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| SUMMARY

: Target impact energy, accuracy, simulated man knockdown and

) physiological testing was conducted to determine th2 impact energy and

N hazard of the water pulse projected by the Portable Pumping System and the
Bazllisticaliy-Actuated Water Caanon.

The energy test resultg indicate that the 2.9 sallon water

pulse of the Portable Pumping System at all ranges ilmpart; more energy to

a 4 feet x 5 feet target than the Ballistically-Actuated Water Zannon.

However, against man size targets, the Ballistically-Actuated Water Cannon
) is more effective. The firing acecuracy of both units appeared to be accept-
: able for non-moving targets. For moving targets the Portable Pumping System

test data appeared satisfactory and the Ballistically-Actuated Water Cannon

was not tested.

With regard to knockdown target performance, both units were
about equal in that they consistently upset the man simulated target at all
ranges out to 70 feet.

The physiocldgical damage assessment, with regard to the hazard
of the water pulse, is that from the stundpoint of a direct water impact
. on a human body, the resultant physiological damage is range independent
: up to the range tested - 45 feet.
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PREFACE

A ballistically-operated water caunon intended for evaluation as an t
aid in riot control was developed by the AAI Corporation for the
US Army Land Warfare Laboratory under Coatract No. DAADO5-72-C-0153, 1 ‘
Concurrent with development of the Ballistically-Operated Water Cannon,
n a portatle pumping system, also intended for evaluation as an aid in )
: riot control, was developed by ILWL.2 Under a wodification to the L
contract, AAI conducted a testing program to determine the performance .
characteristics of the Portable Pumping System and the Ballistically- v
COperated Water Cannon, This Technical Report, prepared by AAI '
Corperation under the terms of the contract wodification, describes
X and documents the results of the teat program, and provides a record
of the performance characteristics of the two riot control systems.

U

e

lBallistically Operated Water Cannoa, Techuical Report No.
LVWL-CR-04M72, prepared by AAI Corporation for USA Land Warfare
Laboratory, March 1974&.

k"a 2portable Pumping System, Technical Report No, 74-22, USA

Land Warfarc Laboratory, May 1974. ‘
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I. INTRODUCTION

This report covecs the test of two riot control devices, a Ballistically-
Actuated Water Cannon and a Portable Pumping System. The purpose of the “
test wag to determine and document the performance of the above units with )
regard to the hazard and terminal effectiveness of the water output from
tiese devices impacting on a targe:. The test approach that was used for ’
this performance determinativn, consisted of Jesigning and conducting a )
serles Of tests tha' would yield sufficient and pertinent data in the

following aress of inquiry to permit a meaningful overall evaluation of the
units.

o Energy (PPS and 3WC)

Utilizing pendulum type target tests, decermine impact con-

ditions of water output as a function ¢of range, where impact
conditions include area impacted, veiocity at impact, total
energy at impact and energy concentratiown over tue impacted
area. The purpose of these tests were to derive test data

that couid be utilized to establish the regions of dangerous |
and innccuous effects to humana.

-

o Correlation of Impact Energy with Physical Effect on Man-
Simulated Target (PPS and BWC)

Conduct dynamic tests against mock-ups simulating the weight,
balance and surface friction of humans to establish stopping
and knockdown capabilities of the output water.

o Accuracy (PPS and BWC)

Utilizing man-silhouette type targets, conduct a series of
accura~ tests to determine first and subsequent round
accuracy for the water output. The tests vere varied over
range and suome moving targets were usea.

et et BT i i

o Physiology (PPS)

Conduct a series of impact tests with animal targets to “. -1
verify with some precisior the change in hazard as a function .
of range as the animal is moved from the dangerous regiom to .
the region of innocuous effects. These tests were conducted 4
with Government furnished facilities at Aberdeen Proving Ground, .
Maryland. This report coutains a descripiium of the test

items, the test and test findings, the assessment of effective-

negs and the conclusions.




11. DESCRIPTION OF THE 1ST ITEMS

A. Ballistically sctuated Water Cannon

L. Description of Unit

The Ballistically Actuated Water Cannon as shown in Figures
1l and 2 is a cartridge actuated water pumping device that was designed
primarily for a truck installation. It can be operated and fired by a
single operator and has the per shot capability of projecting (pumping) 1.5
gallons of water through & 1.375 inch diameter nozzle at a muzzle velocity
of 161 fps. The unit i8 self-contained in that it requires no auxiliary
power services other than the cartridge for operation and all firing and
operating controls are located c.oanveniently to the operator.

Essentially, the Ballistically Actuated Water Cannon as
shown in Figure 1 consists of the following major assemblies.

o Water Expulsion Cvlinder/Hot Gas Chamber

This assembly is essentially a pneumatic/hydraulic linear
actuator consisting of two different size cylinders integrally mounted in
series with the pistons of both cylinders mounted to a common shaft. The
coufiguration of the cylinderg provides this device with the capability of
reducing a given input pressure {1800 psi - hot gas) in the 2.5-inch
dianecer hot gas chamber to the desired output pressure (175 psi-water) in
the water expulsion cylinder. The water expulsion cylinder contains the
two primary vent valves which have to be opened during the priming sequence
to permit the air in the system to be removed during water fill.

o Receiver Asgsembly

The receiver assembly is mounted in series with the hot
gas chamber and utilizes the housing and action from a 12-gauge Ithaca
pump shotgun action for the firing chamber and the cartridge feed and
ejection mechanism,

© Truunion Asseubly

This assembly is a universal type hydraulic truanion
which is utilized for mounting the cannon to its support structure and
enables the cannon to be manually aimed and controlled in azimuth and
elevation.

