,800 440 170 0.556 1.28
Average 4,600 Loo 180 0.435 1.22
o 270 9.2 Tl 0.0326 0.017
(] 5.8 2.2 3.9 7.5 1k
> 21 16 0.0729 0.039
o% 13 4.9 8.8 17 3.2
Distance, Charge to Gage, 7.75 £t (» = 3.88)
15 k4,200 . 3k 120 0.500 1.3
16 4,100 k20 130 0.648 1.37
25 k,900 380 140 0.537 1.37
32 3,400 470 97 0.896 1.k2
53 5,100 Leo 170 0.61h 1.42
Average 4,300 410 130 0.639 1.38
4 300 2k 12 0.0695 0.016
g 7.1 6.0 9.2 11 1.1
- 680 55 27 0.1554 0.035
% 16 13 21 24 2.6
Distance, Charge to Gage, 8.50 ft (} = k.25)
15 2,900 340 71 0.750 1.54
16 3,400 360 81 0.682 1.57
25 3,200 500 100 1.032 1.53
32 2,700 Lo Th 0.952 1.62
53 3,900 500 120 0.790 1.65
Average 3,200 ko 89 0.841 1.58
g 210 36 9.2 0.0652 0.023
o 6.5 8.2 10 7.8 1.5
e 460 81 21 0.1458 0.052
% 1 18 23 17 3.3
Distance, Charge to Gage, 9.25 ft (} = 4.62)
15 2,600 230 38 0.6kh 1.68
16 2,300 260 38 0.546 1.69
25 3,500 600 120 1.021 1.71
32 2,600 420 Th 0.723 1.73
53 3,400 1490 110 0.752 1.78
Average 2,900 400 76 0.737 1.72
g 240 70 17 0.0794 0.018
o 8.3 17 22 11 1.0
& 540 160 38 0.1775 0.040
o% 18 39 50 o 2.3
Distance, Charge to Gage, 10.00 £t (X = 5.00)
15 2,500 400 h 0.662 1.92
16 2,800 350 68 0.580 1.85
25 1,800 430 5k 0.959 1.89
32 2,300 390 52 0.887 1.97
Average 2,400 390 62 0.772 1.91
g 210 19 5.4 0.0500 0.025
% 8.8 k.8 8.7 12 1.3
o 420 37 11 0.1800 0.051
% 18 9.6 17 23 2.6

(Continued)
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Table 5 (Continued)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impu;se 1 / Reduced Ié]nerﬁ Durat;l-?g Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.~1b/in.“/1b 3 ms/1b ms
Distance, Charge to Gage, 10.75 ft (A = 5,38)
25 1,600 380 k5 0.792 2.03
32 2,500 320 k7 0.832 2.15
53 1,900 320 48 0.566 2.14
Average 2,000 340 W7 0.730 2.11
o 260 20 0.9 0.0828 0.038
% 13 5.9 1.9 11 1.8
e 460 35 1.6 0.1434 0.067
% 23 10 3.k 20 3.2
Distance, Charge to Gage, 11.50 ft (A = 5.75)
15 1,600 280 36 0.592 2.18
16 1,800 220 38 0.653 2.18
25 1,400 340 by 0.609 2.21
53 1,900 320 52 0.518 2.27
Average 1,700 290 ko 0.593 2.21
g 110 26 3.6 0.0281 0.021
oy, 6.6 9. 8.6 k.7 1.0
o 220 53 7.2 0.0562 0.0k2
o% 13 18 17 9.5 1.9
Distence, Charge to Gage, 12.25 £t (A = 6.12)
15 1,400 200 32 0.484 2.37
16 1,500 220 21 0.589 2.38
25 1,200 320 4l 0.681 2.36
32 2,000 260 3k 0.918 2.4k
53 1,600 2680 38 0.687 2.45
Average 1,500 260 3k 0.672 2.40
g 130 21 3.8 0.0718 0.019
o 8.9 8. 11 i1 0.8
- 300 48 8.5 0.1606 0.0k2
% 20 18 25 24 1.7
Distance, Charge to Gage, 13.00 £t (A = 6.50)
16 1,500 210 2l 0.578 2.4
25 1,100 250 29 0.669 2.49
32 1,h00 410 29 1.111 2.5k
53 1,200 230 26 0.682 2.52
Average 1,300 280 27 0.760 2.49
g 91 L6 1.2 0.1192 0.029
=% 7.0 16 bk 16 1.1
- 180 92 2.k 0.2384 0.057
% 14 33 8.9 31 2.3
Distence, Charge to Gage, 13.75 ft (X = 6.88)
15 1,200 180 20 0.632 2.56
16 1,500 240 26 0.628 2.53
25 990 260 19 1.270 2.61
32 1,100 360 28 1.120 2.68
53 1,400 260 32 0.782 2.69
Average 1,200 260 25 0.886 2.61
g 96 29 2.4 0.1312 0.032
% 8.0 11 9.6 15 1.2
& 220 65 5.k 0.2934 0.071
% 18 25 22 33 2.7
(Continued)
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Table 5 (Concluded)

oY~

Reduced Positive Reduced Positive

Av:::ges Sh Peak Tmpulse Reduced Energy Durstion Time of

ot Pressure 2, 1/3 2,..1/3 1/3 Arrival
Deviations No. psi 1b-ms/in, “/1b in.-1b/in.“/1b ms/1b ms

Dietance, Charge to Gage, 14.50 ft ( = 7.25)

15 680 2.69

16 1,100 2.69

32 1,100 260 17 1.08% 2.84
Average 960 260 17 1.084 2.7h
[§ 140 0.050
o, 15 1.8
e 240 0.087
o% 25 3.2

Distance, Charge to Gege, 15.25 ft () = T7.62)

15 550 140 7.0 0.719 2.82

16 1,400 180 17 0.613 2.80

32 630 90 3.5 0.800 2.96
Average 860 140 9.2 0.71L 2.86
g 270 26 k.0 0.1712 0.050
oy 32 19 by 2l 1.8
el 70 45 6.9 0.2965 0.087
o% 55 32 75 b2 3.0
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Table 6

Results of Weter-Shock Measurements

Bubble Screen Thickness, 3 £t Gages at Middepth
Air Content of Screen, 0.035 cfs of Air per sq ft of Screen Stand-Off Distance, 6 ft
Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure 2 1 /3 5 1 /3 1 /3 Arrival
Deviations No. psi 1b-ms/in. /1b in.-1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 4.00 £t () = 2.00)%

19 8900 700 540 0.46 0.69
26 9200 850 700 0.56 0.69
36 8600 650 y) 0.h2 0.7h4
64 5800 750 500 0.45 0.69
Average 9100 740 540 0.47 0.70
a 260 43 56 0.030 0.013
% 2.8 5.8 10 .5 1.8
M 510 85 110 0.061 0.025
% 5.6 12 21 13 3.6
Distance, Charge to Gage, 4.75 ft (A = 2,38)*
19 8800 850 540 0.49 0.8
26 8900 900 660 0.6k 0.82
36 8500 600 350 0.kl 0.87
54 8400 600 380 0.4l 0.82
6l 7500 650 2Lo 0.5k 0.84
Average 8400 720 430 0.51 0.83
N 250 6h i 0.037 0.012
oM, 3.0 8.9 17 7.3 1.4
o 550 140 160 0.084 0.026
o% 6.6 20 38 16 3.2
Distance, Charge to Gage, 5.50 ft (M = 2.75)*
19 7500 600 360 0.48 0.92
26 6800 600 310 0.53 0.91
36 6200 k80 210 0.46 1.16
54 6800 600 280 0.47 0.98
64 6900 480 300 0.50 1.04
Average 6800 550 290 0.49 1.00
g 210 29 ok 0.012 0.046
% 3.0 5.3 8.3 2.6 4.6
o 460 66 5l 0.028 '0.102
o 6.8 12 18 5.7 10
Distance, Charge to Gage, 6.25 ft (M = 3.12)
19 5900 380 190 0.34%0 1.06
26 6500 360 230 0.233 1.13
36 6700 500 260 0.298 1.04
54 6800 550 300 0.319 1.13
64 6000 360 190 0.35h 1.12
Avernge 6400 430 230 0.309 1.10
g 180 Lo 21 0.0212 0.019
o 2.9 9.2 9.1 6.9 1.8
- 410 89 N7 0.0LTh 0.043
o% 6.k 21 20 15 3.9

(Continued)

* Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations
were integrated to 6.76. (1 of 4 sheets)
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Table 6 (Continued)

Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure > 1/3 o 1/3 1/3 Arrival
Deviations No. psi 1b-ms/in.</1b in.-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 7.00 ft (M = 3.50)
19 4600 280 150 0.150 1.22
26 5100 260 99 0.360 1.28
36 5400 270 140 0.292 1.33
54 %900 260 110 0.198 1.28
6k 2100 240 ' 32 0.526 1.37
Average L4400 260 110 0.305 < 1.30
o 590 6.7 21 0.0662 0.026
o 14 2.6 15 22 2.0
& 1300 15 47 0.1480 0.057
o 30 5.8 43 48 Lk
Distance, Charge to Gage, 7.75 £t (A = 3.88)
19 3600 200 g 0.375 1.38
36 1500 k20 38 1.250 1.58
sl 3300 190 L3 0.390 Lobk
Average 2800 270 43 0.672 1.hy
g 660 75 2.6 0.2892 0.059
o 23 28 6.0 13 4.0
& 1100 130 4,5 0.5009 0.102
o% 41 L8 10 T 7.0
Distance, Charge to Gage, 8.50 £t (A = 4.25)
19 460 180 11 0.912 1.69
2k 680 ——— -— —— 2.27
26 830 460 28 1.496 2.09
36 770 250 20 0.877 2.1k
6k 2500 h2o 29 1.349 2.50
Average 1000 330 22 1.158 2,14
g 370 67 k.2 0.1555 0.133
o, 37 20 19 13 6.2
& 820 130 8.k 0.3110 0.296
o 82 k1 38 27 1
Distance, Charge to Gege, 9.25 £t (» = 4.62)
26 8ko 360 22 1.384 2.34
36 760 240 1k 0.816 2.28
54 1000 300 .7 0.91k 2.31
6l 1800 280 26 1.253 2.55
Average 1100 300 22 1.092 2.37
g 240 25 3.0 0.1351 0.061
o 20 8.4 13 12 2.6
o 480 50 5.9 0.2702 0.123
% 43 17 27 25 5.2
Distance, Charge to Gage, 10.00 £t (} = 5.00)
19 1500 200 18 0.768 2.54
24 410 100 5.0 0.751 2.60
26 550 210 13 0.884 2.54
3 720 150 10 0.940 2.68
Average 800 160 12 0.836 2.59
g 2ko 26 2.7 0.0457 0.033
o] 30 16 22 5.5 1.3
L 490 51 5.k 0.091k 0.066
o% 61 32 hs 11 2.6

(Continued)
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Table 6 (Continued)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1/3 Reduced gner§7 Durati7n Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in. /1b 3 ms/1b 3 ms
Distance, Charge to Gage, 10.75 ft (X = 5.38)
26 530 370 22 1.506 2.62
36 500 320 18 1446 2.59
54 550 180 9.5 0.894 2.63
Average 530 290 16 1.282 2.61
o 15 57 3.7 0.1947 0.012
% 2.8 20 23 15 0.5
& 26 98 6.4 0.3372 0.021
ob k.8 e 40 26 0.8
Distance, Charge to Gage, 11.50 ft (A = 5.75)
19 650 140 9.5 0.65k4 2.72
2k Loo 85 2.0 0.660 2,90
26 470 180 8.0 0.918 2.79
36 380 290 12 1.582 2.77
Sk 640 200 12 0.801 2.7h
6l 520 360 16 1.938 2.92
Average 510 210 9.9 1.092 2,81
g L7 41 1.9 0.2200 0.03h
] 9.3 20 19 20 1.2
& 120 100 4.6 0.5389 0.084
0% 23 48 47 kg 3.0
Distance, Charge to Gage, 12.25 ft (X = 6.12)
26 560 200 7.5 1.093 2.91
36 420 350 16 1.609 2.90
Sh 680 160 9.5 0.756 2.92
64 k10 360 13 1.913 2.98
Average 530 270 12 1.343 2.93
g 57 51 1.9 0.2586 0.018
Om% 11 19 16 19 0.6
- 110 100 3.8 0.5172 0.036
o% 22 38 32 38 1.2
Distance, Charge to Gage, 13.00 ft (A = 6.50)
19 530 80 3.5 0.57h 2.7
2L 310 g 1.0 0.565 3.22
26 320 150 8.0 1.246 3.60
5k 540 200 16 2.208 3.05
3n 460 koo 16 2.137 3.20
Average 430 180 8.9 1.346 3.16
c 50 b7 3.1 0.3595 0.139
% 12 26 35.0 o7 bk
- 110 100 6.9 0.8038 0.311
o% 26 58 78 60 9.8
Distance, Charge to Gage, 13.75 ft (A = 6.88)
19 4ho 120 k.5 0.800 3.26
36 350 290 8.5 2.182 3.19
5k 470 260 10 1.640 3.15
6k 390 280 8.5 2,145 3.23
Average 410 2ho 7.9 1.692 3.21
a 8L ko 1.2 0.3219 0.024
o 20 16 15 19 0.7
- 170 79 2.k 0.6438 0.048
o% N 33 30 38 1.5

(Continued)
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Table 6 (Concluded)

i

Reduced Positive

Reduced Poeitive

Aversges Peak Time of
and Shot Pressure Impu;.se 1 /3 Reduced gnerg Dura.t;ljn Arrival

Deviations No. psi 1b-me/in.2/1b in.-1b/1n. 2 /1pY/3 ns /1673 ms

Distance, Charge to Gage, 14,50 ft () = 7.25)

19 250 65 1.5 0.60k 3.32

26 260 150 9.5 1.229 3.30

36 260 290 6.5 2,148 3.25

54 370 260 9.0 2.055 3.39

Average 280 190 6.6 1.509 3.32
a 29 52 1.8 0.3655 0.030

) 10 27 28 24 0.9
e 57 100 3.7 0.7310 0.059

% 20 5k 55 ] 1.8

Distance, Charge to Gage, 15.25 ft (X =

19 270 90 2.5 0.63L 3.37

oh 170 L 0.5 0.600 3.62

36 95 30 0.5 0.7k 3.42

54 320 180 3.0 1.978 3.51

64 360 300 9.5 2.137 3.64

Aversge 240 130 3.2 1.219 3.51
a g 50 1.7 0.34k2 0.069

oy 20 39 52 28 2.0
> 110 110 3.7 0.7696 0.15h

% 46 86 120 63 4k
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Table 7

Results of Water-Shock Measurements

Gages at Middepth
Stand-Off Distance, 12 ft

Bubble Screen Thickness, 3 ft
Air Content of Screen, 0.001L cfs of Air per sq £t of Screen

Reduced Positive Reduced Positive

Averages Peak Time of
and Shot Pressure Impu]e.se 1 /3 Reduced };Inerf% Durati;g Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1b ms /1b ms
Distance, Charge to Gage, 10.00 ft (X = 5.00)%
21 3200 320 8o 0.57 1.80
33 3100 300 78 0.k9 1.86
18 2600 200 36 0.39 1.90
Average 3000 270 65 0.48 1.85
o 190 37 14 0.052 0.029
% 6.2 1h 22 11 1.6
& 320 64 2h 0.090 0.050
o% 11 2h 37 19 2.7
Distance, Charge to Gage, 10.75 ft (M = 5.38)*%
21 3400 340 gk 0.60 1.94
29 3200 4o 150 0.75 1.98
33 3400 370 8L 0.67 2.00
L8 3100 3k0 9k 0.66 2.16
Average 3300 370 110 0.67 2.02
g 76 24 15 0.031 0.048
% 2. 6.4 1k 4.6 2.4
G 150 u7 30 0.062 0.097
o% 4.6 13 27 9.2 4.8
Distance, Charge to Gage, 11.50 £t (A = 5.75)%
21 2800 240 Lo 0.46 1.94
29 2900 380 66 0.74 2.16
33 3200 360 110 0.62 2.1h
3100 340 85 0.66 2.30
Average 3000 330 76 0.62 2.1k
a 91 31 1L 0.059 0.07k
o 3.0 9.4 18 9.5 3.5
" 180 62 28 0.118 0.148
% 6.1 19 37 19 6.9
Distance, Charge to Gage, 12.25 ft (A = 6.12)
29 2800 290 70 0.342 2.29
33 2900 260 62 0.428 2.28
L8 3100 320 86 0.422 2.h1
Average 2900 290 T3 0.397 2.33
g 91 17 7.1 0.0278 0.042
a 3.1 6.0 9.7 7.0 1.8
- 160 30 12 0.0482 0.072
o 5.0 10 17 12 3.1
Distance, Charge to Gage, 13.00 ft (X = 6.50)
21 2300 180 25 0.377 2.22
29 2700 260 53 0.520 2.43
33 2700 260 64 0.356 2.38
L8 2300 260 L8 0.438 2.60
Average 2500 2ko 48 0.423 2,41
aq 120 20 8.2 0.0367 0.078
] L6 8.3 17 8.7 3.2
e 230 40 16 0.0734 0.157
% 9.2 17 3k 17 6.5

(Continued)

* Qages were located in front of bubble screen; impulse, energy, and duration values shown at these locations

were integrated to 6.76. (1 of 3 sheets)
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Table 7 (Continued)