0 Nozzle Assembly

The Stand nozzle assembly which consists of nozzle, flow
strajightener and nozzle control valve is mounted in series with the water
expulsion cylinder and provides the orifice for determining the diameter
of the water pulse. During this test program, the nozzle control valve
(for automatic operation) was removed to prevent inadvertemt interruption
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: FIGURE 2. BALLISTIC WATER CANNON - REAR VIEW
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of the water pules. The removal of this valve required the use of a
cylindrical aluminum plug which was fastened internaliy in the end of the
nozzle with .032 inch diameter shear pins to act as a water stopper. This
improvisation required the unit to be operated in the single shot mode
and was used to prevent water flowing from the cannon while preparing to
fire and during firing to provide the necessar; iydraulic restraint for
an efficient cartridge ignitiom.

© Water Tank

The water tank is a 50-gallon drum that is interconnected
in series to the piping and check valve of the water cannon mount. Mounted
internally on the side of the tank is a priming pump which during the test
was used for filling the camnon with water for each firing.

o Cartridge

The Olin gas cartridge is a standard percussion fired
12-gauge shot gun case with primer which houses the slow burming propellant
grain. The hot gaseous output of this cartridge provides the primary motive
energy for the operacion of the warer camnom.

2., Operation of Unit

The unit was designed tc be magazine fed and to operate in
either the single shot or semi-automatic firing mode. During this test
program, however, only the single shot mode which is deacribed below was
employed because of difficulties experienced with the nozzle control valve.

o Water Fill

The firing of the water cannon without the nozzle control
valve installed requires the use of a plug or stopper in the nozzle and the
refilling of the cannon arfter each firing. During this test a cylindrical
plug with an “O" ring installed on the periphery was mounted in the nozzle
and fastemed in place with two .040 inch diameter aluminum shear pins. One
end of & tem-foot flexible cord lanyard was connected to the plug and the
other end atiached to the canmon to prevent the plug from traveling down
range during the firing of the cannon. With the plug installed and the
water tank full, the water fill sequence is as follows:

o After aiming the unit, tighten locks in both szimmth and
elevation.

o Open both air vent valves on the water expulsion cylinder
to permit air to bleed from the systex during water fill.

o Opeu globe valve which is located between priming pump
output and wain piping to cannoa.

o Stroke primiug pump until water pours from vent valves
which indicates unit is full,

5
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o Close vent valve and globe valve.
© Retract firing wechanism until it is locked in the '
open bolt position and place the safety of the finger trigger in the safe" )
pesition. '
.
o Insert cartridge intc firing chamber. A
0 When ready to fire, place the safety in the "fire"
position and pull the firing lanyard which fires the device. p
}
1
}
.’
?
?
:
!
i
{
!
1
1
t
J
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B. Portable Pumping System

1. Description of Unit | 1

The Portable pumping Systew showm in Figure 3 1is an .
integral skid mounted pumping system which can be mounted in the cargo bed '
of a military truck. It is operated and controlled by two operatsrs and
can be actuated in a continuous stream of water firing mode or a pulsed
water firing mode. The water flow rate of both modes can be varied by

changing the nozzle size and the output vater pressure at the pump. The !
water gun ig the primary unit for disbursing the water. It is mounted om
a platfsm over the engine and pumps and provides complete 360-degree
rotation in azimuth as well as vertical up and down travel. An electronic-
ally controlled ball type valve is located at the tip of the gun and pro-
vides the operator wich the capability of firimg continuous stream water
or of firing water pulses ¢f various lemgths. Through a trigger and
controls, the operator has either a manual or an automated ON and OFF
sequence control of the valve., The unit is self contained in that it
requires no auxiliary power services other than the gasoline or battery

for the internal combustion engine which drives the centrifugal type
water pump.

The skid mounted pumping system shown in Figure 4
is 120 incles long, 82 inches wide and approximately 72 inches high to the
top of the boarding ladder. It consists of a skid and a structural frame
which provides the mounting provisions for the foliowing primary components.

0 Pump and Engine

The pump is a centrifugal type, single stage with a single

suction impeller. A Ford 250 cubic inch, six cylinder industrial engine pro-
vides power for the pump.

o Water Tank

An 800-gallon capacity, steel tank of welded coanstruction
is the largest compomeat. The inside and ocutside of the tamk is coated with epoxy

for rust prevention. A screened 6" fill stack is located in the left hand

front corner. An overflow pipe is located in the center rear as a safety
precaution in case of overfilling.
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o Priming System

This system i{s used to prime the main pump when operating
from draft. It consists of an electric wotor driven positive displacement
pump connected to the main pump suction through a hand operated priming
valve. A primer tank cil reservoir completes the system.

0 Instrument panel and controls

All gauges and engine rontrols are mounted on the face of
the engine hiousing.

o Platform

The platform is mounted directly over the pump and engine
compartment. It is used to support the man operating the deluge gun and
related equipment. Access to the platform is provided by the boarding
ladder.

o Deluge gun

The deluge gun is the primary piece of apparatus used to
disburse the water. It is wmounted on the platform and provides complete
360 degree rotation as well as vertical up and down travel through a bicycle
type handle bar control.

o Automatic shut-off valve and control

An electronically controlled ball type shut off valve is
located at the tip of the deluge gun and provides the operator with the
capability of firing water pulses of various lengths. Through a trigger
and controls, the operator has either a manual or an automated on and off
sequence control of the valve.

2. Operation of Unit

When the pumping unit has been primed, started and the
desired pump pressure reached, the deluge gun is ready for operation. The
entire discharge line is now pressurized to the ball valve at the nozzle.
The nozzle valve control mechanism is turned om through the ON-OFF switch
located at the handle bar mounted trigger box. The red light indicates the
power is UN. With the selector switch in wanual - the opening and closing
of the valve only responds through the trigger mechanism. A small touch
is enough to depress the trigger. As long as the trigger is depressed,
the valve stays open. Upon releasing the trigger the valve closes. Through
the use of the trigger, the operator has complete control of the firing
cycle. With both hands on the handie bar the gun can be aimed at any target
desired. A moving targec can be followed through the transverse and verti-
cal movement of the deluge gun. To switch the operation to a completely

10
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automated cycle, the selector switch located at the trigger box is set to
the automatic position (up)j. The switching can be made at any time during
the cycle without damaging any components.

As described earlier, the operator has a choice of either
operating the automatic cycle in a constant sequence or a variable on-off
relationship cycle through the selector switch located at the master
contrcl box. To turn the nozzle off for shutdown, switch the system to the
manual operation. This automatically closes the vaive. Always leave the
switch in the manual operation during the shutdown period.

Operation of Gua Control Valve

To make the operation of the deluge gun serve similar to a
water cannon, an electronically controlled ball valve shutoff system has
been designed for this unit. The primary components are the motor and gear

mechanism at the nozzle tip, the main frequency cycle control box, and the
trigger switch box,

Constant
Variable Variable
Closed Adjustment
Adjustmenc
Constant
Variable

Selector Switch
Power cord

Master Control Box

The operator can selact either a complete wmanual trigger actuated system or
an automated frequency controlled cycle to turn the ball valve on and off.
The automatic cycle further provides options of a constant or variable
gequence frequency operation through selector amd adjustable switchies and

controls. Each system is described in the following peregraphs.

11
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Power ON Light

ON-OFF .
Master Switch .
\
AUTO-MANUAL "
Selector Switch

Trigger and Switch Box

The preceding figure shows the trigger and switch box.
This box is located on the handle bar control near the right grip. Two
toggle switches appear on the side of the box. One is the mester power ON
and OFF switch. The light on top of the box indicates red when the power
is ON. The second switch is the autc-manual selactor switch. The down
position places the system in a manual operaticn. Depressing the trigger
down opens the valve. The valve remains open as long as the trigger is
depressed. Upon releasing the trigger, the valve automaticsally closes.

Through this control, the operator can open and close the valve at his
discretion.

The up position of the gmlector switch places the system
in the automatic cycle sequence of opening and closing the valve. The valve
at the nozzle tip automatically closes and opens on a preset cycle as
determined by the frequency setting on the master comntrol box.

The master coutrol box is located at the deluge nozzle
strapped to the pipe elbow to rotate with the gun. The hesrt of the
electronic system is located in this box. The two knobsg on the fromt
face of the box are the frequeacy cycle controls while the selector switch
located in the side of the box lets the operator choose the mode of auto-
mation he desires. The awutomatic options available sre as follows: °

Constant freauency control - Placing the constant - varizhle switch iz the

SR LY WWhe Ll Ll WUE

constant position (up) switches the automatic control of the valve operation *
to a constant frequency of opening and closing cyclegs. That is, the open

duration of time of the valve 1s the same as the closad duration. The cycle

cycle of opening and closing continuas at the rate set on the constant -

12
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variable adjustment control. Turning the control adjustment clockwise
speeds up the frequency rate of opening and closing ~ that is the valve
opens and closes more times per minute automaticzlly. Turning the adjuste
ment counter clockwise slows down the frequency of opening and closing.
Keep in mind that a constant frequency (open time is the same as the closed
time) i{s only regulated by this control, hence the name constant.

Variable frequency control - While the selector switch is in the Comstant
(up) position, the variable closed time adjustment is not in the circuit,
therefore, it is not functioning. Only the comstant-variable adjustment
pcovides the control stated above. When the selactor swiich is placed in
the variable position (down) the variable closed time adjustment is
activated providing one more option for the operator. The operator,
through the adjustment of both comtrols now has the option of controlling
the duration of open time of the valve as well as the closed time. The
open time can be made longer or shorter than the closed time, depending om
the adjustable switch positions. Each adjustment comtrcl is marked $ for
SHORT and L for LONG - The variable closed time control permits adjustments
between long and short periods of valve closed time - while the variable
open time adjustment allows the operator to select periods of valve open
time. The maximum closed time with minimum of open valve time occurs with
variable open time control in the S (short) position while the variable
closed time adjustment is in the extreme L (long) position. Conversely,
the maximum open time occurs when the variable open control is set in the
L (long} position and the variable closed time control is in the S (:hort)
position. Adjustment between these two extreme settings allows the opecator
a wide latitude of ON - OFF relationships. With experimentation, the
operator can select the best sequence producing the maximum desired effect.

13
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III. DESCRIPTION OF THE TEST
' A. Iget Objectives

The overall objective of the test was to determine and document

L.
2.
3.
4.
3.

6.

7.

l 8.

the waterpulsc per formance characteristics of the Portable Puaping System
and the Ballistically Actuated Water Cannon. The detail test objectives
included the following determinations,

Area of impact as a functiun of range.

Velocity of impact as a function of range.

Total erergy at impact as a function of range.
Inpact force as a function of range.

Dangercus and innocuous effects to husans a8 a function
of range.

Accuracy of first azd subsejqusnt water slug bursts
a8 a function of range, on both fixad and moving
targets.