Reduced Positive Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 / Reduced gner%/r:s Duratit}n Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.-1b/in.“/1b ms /1b 3 ms
Distance, Charge to Gege, 13.75 ft (M = 6.88)
21 2300 200 38 0.478 2.4k
29 2100 300 3k 0.825 2.58
33 2700 360 96 0.676 2.52
18 2500 350 58 0.769 2,74
Average 2400 300 56 0.687 2.57
Y 130 37 14 0.0762 0.063
o 5.4 12 25 11 2.5
& 260 73 28 0.152k4 0.127
0% 1L ok 50 22 k.9
Distance, Charge to Gage, 1k.50 ft (A = 7.25)
21 1800 220 22 0.632 2.73
29 1800 270 26 0.921 2.72
33 2400 2k 38 0.618 2.68
Average 2000 240 29 0.724 2.71
a 200 15 4.8 0.0987 0.015
o 10 6.1 17 1k 0.6
& 350 26 8.3 0.1710 0.026
o% 17 11 29 ol 1.0
Distance, Charge to Gage, 15.25 ft (A = 7.62)
21 1700 170 21 0.513 2.69
29 1500 290 22 0.906 2.89
33 2100 260 46 0.656 2.84
48 2300 290 46 0.688 3.01
Average 1900 250 3k 0.691 2.86
o 180 28 7.1 0.0812 0.066
oy, 9.6 11 21 12 2.3
o 360 57 14 0.1624 0.133
% 19 23 ko 2k 4.6
Distance, Charge to Gage, 16.00 ft (» = 8.00)
21 1700 240 o7 0.555 2.83
29 1300 2ho 26 0.665 3.10
48 1400 2h0 31 0.654 3.18
Average 1500 240 28 0.625 3.0k
. 120 1.5 0.0349 0.106
a9 8.2 5.4 5.6 3.5
- 210 2.6 0.0605 0.183
% 1k 9.4 9.7 6.0
Distence, Charge to Gage, 16.75 £t (X = 8.38)
29 1200 310 26 0.6k40 3.2h
33 2000 200 34 0.468 3.22
48 1500 200 20 0.580 3.37
Average 1600 240 27 0.563 3.28
I 230 37 L1 0.050k 0.047
% 15 15 15 9.0 1.k
o %10 6l 7.0 0.0873 0.081
% 25 26 26 16 2.5
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Table 7 (Concluded)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impu_‘ése 1 / Reduced gner%'% Durati%l Arrival
Deviations No. psi 1b-ms/in./1v 3 in.-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 17.50 ft (M = 8.75)
21 1200 220 28 0.651 3.0k
29 880 240 18 1.158 3.h0
33 1600 170 27 0.433 3.34
48 1200 180 23 0.457 3.60
Average 1200 200 24 0.675 3.34
o 150 7 2.3 0.1683 0.116
o 12 8.3 9.k 25 3.5
o 300 33 k.5 0.3366 0.231
o% 25 17 19 50 6.9
Distance, Charge to Gage, 18.25 ft (A = 9.12)
29 980 180 11 0.532 3.57
33 1500 180 23 0.536 3.55
48 1100 220 12 0.809 3.70
Average 1200 190 15 0.626 3.61
O 160 1k 3.8 0.0916 C.0k7
oy 13 7.1 26 15 1.3
o 270 23 6.7 0.1588 0.081
% 23 12 Ly 25 2.2
Distance, Charge to Gage, 19.00 ft (X = 9.50)
21 1100 160 16 0.h41h 3.57
29 500 200 7.5 1.032 3.73
48 880 220 21 0.840 3.90
Average 830 190 15 0.762 3.73
g 180 18 3.9 0.1826 0.095
o 21 9.4 2% ol 2.6
> 300 31 6.8 0.3163 0.165
% 37 16 46 b b
Distence, Charge to Gage, 19.75 £t () = 9.88)
21 960 160 10 0.400 3.76
29 L60 210 10 1.456 3.89
33 1100 130 6.5 0.462 3.83
48 9o 180 1k 0. 446 4,05
Average 860 170 10 0.691 3.88
g 1ho 17 1.5 0.2552 0.062
iy 16 9.9 15 37 1.6
e 280 3k 3.1 0.5104 0.12h
% 32 20 31 h 3.2
Distance, Charge to Gage, 20.50 £t () = 10.25)
29 520 150 8.0 0.614 4,03
48 830 200 13 0.784 h.21
Average 680 180 10 0.699 k,
Distance, Charge to Gage, 21.25 £t () = 10.62)
21 690 70 4.0 0.366 3.88
29 500 160 6.0 1.658 k.16
33 560 60 3.0 0.408 4.10
48 650 120 9.0 0.538 4,36
Average 600 100 5.5 0.742 k.12
g 43 23 1.3 0.307h4 0.099
% 7.2 23 2k 41 2.
- 86 u7 2.6 0.6147 0.198
% 1 g 48 83 4.8

|
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Table 8

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 £t
Air Content of Screen, 0.004k4 cfs of Air per sq ft of Screen

Gages at Middepth
Stand-Off Distance, 12 ft

Reduced Positive Reduced Positive

Averages Peak Time of
and Shot Pressure Impu]e.se 1 / Reduced gner%}/'3 Durati(/)g Arrival
Deviations No. psi lb-ms/in.“/1b 3 in.-1b/in. /1 ms/1b ms
Distance, Charge to Gage, 10.00 ft (X = 5.00)*
17 3400 3k 75 0.54 1.87
34 2900 270 6h 0.52 1.89
Average 3200 300 70 0.53 1.88
Distance, Charge to Gage, 10.75 ft (A = 5.38)*
7 3100 270 6h 0.50 1.99
28 3600 4ho 220 0.62 1.93
34 3200 340 100 0.61 2.01
L9 3100 Loo 100 0.68 2.13
Average 3200 360 120 0.60 2.02
o 120 37 34 0.037 0.042
o= 3.8 10 28 6.2 2.1
- 240 7h 8 0.075 0.08k4
o% 7.6 21 57 12 k.2
Distance, Charge to Gage, 11.50 ft (A = 5.75)%
17 2800 260 58 0.58 2.10
28 3700 320 81 0.50 2.12
34 2900 360 90 0.62 2.16
kg 2800 320 75 0.66 2.26
Average 3000 320 76 0.59 2,16
o 220 21 6.8 0.035 0.036
% 7.3 6.5 8.9 5.9 1.6
e 440 ko 14 0.069 0.071
o% 15 13 18 12 3.3
Distance, Charge to Gage, 12.25 ft () = 6.12)
17 2900 200 48 0.243 2.25
28 2600 190 80 0.234 2.30
34 2900 250 66 0.38L 2.30
kg 2900 3ko 91 0.he2 2.ho
Average 2800 240 71 0.321 2.31
o 76 34 9.3 0.0482 0.032
o, 2.7 i 13 15 1.k
e 150 69 19 0.0964 0.063
o% 5.4 29 26 30 2.7
Distance, Charge to Gage, 13.00 ft (X = 6.50)
17 2200 140 29 0.300 2.L5
3k 2400 220 56 0.473 2.46
Lg 2600 240 62 0.255 2.56
Average 2400 200 ] 0.343 2.49
o 120 31 10 0.0665 0.035
o 4.8 15 11 19 1.k
e 200 53 18 0.1152 0.061
o% 8.3 26 36 34 2.4

(Continued)

* (Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations
were integrated to 6.76.
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Table 8 (Continued)

Reduced Positive Reduced Positive

Averages Peak Time of
and Shot Pressure Impu.‘]g.se 1 /3 Reduced }é‘.ner%% Dumtiog Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in./ib ms/1b ms
Distance, Charge to Gage, 13.75 £t () = 6.88)
17 1700 100 16 0.258 2.59
34 1900 220 36 0.500 2.62
Lo 2300 220 46 0.332 2.68
Average 2000 180 33 0.363 2.63
g 180 4o 8.8 0.0716 0.026
% 8.9 22 27 20 1.0
- 310 69 15 0.1240 0.046
ob 15 38 46 3h 1.7
Distance, Charge to Gage, 14.50 £t () = 7.25)
28 1200 280 30 0.687 2.75
34 1300 120 14 0.432 2.87
k9 1700 260 34 0.792 2.82
Average 1400 220 26 0.637 2.81
a 150 50 6.1 0.1069 0.035
% 11 23 24 17 1.2
M 260 87 10 0.1852 0.060
o% 19 ho L1 29 2.1
Distance, Charge to Gage, 15.25 ft (A = 7.62)
28 940 180 16 0.514 2.90
34 1000 240 22 0.782 3.04
kg 1500 220 23 0.7hk 3.01
Average 1100 210 20 0.680 2.98
o 180 18 2.2 0.0837 0.030
o, 16 8.5 11 12 1.0
o 310 31 3.8 0.1450 0.060
% 28 15 19 21 2.0
Distance, Charge to Gage, 16.00 ft (3 = 8,00)
17 680 160 7.5 0.625 3.13
28 880 190 1% 0.571 3.18
) 820 180 12 0.55h 3.36
Average 790 180 11 0.583 r3.22
! 59 9.1 1.9 0.021k4 0.070
oY 7.5 5.0 18 3.7 2.2
- 100 16 3.3 0.0371 0.121
ok 13 8.8 30 6.4 3.8
Distance, Charge to Gage, 16.75 ft (» = 8.38)
28 810 140 12 0.506 3.32
34 900 160 14 0.510 3.33
kg 920 140 13 0.406 3.58
Average 880 150 13 0.474 3.k
o 3 7.1 0.6 0.034%0 0.085
o 3.8 L7 Lk 7.2 2.5
i 59 12 1.0 0.0589 0.147
b 6.7 8.2 7.7 12 4.3

(Continued)
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Table 8 (Concluded)

i

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 / Reduced gnerigy/3 Durati7r31 Arrival
Deviations No. psi 1b-ms/in. /1b 3 in,-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 17.50 £t (A = 8.75)
17 410 120 7.0 0.4k72 3.41
28 930 130 10 0.446 3.45
34 790 1Lo 12 0.4k 3.47
k9 990 120 12 0.370 3.71
Average T80 130 10 0. 446 3.51
g 130 5.0 1.2 0.0270 0.068
% 17 3.8 12 6.0 1.9
& 260 10 2.4 0.0540 0.136
% 33 7.7 2h 12 3.9
Distance, Charge to Gage, 18.25 ft (M = 9.12)
28 950 120 8.5 0.756 3.60
34 680 120 11 0.488 3.66
Jite) 660 140 10 0.684 3.79
Average 760 130 9.8 0.643 3.68
g o 7.1 0.7 0.0800 0.056
o, 12 5.5 7.4 12 1.5
™ 160 12 1.3 0.1386 0.097
o% 21 9.4 13 22 2.6
Distance, Charge to Gage, 19.00 ft (A = 9.50)
17 450 110 7.0 0.397 3.78
28 710 100 5.0 0.483 3.7h
kg 690 180 11 1.226 3.95
\verage 620 130 7.7 0.702 3.82
; 8l 25 1.8 0.2633 0.06k
g 14 19 23 38 1.7
" 140 A 3.1 0.4561 0.112
% 23 3k ko 65 2.9
Distance, Charge to Gage, 19.75 ft (X = 9.88)
17 450 90 5.0 0.370 3.91
28 490 80 2.5 0.517 3.90
34 530 140 5.5 0.498 3.91
kg 650 180 8.0 1.193 k.10
verage 530 120 5.2 0.64h 3.96
43 27 1.1 0.1857 0.048
] 8. 23 2 29 1.2
86 55 2.3 0.371L 0.097
A 16 46 Lh 58 2.4
Distance, Charge to Gage, 20.50 £t (X = 10.25)
28 510 100 3.0 0.673 4,07
L9 600 130 8.5 0.750 4.26
rerage 560 120 5.8 0.712 4,16
Distance, Charge to Gage, 21.25 £t (A = 10.62)
34 300 37 1.5 0.327 4,27
ko 470 95 3.5 0.775 4,45
erage 380 66 2.5 0.551 4.36
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Table 9

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft Gages at Middepth
Air Content of Screen, 0.035 cfs of Air per sq £t of Screen Stand-Off Distance, 12 ft
Reduced Positive Reduced Positive
Averages Peak . Time of
and Shot Pressure Impu;se l/ Reduced gner§7 Durati7n Arrival
Deviations No. psi 1b-ms/in,“/1b 3 in.-1b/in.“/1p 3 ms/1b 3 ms
Distance, Charge to Gage, 10.00 ft (X = 5.00)*
18 k900 220 80 0.56 1.80
23 3400 380 100 1.15 1.74
35 2700 330 65 1.25 1.85
37 2800 260 50 Q.99 1.96
50 3000 380 98 1.24 1.91
51 3500 Loo 120 1.36 1.96
g1 2600 320 72 1.30 2.05
Average 3300 330 8L 1.12 1.90
o 300 27 g.0 0.10k 0.040
% 9.0 8.1 11 9.3 2.1
o 790 7 2l 0.275 0.106
% 2l 22 28 24 5.6
Digtance, Charge to Gage, 10.75 ft (A = 5,38)*
18 4100 200 62 0.53 1.89
23 3700 360 110 0.71 1.99
30 3200 390 120 1.20 2.04
35 2900 330 70 1.20 1.92
37 3300 320 78 1.15 2.00
50 3000 330 ™ 1.30 1.99
51 3100 320 e 1.19 2.07
Average 3300 320 8L 1.04 1.98
Gm 160 22 8.3 0.111 0.024
a % k.9 7.0 9.9 11 1.2
- 430 59 22 0.295 0.063
o% 13 18 26 28 3.2
Distance, Charge to Gage, 11.50 £t (XA = 5.75)%
23 3koo 300 . 75 0.97 2.12
30 2800 300 72 1,23 2.18
35 2800 350 77 1.4 2.29
37 2800 300 T2 1.35 2.27
50 2900 300 T2 1.01 2.35
51 2900 300 76 1.26 2.28
Average 2900 310 h 1.20 2.25
g 97 8.4 0.8 0.073 0.03k4
Um% 3.3 2.7 1.1 6.1 1.5
- 240 20 1.9 0.178 0.083
o% 8.2 6.6 2.6 15 3.7
Distance, Charge to Gage, 12.25 ft (} = 6.12)
30 2600 180 46 0,184 2.34
35 2700 200 52 0.288 2.37
37 2600 140 35 0.184 2.39
50 2500 200 6l 0.276 2.37
51 2800 300 76 0.34h 2.40
Average 2600 200 55 0.255 2.37
o 55 26 7.1 0.0313 0.010
% 2.1 13 13 12 0.4
o 120 30 16 0.0700 0.023
o% k.7 15 29 27 1.0

(Continued)

* Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations
were integrated to 6.76. (1 of b sheets)
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Table 9 (Continued)

Reduced Positive Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 / Reduced gnerg Duratiog Arrival
Deviations No. psi 1b-ms/in.” /10 3 1n.-1b/4in.2/1% 3 ms/1b ms
Distance, Charge to Gage, 13.00 ft (X = 6.50)
23 1600 95 12 0.299 2.42
35 2100 100 29 0.134 2.64
50 1500 120 14 0.330 2.61
51 2600 240 62 0.294 2.56
91 2700 200 57 0.180 2.68
91 2100 160 38 0.192 2.66
Average 2100 150 35 0.238 2.60
o 200 ob 8.6 0.0324 0.039
4 9.6 16 25 1k 1.5
M 490 58 21 0.079k 0.096
o% a2k 39 60 33 3.7
Distance, Charge to Gage, 13.75 ft (X = 6.88)
51 2200 160 21 0.465 2.71
9L 2300 90 22 0.152 2.77
91 2800 90 25 0.152 2.78
Average 2400 110 23 0.256 2.75
g 190 23 1.2 0.10hk4 0.022
4 7.8 21 5.3 41 0.8
& 320 10 13 0.1808 0.038
o% 1k 37 9.3 71 1.h
Distance, Charge to Gage, 14.50 ft (} = 7.25)
23 800 60 3.0 0.545 3.45
30 240 -—- - - 3.57
35 290 150 k.0 1.241 3.38
37 320 170 6.0 1.208 k.26
50 380 150 6.0 0.924 3.85
83 160 1o k.0 1.592 3.72
8l 160 100 2.0 1.180 3.77
91 130 21 0.5 0.348 3.22
91 410 48 1.5 0.607 3.37
9L 250 65 2.0 0.720 3.30
Average * 310 100 3.2 0.929 3.59
g 62 18 0.6 0.1349 0.100
o, 20 18 20 1k 2.8
™ 190 54 1.9 0.kok7 0.316
o% 63 sk 61 bk 8.8
Distance, Charge to Gage, 15.25 ft (» = 7.62)
30 340 200 7.0 1.686 3.97
35 730 90 4.0 0.785 4,38
37 660 130 7.5 0.716 4,83
83 310 220 11 1.552 k.20
8l Lho 300 15 1.572 4.30
91 230 170 k.5 1.664 3.94
g1 220 180 5.0 1.620 3.96
91 200 150 3.0 1.445 3.h6
Average 390 18 7.1 1.380 4.13
o T2 22 1.4 0.0k43 0.142
18 12 20 3.2 3.4
- 200 63 k.1 0.1252 0.401
ok 52 35 57 9.1 9.7

(Continued)
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Table 9 (Continued)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impu]e.se 1 /3 Reduced gner§73 Durati(;g Arrival
Deviations No. psi 1b-ms/in.</1b in.-1b/in.</1b ms/1b ms
Distance, Charge to Gage, 16.00 ft () = 8.00)
50 Loo 100 3.5 0.758 4,25
51 280 150 4.0 1.502 4,18
91 480 260 5.0 1.700 k.30
91 220 80 1.5 1.551 k.30
91 300 120 3.0 1.580 L.28
Average 340 140 3.4 1.418 4,26
g 46 32 0.6 0.1682 0.022
o, 14 23 17 12 0.5
- 100 50 1.3 0.3759 0.050
o 30 36 38 26 1.2
Distance, Charge to Gage, 16.75 ft (A = 8.38)
30 340 - 2.5 ——- L.L8
35 330 90 2.0 0.827 4,48
37 3h0 85 2.5 0.886 4,39
50 300 80 3.0 0.832 4,31
51 280 120 1.256 L.43
Average 320 94 2.5 0.950 L.42
g 12 9.0 0.2 0.1028 0.032
gy ) 3.8 9.6 8.2 11 0.7
M~ 27 18 0.k 0.2056 0.071
a% 8.4 19 16 22 1.6
Distance, Charge to Gage, 17.50 £t (A = 8.75)
30 560 -- --- --- 4.55
35 220 50 1.5 0.641 4,63
37 290 140 3.0 1.439 4.48
50 320 80 2.0 0.742 bkt
51 260 170 4.5 1.638 4,65
Average 330 110 2.8 1.115 4.56
a 60 27 0.7 0.2487 0.037
% 18 25 2k 22 0.8
' 130 55 1.3 0.4oTh 0.083
b ko 50 47 45 1.8
Distance, Charge to Gage, 18.25 ft (A = 9.12)
30 200 - 1.0 — 4,68
35 180 80 2.0 1.033 4.83
37 250 110 2.5 1.202 L.59
50 260 100 4.0 1.172 4,6k
51 210 140 1.470 b, T2
Average 220 110 2.4 1.219 L.69
4 15 13 0.6 0.1000 0.0k1
% 6.9 1 26 8.2 0.9
o 3k 25 1.2 0.2000 0.091
% i5 23 52 16 1.9
Distance, Charge to Gage, 19.00 £t (X = 9.50)
30 180 - ——- —— kol
37 230 150 3.0 1.818 L, 7h
51 170 140 2.5 1.99% Lors
Average 190 140 2.8 1.906 4.81
o 19 0.065
o 10 1.4
e 32 0.113
% 17 2.3

(Continued)
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Table 9 (Concluded)

Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
snd Shot Pressure > 1/3 o 1/3 1/3 Arrival
Deviations No. psi 1b-ms/in./1b in.-1b/in.“/1ib ms/1b ms
Distance, Charge to Gage, 19.75 £t (2 = 9.88)
30 170 - - 5.08
51 200 200 k.5 2.220 k.01
Average 180 200 4.5 2.220 5.00
Distance, Charge to Gage, 20.50 ft () = 10.25)
37 210 130 2.5 1.874 5.18
51 180 120 2.0 1.941 5.07
Average 200 120 2.2 1.908 5.12
Distance, Charge to Gage, 21.25 ft (A = 10.62)
37 98 ko 4.0 1.103 5.52
’ 51 140 90 1.0 1.67h 5.27
Average 120 65 2.5 1.388 5.40
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Table 10

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft Gages at One-Quarter Depth
Air Content of Screen, 0.0014 cfs of Air per sq £t of Screen Stand-Off Distance, 6 ft
Reduced Positive Reduced Positive
Averages Peak Tmpulse Reduced Energy Duration Ti.m? of
and Shot Pressure 2,1 /3 > 1 /3 1 /3 Arrival
Deviations No. psi 1b-ms/in.</1b in,-1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 6.02 £t () = 3.01)%