Stopping and knockdown capszbilities as a function
of range, using mock-up targets which iimulate
weight, balance and surface friction of humsans.
Lethality to animil targets as & function of range,
and the change in hazard as a fu c-tion of range,
when the animal target is moved from the dangerous
region to the region of innocuous effects.
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B. Test Theory and Principles Involved

The principle device used toc gather data in this test was a
vertically hung pendulum. This pendulum had a plywood face normal to the
water stream and a parallelogram suspension such that this face remained
normal to the stream when the pendulum swung about its pivot. Water im-
pinging on the flat face will change velocity and therefore momentum,
transferring the change in momentum to the pendulum. The momentum transfer,
neglecting energy lost in destroying the impact face of the target, changed
the momentum of the pendulum, giving it a rearward velocity. Since the
suspension of the pendulum constrained it to follow @ circular path, the
rearward velocity caused the mass of the pendulum to rise. The pendulum
rises, continuously changing the kinetic energy imparted to it by the
water to gravitational potential emergy. The change in gravitational
potential is quite easy to obtain by measuring the stroke of the pendulum
and through the geometry of the pendulum, calculating the change in
vertical height. It is assumed in this system that there is sufficient
friction so that a light pendulum follower will not grossly overshoot the
end of the pendulum swing but an amount¢ insufficient to dissipate a
significant swaount of energy.

The order of magnitude of the energy loss to aercdynamic drag
may be assessed analytically. An accepted drag coefficient for flat plates
at low velocity is 1.0. Using the 4-foot by 5-foot target face area and
a velocity of 3 in/sec, a force of 1.2 pounds is obtained. A conservative
approach is to assume that this force decreases linearly throughout the
stroke of 12 inches and therefore the energy dissipated is 1/2 x 1.2 x 12
= 7.2 in./ib., or 0.6 ft/lbs. Since a stroke of !welve inches is equiva-
lent to 40.2 £t/1lbs, the aerodynamic friction loss is negligible.

A pendulum weight of approximately 450 pounds was chosen to
keep the pendulum swing within the physical bounds of the puppert {rame.
For direct comparison of the two water cannon systems under study this
pendulum is satisfactory. However, it was quite obvious that the enexgy
transfer information derived from the tests with the 450 pound pendulum
would not apply directly to the energy transferred by the same water pulse
to swine in the medical tests. This is due primarily to the large mass
differential. It was therefore determined that the forces acting on the
pendulum would be analyzed and a2 computer program would be written which
could be used as a tool to determine the effect of pendulum mass on the
amount of energy transferred during the impact of a pulse of water.

The following schematic, shown in Figure 5 is a free body
representation of the test pendulum.

There are four basic equations which completely define this
system, namely the thrse equations of dynamic equilibrium consisting of the
sum of the forces in the X and Y directions and the sum of the moments
in the X-Y plane and a fourth equation describing the geometric displace-
ment path. This will yield the following set of four equations in five
unknowns :
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Free pudy Representation of Test Pendulum
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Figutre 5. Test Pendulum
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B(1) = A(1,1) X+ A (1,2) ¥ + A(L,3) F, + ALY + AQLSIF

B(4) = A(4,1) X+ A (4,2) Y+ A (4,3) Fy + A (L WF) + AG,SF

Using the above system of equations, 1if any one of the unknown
forces or displacements can be determined experimentzlly or can be approxi-
mated, the remaining forces and displacements can be calculated. The above
set of equations have been programmed for two solutions, The first solution
assumes the X displacement is known and solves for Y displacement and all
the forces. This solution is used for the 450 pound pendulum where the
displacement is known and it is desirable to know the forces acting on
the pendulum. The second solution assumes the impact force of the water,
F_, is known and the remaining ferces and displacements are calculated.
Tgis solution can be used to predict the resuliing displacement vs. time
for variations in pendulum mass or geometry by estimating the force on

the pendulum based on test results combined with the results from
solution one.

The force of the water impacting the pendulum is defined using
the principle of impulse and momentum,

w
FD - p (V1 - Vz)
where: w/g = mass rate of flow
V1 water velocity before impact
V7 = water velocity after impact

(assumed equal to pendulum velocity
based on movies of the impact)

From this equation it can readily be deduced that as long as the velocity
of the pendulum is small compared to the velocity of the water stream the
force on the pendulum for a given water pulse will for all practical
purposes be independent of the physical characteristics of the pendulum.
The same statement cannot however be made for energy transfer.

In summary, two computer programs were written. The first
program was used in conjunction with experimentally determined displacement
vs. time for a particular water pulse and pendulum to give the impact force
of the water. Since, as described in the preceding paragraph, the impact
force does not change appreciably for changes in the physical characteris-
tics of the pendulum, the forces from this analysis can be used as input to
a second program to predict the displacement and therefore the energy of a

modified pendulum. Both programs output the energy transferred to the
pendulum as a function of time.

17
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C. Test Instrumentcation

1. Pendulum Test Fixture - The test fixture shown in Figure 6
consistad of the pendulum with its actached target, the swine silhouette
target, the man silhouette target, witneas screen and the various scales
and grid board for measuring the pemdulum's displacement and acceleration.
This fixture was used to determine the kinetic energy imparted to the
perdulum by the impacting of the water pulse. The use of the masking
shield silhouette target in series with the pendulum provided a method
and a test fixture for determining the impact energy of a water pulse
impinging on a pendulum that is representative in size to the surface
area of a men or a swine.

2. Man area target - This target as shown in Figure 7 is a
«5-inch thick plywood sheet and is utilized to assess the enorgy imparted by a
given water pulse impacting on a simulated wan. For this test e masking shield
mounted independently of the pendulum is utilized which permits only the
cross sectional srea (highest concentration of energy) of the water pulse
corresponding to the gilhouette area of a man to impact the pendulum.

3. Swine area target - This target as shown in Figure8 is a
.5-inck thick plywood sheet and is utilized to assess the energy imparted
by a given water pulse impacting vn a simulated swine. For this test a
masking shield mounted independently cf the pendulum is utilized which
permits only the cross sectional area (highest concentration of emergy) of
the water pulse corresponding to the silhouette area of a swine to fupact
the pendulum.

4, Witness Screem =~ -The witness screenshown in Figure 9 is a
wire mesh screen mounted in & wood frame and covered with a thin tissue
paper. When impacted with a water pulge the fractured area of paper
approximately displays the cross section intensity (energy concentration)
of the water pulse at time of impact aud records the accuracy of the shot.