Lo 5000 Lgo 200 0.48 0.96
by 5400 360 120 0.46 1.09
60 6200 650 350 0.56 1.05
Average 5500 500 220 0.50 1.03
g 350 8k 67 0.030 0.038
% 6.4 17 30 6.1 3.7
e 610 140 120 . 0.053 0.067
o% 11 29 53 11 6.5
Distance, Charge to Gage, 6.54% ft (XA = 3.27)%
40 5100 550 220 0.55 1.20
iyg 6000 650 280 0.62 1.19
60 5500 500 270 0.54 1.16
Average 5500 570 260 0.57 1.18
g 260 Lh 19 0.025 0.012
) 4.8 7.8 7.2 bk 1.0
& 450 7 32 0.043 0.021
o% 8.2 13 12 7.6 1.8
Distance, Charge to Gage, 7.1l ft (XA = 3.56)%
by 5400 550 220 0.54 1.33
Distance, Charge to Gage, 7.70 ft (A = 3.85)
Lo 4800 460 170 0.388 1.32
bt 5900 600 260 O.h7h 1l.h2
60 k700 500 220 0.391 1.38
Average 5100 520 220 0.418 1.37
a 380 42 26 0.0281 0.029
] 7.6 8.0 12 6.7 2.1
- 670 72 45 0.,0487 0.050
% 13 1L 20 12 3.7
Distance, Charge to Gage, 8.32 £t (A = 4.16)
ko 4000 k10 150 0.39% 1.54
L7 ) 360 140 0.320 1.56
60 4300 410 140 0.348 1i.51
Average k200 390 150 0.354 1.54
g 120 i7 L1 0.0215 0.015
o 2.9 4.3 2.9 6.1 1.0
> 210 29 7.1 0.0373 0.026
% 5.1 7.5 5.1 10 1.7
(Continued)

* Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations
were integrated to 6.76. (1 of 3 sheets)




Table 10 (Continued)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1/ Reduced gner%7 Durati7§ Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.-1b/in.“/1b 3 ms/1b ms
Distance, Charge to Gage, 8.96 £t (A = L,48)
4o 4000 500 140 0.730 1.66
k7 5000 kho 140 0.539 1.69
60 3900 350 110 0.430 1.6k
Average %000 430 130 0.566 1.66
o 4o i 10 0.0877 0.015
% 1.0 10 7.7 16 0.9
> 70 76 17 0.1519 0.026
o% 1.8 18 13 27 1.5
Distance, Charge to Gage, 9.62 ft (A = 4.81)
4o 3000 360 76 0.665 1.78
L7 3600 L4Lo 110 0.674 1.82
Average 3300 Loo 93 0.670 1.80
Distance, Charge to Gage, 10.29 ft (X = 5,14)
Lo 2500 460 67 0.The 1.94
k7 2600 420 Th 0.700 1.97
60 3300 360 8 0.513 1.86
Average 2800 k10 Th 0.652 1.92
o 250 29 3.8 0.070k 0.033
% 9.0 7.1 5.1 11 1.7
o Lo 51 6.5 0.1219 0.057
0% 16 12 8.8 19 3.0
Distance, Charge to Gage, 10.97 ft (} = 5.48)
g 2600 360 68 0.741 2.18
60 2200 280 k4o 0.569 2.05
Aversge 2400 320 58 0.655 2,12
Distance, Charge to Gage, 11.65 ft (» = 5.82)
Lo 2900 320 80 0.550 2.24
47 2600 370 71 0.626 2.30
60 1800 270 sk 0.536 2.19
Average 2400 320 68 0.571 2.24
o 330 29 7.6 0.088L4 0.032
o 1k 9.0 1 15 1.4
o 570 50 13 0.1532 0.055
o% 2k 16 19 27 2.5
Distance, Charge to Gage, 12.35 ft (A = 6.18)
40 2800 380 76 0.572 2.4
g 2300 320 59 0.541 2.48
60 1600 320 53 0.466 2.38
Average 2200 340 63 0.526 2.43
g 350 20 6.9 0.0315 0.029
Y, 16 5.9 11 6.0 1.2
o 600 35 12 0.0545 0.051
o% 27 10 19 10 2.1

(Continued)
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Table 10 (Concluded)

Reduced Positive Reduced Positive
Averages Peak Tmpulse Reduced Energy Duration Time of
and Shot Pressure > 1/3 > 1/3 1/3 Arrival
Deviations No. _psi. 1b-ms/in./1b in.-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 13.05 ft (} = 6.52)
4o 2200 310 L 0.495 2.56
b7 2000 230 36 0.482 2.62
60 1600 280 43 0.496 2.53
Average 1900 270 L1 0.491 2.57
a 180 ok 2.5 0.0045 0.026
% 9.4 8.7 6.1 0.9 1.0
- 310 b1 L.b 0.0078 0.046
o% 16 15 11 1.6 1.8
Distance, Charge to Gage, 13.76 £t (A = 6.88)
e 1800 280 41 0.694 2.79
&0 1600 360 & 0.673 2.70
Average 1700 320 50 0.683 2.7k
Distance, Charge to Gage, 14.47 £t (A = 7.24)
ko 1600 240 34 0.472 2.90
g 1900 310 36 0.866 2.93
60 1500 270 L6 0.603 2.82
Average 1700 270 39 0.647 2.88
G 120 20 3.7 0.0883 0.033
% 7.2 7.6 9.5 1k 1.1
™ 210 35 6.4 0.1529 0.057
o% 12 13 16 24 2.0
Distance, Charge to Gage, 15.18 ft (A = 7.59)
o] 1600 260 32 0.726 3.10
g 1700 260 25 0.796 3.11
Average 1600 260 28 0.761 3.10
Distance, Charge to Gage, 15.90 ft (X = 7.95)
by 1500 150 17 0.481

3.23
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Table 11

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft
Air Content of Screen, 0.004k cfs of Air per sg £t of Screen

Gages at One-Quarter Depth
Stand-Off Distance, 6 ft

Reduced Positive

Reduced Positive

Averages Peak . Time of
and Shot Pressure Impu;se 1/ Reduced gnerﬁy Durati7n Arrival
Deviations Yo. pei 1b-ms /in.>/101/3 in.-1b/in.2/1p>/3 ns /10> 3 ms
Distance, Charge to Gage, 6.02 ft (X = 3.01)%
39 5400 480 220 0.52 1.08
59 6000 650 280 0.56 1.07
Average 5700 560 250 0.5k 1.08
Distance, Charge to Gage, 6.54% £t (X = 3.27)*
39 5400 650 240 0.62 1.13
55 5800 600 280 0.6k 1.18
59 5800 600 290 0.6k 1.16
Average 5700 620 270 0.63 1.16
g 140 i7 15 0.007 0.015
"% 2.4 2.7 5.7 1.1 1.3
& 230 29 26 0.012 0.026
o% L1 b7 9.8 1.9 2.2
Distance, Charge to Gage, 7.11 ft (X = 3.56)%
55 5400 480 200 0.56 1.26
59 5500 410 200 0.53 1.26
Average 5400 480 200 0.54 1.26
Distance, Charge to Gage, 7.70 ft (: = 3.85)
39 5300 500 190 0.43h 1,41
55 4800 Lo 160 0.346 1.4
59 5200 460 200 0.4k26 1.4
Average 5100 470 180 0.402 1.41
g 150 18 12 0.0281
% 3.0 3.8 6.8 7.0
s 260 31 21 0.0487
a% 5.2 6.6 12 12
Distance, Charge to Cage, 8.32 £t (A = L4,16)
39 3900 450 140 0.566 1.55
55 4200 490 150 0.642 1.55
59 1000 340 120 0.328 1.5k
Average 4000 k30 140 0.512 1.55
g 91 Ls 9.1 0.0946 0.004
) 2.3 10 6.5 18 0.3
> 160 78 16 0.1638 0.007
% 4.0 18 11 32 0.5
Distance, Charge to Gage, 8.96 ft (A = L.48)
39 3800 350 100 0.490 1.68
55 2900 360 100 0.453 1.71
59 4100 350 130 0.410 1.65
Aversage 3600 350 110 0.451 1.68
o 360 .1 10 0.0230 0.017
7, 10 1.2 9.1 5.1 1.0
e 620 7.1 17 0.0399 0.030
o% 17 2.0 16 8.8 1.8

{Continued)

* Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations

were integrated to 6.76.

“"

(1 of 3 sheets)



4

Table 11 iContinued)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése l/ Reduced gner%7 Durati7g Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in,-1b/in.“/1b 3 ms /1b ms
Distance, Charge to Gage, 9.62 ft (A = 4.81)
39 2100 2Lo L7 0.382 1.81
Distance, Charge to Gage, 10.29 ft (X = 5.1k4)
39 1900 220 45 0.376 1.95
55 2600 300 66 0.398 1.97
Average 2200 260 .56 0.387 1.96
Distance, Charge to Gage, 10.97 ft (A = 5.48)
55 1900 240 4o 0.4k9 2,11
59 1700 170 17 0.477 2.13
Average 1800 200 28 0.463 2,12
Distance, Charge to Gage, 11.65 ft () = 5.82)
39 1600 320 Lo 0.820 2.36
55 1900 220 ks 0.383 2.24
59 2100 260 36 0.49k 2.3k4
Average 1900 270 40 0.566 2.31
o 150 29 2.6 0.1312 0.037
] 7.7 11 6.5 23 1.6
- 260 51 4.5 0.2272 0.06h
o% 13 19 11 %0 2.8
Distance, Charge to Gage, 12.35 £t () = 6.18)
39 1100 230 2h 0.59h4 2.59
55 2000 220 4o 0.438 2.40
59 1900 260 38 0.443 2.43
Average 1700 240 3k 0.k492 2.47
o 280 12 5.0 0.0512 0.059
o 17 5.1 15 10 2.k
e 500 21 8.7 0.0887 0.102
o% 29 8.8 26 18 4.1
Distance, Charge to Gage, 13.05 £t (X = 6.52)
39 1200 200 2k 0.428 2.73
55 2100 260 b7 0.550 2.59
59 1900 250 41 0.407 2.60
Average 1700 240 37 0.k462 2.6k
g 270 19 6.9 0.0446 0.0h45
. 16 7.8 19 9.6 1.7
e K70 32 12 0.0773 0.078
% 28 14 32 17 3.0
Distance, Charge to Gage, 13.76 ft (A = 6.88)
55 1900 160 30 0.304 2.77
59 1500 210 30 0.366 2.70
Average 1700 18 30 0.335 2.7h
(Continued)
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Table 11 (Concluded)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 /3 Reduced }élner?/' Durati?; Arrival
Deviations No. psi 1b-ms/in. /1b in.-1b/in.“/1b 3 ms/1b ms
Distance, Charge to Gage, 1h.k7 £t (A = 7.24)
39 820 210 18 0.878 2.91
55 2100 220 38 0.472 2,91
59 1300 200 30 0.389 2.8)4
Average 1400 210 29 0.580 2.89
g 370 5.8 5.8 0.1511 0.023
e, 27 2.8 20 26 0.8
&~ 650 10 10 0.2617 0.0k1
o% 46 4.8 35 45 1.4
Distance, Charge to Gage, 15.18 ft (A = 7.59)
39 940 210 16 0.890 3.09
55 1900 170 30 0.366 3.08
59 1300 180 25 0.386 3.0k
Average 1400 190 oh 0.547 3.07
5 280 12 k.1 0.171k 0.015
o 20 6.4 17 31 0.5
e 480 21 7.1 0.2970 0.026
b 35 11 30 5k 0.9
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Bubble Screen Thickness, 3 ft
Air Content of Secreen, 0.035 cfs of Air per sq £t of Screen

<yl

Table 12

Results of Water-Shock Measurements

Gages at One-Quarter Depth
Stand-0Off Distance, 6 ft

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impu;se 1 / Reduced gnerg Durati.jn Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.-1b/in.“/1b 3 ms/1b 3 ms
Distance, Charge to Gage, 6.02 £t (A = 3.01)*
38 5900 600 330 0.59 1.12
57 5900 600 250 0.55 1.02
58 5700 550 260 0.56 1.1k
Average 5800 580 280 0.57 1.09
0 71 17 25 0.012 0.037
o 1.2 2.9 9.0 2.1 3.4
- 120 29 Ly 0.021 0.06k4
% 2.1 5.0 16 3.7 5.9
Distance, Charge to Cage, 6.54 ft (XA = 3.27)*
38 6100 650 420 0.60 1.19
56 5300 490 210 0.56 1.21
57 5500 550 220 0.56 1.1k
58 5500 550 220 0.56 1.24
Average 5600 560 270 0.57 1.20
o 170 33 51 0.010 0.021
% 3.1 5.9 19 1.8 1.8
& 350 66 100 0.020 0.0k42
o% 6.2 12 38 3.5 3.5
Distance, Charge to Gage, 7.1l ft (XA = 3.56)*%
38 5300 500 270 0.56 1.33
56 5200 480 180 0.54 1.31
57 5500 460 180 0.53 1.26
58 5200 480 190 0.58 1.35
Average 5300 480 200 0.55 1.31
g 71 8.2 22 0.011 0.019
7 1.3 1.7 11 2.0 1.5
& 140 16 by 0.022 0.039
ob 2.7 3.k 22 k.1 3.0
Distance, Charge to Gage, 7.70 £t (X = 3.85)
38 4600 380 210 0.216 1.47
56 5500 290 170 0.206 1.46
57 5000 380 160 0.232 1.40
58 5000 ) 190 0.312 1.48
Average 5000 370 180 0.24k2 1l.4s
q 180 31 11 0.0241 0.018
o 3.7 8.4 6.2 10 1.2
e 370 62 2 0.0482 0.036
o% T4 17 12 20 2.5
Distance, Charge to Gage, 8.32 Tt () = 4.16)
38 3500 260 89 0.320 1.57
56 2800 140 32 0.332 1.58
57 3900 260 98 0.238 1.58
58 4300 220 92 0.212 1.62
Average 3600 220 78 0.276 1.59
q 320 28 15 0.0297 0.011
% 8.9 13 20 1 0.7
b 640 57 31 0.0593 0.022
% 18 26 Lo 22 1.4
(Continued)

* (Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations
were integrated to 6.76.
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Table 12 (Continued)

Reduced Positive

Reduced Positive

Averages Peak . Time of
and Shot Pressure Impuése l/ Reduced gner§7 Durati7§ Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.-1b/in.“/1b 3 ms/1b ms
Distance, Charge to Gage, 8.96 £ (A = L4, 48)
38 3700 200 56 0.302 1.72
57 2koo 180 43 0.225 1.77
58 1900 180 26 0.363 1.74
Average 2700 190 L2 0.297 1.74
o 540 7.1 8.7 0.0k00 ©0.015
% 20 3.7 21 13 0.8
& 930 12 15 0.0691 0.026
o 3k 6.5 36 23 1.5
Distance, Charge to Gage, 9.62 £t (A = 4,81)
38 1100 100 5.0 0.428 1.97
56 1900 850 95 1.492 2.25
Average 1500 480 50 0.960 2,11
Distance, Charge to Gage, 10.29 ft (» = 5.1k4)
38 430 280 1k 1.505 2.h2
56 1100 170 6.0 0.621 3.05
o7 koo 120 3.0 0.73h 2.4k
58 800 170 10 0.622 2.7h
Average 680 180 8.2 0.870 2.66
o 170 3k 2.4 0.2132 0.148
o eh 19 29 2h 5.6
e 330 68 1.8 0426k 0.297
% kg 38 58 k9 11
Distance, Charge to Gage, 10.97 £t (M = 5.48)
56 630 100 5.0 0.597 3.29
57 800 85 b5 0.508 3.2k
58 800 100 5.5 0.654 3.23
Average 740 95 5.0 0.586 3.25
% 57 5.0 0.3 0.0424 0.019
c % 7.7 5.3 5.8 7.2 0.6
™ 98 8.7 0.5 0.0735 0.032
o% 13 9.1 10 13 1.0
Distance, Charge to Gage, 11.65 ft (A = 5.82)
38 610 200 8.5 1.081 3.08
56 580 130 6.0 0.664 3.38
57 530 80 2.0 0.468 3.31
58 800 100 6.5 0.460 3.32
Average 630 130 5.8 0.668 3.27
o 59 26 1.k 0.1454 0.060
% 9.4 20 23 22 1.8
- 120 53 2.7 0.2908 0.119
o% 19 L0 g Ll 3.6
Distance, Charge to Gage, 12.35 £t () = 6.18)
38 5ho 150 7.0 0.97h 3.20
56 750 180 11 0.762 3.24
57 650 140 6.5 0.968 3.39
58 790 160 12 0.737 3.32
Average 680 160 9.1 0.860 3.29
a 56 8.7 1.k 0.,0642 0.0k2
Y 8.2 5.0 15 7.5 1.3
- 110 17 2.8 0.128L 0.085
o% 16 11 30 15 2.6
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Table 12 (Concluded)

Averages Peak Reduced Positive Reduced Positive Time of
verag © Impulse Reduced Energy Duration X
and Shot Pressure > 1/3 o 1/3 1/3 Arrival
Deviations No. psi 1b-ms/in.“/1v in.-1b/in.“/1b ms/1b ms
Distance, Charge to Cage, 13.05 ft (A = 6.52)
38 540 110 5.5 0.718 3.34
56 620 120 6.5 0.636 3.
57 koo 80 2.5 0.902 3.45
58 780 160 10 0.638 3.46
Average 590 120 6.1 0.72k4 342
g 76 17 1.6 0.0625 0.028
% 13 1h 25 8.6 0.8
- 150 33 3.1 0.1250 0.056
o% 26 28 51 17 1.6
Distance, Charge to Cage, 13.76 ft (X = 6.88)
38 500 120 5.0 0.755
56 510 100 4.0 0.640 3.48
57 310 170 3.5 1.500 3.50
58 550 120 6.0 0.698 3.50
Average k70 130 L.6 0.898 3.h49
o 54 15 0.6 0.2020 0.007
"% 1 12 12 22 0.2
- 110 30 1.1 0.4039 0.012
oh 23 23 2k 15 0.k
Distance, Charge to Gage, 1k.h7 £t (X = 7.24)
56 k10 100 4.5 0.640 3.54
57 200 150 3.5 1.456 3.59
58 450 120 5.0 0.719 3.57
Average 350 120 4.3 0.938 3.57
o 78 22 0.k 0.2598 0.015
o 22 18 10 28 0.k
o 130 38 0.8 0.14500 0.026
% 38 32 18 48 0.7
Distance, Charge to Gage, 15.18 £t (A = 7.59)
38 410 100 k.0 0.704 3.66
56 320 100 2.5 0.722 3.63
57 240 110 2.5 1.306 3.71
58 460 220 7.0 1.812 3.71
Average 360 130 4.0 1.136 3.68
o Lo 29 1.1 0.2658 0.020
% 1 22 26 23 0.5
o 97 59 2.1 0.5316 0.040
o% 27 b5 53 47 1.1
Distance, Charge to Gage, 15.90 ft (X = 7.95)
57 240 150 1.5 1.368 3.80
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Bubble Screen Thickness, 3 ft
Air Content of Screen, 0.0014 cfs of Air per sq ft of Screen