5. Knockdown Test Fixture - The fixture shown in Figure 10
consists of a man size silhouette target attached to a pendulum type
structure that is hinged to a solid base structure. The pendulum type
structure simulates the stability (weight, C.G., balance and surface
friction) of a man in a normal erect stance.

6. Physiological Test Fixture -~ The fixture shown in Figure 11
is the Knockdown Test Fixture that has been modified to prarmit tha
mounting of the swine in place of the man cype silhouette. During the
test, this fixture wae modified by cutcing large slots in the animal/
mounting panel sc that the water pulse impinged only on the swine and not
on the mounting panel.

13
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Witness screen (paper wire mesh) to
determine accuracy of shot

SRt .

; Simulated mgn silhouette
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Figure 10. Test Fixvure for Correlating
- Impact Energy with Human Knockdown Capability

} .
, | 23
|
|

PTG Tl s

e St 4 e = eyt

L




3IxTS 3891 TedtBoyorsdyy * 11 2an813
JOATd

Ll lol,

Llelilelnty Lllytd il lele!

24

. ! _
. _eS i
W—38INg AVI¥M | \
#9%1 - y83em Twaog 30 yang EESS

S ~ ‘yoelle
savapawy s
S¢ -2UIAs JO °3M _
#9071 - 393ama /
. au
3o *3a Tenjoy . 55 (30us 3882
Butanp poacway) -7 393 TEnzow
03 3o03ad ®sind 1s3em jo uUoTIBIO] I
Burys1iqe3se I103 uIDIOS BIIUITM

‘I




g

]

Enr s g T

Cre e e v g

PIEppR

L SR

D. Test Methods and Procadures

1. General

The test mathods and procedures which are described in this
section define and comprise the test activity that was performed during
thig program. Essentially, the test activity consisted of conducting a
series of energy, accuracy, targect-knockdown and physiclogical tests to
determine the water impsct on target performance of the PPS and BWC with
respect to the following detail test objectives.

a. Area of impact as a function of range.

b. Velocity of impact as a function of range.

<. Total energy at impact as a function of range.

d. Impact force as a function of range.

e. Dangerous and innocuous effects to humans as a
function of range.

f. Accuracy of first and subsequent water slug
burste asz a function of range, on both fixed ana
woving targets.

g. Stopping and knockdown capabilities as a function
of range,us’ng mock-up targets which simulate
weight, balance and surface friction of humsas.

h. Lethality to animal targets as a function of range
and the change in hazard as a function of range,
when the animal target is woved from the dangerous
region to the vregion of innccuous effects.

The following paragraphs identify the tests and give a

description of the methods and procedures that were utilized during the
conduct of the test.

2. Energy Test (Portable Pumping System)

o Continuous Stream Firing Mode Test (Approximately
1 minute continuous firing)

¢t Determine impact conditions on pendulum
shown in Figure 6 as a function of 70-foot range for various combinations
of nozzles and pressures in order to expedite selection of candidate
nozzle/pressure configuration for pulse testing.

Igst Method

With the gelected nozzle/pres.ure configuration, fire
a continuous stream of water at 70-foot range as shown in Figure 12 so
that it impinges on a given spot long enough to achieve a steady displace-
ment of the target. Mea: xre displaceweant of pendulum when subjected to
the force of the continuous impinging on the pendulum target. 1In this
test no man-swine silhouette targets on witness screens were used.

25

s - GG ectakn RS Ioia 5+ oo

e e  p———

—

o



3891 £Bavumy 103
anoke] juewdynby pue 9g231'z1 2813

punoasycwy waewe)
103 paeog pyio

{vasmz)) danseel

- a8uwy

Juswooe1delq
wninpuag
ANS BN
Juswedw(detq
ImnpRd 10§ SEIUITM
393awy
IM§ 20 UK
3ao0ddng
(surl ‘sa juemeoe1dsiq) 19813
asonpsuway
apn3jule
328193
Juouemaed ,¢ X 4

(poods y2jH) YITA unInpusgd

LEC

26




B Tt Ll R

e e 1 AP TR - SO+ TN i RN

LA

PRI

I R T

o Pulge Firing Mode - PORTABLE PUMPING SYSTEM

Purpose: To establish the impact conditions produced on
various size targets with respect to range when targets are impacted with
pulses of water fired from the PPS at various energy levels. The impact
data thus derived will be the basis for formulating the physiological test
plan and will provide the basic energy performance data for che unit.

Test Method
1, Selection of Optimum Nozzle Size and Pressure

At prescribed ranges conducted a series of firings of
water pulses (various intensities and length of burst) from the PPS to im-
pact on the pendulum test fixture shown in Figure 6 in order to select the
optimum nozzle/pressure/burst length cenfiguration for further test. The
pendulum test fixture was utilized to measure the kinetic energy that was
imparted to tha pendulum by the impact of the water pulse witn tne pendulum.

2. Acquisition of Impact Data for the Selected
Nozzle Size/Pressure Configuratiom with Respect
to Target (4' x 5'), Man Size Target and Swine
Size Target

To provide the desired impact dats with respect to
target size (man and swine gilhouette), masking shiclda (targets) containing
cutout silhouettes of appropriate size were mounted in frout of the pendulum

which permitted only that portion of the stream defined by the cutout to
impact on the pendulum.

During these tests,paper witness screen shown in
Figure 9 were mounted directly in front of the pendulum in order to atctest
to the accuracy of the impact and to provide the area data with regard to
eunargy concentration of the water pulse on tha pandulum.

For this test, the impact conditions of the water
striking the target/pendulum were defined in terms of pendulum displacemeat
with respect to time for an approximate energy concentration per unit area
and for a given target size. This data in turn yielded the following
physical characteristics for the impact of the water pulse.