Table 13

Results of Water-~-Shock Measurements

Gages at One-Quarter Depth
Stand-Off Distance, 12 ft

Reduced Positive

Reducéd Positive

Averages Peak X Time of
and Shot Pressure Impu;se 1/ Reduced Ener%;}f Durat?;n Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.-1b/in. /lb 3 ms/1b 3 ms
Distance, Charge to Gage, 10.97 £t (: = 5.48)*
4 2300 240 40 0.51 1.99
L 2500 150 25 0.32 2.08
61 3100 380 88 0.65 1.99
Average 2600 260 51 0.49 2.02
g 240 67 19 0.096 0.030
% 9.3 26 37 20 1.5
M 420 120 33 0.166 0.052
% 16 L5 64 34 2.6
Distance, Charge to Gage, 1L.65 ft (A = 5.82)*
41 2500 280 56 0.69 2.11
L 3000 310 66 0.63 2.21
61 3000 330 97 0.68 2.1k
Average 2800 310 73 0.67 2.15
a 170 15 12 0.019 0.030
o, 6.0 b7 17 2.8 1.k
™ 290 26 21 0.032 0.051
% 10 8.2 29 4.8 2.k
Distance, Charge to Gage, 12,35 ft (A = 6.18)*
4l 2600 300 65 0.70 2.32
61 2700 290 72 0.6k 2.36
Average 2600 300 68 0.67 2.34
Distance, Charge to Gage, 13.05 ft (A = 6.52)
5 2600 290 62 0.406 2.37
i 2800 200 55 0.187 2.k5
61 2600 270 56 0.435 2.49
Average 2700 250 58 0.343 2,44
o 71 27 2.2 0.0783 0.035
Y 2.6 11 3.8 23 1.k
o 120 48 3.8 0.1356 0.061
o k.5 19 6.6 40 2.5
Distance, Charge to Gage, 13.76 ft (» = 6.88)
L1 2100 260 45 0.493 2.67
Lk 2400 180 38 0.ho2 2,59
61 2800 280 52 0.607 2.62
Average 2400 240 45 0.501 2.63
g 200 30 4.0 0.0593 0.023
% 8.5 i3 9.0 12 0.9
s 350 53 7.0 0.1028 0.0b1
o 15 22 16 20 1.5

{Continued)

* (ages were located in front of bubble screen; impulse , energy, and duration values shown at these locations
were integrated to 6.76.
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Table li iContinued)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impu;se 1 / Reduced Ea‘.nerg Durati%: Arrival
Deviations No. psi 1b-ms/in./1b 3 in.-1b/in.“/1b 3 ms/1b ms
Distance, Charge to Gage, 1h.U7 £t (M = 7.24)
L1 2100 260 L8 0.622 2.80
fn 1300 230 22 0.684 2.73
61 2900 240 k45 0.425 2.82
Average 2100 240 38 0.577 2.78
g 460 9.1 8.2 0.0781 0.027
e, 22 3.8 22 1k 1.0
> 800 16 14 0.1353 0.047
a% 38 6.6 37 23 1.7
Distance, Charge to Gage, 15.18 ft (A = 7.59)
b1 2100 200 21 0.600 3.01
L 1500 300 28 0.632 2.99
Average 1800 250 ol 0.616 3.00
Distance, Charge to Gage, 15.90 ft (* = 7.95)
L1 1900 280 30 0.690 3.16
61 2400 220 -] 0.488 3.13
Average 2200 250 36 0.589 3.14
Distance, Charge to Gage, 16.62 ft (* = 8.31)
hhy 1100 260 28 0.682 3.36
61 1600 160 18 0.468 3.30
Average 1400 210 23 0.575 3.33
Distance, Charge to Gage, 17.34 £t (» = 8.67)
41 1500 160 20 0.486 3.49
jn 1100 160 18 0.514 3.46
61 1500 150 22 0.392 3.45
Average 1400 160 20 0.464 3.47
o 140 L1 1.2 0.0369 0.012
Um’fa 9.7 2.6 5.8 7.9 O.k
e 230 7.1 2.0 0.0639 0.021
o% 17 h.h 10 1k 0.6
Distance, Charge to Gage, 18.07 ft (A = 9.0W)
4y 1100 180 15 0.472 3.62
4k 1500 170 22 0.380 3.67
61 1500 180 25 0.3k2 3.59
Average 1400 180 21 0.398 3.63
o 140 4.1 3.0 0.0386 0.023
Um% 9.7 2.3 1l 9.7 0.6
i 230 7.1 5.1 0.0669 0.041
o% 17 3.9 2h 17 1.1
Distance, Charge to Gage, 18.80 ft (X = 9.40)
L1 950 180 16 0.438 3.76
Ly 1500 170 23 0.3k4k 3.81
61 1200 1k0 12 0.480 3.76
Average 1200 160 17 0.421 3.78
g 160 12 3.2 0.0402 0.017
o 13 7.6 19 9.6 0.k
i 280 21 5.6 0.0697 0.029
oh 23 13 33 17 0.8
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Table 13 (Concluded)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 / Reduced gnerg Durati;z; Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.-1b/in.“/1b 3 ms/1b ms
Distance, Charge to Gage, 19.53 ft (A = 9.76)
Ly 1200 160 16 0.500 3.98
61 1300 140 17 0.549 3.93
Average 1200 150 16 0.524 3.96
Distance, Charge to Gage, 20.26 ft (A = 10.13)
4 glo 160 17 0.4k2 4.08
61 1300 140 16 0.540 4.09
Average 1100 150 16 0.491 4,08
Distance, Charge to Gage, 20.99 £t () = 10.50)
h Tho 140 9.0 0.525 4,26
4y 1200 140 . 12 0.493 4, oh
Average 970 140 10 0.509 4,25
Distance, Charge to Gage, 21.72 £t (A = 10.86)
Ly 970 95 6.0 0.607 k.33
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Table 14

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft Gages at One-Quarter Depth
Alir Content of Screen, 0,004k cfs of Air per sq £t of Screen Stand-Off Distance, 12 ft
Reduced Positive Reduced Positive .
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure 5,1 /3 o, 1 /3 1 /3 Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 10.97 ft (A = 5.48)*

Lo 3200 300 73 0.53 2.02
62 3300 380 110 0.66 2.08
Average 3200 340 92 0.60 2.05

Distance, Charge to Gage, 11.65 ft (A = 5.82)%

Lo 3700 360 100 0.60 2.15
s 3000 320 83 0.66 2.24
62 2900 320 75 0.62 2.19
Average 3200 330 86 0.63 2.19
o 250 1k 7.4 0.018 0.026
o 7.9 b1 8.6 2.8 1.2
v 440 23 13 0.031 0.045
0% 1h 7.1 15 k.9 2.1
Distance, Charge to Gage, 12.35 ft (A = 6,18)%
45 2600 310 69 0.73 2.38
62 2400 270 60 0. 2.38
Average 2500 290 64 0.66 2.38
Distance, Charge to Gage, 13.05 ft (X = 6.52)
h2 3000 330 100 0.360 2.h2
62 2400 220 50 0.348 2.52
Average 2700 280 75 0.354 2.47
Distance, Charge to Gage, 13.76 ft (X = 6.88)
Lo 2500 160 36 0.218 2.59
hs 2Loo 220 52 0.239 2.66
62 1800 180 36 0.356 . 2.64
Average 2200 190 k1 0,271 2.63
a 220 18 5.3 0.0429 0.021
o 10 9.4 13 16 0.8
- 380 31 9.2 0.0743 0.036
b 17 16 23 27 1.k
Distance, Charge to Gage, 1k.U7 f1 (A = 7.24)
Ls 2500 160 35 0.156 2.8
62 1600 140 22 0.351 2.82
Average 2000 150 28 0.254 2.81
Distance, Charge to Gage, 15.18 £t (X = 7.59)
45 2300 120 28 0.220 2.93
62 1800 200 18 0.706 3.0k
Average 2000 160 23 0.463 2.98

(Continued)

* Q(ages were located in front of bubble screen; impulse, energy, and duration values shown at these locations
were integrated to 6.76. (1 of 3 sheets)
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Table 14 {Continued)

Reduced Positive

Reduced Positive

Averages Peak N Time of
and Shot Pressure Impu;se 1 / Reduced ];lner%}/f3 Durat;.jgl Arrival
Deviations No. _psi 1b-ms/in.“/1b 3 in.-1b/in.“/1b me/1b ms
Distance, Charge to Gage, 15.90 ft (M = 7.95)
b2 880 160 15 0.458 3.45
62 540 140 9.0 0.731 3.17
Average 710 150 12 0.5k 3.31
Distance, Charge to Gage, 16.62 ft () = 8.31)
45 1200 130 12 0.h21 3.58
62 570 150 9.0 0.570 3.29
Average 880 140 10 0.496 3.4k
Distance, Charge to Gage, 17.3% ft (A = 8.67)
L2 900 230 20 0.6hL0 3.75
Ls 710 110 6.5 0.464 3.64
62 560 140 3.5 0.572 3.43
Average 720 160 10 0.559 3.61
o 98 36 5.1 0.0513 0.094
] 14 23 51 9.2 2.6
o 170 62 8.8 0.0888 0.163
b 24 39 88 16 4,5
Distance, Charge to Gage, 18.07 ft (X = 9.0L)
4o 900 140 i 0.532 3.85
5 680 100 4.0 0.562 3.76
62 660 160 13 0.578 3.58
Average 750 130 9.3, 0.557 3.73
o 77 18 2.7 0.0134 0.054
% 10 14 29 2.4 1.5
e 130 31 k.7 0.0232 0.09%
o 18 24 51 4.2 2.5
Distance, Charge to Gage, 18.80 £t () = 9.40)
Lo 800 120 8.5 0.470 3.96
ks 610 130 7.5 0.535 3.86
62 610 120 9.5 0.516 3.71
Average 670 120 8.5 0.507 3.8k4
g 63 4,1 0.6 0.0192 0.073
o 9.5 3.k 6.8 3.8 1.9
™ 110 7.1 1.0 0.0333 0.126
ob 16 5.9 12 6.6 3.3
Distance, Charge to Gage, 19.53 £t (A = 9.76)
s 580 130 4.5 0.696
62 560 110 9.0 0.436 3.90
Average 570 120 6.8 0.566 3.90
(Continued)
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Table 1% (Concluded)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure anu;se 1 /3 Beduced gner%;3 Durati%t Arrival
Deviations No. psi 1b-ms/in./1b in.-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 20.26 ft (: = 10.13)
42 690 1o 10 0.486 4,25
s Lho 130 3.0 0.716
62 540 120 7.5 0.654 Lok
Average 560 130 6.8 0.619 4,14
g 73 5.8 2.0 0.0687
% 13 k.5 30 11
& 130 10 3.6 0.1190
o 23 7.7 52 19
Distance, Charge to Gage, 20.99 ft (A = 10.50)
Lo 520 110 6.0 0.470
45 560 120 3.5 0.626
Average 540 120 4.8 0.548
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Table 15

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft Gages at One-Quarter Depth
Air Comtent of Screen, 0.035 cfs of Alr per sq ft of Screen Stand-Off Distance, 12 Tt
Reduced Positive Reduced Positive
Averages Peak Impulise Reduced Energy Duration Thm§ of
and Shot Pressure > 1/3 o 1/3 1/3 Arrival
Deviations No. psi 1b-ms/in. /1b in.-1b/in.“/1b ms /10 ms

Distance, Charge to Gage, 10.97 £t (A = 5.48)«

43 2400 260 X 0.53 2.07
63 3200 360 96 0.65 2.15
Average 2800 310 69 0.59 2.11

Distance, Charge to Gage, 11.65 ft (A = 5.82)*

43 2800 340 67 0.60 2.23
L6 3000 290 68 0.62 2.29
63 3000 300 86 0.55 2.29
Average 2900 310 h 0.59 2.27
o 71 15 6.2 0.021 0.020
™, 2.4 k.9 8.4 3.5 0.9
e 120 26 11 0.036 0.035
o% k.2 8.5 14 6.1 1.5
Distance, Charge to Gage, 12.35 £t (X = 6.18)*
43 2800 280 72 0.67 2.39
46 2500 220 53 0.62 2.46
63 1400 120 10 0.h2 2.46
Average 2200 210 45 0.57 2.4y
g 430 L7 18 0.076 0.023
% 19 22 41 13 1.0
e 7h0 81 32 0.132 0.041
% 3k 38 71 23 1.7
Distance, Charge to Gage, 13.76 £t {\ = 6.88)
43 1900 100 27 0.105 2.68
46 2400 120 33 0.11k 2.74
Average 2200 110 30 0.110 2.71
Distance, Charge to Gage, 1k.47 £t (A = 7.24)
43 1800 43 ik 0.062 2.83
46 1300 55 9.0 0.158 2.89
Average 1600 49 12 0,110 2.86
Distance, Charge to Gage, 15.18 £t (A = 7.59)
46 240 38 1.0 0.470 3.47
63 460 120 4.0 1.054 3.94
Average 350 79 2.5 0.762 3.70
Distance, Charge to Gage, 15.90 ft (A = 7.95)
43 170 75 1.0 0.867 L.hg
63 380 110 3.0 1.343 %.00
Average 280 92 2.0 1.105 4,24

(Continued)

* Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations

were integrated to 6.76.
o



Table 15 iConcluded)

Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure - 1 /3 5, 1 /3 1 /3 Arrival
Deviations No. psi lb—ms/in. /lb 1n.-lb/in. /1b ms/lb ms
Distance, Charge to Gage, 16.62 ft (A = 8.31)
63 170 32 0.5 0.641 L.48
Distance, Charge to Gage, 17.3h £t (A = 8.67)
43 320 120 3.0 1.300 5.03
L6 210 65 1.5 0.618 4.88
63 190 100 2.0 1.3kk 4.61
Average 250 95 2.2 1.087 4,84
g Lo 16 0.4 0.2349 0.123
% 17 17 20 22 2.5
o 70 28 0.8 0.4069 0.2129
oh 29 29 35 37 L.y
Distance, Charge to Gage, 18.07 ft (M = 9.04)
43 240 120 2.5 1.575 5.10
L6 210 95 2.0 1.200 5.42
63 150 70 1.0 1.272 5.16
Average 200 95 1.8 1.349 5.23
g 26 14 0.4 0.1149 0.098
) 13 15 25 8.5 1.9
o 46 25 0.8 0.1990 0.170
% 23 26 4o 15 3.3
Distance, Charge to Gage, 18.80 ft (A = 9.40)
43 210 80 1.0 1.188 5.37
L6 180 70 1.0 1.078 5.50
63 160 75 1.5 1.220 5.51
Average 180 75 1.2 1.162 5.46
g 15 2.9 0.2 0.0430 0.045
] 8.2 3.9 1k 3.7 0.8
& 26 5.0 0.3 0.0745 0.078
% 14 6.7 2k 6.k L.k
Distance, Charge to Gage, 19.53 £t (A = 9.76)
L6 220 150 2.5 2.210 5.55
63 150 Lo 1.0 0.828 5.59
Average 180 100 1.8 1.519 5.57
Distance, Charge to Gage, 20.26 ft () = 10.13)
k43 170 85 1.5 1.196 5.47
63 140 50 0.5 0.834 5.80
Average 160 68 1.0 1.015 5.64
Distance, Charge to Gage, 20.99 ft (A = 10.50)
43 160 90 1.5 1.hh2 5,64
L6 170 85 1.0 1.61k 5.30
Average 160 88 1.2 1.528 5.47
Distence, Charge to Gage, 21.72 ft (A = 10.86)
L6 110 50 0.5 1.207 5.63
63 260 160 5.5 1.462 5.40
Average 180 100 3.0 1.334 5.52




Table 16

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft
Air Content of Screen, 0.001k cfs of Air per sg ft of Screen

Gages, 0.25 ft Below Water Surface
Stand-Off Distance, 6 ft

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impu%se 1 / Reduced I-glnerf% Dura.ti7n Arrival
Deviations No. psi 1b-ms/in. /10 3 in.-1b/in.“/1b ms/1b 3 ms
Distance, Charge to Gage, 9.62 £t (A = 4.81)
92 3800 100 2 0.045 1.75
93 2900 100 55 0.053 1.76
Aversge 3400 100 Th 0.049 1.76
Distance, Charge to Gage, 9.96 £t (A = 4.98)
92 3100 90 61 0.0k 1.82
93 3100 80 L9 0.045 1.81
Average 3100 85 55 0.0k} 1.82
Distance, Charge to Gage, 10.34 £t (2 = 5.17)
g2 4700 0 [ 0.065 1.91
93 3600 110 63 0.052 2.03
Average 4200 100 6L 0.058 1.97
Distance, Charge to Gege, 10.75 £t (A = 5.38)
o7 2600 65 31 0.065 2.04
93 3200 100 52 0.046 2.10
Average 2900 82 L2 0.056 2.07
Distance, Charge to Gage, 11.21 ft () = 5.60)
R 2700 48 20 0.083 2.1h4
93 3000 90 3k 0.048 2.1k
Average 2800 69 27 0.066 2.1h
Distance, Charge to Gage, 11.69 ft (A = 5.84)
92 2400 45 18 0.070 2.2k
93 2800 8o 30 0.048 2.23
Average 2600 62 24 0.059 2.24
Distance, Charge to Gage, 12.20 £t (A = 6.10)
92 1900 65 2L 0.063 2.36
3 2500 90 34 0.054 2.37
Average 2200 78 29 0.058 2.36
Distance, Charge to Gage, 12.73 ft () = 6.36)
92 2000 50 17 0.062 2.46
a3 2700 60 21 0.050 2.4k
Average 2400 55 19 0.056 2.45

{Continued)
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Table 16 (Concluded)

Reduced Positive

Reduced Positive

Av:nrzges Shot Prgzztre Impulse Reduced Energy Duration z:'?:v:f
pevistions  No. psi To-ms/in.2/1bY/3 in.-1b/in.2/1b1/3 ms /153 ns
Distance, Charge to Gage, 13.29 £t (A = 6.64)

92 1500 55 1k 0.065 2.58
Distance, Charge to Gage, 13.86 £t (A = 6.93)

92 1400 Lh 10 0.070 2.63

93 1200 55 10 0.139 2.66

Average 1300 50 10 0.10k% 2.64
Distance, Charge to Gage, 1h.45 £t (A = 7.22)

92 1500 k3 11 0.076 2.76

°5] 1300 34 4.0 0.139 2.79

Average 1400 38 7.5 0.108 2.78
Distance, Charge to Gage, 15.05 £t (A = 7.52)

92 1200 35 9.5 0.082 2.88

93 1500 43 7.5 0.084 2.98

Average 1400 39 8.5 0.083 2.93
Distance, Charge to Gage, 15.67 £t (A = 7.8k4)

92 1400 L6 9.5 0.090 3.06

93 1400 50 8.5 0.098 3.06

Average 1400 48 9.0 0.094 3.06
Distance, Charge to Gage, 16.30 £t (A = 8.15)

92 1000 36 8.5 0.068 3.17

93 1500 50 8.5 0.080 3.17

Average 1200 43 8.5 0.07h 3.17
Distance, Charge to Gage, 16.94 £t (A = 8.47)

92 1000 33 T.5 0.059 i3.31
Distance, Charge to Gage, 17.58 £t (A = 8.79)