27

L

Wy e g




Man or Swine Tsrget Size
l. K.E. impsarted to the penduluam

2. Force on the pendulum
3. Impulse on the pendulum

4. Energy concentration per unit area

Large Target (4' x 5')
1. K.E. {imparted to the pendulum

2. Force on the pendulum
3. Impulse on the pendulum
4. Energy concentration per unit area
3. Energy Test (BALLISTICALLY ACTUATED WATER CANNON)

Purpose: To establish the impact conditioms produced on
various size targets with respect to range when targets are impacted with
pulgee of water fired from the BWC. The impact data thus derived was in
part the basis for formulating the physiological test plan and provided
the basic performance data for comparing the PPS with the BWC,

Test Method: At prescribad ranges a series of firings of
water pulgses from the PPS to impact on the pendulum test fixture shown in
Figure 6 was conducted. The pendulum test fixture was utilized to measure
the kinetic energy of the pulse with respect to time.

During these tests, paper witness screen shown in Figure 9
was mounted directly in front of the pendulum in order to attest to the
accuracy of the impact and to provide the area data wich regard to energy
concentration of the water pulse on the pendulum.

To provide the desired impact data with respect to target
size (man and swine silhouette), masking shields (targets) containing cut-
out silhouette of proper size were mounted in front of the pendulum which

permitted only that portion of the stream defined by the cutout to impact
on the pendulum.

For this method, the impact conditions of the water striking
the target/pendulum were definad in terms of pendulum displacement with
respect to time for an approximate energy concentration per unit area and
for a gilven targast size. This data ylalded the following physical charac-
teristics for the impact of the water pulse.
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Man or Swine Taxget Sisze

) 5.
. 1. K.E. imparted to the pendulum

A3

2, Force on the pendulum |

3. Impulse on the peandulum

e

4. Energy concentration per unit area
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Large Tsrget (4' x 5') .

o A T

1. K.E. imparted to the pendulum

e
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2, Force on the pendulum
3. 1Impulse on the pendulum

4. Energy concentration per unit area
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4. Tests to Correlate Impact Energy with
Physical Effects on Man Simulated Target

o

o Pulge Firing Mode -~ P.P.S. and B.W.C.

Purpose: Utilizing the energy impact data derived
during the Energy Test, establish against a mock-up simulating the weight,

C.G., balance, surface friction of a man, the knockdown capabilities of the
. water pulse.

C T e W

Teast Method: At prescrited ranges, a series of test
firings of single water pulses (selected nozzle/pressure and length of
burst) from the P.P.S. to impact at various heights on the simulated man
silhouette test fixture showm in Figure 10 was conducted. Tue test fixture
consisted of a silhouette target which simulated the stability (weight,
C.G., balance and surface friction) of a man in a normal erect stable
, : stance. The kiockdown capability of the water pulse was expressed in

’ terms of range, angle of impact and length of burst with raspect to the
upsetting of the target from its original position. Witness screens
were utilized to assess accuracy and energy concentration.

5. Accuracy Tests

-
L >
= v

o ise Firing Mode -~ P.P.S. and B.W.C.
Purpose: To determine first and subsequent round

accuracy for the water pulse as a function of range and time on target when
utilizing a gimple iron sight with both systems,
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Test Method: At prescribed ranges, & geries of
accuracy tests to verify the sighting system and to establish the innate
repeatability of thie systems was conducted. This portion of the accuracy
test (Figure 13 ) comsisted of firing a series of 5 water pulses with a
rigid gun at a target of set range with witness screens utilized tec record
the area of lmpact on the target.

o

At prescribed ranges aud for a 45 guu movement, a
series of aimed shots at a knockdowa type target (Figure 14) to establish
the time and number of shots required to upset the target was conducted.

At prescribed ranges, a series of accuracy tests &t
a moving target (approximately 10 fps) per Figure 15 , was conducted,

Hits were determiuned by fracturing arca oif human silhouette on witness
screen.

6. Physiologicual Tests

Purpoge: To determine physiological damage produced in the
test animals as a function of range and the terminal impact energy derived
from the preselected water bursts fired from the Portable Pumping System.

a. To investipcoce the hazard of the water impact by
arranging to provide impact energies of 15, 30 and 90 ft-io, and in addition
to investigate the hazard of impacting the target at the close range of
6.6 feet. The energy Levels are used to provide correlatiovn with ocher
hazard studies. This cest wiil consider only the physiological damage
involved .n water impacting the subject and not secondary damage due
to the subject falliag or tumbling against a hard surface.

b. Assgess physiological damage due to impact of wacer
pulse.

¢. Egtablish estiuaies of the water pulse's prysiological
desirable and undesirable effects by medical Leam.

Lest Merhod

Conducted 20 firiugs with the Portable Pumping System at
ranges of 6.6 feet, 15 feet (90 ft-1bs), 35.5 feet (30 ft-1bs) anud 45 feat
(15 ft-lbs), For these tests a .75 inch Jiaweter nozzle was used and a
nozzle pressure oi 300 psi and a 2.0 pn pulse were maintained throughout
the tests. In each test the water :tream 1zom a single pulse was directed
at tne test animal (swine). ‘LThe cest subject was harnessed and iocated in
the test fixcuwre shown in Figure 11 whicin siwuelates the physicai and
stability chargcceriscics (CG locaiion, woments and friction) of a man in
an erect stable position. 7The aninal was the: -emoved, observed by a
veterinarian, after which the aniuwal was sacriiiced and a gross nccropsy
performed. Figure Lb is a photugrupa of a test riring at 15 feer range.
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Physical Test Data Taken
1. Physical characteristics of water cannon's impact
>4
energy for each test shot.
a. Nozzle size
Pressure (static) and nozzle
Volume of water pulse (time)
d. Range and energy level