92 710 26 5.0 0.064 3.2

93 830 22 2.0 0.090 3.36

Average 770 24 3.5 0.077 3.39




Table 17

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft Gages, 0.25 £t Below Water Surface
Air Content of Screen, 0.00k4 cfs of Air per sq £t of screen Stand-Off Distance, 6 ft
Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Timg of
and Shot Pressure o, 1 /3 5 1 /3 1 /3 Arrival
Deviations No. psi 1b-ms/in.“/1b in.~1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 9.62 £t (A = L.81)
95 3400 120 86 0.080 1.7k
Distance, Charge to Gage, 9.9 ft (A = 4k.98)
9k 2600 75 36 0.088 1.89
95 3200 130 64 0.080 1.82
Average 2900 100 50 0.084 1.86
Distance, Charge to Gage, 10.34 £t (A = 5.17)
gl 1700 70 19 0.079 1.9%
95 3700 1ko 56 0.07h 1.89
Average 2700 100 38 0.076 1.9
Distance, Charge to Gage, 10.75 £t (A = 5.38)
94 1900 L7 16 0.068 2.12
95 3500 120 50 0.067 1.97
Average 2700 8h 33 0.068 2.04
Distance, Charge to Gage, 11.21 ft (A = 5.60)
95 1900 75 2h 0.080 2.10
Distance, Charge to Gage, 11.69 £t (A = 5.84)
ok 1700 55 15 0.072 2.30
95 2400 50 14 0.080 2.20
Average 2000 52 1k 0.076 2.25
Distance, Charge to Gage, 12.20 £t (A = 6.10)
ol 1700 60 14 0.078 2.33
95 1100 3k k.0 0.155 2.38
Average 1400 g 9.0 0.116 2.36
Distance, Charge to Cage, 12.73 £t (A = 6.36)
9l 1300 50 10 0.072 2.53
95 810 2k 3.0 0.086 2.59
Average 1000 37 6.5 0.079 2.56
Distance, Charge to Gage, 13.29 ft (A = 6.64)
ol 890 N 7.5 0.077 2.62
95 680 29 3.5 0.120 2.63
Average 780 35 5.5 0.098 2.62

(Continued)
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Table 17 {Concluded)

Reduced Positive Reduced Positive

Averages Peak . Time of
and Shot Pressure Impuése 1/3 Reduced gner§§ Durati7n Arrival
Deviations No. psi 1b-ms/in.”/1b in.-1b/in.“/1b 3 ms/1b 3 ms
Distance, Charge to Gage, 13.86 £t (A = 6.93)
9k 950 42 7.5 0.078 2.80
95 570 38 3.5 0.21k4 2.67
Average 760 Lo 5.5 0.146 2.7Th
Distance, Charge to Gage, 1h.k5 £t (A = 7.22)
gl 910 36 k.0 0.080 2.81
95 570 38 2.5 0.210 2.79
Average 740 37 3.2 0.1h5 2.80
Distance, Charge to Gage, 15.05 ft (A = 7.52)
gk 1300 36 6.0 0.081 2.94
95 510 L6 2.5 0.190 2.9
Average 900 L1 4,2 0.136 2.92
Distance, Charge to Gage, 15.67 £t (A = 7.84)
9k 1000 29 k.0 0.087 3.02
95 510 30 2.0 0.1k2 3.02
Average 760 30 3.0 0.114 3.02
Distance, Charge to Gage, 16.30 ft (A = 8.15)
gk 1100 32 5.0 0.108 3.12
95 660 32 3.0 0.112 3.16
Average 880 32 4.0 0.110 3.14
Distance, Charge to Gage, 16.94 ft (A = 8.47)
9k 990 23 3.0 0.050 3.32
g5 670 30 2.5 0.116 3.34
Average 830 26 2.8 0.083 ‘3.33
Distance, Charge to Gage, 17.58 £t (A = 8.79)
9l 620 1h 1.5 0.0k 3.4
95 360 18 1.0 0.092 3.46

Average hoo 16 1.2 0.068 3.5




»

Table 18

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft

Gages, 0.25 ft Below Water Surface

Air Content of Screen, 0.035 cfs of Air per sq ft of Screen Stand-Off Distance, 6 ft
Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure 5, 1 /3 5, 1 /3 1 /3 Arrival
Deviations No. psi 1b-ms/in.”/1b in.-1b/in.“/1p ms /1b ms
Distance, Charge to Gage, 9.62 ft () = 4.81)
% 1600 55 15 0.119 1.81
g7 2000 60 10 0.118 1.88
Average 1800 58 12 0.118 1.84
Distance, Charge to Gage, 9.96 £t (A = 4.98)
% 1400 55 15 0.176 1.95
97 1200 k2 3.5 0.166 1.93
Average 1300 48 9.2 0.171 1.9%
Distance, Charge to Gage, 10.34 £t (A = 5.17)
9% 1300 55 10 0.17k 2.16
97 1900 160 19 0.536 2.12
Average 1600 110 1h 0.355 2.1h
Distance, Charge to Gage, 10.75 £t (A = 5.38)
% 510 18 3.0 0.092 2.40
97 140 31 0.5 0.401 2.52
Average 320 24 1.8 0.246 2.46
Distance, Charge to Gage, 11.21 £t (A = 5.60)
% 120 12 0.5 0.233 2.48
97 38 16 0.1 0.722 2.82
Average 79 1k 0.3 0.478 2.65
Distance, Charge to Gage, 11.69 £t (A = 5.84)
% 99 1h 5.5 0.29% 2.82
97 8l 60 - 0.5 1.622 3.99
Average 92 37 3.0 0.959 3.40
Note: The records obtained from the remaining gages in this test configuration were too small and erratic to

evaluate.



Table 19

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft Gages, 0.25 ft Below Water Surface
Air Content of Screen, 0.0014 cfs of Air per sq ft of Screen Stand-Off Distance, 12 ft
Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure 2, 1/3 o2, 1 /3 1 /3 Arrival
Deviations No. psl 1b-ms/in.“/1b in.-1b/in./1b ms/1b ms

Distance, Charge to Gage, 13.29 £t (A = 6.64)

87 2600 75 28 0.04} 2.58
88 2500 65 28 0.039 2.54
B 2100 65 27 0.053 2.49
99 1900 70 32 0.058 2.48
Average 2300 69 29 0.048 2.52
o 170 2.4 1.1 . 0.0k 0.023
oﬁ% 7.2 3.5 3.9 8.6 0.9
o 330 4.8 2.2 0.0082 0.046
o% 1k 7.0 7.7 17 1.8

Distance, Charge to Gage, 13.86 ft (» = 6.93)

87 2600 65 31 0.048 2.69
88 2500 55 20 0.039 2.66
98 2300 70 30 0.056 2.55
99 2300 70 28 0.058 2.57
Average 2400 65 27 0.050 2.62
o 76 3.5 2.5 0.0044 0.034
cﬁ% 3.2 5.k 9.2 8.7 1.3
o 150 7.0 5.0 0.0087 0.068
o% 6.4 11 18 17 2.6
Distance, Charge to Gage, 14.45 £t (A = 7.22)
87 2700 65 26 0.0ko 2.81
88 2400 55 20 0.033 2.79
99 2400 75 28 0.048 2.69
Average 2500 65 25 0.040 2.76
s 100 5.8 2.4 0.00kk4 0.037
cﬁ% k.0 8.9 9.6 1 1.3
5] 170 10 L.2 0.0076 0.064
o% 6.9 15 17 19 2.3
Distance, Charge to Gage, 15.05 ft (A = 7.52)
87 2300 65 26 0.047 2.92
88 2600 50 20 0.040 2.92
98 2600 65 26 0.0k2 2.79
99 2500 75 30 0.050 2.79
Average 2500 64 26 0.0k45 2.86
o 71 5.2 2.1 0.0022 0.038
ok 2.8 8.1 8.0 5.0 1.3
140 10 4.2 0.0045 0.075
o% 5.7 16 16 10 2.6
(Continued)
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Table 19 iCoitinued)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 /3 Reduced gnerf% Duratic}gx Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 15.67 £t (A = 7.84)
87 1200 o) 12 0.103 2.98
88 1500 31 5.5 0.0k1 2.98
98 2000 55 16 0.043 2.91
99 2000 50 16 0.057 2.88
Average 1700 LYy 12 0.061 2.94
o, 200 5.3 2.5 0.01h5 0.025
a % 12 12 21 2k 0.9
o™ koo 11 5.0 0.0290 0.051
% 23 24 4o 48 1.7
Distance, Charge to Gage, 16.30 £t (A = 8.15)
87 gko 18 6.5 0.068 3.16
88 1200 32 5.5 0.09k 3.13
9B 2000 48 1k 0.050 3.0k
99 1100 32 8.0 0.078 3.01
Average 1300 32 8.5 0.072 3.08
g 240 6.1 1.9 0.0092 0.036
cﬂ% 18 19 22 13 1.2
g k70 12 3.8 0.0184 0.072
o% 36 38 L5 26 2.3
Distance, Charge to Gage, 16.94 £t (A = 8.u47)
87 650 45 5.5 0.185 3.38
88 990 32 4.0 0.07k 3.28
98 1100 3h 7.5 0.101 3.19
99 770 22 3.0 0.138 3.19
Average 880 33 5.0 0.124 3.26
o 100 b7 1.0 0.0241 0.045
o 12 14 20 19 1.4
o 200 9.k 2.0 0.0482 0.091
o% 23 28 39 39 2.8
Distance, Charge to Gage, 17.58 £t (A = 8.79)
87 490 22 7.0 0.112 3.50
88 930 27 4.0 0.078 3.h0
B 520 27 3.5 0.094 3.37
99 390 16 2.0 0.11h 3.33
Average 580 23 4.1 0.100 3.40
g 120 2.6 1.0 0.0085 0.036
aﬂ% 20 11 26 8.5 1.1
o 240 5.2 2.1 0.0170 0.073
o% I 23 51 17 2.1
(Continued)
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Table 19 |i‘iiiiued)

Reduced Positive Reduced Positive

Averages Peak - Time of
and Shot Pressure Impuése 1/3 Reduced gnerg Durat?;n Arrival
peviations No. psi 1b-ms/in. /1b in.-1b/in.“/1b 3 ns/1b 3 ms
Distance, Charge to Gage, 18.24 £t () = 9.12)
88 730 16 2.0 0.084 3.58
98 620 20 2.0 0.068 3.47
99 320 18 2.5 0.222 3.54
Average 560 18 2.2 0.125 3.53
o 120 1.2 0.2 0.0489 0.032
cm% 22 6.7 7.6 39 0.9
o 210 2.1 0.3 0.0847 0.056
o% 38 12 13 68 1.6
Distance, Charge to Gage, 18.90 £t (A = 9.L5)
87 5Lo 18 3.0 0.128 3.69
88 Tho 18 2.0 0.068 3.71
98 590 16 2.0 0.062 3.68
99 370 10 1.0 0.081 3.7h
Average 560 16 2.0 0.085 3.70
o 76 1.9 0.4 0.0148 0.014
% 1L 12 20 17 0.k
& 150 3.8 0.8 0.0300 0.027
o% 27 24 b1 35 0.7
Distance, Charge to Gage, 19.56 £t (A = 9.78)
87 530 12 3.0 0.082 3.85
88 510 13 1.0 0.058 3.80
98 420 17 2.0 0.163 3.81
99 430 21 1.5 0.172 3.98
Average (o) 16 1.9 0.119 3.86
G 28 2.1 0.k 0.0286 0.041
Uﬁ% 5. 13 22 2l 1.1
o 56 L.2 0.8 0.0573 0.083
o% 12 26 ks 48 2.1
Distance, Charge to Gage, 20.24 £t (A = 10.12)
87 550 12 2.0 0.072 3.95
88 Lo 12 2.5 0.065 3.98
98 Y] 22 2.0 0.192 k.00
99 570 2L 2.5 0.106 L.06
Average i¥eo] 18 2.2 0,109 k.00
% Lo 3.2 0.1 0.0292 0.023
o % 8. 18 6.7 27 0.6
a 79 6.4 0.3 0.0583 0.046
o% 16 36 13 5h 1.2
(Continued)
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Table 19 (Concluded)

Reduced Positive Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1/3 Reduced gnerg:i Durati%l Arrival
Deviations No. No. 1b-ms/in.”/1b in.-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 20.92 ft (A = 10.46)
87 380 8.0 1.0 0.066 Ly
98 3h0 19 1.0 0.170 4,16
99 480 21 2.0 0.112 k.16
Average Loo 16 1.3 0.116 L.k
o k2 4.0 0.3 0.0301 0.017
o 10 25 26 26 0.k
R 72 6.9 0.6 0.0521 0.029
o% 18 43 Ly Lg 0.7
Distance, Charge to Gage, 21.60 £t (A = 10.80)
87 430 8.5 1.0 0.07% 4,23
88 310 8.0 0.5 0.068 4.2y
93 360 21 1.0 0.143 L.23
99 450 17 1.0 0.091 4.29
Average 390 14 0.9 0.094 4 .25
g 32 3.2 0.1 0.0170 0.01k
0:% 8.3 23 1h 18 0.3
s 65 6.4 0.2 0.0341 0.029
ob 17 L6 28 36 0.7
Distance, Charge to Gage, 22.29 £t (A = 11.1k)
87 360 8.5 0.5 0.069 4.5
88 270 7.5 0.5 0.059 L. 4o
98 300 20 1.0 0.116 4oLy
99 550 1k 1.0 0.092 4.39
Average 370 12 0.8 0.084 4. 42
a 63 2.9 0.1 0.0127 0.015
cr:$ 17 2l 18 15 0.3
o 120 5.8 0.3 0.0255 0.029
% 34 18 37 30 0.7
Distance, Charge to Gage, 22.98 £t (A = 11.49)
87 k20 10 1.5 0.069 4
88 360 1ih 0.5 0.07h 4,53
98 260 12 0.5 0.109 4 .56
99 230 8.0 0.5 0.082 4.50
Average 320 11 0.8 0.08% 4.53
b b 1.3 0.2 0.0095 0.012
a:'ﬁ 1k 12 32 1 0.3
q 88 2.6 0.5 0.0189 0.02k
ob 28 24 63 22 0.5
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Bubble Screen Thickness, 3 ft
Air Content of Screen, 0.004L cfs of Air per sq ft of Screen

SR

Table 20

Results of Water-Shock Measurements

Gages, 0.25 't Below Water Surface
Stand-Off Distance, 12 ft

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impu]e.se 1/3 Reduced lgner:%% Durat]i_c;g Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in./1b ms/1b ms
Distance, Charge to Gege, 13.29 ft () = 6.64)
100 2600 95 ks 0.062 2.50
101 2400 100 42 0.066 2.50
Average 2500 98 4y 0.064 2.50
Distance, Charge to Gage, 13.86 £t (A = 6.93)
100 2koo 70 3k 0.057 2.60
101 2500 75 38 0.062 2.62
Average 2400 T2 36 0.060 2.61
Distance, Charge to Gage, 1L.h5 £t () = 7.22)
100 2100 75 26 0.057 2.67
101 2400 70 22 0.078 2.71
Average 2200 T2 24 0.068 2.69
Distance, Charge to Gage, 15.05 ft (A = 7.52)
100 2800 70 27 0.083 2.80
101 1300 Ll 8.0 0.103 2.86
Average 2000 57 18 0.093 2.83
Distance, Charge to Gage, 15.67 £t (A = 7.84)
100 1500 33 7.0 0.078 2.93
101 460 20 2.0 0.138 3.0k
Average 980 26 k.5 0.108 2.98
Distance, Charge to Gage, 16.30 ft (A = 8.15)
100 koo 8.5 1.0 0.072 3.05
101 210 9.5 2.0 0.123 3.24
Average 350 9.0 1.5 0.098 3.14
Distance, Charge to Gage, 16.94 £t () = 8.47)
100 330 26 2.0 0.215 3.48
101 310 36 1.5 0.370 3.34
Average 320 31 1.8 0.292 3.4
Distance, Charge to Gage, 17.58 ft (A = 8.79)
100 380 24 2.0 0.166 3.69
101 450 32 2.0 0.296 3.45
Average it=06) 28 2.0 0.231 3.57

Continued)




Table 20 (Concluded)

Averages

Peak

Reduced Positive

Reduced Positive

Time of

and Shot Pressure Impuése 1/3 Reduced gner%§3 Durati7g Arrival
Deviations No. psi 1v-ms/in."/1b in.~1b/in.“/1b ms/1b me
Distance, Charge to Gage, 18.2h £t (A = 9.12)
101 430 28 2.0 0.248 3.63
Distance, Charge to Gage, 18.90 ft (A = 9.L45)
100 330 16 1.5 0.115 3.83
101 560 30 2.5 0.160 3.81
Average Lho 23 2.0 0.138 3.82
Distance, Charge to Gage, 19.56 £t (A = 9.78)
100 270 1k 0.5 0.166 3.85
101 L8o 26 2.0 0.148 3.89
Average 380 20 1.2 0.157 3.87
Distance, Charge to Gage, 20.2k ft (A = 10.12)
100 320 17 1.0 0.208 3.97
101 640 28 2.5 0.131 L.ok
Average 480 22 1.8 0.170 k.00
Distance, Charge to Gage, 20.92 £t (A = 10.46)
100 280 13 0.5 0.1% 4,10
101 510 20 1.5 0.123 4,20
Average Yelo} 16 1.0 0.160 k.15
Distance, Charge to Gage, 21.60 £t (A = 10.80)
100 300 1k 0.5 0.174 k.o
101 530 20 1.0 0.1ke k.37
Average k2o 17 0.8 0.157 4.30
Distance, Charge to Gage, 22.29 ft (: = 11.14)
100 270 1k 0.5 0.160 4.36
101 480 16 0.5 0.118 h.hs
Average 380 15 0.5 0.139 k.ho
Distance, Charge to Gage, 22.98 ft (A = 11.49)
100 160 6.5 0.2 0.146 .51
101 200 9.0 0.2 0.098 4 .63
Average 180 7.8 0.2 0.122 L.57




o
Table 21

Results of Water-Shock Measurements

Bubble Screen Thickness, 3 ft Gages, 0.25 ft Below Water Surface
Air Content of Screen, 0.035 cfs of Air per sq ft of Screen Stand-Off Distance, 12 ft
Averages Pesk Reduced Positive Reduced P?sitlve Time of
Impulse Reduced Energy Duration
and Shot Pregsure > 1/3 2,..1/3 1/3 Arrival
Deviations lo. pei 1b-ms/in. /b in.-1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 13.29 ft (X = 6.64)

8l 900 30 b5 0.132 2.78
89 1700 55 22 0.140 2.68
90 1800 80 18 0.110 2.0k
103 1200 32 3.5 0.176 2.49
Average 1400 it} 12 0.1h0 2.50
g 210 12 4.7 0.0137 0.164
oy 15 2 39 9.8 6.6
o 420 23 9.4 0.027h 0.328
o% 30 48 78 20 13
Distance, Charge to Gage, 13.86 £t () = 6.93)
89 1400 36 13 0.11h 2.78
103 920 3k 2.5 0.24k 2.65
Average 1200 ) 35 7.8 0.179 2.72
Distance, Charge to Gage, Lh.L5 £t (A = 7.22)
8l 480 30 4.0 0.216 3.00
89 760 30 8.5 0.150 2.89
103 280 32 1.0 0.554 2.96
Average 510 31 4.5 0.307 2.95
o 140 0.7 2.2 0.1251 0.032
% 27 2.3 48 41 1.1
- 240 1.2 3.8 0.2167 0.056
o% W7 k.0 8h 71 1.9
Distance, Charge to Gage, 15.05 £t (A = 7.52)
8k 240 19 1.5 0.184 3.30
89 350 60 10 0.353 3.11
103 200 30 0.5 0.570 3.60
Average 260 36 4,0 0.369 3.3h
g 45 12 3.0 0.1117 0.143
o 17 33 75 30 4.3
i 78 21 5.2 0.1935 0.247
% 30 59 130 52 7.4
Distance, Charge to Gage, 15.67 £t (A = 7.84)
103 50 16 0.1 0.684 4,16
Distance, Charge to Gage, 16.30 £t (A = 8.15)
103 24 19 0.1 0.980 L.92
Distance, Charge to Gage, 16.94 ft (A = 8.47)
103 Lk 26 0.2 1.252 5.75
Distance, Charge to Gage, 17.58 £t (A = 8.79)
103 59 20 0.1 0.902 7.08

Note: The records obtained from the remaining gages in this test configuration were too small and erratic to

evaluate.



Bubble Screen Thickness, 1.5 ft

Table 22

Results of Water-Shock Measurements

Air Content of Screen, 0.0028 cfs of Air per sq ft of Screen

Gages at Middepth
Stand-Off Distance, 6 ft

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 /3 Reduced }é:nerg Dura.ti(;gx Arrival
Deviations No. psi 1b/-ms/in.“/1b in,.~1b/in.“/1b 3 ms/1b ms
Distance, Charge to Gage, %.00 £t () = 2.00)*
72 8800 700 560 0.4k 0.67
7 9900 800 600 0.kg 0.65
Average 9koo 750 580 0.46 0.66
Distance, Charge to Gage, 4.75 £t (A = 2.38)%
72 8400 750 530 0.52 0.80
7 8500 650 520 0.47 0.82
Average 8400 700 520 0.50 0.81
Distance, Charge to Gage, 5.50 £t (A = 2.75)%
T2 6600 600 320 0.51 0.97
7 T200 550 330 0. bk 0.%
Average 6900 580 320 0.48 0.9
Distance, Charge to Gage, 6.25 £t (A = 3.12)
72 6000 500 270 0.378 1.10
7 6500 550 310 0.356 1.11
Average 6200 520 290 0.367 1.10
Distance, Charge to Gage, 7.00 £t (A = 3.50)
72 5600 550 2L0 0.540 1.21
77 5700 L60o 2ko 0.37h 1.26
Aversge 5600 500 240 0.457 1.2k4
Distance, Charge to Gage, 7.75 £t ( = 3.88}
72 4800 460 170 0.k90 1.36
77 5000 260 110 0.250 1.40
Average 4900 360 140 0.370 1.38
Distance, Charge to Gage, 8.50 £t (A = 4.25)
T2 3600 460 170 0.362 1.46
77 5000 550 200 0.539 1.58
Average 4300 500 180 0.450 1.52

(Continued)

* Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations

were integrated to 6.76.



Table 22 (Concluded)

Averages

Peak

Reduced Positive

Keduced Posltive

Time of

Devizzions f§;§ Pre;::re lb-msj:z?%;ibl/3 in?fisjji.g;i:§§3 Z:;izi7§ Ariival
Distance, Charge to Gage, 9.25 £t (A = 4.62)
T2 3k00 310 120 0.261 1.62
7 Looo k60 1ho 0.4s5h4 1.73
Average 3700 380 130 0.358 1.68
Distance, Charge to Gage, 10.00 ft () = 5.00)
T2 2900 420 98 0.815 1.9
7 3Lo0 300 % 0.320 1.91
Average 3200 360 97 0.568 1.9
Distance, Charge to Gage, 10.75 ft (A = 5.38)
72 2400 260 52 0.405 2.05
77 2700 260 8L 0.298 2.06
Average 2600 260 68 0.352 2.06
Distance, Charge to Gage, 11.50 £t (A = 5.75)
72 2500 3ko 78 0.608 2.21
7 2500 300 6h 0.562 2.20
Average 2500 320 et 0.585 2.20
Distance, Charge to Gage, 12.25 £t (A = 6.12)
T2 2300 240 4o 0.640 2.34
77 2200 320 52 0.608 2.36
Average 2200 280 L6 0.624 2.35
Distance, Charge to Gage, 13.75 £t {A = 6.88)
72 2100 360 L2 0.953 2.64
77 1800 330 51 0.728 2.65
Average 2000 3ko L6 0.840 2.64
Distance, Charge to Gage, 1L4.50 ft (A = 7.25)
T2 1800 340 37 0.927 2.80
7 1700 300 39 0.829 2.80
Average 1800 320 38 0.878 2.80
Distance, Charge to Gage, 15.25 ft (A = 7.62)
72 1600 280 30 0.883 2.94
7 1100 320 30 0.959 2.95
Average 1500 300 30 0.921 2.94




Results of Water-Shock Measurements

Bubble Screen Thickness, 1.5 ft Gages at Middepth
Air Content of Screen, 0.00L4 cfs of Air per sg ft of Screen Stand-Off Distance, 6 ft
A s Peak Reduced Positive Reduced Positive Time of
verage < Impulse Reduced Energy Duration
and Shot Pressure 5 1/3 o 1/3 1/3 Arrival
Deviations No. psi lo-ms/in.” /1b in.-1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 4.00 £t (A = 2.00)%

73 9100 750 530 0.46 0.67
75 8800 700 550 0.46 0.69
Average 9000 720 540 0.46 0.68

Distance, Charge to Gage, h.75 ft (A = 2.38)*

3 8500 750 510 0.50 0.82
75 8200 700 470 0.L7 0.83
Average 8400 720 490 0.48 0.82

Distance, Charge to Gage, 5.50 £t (A = 2.75)*%

73 6500 600 320 0.58 0.98
75 7100 600 L10 0.55 0.97
Average 6800 600 360 0.56 0.98

Distance, Charge to Gage, 6.25 £t (A = 3.12)

3 6200 480 320 0.318 1.09
75 7100 500 3ko 0.321 1.11
Average 6600 koo 330 0.320 1.10

Distance, Charge to Gage, 7.00 £t (} = 3.50)

T3 5800 500 200 0.556 1.31
5 5700 450 200 0.460 i.24
Average 5800 480 200 0.508 1.28

Distance, Charge to Gage, 7.75 ft (2 = 3.88)

T3 5100 L60 180 0.580 1.44
75 L&00 L2o 140 0.47h 1.39
Average 4800 Lho 160 0.527 1.k2

Distance, Charge to Gage, 8.50 ft (A = L4.25)

73 4500 L2o 150 0.460 1.62
75 3500 420 140 0.36h4 1.60
Average Loo0 420 140 0.h2 1.61

Distance, Charge to Gage, 9.25 ft (A = L4.62)

T3 3800 360 130 0.446 1.70

75 3400 330 110 0.274 1.75

\verage 3600 340 . 120 0.360 1.72
(Continued)

¢ Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations

were integrated to 6.79.




Table 23 (Concluded)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot  Pressure Imp“ése /3 Reduced gner%§ D“rati7n Arrival
Deviations No. psi 1b-ms/in./1b in.-1b/in."/1b 3 ms/1b 3 ms
Distance, Charge to Gage, 10.00 £t (A = 5.00)
3 2900 310 88 0.318 1.92
5 2700 380 90 0.708 1.9
Average 2800 340 89 0.513 1.91
Distance, Charge to Gage, 10.75 £t (A = 5.38)
73 2700 280 67 0.456 2.09
Distance, Charge to Gage, 11.50 ft (A = 5.75)
3 2500 Lho T2 1.312 2.17
75 2500 370 70 0.897 2.20
Average 2500 400 71 1.104 2.18
Distance, Charge to Gage, 12.25 ft (A = 6.12)
73 2300 340 46 1.174 2.33
75 2400 340 62 0.879 2.37
Average 2400 340 Sk 1.026 2.35
Distance, Charge to Gage, 13.75 £t (A = 6.88)
73 2200 460 56 1.112 2.63
75 2400 Lho Th 1.073 2.66
Average 2300 450 65 1.092 2.6h
Distance, Charge to Gage, 14.50 ft (A = 7.25)
3 1700 330 35 1.012 2.79
75 1700 310 36 1.004 2.78
Average 1700 320 36 1.008 2.78
Distance, Charge to Gage, 15.25 ft () = 7.62)
7 1500 330 36 0.966 2.93
75 1700 270 28 0.963 2.94
Average 1600 300 32 0.964 2.94
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Table 24

Results of Wa.tér-Shock Measurements

Bubble Screen Thickness, 1.5 ft Gages at Middepth
Air Content of Screen, 0.035 cfs of Air per sq ft of Screen Stand-Off Distance, 6 ft
Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Tim‘? of
and Shot Pressure 2,.1/3 2, .1/3 1/3 Arrival
Deviations No. psi 1b-ms/in.”/1b in.~1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 4.00 ft (A = 2.00)*

h 8800 700 540 0.48 0.67
76 8000 550 420 0.40 0.68
Average 8400 620 480 0.h4h 0.68

Distance, Charge to Gage, 4.75 ft (A = 2.38)%

T 8000 750 430 0.52 0.81
76 8100 600 380 0.y 0.83
Average 8000 680 400 0.48 .82

Distance, Charge to Gage, 5.50 £t (A = 2.75)*%

Th 7000 500 280 0.45 0.%

76 7000 Loo 230 0.32 0.99

Average T000 450 260 0.38 0.98
Distance, Charge to Gage, 6.25 ft () = 3.12)

h 6400 340 280 0.172 1.08

76 3900 180 98 0.120 1.12

Average 5200 260 190 0.146 1.10
Distance, Charge to Gage, 7.00 ft (A = 3.50)

Th 4200 Lho 9% 0.760 1.27

76 1700 400 80 0.572 1.28

Average 3000 420 88 0.666 1.28
Distance, Charge to Gage, 7.75 £t (A = 3.88)

h 2400 k70 78 0.882 1.52

T6 1800 280 Ly 0.627 1.59

Average 2100 380 61 0.754 1.56
Distance, Charge to Gage, 8.50 £t (A = L.25)

Th 1800 420 58 0.81k4 1.68

76 2000 500 6h 1.222 1.61

Average 1900 460 61 1.018 1.64
Distance, Charge to Gage, 9.25 £t (A = 4.62)

h 1900 380 52 0.7he 1.84

76 1600 380 ko 1.188 1.76

Average 1800 380 L6 0.965 1.80

(Continued)

* (Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations

were integrated to 6.76.
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Table 24 (Concluded)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 /3 Reduced ]é.nerg Durati(;; Arrival
Deviations No. psi 1b-ms/in.*/1b in.-1b/in.>/1p%3 ms/1b ms
Distence, Charge to Gage, 10.00 £t (A = 5.00)
Th 1300 390 1.254 1.95
T6 1200 k2o 1.282 1.98
Average 1200 o'} 1.268 1.9
Distance, Charge to Gage, 10.75 £t () = 5.38)
h 1300 260 0.860 2.1k
76 1100 210 0.756 2.15
Average 1200 240 0.808 2,14
Distance, Charge to Gage, 11.50 £t (A = 5.75)
h 1000 270 0.868 2.28
6 1000 260 1.04k 2.26
Average 1000 260 0.956 2.27
Distance, Charge to Gage, 12.25 £t (A = 6.12)
Th 1100 280 1.047 2.4
6 1000 280 1.054 2,44
Average 1000 280 1.050 ° 2.44
Distance, Charge to Gage, 13.75 ft (A = 6.88)
Th 1000 320 1.688 2.7k
6 780 430 2.303 2.80
Average 890 380 1.996 2.77
Distance, Charge to Gage, 14.50 £t (A = 7.25)
Th 790 2Lo 1.654 2.86
76 650 300 1.832 2.93
Average 720 270 1.743 2.9
Distance, Charge to Gage, 15.25 £t (A = 7.62)
Th 720 300 1.70% 3.04
76 550 220 1.764 3.18
Average 6L4o 260 1.734 3.11




Table 25

Results of Water-Shock Measurements

Bubble Screen Thickness, 1.5 ft Gages at Middepth
Air Content of Sereen, 0.069 cfs of Air per sq ft of Screen Stand-Off Distance, 6 ft
Averages Peak Reduced Positive Reduced Positive Time of
and Shot Pressure Impuése 1 /3 Reduced };:ner%% Duratir}gl Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 4.00 £t (A = 2.00)*

80 7500 600 420 0.k 0.69
81 8800 T00 550 0.46 0.72
Average 8200 650 480 0.45 0.70

Distance, Charge to Gage, 4.75 £t (A = 2.38)*

80 6900 650 Lo 0.50 0.82
81 8Loo 600 510 0.45 0.85
Average 7600 620 490 0.48 0.84

Distance, Charge to Gage, 5.50 £t (A = 2.75)%

80 7700 Lho 290 0.38 0.99
81 5900 Lo 230 0.50 1.02
Average 6800 kLo 260 0.hk 1.00

Distance, Charge to Gage, 6.25 £t (A = 3.12)

80 6500 340 260 0.132 1.12
81 4000 180 120 0.104 1.14
Average 5200 260 190 0.118 1.13

Distance, Charge to Gage, 7.00 £t (A = 3.50)

80 3000 150 55 0.225 1.26
81 1400 550 56 1.215 1.43
Average 2200 350 56 0.720 1.34

Distance, Charge to Gage, 7.75 ft (A = 3.848)

80 690 300 24 1.137 1.67
81 1100 360 Lo 0.970 1.97
Average 900 330 32 1.053 1.82

Distance, Charge to Gage, 8.50 £t (A = 4.25)

80 1000 320 32 0.785 2.12

Distance, Charge to Gage, 9.25 £t (A = L.62)

80 810 300 28 0.776 2.33

81 1800 280 43 0.687 2.18

Average 1300 290 36 0.732 2.4%0
(Continued)

* QGages were located in front of bubble screen; impulse, energy, and duration vslues shown at these locations

were integrated to 6.76.




S

Teble 25 (Concluded)

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1/ Reduced gner§7 Durati7n Arrival
Deviations No. psi 1b~-ms/in. /1 3 in.-1b/in.“/1b 3 ms/1b 3 ms
Distance, Charge to Gage, 10.00 ft (A = 5.00)
80 7ho 260 21 0.735 2.2
81 1800 450 Lo 1.894 2.56
Average 1300 360 30 1.314 2.49
Distance, Charge to Gage, 10.75 £t (A = 5.38)
80 480 120 7.0 0.7h7 2.63
81 1700 340 24 1.958 2.68
Average 1100 230 16 1.352 2.66
Distance, Charge to Gage, 11.50 £t (A = 5.75)
80 730 190 16 0.616 2.72
81 1600 L2o 30 1.993 2.73
Average 1200 300 23 1.304 2.72
Distance, Charge to Gage, 12.25 £t (A = 6.12)
8o 510 110 6.5 0.462 2.88
81 1300 290 16 1.895 2.88
Average 900 200 11 1.178 2.88
Distance, Charge to Gage, 13.00 £t (A = 6.50)
80 460 300 14 1.832 2.81
81 940 270 12 1.830 2.98
Average 700 280 13 1.831 2.90
Distance, Charge to Gage, 13.75 £t (A = 6.88)
80 460 300 13 1.716 3.17
81 910 280 15 1.73k4 3.18
Average 680 290 14 1.725 3.18
Distance, Charge to Gage, 14.50 £t (A = 7.25)
80 360 220 9.0 1.673 3.39
81 710 280 13 1.723 3.33
Average 540 250 11 1.698 3.36
Distance, Charge to Gage, 15.25 ft (A = 7.62)
80 310 160 5.0 1.599 3.50
81 530 240 9.0 1.918 3.4k
Average 420 200 7.0 1.758 3.7
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Table 26
e
Results of Water~Shock Measurements
Bubble Screen Thickness, 1.5 ft Gages at Middepth
Air Content of Screen, 0.0028 pfs of Air per sq ft of Screen Stand-Off Distance, 12 ft
Reduced Positive Reduced Positive
Averages Peak Time of
and Shot Pressure Impu;se 1 /3 Reduced gnerf% Du.ratiog Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.”/1b ms/1b ms
Distance, Charge to Gage, 10.00 £t (A = 5.00)%
65 3200 380 100 0.68 1.90
70 3300 340 88 0.56 1.91
Average 3200 360 o 0.62 1.9
Distance, Charge to Gage, 10.75 ft () = 5.38)*
65 3500 380 100 0.58 2.02
T0 3300 390 100 0.64 2.06
Average 3%00 380 100 0.61 2.0l
Distance, Charge to Gage, 11.50 ft (A = 5.75)*
65 2900 300 78 0.58 2,20
TO 3100 330 83 0.59 2.23
Average 3000 320 80 0.58 2.22
Distance, Charge to Gage, 12.25 £t () = 6.12)
65 2800 280 T8 0.354 2.36
T0 3200 280 89 0.257 2.37
Average 3000 280 84 0.306 2.36
Distance, Charge to Gage, 13.00 £t (A = 6.50)
65 2800 230 66 0.260 2.50
70 2800 270 62 0.523 2.52
Average 2800 250 an 0.392 2.51
Distance, Charge to Gage, 13.75 ft (A = 6.88)
65 2100 220 L2 0.482 2.66
70 2600 200 28 0.488 2.68
Average 2400 210 35 0.485 2.67
Distance, Charge to Gage, 14.50 ft (A = 7.25)
65 2700 220 25 0.402 2.82
70 2300 260 52 0. k1 2.85
Average 2500 240 38 0.ke2 2.84
Distance, Charge to Gage, 15.25 £t (A = 7.62)
65 2000 200 34 0.328 2.98
T0 1800 200 33 0.341 3.01
Average 1900 200 3k 0.334 3.00

(Continued)

# QGages were located in front of bubble screen; impulse, energy, and duration values shown at these locations

were integrated to 6.76.