2. Pnotograph (still) of animal in test harmess after
test. (Test No. for identificationm).

3. Camera coverage of test (high speed or 65 fpm)

Medical Data Taken

1. EKG monitor of subject bafore and after test.
2, Pathology

The veterinarian performed gross necrepsies at LWL
Bldg. No. 2420 and microscopic examinations with corresponding histo-
pathology at his facility. Major tissue samples/organs associated with
damaged area(s) were taken at the time gross necropsies were performed.
The physiological damage produced as a result of each water impact was
graded in accordance with damage grade levals dascribed in Appendix C.
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IV, TEST RESULTS
A. Portable Pumping System

1. Energy Test

The tabular results of the energy test, the dynamic test,
and the accuracy test ars shown in Appendix A

Preliminary to the actual energy testing, some testing to
obtain an optimum configuration for the portable pumping system was required.
For this testing a water pulse tim~ length of 0.6 seconds was arbitrarily
selected. Candidate nozzle diamet. s of 5/8, 3/4, 7/8, and 1 inch were
tested. Initial tests showed that the 5/8 and l-inch nozzle performance
were markedly inferior in performance to the 3/4 and 7/8-inch nozzle and
were eliminated from the selection. Figures 17, 18, 19 and 20
illustrate the range of energies obtained versus pump pressure for the 3/4
and 7/8-inch nozzles at both 70 and 40-foot ranges. The pressure shown
is gage pressure from the pump control panel gage which was subsequently
found to read 20 psi low for the pressure range shown. Since this is the
gage that is used to control the pump, however, the uncorrected pressure
appears throughout this report in the pressure, P, column. The figures
show that the 3/4-inch nozzle showed marked superiority to the 7/8-inch
nozzle at the 70-foot range and had commensurate perforwmance at the 40~foot

range. Also, a reading of 300 psi on the pump gage uppeared to give the
highest energies at the target.

For those reasons, the 3/4-nozzle operating at a gage
veading of 300 psi was selected to perform the bulk of the tests, although
other combinations were utilized to gain a wider basis of data in some tests.
The combination also offered the advantage of being more conservative of
water than the 7/8~inch nozzle for equal energies. The 3/4-inch-0.6 sec-

300 psi configuration used 2.9 gzllons per burst and the 7/8 nozzle uses

3.2 gallons. These water quantities were used to explore the high energy
water effects but it was felt necessary to obtain a water quantity that would
offer a basis of comparison between the Ballistic Water Cannon, with its non-
variable 1.5 gallon per burst capability, and the Portable Pumping System.
Consequently, it was found that a pulse time length of 0.3 seconds with the

3/4~inch nozzle at a pump gage reading of 300 psi used 1.6 gallons and
this combination was used in tests for comparison.

Table I presents the average energies measured for various

ranges and masking screens. The screens are detailed in Section IJI.D Test
Methods and Procedures. ’
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TABLE I. - ENERGIES IN FOOT-POUNDS

Range, Pt. 15 40 70
PPS, 2.9 gal,
No screen 179 132 61
Man screen 138 57 2.0
Pig screen 116 24 3.2
PPS, 1.6
No screen 91 36 6.4
Man screen 63 8.4 0.0

Characteristics to be noted are that while there is a large
proportion of energy available at longer ranges, it is only available for a
large target. Importantly, a man sized target experiences a rapid and
large decrease in energy with increasing range. Such energies and time
of impact would suggest more of a shower bath than an impact at a range of
70 feet. Thie effect also suggests more effective tactical employment
againat closely packed crowds as opposed to i.dividuals. Figures 21, 22,
and 23 show graphically the range of energies obtained during the tast.
The large variations moted are sttributed to variations in the winds at
the test site, pump efficiency, inaccuracies in measurement, and other,
unknown factors. These variations are important in that they are the same
kinds of variations that may be expected in the tactical use of the device.

The velocities of the water streams, taken from the high
speed motion pictures, subgtantiate the energy loss with increasing range,
in that stream velocity decreasaes from approximately 175 feet ;er second
at a range of 6.5 feet to about 100 feet per second at 70 feet range. The
£films also show that the time of the pulse, measured at the targat, de-
creases substantially with increasing range from 0.73 seconds at 6.5 feet
range to 0.44 geconds at 70 feet range. This shortening does not appear
to be attributable to water loss but to the condition that the front of
the water mass experiences more air drag than the water in the latter part
of the pulse. This condition, however, would lead one to expect a gradient
of velocities in the water stream but the velocities obtained were very
consistent throughout a given pulse.

The areas of high energy obtained with the paper screen
substantiate the energy distributions obtained from the use of the various

magking screens in that the energy becomes distributed over an increasing
area with increasing range.

Figures 24, 25, 26, 27 & 28 consist of plots of dis-
placement, force, and energy versus time for gelected pendulum tests cone-
ducted at AAL using the portable pumping syetem. The test prccedure and
degcription of the test set-up is included im Section III of this report.
The circled pointa on the displacement curve represent actual data points
as determined from high- speed movies of the tests. The wolid displacement
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points.

curve is a fifth-order polynomial approximation of the displacement data

The displacement equation was used as input to the com-

puter model which computes the impact force along with the energy trans-

ferred to the pendulum.

=

pd

]
| f
Ve
By design, all points on the pendulum have the same X and ¥y displace-
ments and velocities. Therefore the total energy of the pendulum at any
given time is,
W . 2 .2
AT e x + + W 7 o
E =35 ¢ yY) G-y,)
where: W = Total Pendulum Weight.
2. Accuracy Tests
The accuracy tests indicate that the Portable Pumping System
ie very consistent and inherently accurate. The fixed mount results show
- all shot centers within a 3-inch circle at 15-feet range,with the circle
R regularly increasing in diameter to 7 inches at 70-feet range.
4

In the free mount mode of operation, the decrease in
number of shots required for hitting and knockdown with decreasing raunge
was due in large part to increased operator familiarity and practice.
Even at 70-feet range at the beginning of the test, the operator was
able to wet the target in one shot and achieve knockdown in one or tweo

more shots.