Table 26 (Concluded)

oINS

Reduced Positive

Reduced Positive

MR et preeeare e | Redueed mergy, Durseion ek
Deviations _No. psi 1b-ms/in.“/1b in.-1b/in.“/1b ms/1b ms
‘ Distance, Charge to Gage, 16.00 £t (A = 8.00)
65 1600 190 3b 0.323 3.09
70 1600 220 30 0.562 3.18
Average 1600 200 32 0.42 3.1k
Distance, Charge to Gage, 16.75 £t (A = 8.38)
65 1400 160 27 0.286 3.27
70 1300 170 21 0.480 3.36
Average 1400 160 2k 0.383 3.32
Distance, Charge to Gage, 17.50 £t (A = 8.75)
70 1500 160 24 0.413 3.49
Distance, Charge to Gage, 18.25 £t (A = 9.12)
70 1300 140 17 0.411 3.64
Distance, Charge to Gage, 19.75 ft (A = 9.88)
65 1400 1ko 20 0.352 3.92
70 1300 170 16 0.549 3.92
Average 1400 160 18 0.450 3.92
Distance, Charge to Gage, 20,50 ft (A = 10.25)
65 1300 180 18 0.838 L.o07
70 1100 180 16 0.685 k.09
Average 1200 180 17 0.762 .
Distance, Charge to Gage, 21.25 £t (A = 10.62)
65 1000 220 14 0.8% L. 22
70 910 150 9.0 0.669 . .25
Average 960 180 12 0.782 .2k




Table 27

<A~

Results of Water-Shock Measurements

Bubble Screen Thickness, 1.5 ft Gages at Middepth
Air Content of Screen, 0.00kk cfs of Air per esq £t of Screen Stand-Off Distance, 12 ft
Reduced Positive Reduced Positive
Averages Peak Tmpulse Reduced Energy Duration Tim? of
and Shot Pressure > 1/3 o 1/3 1/3 Arrival
Deviations No. psi 1b-ms/in.”/1b in.-1b/in./1b ms/1b ms

Distance, Charge to Gage, 10.00 £t (A = 5.00)*

66 2900 340 83 0.62 1.99

7L 3300 360 92 0.58 1.91

Average 3100 350 88 0.60 1.95
Distance, Charge to Gage, 10.75 ft (A = 5.38)*%

66 2800 320 83 0.64 2.12

71 3200 370 92 0.57 2.06

Average 3000 340 88 0.60 2.09
Distance, Charge to Gage, 11.50 ft (A = 5.75)%

66 2800 300 65 0.62 2.28

71 2900 290 80 0.55 2.23

Average 2800 300 72 0.58 2.26

Distance, Charge to Gage, 12.25 ft (A = 6.12)

66 2500 260 63 0.353 2.31
7L 2800 300 70 0.401 2.38
Average 2600 280 66 0.377 2.3k

Distance, Charge to Gage, 13.00 ft (A = 6.50)

66 2400 280 56 0.61k 2.54
el 2700 300 68 0.49% 2.52
Average 2600 290 62 0.555 2.53

Distance, Charge to Gage, 13.75 ft (A = 6.88)

66 2400 180 2l 0.538 2.68
L 2600 280 56 0.547 2.66
Average 2500 230 Lo 0.542 2.67

Distance, Charge to Gage, 14.50 £t (A = 7.25)

66 2000 200 28 0.446 2.9
TL 2000 280 50 0.398 2.85
Average 2000 240 39 0.h422 2.88

Distance, Charge to Gage, 15.25 £t (A = 7.62)

66 1800 210 26 0.548 3.0

L 1700 260 L 0.537 2.99

Aversge 1800 240 35 0.542 3.02
(Continued)

* Gages were located in front of bubble screen; impulse, energy, and duration values shown at these locations
were integrated to 6.76.
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Table 27 (Concluded)

Reduced Positive

Reduced Positive

Mea T st peessure Tuse | Redued Bnerey urstion Arrival
Deviations No. psi 1b-ms/in.”/1b in.-1b/in.”/1b ms/1b ms
Distance, Charge to Gage, 16.00 £t (A = 8.00)

66 1200 180 20 0.510 3.18
71 1600 390 Ll 1.203 3.16
Average 1400 280 32 0.856 3.17
Distance, Charge to Gage, 16.75 £t () = 8.38)
66 990 2Lo 19 0.984 3.35
71 1200 1ko 23 0.485 3.3k
Average 1100 190 21 0.734 3.34
Distance, Charge to Gage, 17.50 £t (A = 8.75)
66 1200 240 19 0.925 3.48
71 1300 160 18 0.hk2 3.45
Average 1200 200 18 0.684 3.46
Distance, Charge to Gage, 18.25 £t (A = 9.12)
71 1300 150 18 0.467 3.62
Distance, Charge to Gage, 19.75 £t (A = 9.88)
66 1000 200 1k 0.934 3.93
Distance, Charge to Gage, 20.50 ft (A = 10.25)
66 1000 180 13 0.869 L.o6
71 1100 260 21 1.138 4.03
Average 1000 220 17 1.00k L.ok
Distance, Charge to Gage, 21.25 £t (A = 10.62)
66 800 180 10 1.036 k.23
71 720 140 9.0 0.82k k.19
Average 760 160 9.5 0.930 .21
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Table 28

Results of Water-Shock Measurements

Bubble Screen Thickness, 1.5 ft Gages at Middepth
Air Content of Screen, 0.035 cfs of Air per sq ft of Screen Stand-Off Distance, 12 It
Reduced Positive Reduced Positive
Averages Peak Time of
and Shot Pressure Impuése 1/3 Reduced gnerg?) Durat;%: Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 10.00 £t (A = 5.00)*

68 3000 330 87 0.68 1.92
69 3200 320 88 0.66 1.93
Average 3100 320 88 0.67 1.92

Distance, Charge to Gage, 10.75 £t (A = 5.38)*

68 3100 320 80 0.63 2.08
69 3200 320 92 0.62 2.07
Average 3200 320 86 0.62 2.08

Distance, Charge to Gage, 11.50 ft (A = 5.75)*

68 3000 260 62 0.39 2.2k
69 2900 280 62 0.5k 2.23
Average 3000 270 62 0.4 2.24

Distance, Charge to Gage, 12.25 ft (A = 6.12)

68 3000 180 46 0.177 2.38
69 2700 160 50 0.2k7 2.36
Average 2800 170 L8 0.212 2.37

Distance, Charge to Gage, 13,00 £t () = 6.50)

68 1800 85 16 0.202 2.50
69 960 250 19 1.085 2.51
Average 1400 170 18 0.644 2.50

Distance, Charge to Gage, 13.75 £t (A = 6.88)

68 580 200 1k 0.924 2.91
£9 690 200 15 0.79% 3.21
Average 640 200 1h 0.860 3.06

Distance, Charge to Gage, 1L.50 £t (A = 7.25)

68 8ko 220 .5 1.291 3.22
69 1100 220 20 0.816 3.52
Average 970 220 12 1.054 3.37

Distance, Charge to Gage, 15.25 ft (A = 7.62)

68 60 150 9.0 0.760 3.43

69 1000 180 13 0.869 3.52

Average 880 160 11 0.814 3.48
{Continued)

* (Gages were located in front of bubble screen; impulse , energy, and duration values shown at these locations
were integrated to 6.76.

.
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Table 28 (Concluded)

L Y

Averages

Peak

Reduced Positive

Reduced Positive

Time of

Impulse Reduced Energy Duration
and Shot Pressure Arrival
Deviations No. psi 1b-ms/in.2/162/3 1n.-1b/in.2/101/3 ms /10173 s
Distance, Charge to Gage, 16.00 ft (A = 6.00)
68 510 10 7.0 0.615 3.50
69 670 260 12 2.008 3.67
Average 590 200 9.5 1.312 3.58
Distance, Charge to Gage, 16.75 £t (A = 8.38)
68 k1o 100 5.0 0.530 3.66
69 540 200 8.0 1.526 3.83
Average 480 150 6.5 1.028 3.74
Distance, Charge to Gage, 17.50 ft (A = 8.75)
69 580 210 8.0 1.484 3.89
Distance, Charge to Gage, 19.00 ft (1 = 9.50)
69 350 160 5.0 1.430 4.23
Distance, Charge to Gege, 19.75 £t () = 9.88)
69 430 190 6.0 1.761 4.39
Distance, Charge to Gage, 20.50 ft (A = 10.25)
69 350 160 5.0 1.394 k.50
Distance, Charge to Gage, 21.25 ft (A = 10.62)
69 270 1ko 3.5 1.349 4,64
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Table 29
Results of Water-Shock Measurements
Bubble Screen Thickness, 1.5 ft Gages at Middepth
Air Content of Screen, 0.069 cfs of Air per sq ft of Screen Stand-Off Distance, 12 £t
A s Peak Reduced Positive Reduced Positive Time of
verage °a TImpulse Reduced Energy Duration ° o
and Shot Pressure 5, 1 /3 5,1 /3 1 /3 Arrival
Deviations No. pui 1b-ms/in. /1b in.-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 10.00 ft (3 = 5.00)%
78 3200 360 90 0.58 1.88
79 2900 320 76 0.60 1.85
Average 3000 340 83 0.59 1.86
Distance, Charge to Gage, 10.75 £t (A = 5.38)%
78 3200 270 65 0.4y 2.03
79 3300 280 87 0.5k 2.01
Aversge 3200 280 6 0.50 2.02
Distance, Charge to Gage, 11.50 ft ()\ = 5,75)%
78 2600 230 39 0.60 2.19
79 2600 260 60 0.58 2.16
Average 2600 240 50 0.59 2.18
Distance, Charge to Gage, 12.25 £t (A = 6.12)
78 2600 100 26 0.20k 2.40
79 2700 140 L6 0.131 2.28
Average 2600 120 36 0.168 2.34
Distance, Charge to Gage, 13.00 £t (A = 6.50)
79 1400 60 6.0 0.346 2.48
Distence, Charge to Gage, 14.50 £t (A = 7.25)
78 710 300 8.5 0.800 3.55
79 1240 210 21 ‘ 1.055 3.57
Average 980 260 15 0.928 3.56
Distance, Charge to Gage, 15.25 ft (A = 7.62)
78 620 210 8.5 1.3k2 3.69
79 880 160 10 1.110 3.70
Average 750 180 9.2 1.221 3.70
Distance, Charge to Gage, 16.00 £+ (A = 8.00)
78 350 160 4.5 1.720 3.80
79 610 180 6.0 1.833 3.78
Average 480 170 5.2 1.776 3.79

(Continued)

* Qages were located in front of bubble screen; impulse, energy, and duration values shown at these locations
were integrated to 6.76.
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Table 29 (Concluded)

.

Reduced Positive

Reduced Positive

Averages Peak . Time of
and Shot Pressure Impuése 1/ Reduced gner§§3 Durati7§ Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.-1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 16.75 £t (A = 8.38)
78 200 210 7.0 1.772 3.96
79 3ko 160 4.5 1.710 3.98
Average 270 180 5.8 1.74 3.97
Distance, Charge to Gage, 17.50 £t (r» = 8.75)
78 220 160 3.0 1.978 3.9k
79 300 180 k.5 1.906 k.09
Average 260 170 3.8 1.942 4.02
Distance, Charge to Gage, 18.25 ft (A = 9.12)
78 220 170 3.5 2.002 4.08
79 250 1Lo 2.5 1.866 L.2h
Average 240 160 3.0 1.93k4 4.16
Distance, Charge to Gage, 19.00 £t (» = 9.50)
78 170 160 3.0 2.139 k.19
79 200 180 3.0 2.9k2 4,16
Average 180 170 3.0 2.540 4.18
Distance, Charge to Gage, 19.75 ft (i = 9.88)
78 190 160 3.0 2,14 k.30
79 190 150 3.0 2.173 k.50
Average 190 160 3.0 2.156 L.40
Distance, Charge to Gage, 20.50 £t (A = 10.25)
78 210 1Lko 2.5 2.030 L. 46
79 200 140 3.0 1.876 k.58
Average 200 140 2.8 1.953 4,52
Distance, Charge to Gage, 21.25 £t (A = 10.62)
78 140 85 1.0 1.653 4 .58
79 150 130 2.0 2.48k Lok
Average 1ko 110 1.5 2.068 L. 66
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Table 30
. b, S
Results of Water-Shock Measurements
Bubble Screen Thickness, 1.5 ft Gages, 0.25 ft Below Water Surface
Air Content of Screen, 0.0028 cfs of Air per sq ft of Screen Stand-Off Distance, 6 ft
Reduced Positive Reduced Positive
Averages Peak Impulse Reduced Energy Duration Time of
and Shot Pressure 5 1/3 > 1/3 1/3 Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.”/1b ms/1b ms
Distance, Charge to Gage, 9.62 ft (A = 4.81)
82 3100 140 5k 0.089 1.82
105 3200 100 L6 0.050 1.73
Average 3200 120 50 0.070 1.78
Distance, Charge to Gage, 9.96 ft (A = L.98)
82 3800 190 0 0.089 1.88
105 3400 0 48 0.048 1.83
Average 3600 140 69 0.068 1.86
Distance, Charge to Gage, 10.34k £t (A = 5.17)
82 3500 170 81 0.082 1.97
10k 3400 110 50 0.048 1.90
105 3200 80 30 0.078 1.86
Average 3400 120 sk 0.069 1.91
o 91 26 15 0.0107 0.032
o 2.7 22 28 16 1.7
™ 160 46 26 0.0186 0.056
o% 4.6 38 48 27 2.9
Distance, Charge to Gage, 10.75 ft (A = 5.38)
82 3300 160 6 0.079 2.03
10k 3300 100 Ls 0.048 1.99
105 3300 70 L8 0.064 1.
Average 3300 110 56 0.064 2,00
g 26 9.9 0.0090 0.015
oﬁ% 2l 18 1k 0.8
g L6 17 0.0155 0.026
o% b2 30 2 1.3
Distance, Charge to Gage, 11.21 £t (A = 5.60)
82 3000 120 b7 0.086 2.13
104 2800 85 36 0.046 2.08
105 3000 80 30 0.046 2.0k
Average 2900 95 38 0.059 2.08
o 71 13 5.0 0.0133 0.026
u:$ 2.4 13 13 23 1.2
o 120 22 8.6 0.0231 0.045
o% .2 23 23 39 2.2
Distance, Charge to Gage, 11.69 £t (A = 5.84)
82 2200 75 26 0.086 2.26
10k 2500 75 31 0.049 2.18
105 2000 60 2l 0.061 2.13
Average 2200 70 27 0.065 2.19
T 150 5.0 2.1 0.0109 0.038
[ ) 6.7 7.1 T.7 17 1.7
& 250 8.7 3.6 0.0189 0.066
b 12 12 13 29 3.0
(Continued)

(1 of 3 sheets)
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Table 30 (Continued)

emmmn—"

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése l/ Reduced gner§§3 Durati7n Arrival
Deviations No. psi 1b-ms/in.“/1b 3 in.-1b/in.”/1b ms/1b 3 ms
Distance, Charge to Gage, 12.20 ft (A = 6.10)
8 2500 110 43 0.092 2.35
10k 3200 75 32 0.053 2.36
105 2300 70 28 0.054 2.22
Average 2700 85 34 0.066 2.31
a 270 12 4.5 0.0128 0.0L5
ok 10 15 13 19 2.0
o 70 22 7.8 0.0223 0.078
o% 18 26 23 3k 3.k
Distance, Charge to Gage, 12.73 ft () = 6.36)
82 3100 95 L 0.072 2.8
104 2100 50 1h 0.077 2.48
105 2500 65 2k 0.045 2.33
Average 2600 70 27 0.065 2.43
a 290 13 8.8 0.0100 0.050
o 11 19 33 15 2.0
a 500 23 15 0.0173 0.087
o% 19 33 57 27 3.6
Distance, Charge to Gage, 13.29 ft () = 6.64)
82 2800 95 32 0.079 2.51
104 1500 55 11 0.082 2.49
105 2200 50 16 0.046 2.45
Average 2200 67 20 0.069 2.48
c 380 14 6.3 0.0115 0.018
cﬁ% 17 21 32 17 0.7
o 650 25 11 0.0200 0.031
o% 30 37 55 29 1.2
Distance, Charge to Gage, 13.86 ft () = 6.93)
82 2300 75 24 0.067 2,61
104 1800 50 13 0.066 2.62
105 2000 55 14 0.038 2.51
Average 2000 60 17 0.057 2.58
o 150 7.6 3.5 0.0030 0.035
O 7.4 13 21 5.3 1.k
G 250 13 6.1 0.0052 0.061
o% 13 22 36 9.1 2.4
Distance, Charge to Gage, 1h.45 £t (3 = 7.22)
82 2100 65 18 0.056 2.80
104 2100 60 15 0.063 2.71
105 2500 60 22 0.0k0 2.66
Average 2200 62 18 0.053 2.72
g 140 1.7 2.0 0.0068 0.0k1
02% 6.2 2.7 11 13 1.5
o 230 2.9 3.5 0.0118 0.071
% 11 L7 20 22 2.6

~ {Continued)

(2 of 3 sheets)
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Table 30 (Concluded)

4

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1/3 Reduced gner%§3 Durati7§ Arrival
Deviations To. psi 1b-ms/in.”/1b in.-1b/in.”/1b ms/1b ms
Distance, Charge to Gege, 15.05 ft (A = 7.52)
82 2200 L8 12 0.054 2.93
104 1600 L8 9.5 0.050 2.82
105 2200 50 19 0.03k4 2.78
Average 2000 Lo 14 0.046 2.8k
g 200 0.7 2.9 0.0061 0.0k45
% 10 1.k 20 13 1.6
' 350 1.2 5.0 0.0106 0.078
o% 17 2.5 36 23 2.7
Distance, Charge to Gage, 15.67 £t (A = 7.84)
104 1200 32 5.5 0.050 2.98
105 2700 48 16 0.034 2.92
Average 2000 4o 11 0.0k2 2.95
Distance, Charge to Gage, 16.30 ft (A = 8.15)
82 1800 55 16 0.061 3.20
104 1200 38 6.0 0.131 3.10
105 2000 50 14 0.046 3.0k
Average 1700 48 12 0.079 3.11
o 2k0 5.0 3.0 0.0262 0.047
o % 1k 10 25 33 1.5
o k20 8.8 5.3 0.0454 0.081
0% 25 18 4h 57 2.6
Distance, Charge to Gage, 16.94 £t (3 = 8.47)
82 1500 50 12 0.05k4 3.29
104 920 31 3.5 0.11k4 3.21
105 2000 43 12 0.038 3.16
Average 1500 41 9.2 0.069 3.22
o 310 5.6 2.8 0.0231 0.038
Gﬁ% 21 13 31 3k 1.2
o 540 9.6 k.9 0.0400 0.066
o% 36 23 53 58 2.0
Distance, Charge to Gage, 17.58 £t (A = 8.79)
82 1400 36 7.5 0.056 3.39
105 1200 32 4.5 0.0kk 3.28
Average 1300 3k 6.0 0.050 3.34

(3 of 3 sheets)



Bubble Screen Thickness, 1.5 £t

Results of Water-Shock Measurements

Table 31

Adr Content of Screen, 0.004k cfs of Air per sq ft of Screen

Gages, 0.25 £t Below Water Surface
Stand-Off Distance, 6 Tt

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 /3 Reduced Iztnerg Durat;tjn Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1b 3 ms/1b 3 ms
Distance, Charge to Gage, 9.62 ft (A = L.81)
106 2800 75 35 0.041 1.74
107 2900 80 3k 0.045 1.76
Average 2800 78 34 0.043 1.75
Distance, Charge to Gage, 9.9 ft (A = 4.98)
106 3200 0 13 0.048 1.82
107 3200 90 43 0.054 1.77
Average 3200 90 43 0.051 1.80
Distance, Charge to Gage, 10.34 ft ()
106 3600 100 50 0.0k 1.87
107 3400 100 48 0.050 1.86
Average 3500 100 L9 0.047 1.86
Distance, Charge to Gage, 10.75 £t (A
106 3800 65 3k 0.037 2.01
107 3500 70 35 0.0kk 1.9%
Average 3600 68 34 0.0L40 1.98
Distance, Charge to Gage, 11.21 ft (&
106 2800 75 33 0.036 2.05
107 2500 50 15 0.068 2.06
Average 2600 62 24 0.052 2.06
Distance, Charge to Gage, 11.69 £t (A
106 2300 65 24 0.052 2.15
107 1800 L6 10 0.103 2.16
Average 2000 56 17 0.078 2.16
Distance, Charge to Gage, 12.20 £t (A
107 . 1500 48 6.0 0.11k4 2.23
Distance, Charge to Gage, 12.73 £t (A
107 870 21 4.0 0.085 2.37
(Continued)

=,



Table 31 (Concluded)

VY < e AP A
Reduced Positive Reduced Positive
Averages Peak Tmpulse Reduced Energy Duration Time of
and Shot Pressure o, 1 /3 o 1 /3 1 /3 Arrival

Deviations No. psi lb-ms/in.” /1b in.-1b/in. /1b ms/1b ms
Distance, Charge to Gage, 13.29 £t (A = 6.64)

106 1200 65 10 0.151 2.55

107 780 3k 3.5 0.106 2.52

Average 990 50 6.8 0.128 2.54
Distance, Charge to Gage, 13.86 £t (A = 6.93)

106 1100 34 3.5 0.152 2.72

107 940 30 4.0 0.09% 2.58

Average 1000 32 3.8 0.124 2.65
Distance, Charge to Gage, 1h.45 £t (A = 7.22)

106 1200 55 7.0 0.112 2.73

107 1000 38 4.5 0.146 2.77

Average 1100 46 5.8 0.129 2.75
Distance, Charge to Gage, 15.05 ft (A = 7.52)

106 1200 L6 5.5 0.098 2.8k

107 1300 34 4.5 0.077 2.86

Average 1200 Lo 5.0 0.088 2.85
Distance, Charge to Gage, 15.67 ft (A = 7.84)

106 1200 33 4.0 0.092 2.97

107 970 27 3.0 0.066 2.97

Average 1100 30 3.5 0.079 2.97
Distance, Charge to Gage, 16.30 ft (A = 8.15)

106 910 33 3.0 0.094 3.10

107 1100 30 4.5 0.079 3.10

Aversge 1000 32 3.8 0.086 3.10
" Distance, Charge to Gage, 16.9% £t () = 8.47)

106 960 23 2.0 0.078 3.28

107 940 23 2.5 0.067 3.25

Average 950 23 2.2 0.072 3.26
Distance, Charge to Gage, 17.58 £t (A = 8.79)

106 820 20 2.0 0.075 3.40

107 630 12 1.0 0.056 3.39

Average 720 16 1.5 0.066 3.40




Bubble Screen Thickness, 1.5 ft

—

Table 32

=

g

Results of Water-Shock Measurements

Air Content of Screen, 0.035 cfs of Alr per sq ft of Screen

Gages, 0.25 £t Below Water Surface

Stand-Off Distance, 6 ft

Reduced Positive

Reduced Positive

Averages Penk Time of
and Shot Pressure Imp‘%se 13 Reduced gner'f% D“rati‘/’g Arrival
Deviations No. psi 1b-ms/in. /1b in.~1b/in.“/1b ms/1b ms
Distance, Charge to Gage, 9.62 ft (A = 4.81)
109 3400 60 21 0.058 1.84
Distance, Charge to Gage, 9.% ft (A = 4.98)
108 1600 50 7.5 0.146 1.91
109 1200 50 7.5 0.170 1.92
Average 1400 50 7.5 0.158 1.92
Distance, Charge to Gege, 10.34 £t (A = 5.17)
108 820 38 3.0 0.172 2.01
109 810 39 3.0 0.220 2.01
Average 820 38 3.0 0.19% 2.01
Distance, Charge to Gage, 10.75 ft () = 5.38)
108 600 38 2.5 0.237 2.23
109 210 36 0.5 0.460 2.21
Average 400 37 i.5 0.348 2.22
Distance, Charge to Gage, 11.21 £t (A = 5.60)
108 160 18 0.3 0.238 2.56
109 g7 32 0.3 0.97h 2.64
Average 130 25 0.3 0.606 2.60
Distance, Charge to Gage, 11.69 £t () = 5.84)
108 88 36 0.3 1.205 2.79
109 1k0 28 0.3 0.79h4 2.95
Average 110 32 0.3 1.000 2.87
Distance, Charge to Gage, 12.20 ft (A = 6.10)
109 540 46 1.5 0.434 3.00
Distance, Charge to Gage, 12.73 £t (A = 6.36)
108 210 24 0.k 0.668 3.22
109 b30 32 1.0 0.546 3.20
Average 320 28 0.7 0.607 3.21
(Continued)




Table ii l‘ancluded)

Reduced Positive

Reduced Positive

Averages Peak N Time of
and Shot Pressure Impuése 1/3 Reduced gner§73 D“rati7g Arrival
Deviations No. psi 1b-ms/in.” /1b in.-1b/in.”/1b ms/1b ms
Distance, Charge to Gage, 13.29 ft (A = 6.64)
108 97 25 0.3 0.628 3.33
109 220 24 0.4 0.634 3.30
Average 160 2h o.4 0.631 3.32
Distance, Charge to Gage, 13.86 ft (A = 6.93)
108 100 20 0.2 0.576 3.38
109 1k0 20 0.3 0.ho2 3.35
Average 120 20 0.2 0.534 3.36
Distance, Charge to Gage, 1h.45 £t () = 7.22)
108 150 20 0.3 0.836 3.39
109 230 22 0.3 0.518 3.39
Average 190 21 0.3 0.677 3.39
Distence, Charge to Gage, 15.05 ft (A = 7.52)
108 130 16 0.2 0.660 3.47
109 340 2L 0.5 0.612 3.43
Average 240 20 0.k 0.636 3.45
Distance, Charge to Gage, 15.67 £t (A = 7.84)
108 150 14 0.1 0.718 3.57
109 150 20 0.3 0.451 3.46
Average 150 17 0.2 0.584 3.52
Distance, Charge to Gage, 16.30 £t (A = 8.15)
108 2Lo 12 0.2 0.386 3.60
109 260 19 0.4 0.416 3.58
Average 250 16 0.3 0.401 3.59
Distance, Charge to Gage, 16.94 £t (0 = 8.47)
108 180 12 0.2 0.365 3.58
109 140 19 0.3 0.420 3.82
Average 160 16 0.2 0.392 3.70
Distance, Charge to Gage, 17.58 £t (A = 8.79)
108 86 3.9 <0.1 0.316 3.82
109 46 L7 <0.1 0.399 3.85
Average 66 4.3 <0.1 0.358 3.84




ubble Screen Thickness, 0.5 ft
ir Content of Screen, 0.0083 cfs of Air per sq £t of Screen

Sy

Table 33

Results of Water-Shock Measurements

Cages at Middepth
Stand-Off Distance, 6 ft

Averages

Peak

Reduced Positive

Reduced Positive

Time of

m o mm e RURY menymim sl A
Distance, Charge to Gage, 4.00 £t () = 2.00)*
110 7900 700 560 L 0.L6 0.67
111 8500 650 450 0.L48 0.68
verage 8200 680 500 0.47 0.68
Distance, Charge to Gage, 5.50 £t (A = 2.75)%
110 5900 4ho 230 0.47 0.97
111 6300 650 300 0.56 0.95
verage 6100 540 260 0.52 0.%
Distance, Charge to Gage, 6.25 £t (3 = 3.12)
110 5500 4§70 200 0.469 1.11
111 5300 480 190 0.430 1.10
\verage 5400 480 200 0.450 1.10
Distance, Charge to Gage, 7.00 ft (A = 3.50)
110 4300 550 190 0.583 1.26
111 4900 460 200 0.449 1.23
\verage k600 500 200 0.516 1.2k
Distance, Charge to Gage, 7.75 ft (A = 3.88)
110 3800 460 130 0.718 1.4k
111 L4200 360 120 0.ko7 1.38
\verage Looo o 120 0.608 1.40
Distance, Charge to Gage, 8.50 ft (A = 4.25)
110 3600 480 110 0.762 1.58
111 3800 360 88 0.578 1.52
Average 3700 k20 99 0.670 1.55
Distance, Charge to Gage, 9.25 £t (A = L.62)
110 3200 4oo R 0.670 1.63
111 2500 3ko 60 0.59% 1.67
Average 2800 370 76 0.633 1.65
Distance, Charge to Gage, 10.00 ft (A = 5.00)
111 2600 320 68 0.521 1.76

(Continued)

* Qages were located in front of bubble screen; impulse, energy, and duretion values shown at these locations
were integrated to 6.76.
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Table 33 (Concluded)

«m *
A s Peak Reduced Positive Reduced Positive Time of
verage 8 Impulse Reduced Energy Duration © o
and Shot Pressure 5,1 /3 5, 1 /3 1 /3 Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 10.75 £t (A = 5.38)

111 2500 360 70 0.556 1.97
Distance, Charge to Gage, 11.50 £t (A = 5.75)

110 2300 300 L 0.954 2.1k

111 2800 320 65 0.545 2.12

Average 2600 310 53 0.750 2.13
Distance, Charge to Gage, 12.25 ft () = 6.12)

110 2000 240 32 0.723 2.30
Distance, Charge to Gage, 13.00 £t () = 6.50)

110 2600 310 55 0.602 2.48
Distance, Charge to Gage, 13.75 ft (A = 6.88)

110 2300 300 52 0.582 2.62

111 2200 260 47 0.528 2.56

Average 2200 280 50 0.555 2.59
Distance, Charge to Gage, 14.50 £t (A = 7.25)

110 1500 200 28 0.422 2.73

111 1800 180 30 0.334 2.76

Average 1600 190 29 0.378 2,74
Distance, Charge to Gage, 15.25 ft (} = 7.62)

110 1200 220 18 0.958 2.86

111 1200 160 12 0.Th2 2.87

Average 1200 190 15 0.850 2.86




Bubble Screen Thickness, 0.5 ft
Air Content of Screen, 0.035 cfs of Air per sq ft of Screen

Table 3k

P

Results of Water-Shock Measurements

Gages at Middepth

Stand~Off Distance, 6 ft

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1 /3 Reduced gnerﬁ Duratéljx; Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1b 3 ms/1b ms
Distance, Charge to Gage, 4.00 £t (A = 2.00)*
112 8k00 800 570 0.48 0.67
113 8100 750 530 0.45 0.68
Average 8200 780 550 0.46 0.68
Distance, Charge to Gage, 4.75 ft (A = 2.38)*
112 8300 800 500 0.45 0.78
113 7800 550 '3 T0) 0.Lk 0.78
Avergge 8000 680 L60 0.4k 0.78
Distance, Charge to Gage, 5.50 £t (A = 2.75)*
112 6600 460 270 0.46 0.94
113 6600 550 300 0.k2 0.93
Average 6600 500 280 0.44 0.94
Distance, Charge to Gage, 6.25 ft (A = 3.12)
112 6400 500 280 0.650 1.08
113 4600 L0 210 0.506 1.07
Average 5500 480 240 0.578 1.08
Distance, Charge to Gage, 7.00 £t {1 = 3.50)
112 3700 550 150 0.741 1.25
113 3800 500 130 0.746 1.22
Average 3800 520 140 0.7h4 1.2k
Distance, Charge to Gage, 7.75 ft (A = 3.88)
112 3400 380 84 0.759 1.
113 3300 380 100 0.549 1.4k
Average 3400 380 92 0.654 1.k2
Distance, Charge to Gage, 8.50 £t (A = 4.25)
112 2000 390 66 0.690 1.58
113 2800 430 79 0.703 1.57
Average 2400 410 72 0.69% 1.58
Distance, Charge to Gage, 9.25 £t (A = h.62)
112 1600 350 52 0.718 1.73
113 2600 kho 76 0.750 1.72
Average 2100 100 (an 0.734 1.72
(Continued)

* Gages were located in front of bubble screen;
were integrated to 6.76.

impulse, energy, and duration values shown at these locations



Table 34 (Concluded)

s

Reduced Positive

Reduced Positive

Averages Peak Time of
and Shot Pressure Impu_ése 1 /3 Reduced gner%% Mtic/’g Arrival
Deviations No. psi 1b-ms/in.“/1b in,-1b/in./1b ms/1b ms

Distance, Charge to Gege, 10.00 £t (A = 5.00)

112 1400 330 hh 0.673 1.87

113 1500 320 37 0.920 1.87

Average 1400 320 40 0.7% 1.87
Distance, Charge to Gage, 10.75 £t (A = 5.38)

112 1400 320 Ly 0.628 2.04

113 1500 360 L 0.918 2.01

Average 1400 340 Ly 0.773 2,02
Distance, Charge to Gage, 11.50 £t (A = 5.75)

112 1500 280 1k 0.910 2.13

113 1200 310 32 0.832 2.15

Average 1400 300 23 0.871 2.14
Distance, Charge to Gage, 12.25 £t (A = 6.12)

112 1600 200 22 0.654 2.26
Distance, Charge to Gage, 13.00 £t (A = 6.50)

112 1500 250 8.5 0.518 2.4

113 1100 230 20 0.654 2,45

Average 1300 240 1k 0.586 2.4
Distance, Charge to Gage, 13.75 ft () = 6.88)

112 1500 230 30 0.469 2.58

113 1100 260 27 0.925 2.60

Average 1300 240 28 0.697 2.59
Distance, Charge to Gage, 14.50 £t (A = 7:25)

112 1300 170 18 0.498 2.7h

113 1000 180 18 0.530 2.75

Average 1200 180 18 0.51h 2.7h
Distance, Charge to Gage, 15.25 £t (A = 7.62)

112 960 150 8.5 0.856 2.88

113 560 1ho 7.0 0.886 2.88

T60 140 7.8 0.871 2.88

Average




Bubble Screen Thickness, 0.5 ft

r W

Table 35

m‘
Results of Water-Shock Measurements

Gages at Middepth

Air Content of Screen, 0.07 cfs of Air per sq £t of Screen Stand-Off Distance, 6 ft
Averages Peak Reduced Positive Reduced Positive Time of
g a Impulse Reduced Energy Duration
and Shot Pressure 5 1/3 > 1/3 1/3 Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in."/1b ms/1b ms
Distance, Charge to Gage, 4.00 £t (A = 2.00)%
11k 7000 800 k70 0.60 0.7h4
115 7400 800 510 0.60 0.72
Average 7200 800 koo 0.60 0.73
Distance, Charge to Gage, 4.75 £t (A = 2.38)*
11k 8100 650 380 0.48 0.84
115 8100 T00 410 0.48 0.83
Average 8100 680 Loo 0.48 0.84
Distance, Charge to Gage, 5.50 ft (A = 2.75)%
11k 6200 600 300 0.58 1.00
115 6500 500 270 0.55 0.99
Average 6400 550 280 0.56 1.00
Distance, Charge to Gage, 6.25 £t (A = 3.12)
11k 6000 340 200 0.152 1.1%
Distance, Cherge to Gage, 7.00 ft (A = 3.50)
11k Looo 460 150 0.865 1.28
115 2600 320 62 0.592 1.34
Average 3300 390 110 0.728 1.31
Distance, Charge to Gage, 7.75 £t (A = 3.88)
11k 2200 340 42 0.853 1.ko
115 2000 210 22 0.700 1.57
Average 2100 280 32 0.776 1.48
Distance, Charge to Gage, 8.50 ft (A = 4.25)
11k 1700 koo L2 1.634 1.74
115 1600 430 50 0.99%6 1.69
Aversage 1600 460 L6 1.315 1.72
Distance, Charge to Gage, 9.25 £t (i = 4.62)
11k 1400 200 20 0.630 1.%
115 1100 280 28 0.950 1.85
Aversge 1200 2h0 2k 0.79%0 1.90
(Continued)

* Geges were located in front of bubble screen; impulse, energy, and duration values shown at these locations
were integrated to 6.76.

—
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Table 35 (Concluded)

G

Averages Peak Reduced Positive Reduced Positive Time of
g ’ Impulse Reduced Energy Duration N
and Shot Pressure > 1 /3 5 1 /3 1 /3 Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1b ms/1b ms

Distance, Charge to Gage, 10.00 £t () = 5.00)

11k 1200 320 28 1.048 2.02

115 1000 330 33 0.982 1.97

Average 1100 320 30 1.015 2,00
Distance, Charge to Gage, 10.75 £t (A = 5.38)

11k 1200 350 30 1.068 2.1h

115 990 360 38 0.955 2.12

Average 1100 360 34 1.012 2.13
Distance, Charge to Gage, 11.50 £t (A = 5.75)

11k 700 200 12 0.976 2.31

115 870 260 21 0.911 2.26

Average T80 230 16 0.944 2.28
Distance, Charge to Gage, 13.00 ft (A = 6.50)

11k 870 210 18 0.620 2.56

115 700 210 16 0.729 2.55

Average 780 210 17 0.67h 2.56
Distance, Charge to Gage, 13.75 £t (A = 6.88)

11k Tho 210 1h 0.970 2.71

115 650 200 15 0.831 2.64

Average 700 200 1k 0.900 2.68
Distance, Charge to Gage, 1h.50 £t (A = 7.25)

11k 7ho 160 10 0.806 2.86

115 660 170 12 0.78k4 2.87

Average 700 160 11 0.795 2.86
Distance, Charge to Gage, 15.25 ft (A = 7.62)

11k 480 120 6.0 0.914 3.01

115 430 140 6.0 1.120 2.98

Average L60 130 6.0 1.017 3.00
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Table 36
g

Results of Water-Shock Measurements

Bubble Screen Thickness, 0.5 ft
Air Content of Screen, O.14 cfs of Air per sg £t of Screen

Gages at Middepth ,
Stand-Off Distance, 6 It

Reduced Positive Reduced Positive

Averages Peak Time of
and Shot Pressure Impuése 1/3 Reduced gner%§3 Durati7n Arrival
Deviations No. psi 1b-ms/in.“/1v in.-1b/in.”/1b ms/1b 3 ms
Distance, Charge to Gage, 4.00 ft (A = 2.00)*
116 6500 550 320 0.48 0.77
117 6900 500 330 0.k 0.76
Average 6700 520 320 0.4k 0.76
Distance, Charge to Gage, 4.75 £t (A = 2.38)%
116 7500 600 370 O.hh 0.90
117 7800 L2o 320 0.31 0.90
Average 7600 510 ’ 340 0.38 0.90
Distance, Charge to Gage, 5.50 ft (A = 2,75)%
116 6500 500 300 0.46 1.06
Distance, Charge to Gage, 6.25 £t (A = 3.12)
116 5800 320 230 0.154 1.19
117 3400 460 100 1.176 1.43
Average 4600 390 160 0.665 1.31
Distance, Charge to Gage, 7.00 ft (A = 3.50)
116 2900 360 62 0.859 1.31
117 1900 550 ™ 1.485 1.47
Average 2400 460 68 1.172 1.39
Distance, Charge to Gage, 7.75 £t (A = 3.88)
116 1700 320 ko 0.813 1.93
Distance, Charge to Gage, 8.50 ft (A = k.25)
116 1800 460 49 1.481 2.18
117 1100 330 23 1.333 1.81
Aversge 1400 Loo 36 1.407 2.00
Distance, Charge to Gege, 9.25 ft (A = L.62)
116 1500 420 39 1.428 2.29
117 1400 300 24 1.220 2.30
Average 1400 360 32 1.32h 2.30
Distance, Charge to Gage, 10.00 £t (A = 5.00)
117 1100 300 22 1.254 2.0k

(Continued)

* Gages were located in front of bubble screen; lmpulse, energy, and duration values shown at these locations

were integrated to 6.76.
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Table 36 (Concluded)

viapinee

Averages

Peak

Reduced Positive

Reduced Positive

Time of

and Shot Pressure Impuése 1/3 Reduced gnerff Durati7§ Arrival
Deviations No. psi 1b-ms/in.“/1b in.-1b/in.“/1b 3 ms/1b ms
Distance, Charge to Gage, 10.75 ft (A = 5.38)
117 1000 280 20 1.18k4 2.20
Distance, Charge to Gage, 11.50 £t (A = 5.75)
116 L8o 260 11 1.528 2.52
117 860 200 12 1.034 2.30
Average 670 230 12 1.281 2.41
Distance, Charge to Gage, 12.25 ft (A = 6.12)
116 700 300 18 1.4k 2.77
117 920 200 12 1.077 2.46
Average 810 250 15 1.246 2.62
Distance, Charge to Gage, 13.00 £t (A = 6.50)
116 640 260 13 1.513 2.87
117 820 240 15 1.082 2.54
Average 730 250 14 1.298 2.70
Distance, Charge to Gage, 13.75 ft (A = 6.88)
116 630 230 12 1.200 3.02
117 860 150 10 0.773 2.69
Average T40 190 11 0.986 2.86
Distance, Charge to Gage, 14.50 ft (A = 7.25)
116 580 200 9.0 1.24k2 3.18
117 660 170 8.5 1.020 2.84
Average 620 180 8.8 1.131 3.01
Distance, Charge to Gage, 15.25 £t (A = 7.62)
116 310 100 3.0 1.144 3.40
117 k30 8o 2.5 0.919 3.09
Average 370 0 2.8 1.032 3.24
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