In the moving target portion of the test, the operator
experienced some difficulty in target acquisition corrections due to the
large spray of water and the necessity for a considerable amount of lead.

Even with these handicaps, operator proficiency increased rapidly and in

1 no case were more than 3 pulses required to get on target.

30




3. Physical Effects

The resulis of the test of physical effects show that the
2.9-gallon water pulse ia effective to ranges beyond 70 feet when aimed
at the high chast and effective tc 70-feet range when aimed at the low
abdomen. When using the l.6~-gallon pulse however, effectiveness is limited
to somewhat less than 70 feet ramge for either aim point.

P
L]
[
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4. Physiological Test

Test Findings

A general description of the medical findings is given below.
The detalled description of each necropsy, summary of damage levels, results
and conclusions are contained in the Medical Report3, Appendix D

contains plots of displacement and energy versus time for the Physiological
Test Ranges.

Gross and microscopic examination of the pigs impacted at
various ranges indicated a general reduction in the severity of damage as
the range was increased. Reddening of the skin was characteristically
seen immediately following impact and in some instances persisted until
the animals were necropsied. A moderate degree of liver damage was seen
in Pig No. 902 (range 15 feet) and Pig No. 916 (range 6.5 feet). Pig
No. 902 died shortly after iwpact. In general, the data indicate that the
front of the pig is somewhat more sensitive to the impact than the back.
nvwever, subepidural hemorrhage was seen grossly in three of the six pigs
impacted in the back. A summary of the gross damage resulting from im-
pacting the front and back of the pig is found in Table II.

Assegsment of Effectiveness

The following estimates were taken from the Minutes of the
Medical Meeting (Appendix B) and are for the undegirable effects and the
desirable effects for the Moving~H, Army Scenaric II (Annex to Appendix Bj,

The probabilities of effects cited in Table III have the following inter-
pretation.

o Pue a .10 probability means that out of 100 people sus-
taining the impact, 10 will be expected to
experience the effect of interest and 90 will not.

In the Moving-H Scenario, the desirable effect probability is composed of
the following elements.

o Pd = a .10 probability means that out of 100 people
sustaining the impact, 10 will be expected to
experience the effect of interest and 90 will not.

o Column heading "P cannot leave" = Pc1
a .10 probability means that out of 100 people sustaining
the impact, 10 will not be expected to be able to
leave the area (physical damage excessive, cannot
even crawl away).

o Column heading "P will not leave" = P

wnl

a .9 probability means that out of 100 people sustaining

the impact, 10 will not be expected to leave (stubborn,

martyr, willing and able to participate, etc.).

>William M, Busey, "Tissue Damage in Experimental Animals Resulting
from the Impact of Water Fired from a Fortable Pumping System," prepared
for USA Land Warfare Laboratory, April 1974, (unpublished).
52
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The desirsble affect probabilities cited for any one animal are subject to
the constraint:

connot leave’ Pwill pot leave *
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TABLE III
PROVISIONAL ESTIMATES OF UNDESIRABLE EFFECTS, Pue’

AND DESIBRABLE EFFECTS, P da’ POR THE PORTABLE PUMPING SYSTEM

e pp——y L SR R LS S

Swine e
Shot Animal P P d: P 1 Pwnl Remarks
Number Number ue ¢
3 902-5 1.00 0] 1.00 O Liver lesion.
EKG-chaotic rhythm, fatal
srrhythmia.

17 916-5 .25 0 0 1.00 Sim{lar liver lesion as 902-S.
Peritoneal irritation would
be uncomfortable.

16 915-8 0 0 0 1.00 Reddening of skin.

No grosa lesions.

15 914~ e 0 0 1.60 Similar to 915-S

7 906~5 )] 0 0 1.00 Animal almogt dead before
shot. No gross lusiomns.

8 907-8 .25 .50 O .50 Redness in belly wall; frac-
tured rib, ruptured spleem.

1 900-3 o 0 0 1.00 No gross lesions.

2 901-8 [+] 0 0 1.00 No gross lesions.

9 908-% 0 0 0 1.00 No gross lesionms.

11 910-S 0 0 0 1.00 No gross lesions.

10 909-S 0 0 0 1.00 No gross lesions.

18 917-3 .10 o 0 1.00 Some lung injury.

19 918-5 1.00 .50 O .50 Hemothorax, chest pain.

20 919-5 1.00 0 1.00 o0 EKG-Chaotic rhythm, died in
5 minutes.

4 903-8 .50 .10 O .90 The group speculated on the
mechanism of damage. Pogsible
first stage rebound injury.
1f we eliminate the rabound,
probably not much damagse
was dorpe.
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TABLE III (Cont'd)

Swine
Shot Animal P Pa* ? P Remarksg¥*
Number Number ue de cl vl
5 904~8 o 0 0 1.00 Reddening of skin, epidural
hemorrhage.
6 905-8 .25 0 0 1.00 Subcutaneous hemorrhage;
lung lesion.

12 911-8 .50 .50 0 .50 Epidural hemorrhage. Assume
a significant legion
accompanied by backache.

13 912-8 .50 .25 0 .75 Some would have posterior
nerve root irritation pain
aand/or sengory disturbance.

14 913-8 0 4] 0 1.00 Not much physical damage.

Animal died from marked
preumonia and anesthetic.

*Moving-H, Army Scenario II (Aannex to Appendix B)

**Patho-physiclogical damage grades are given in Appendix C., EKG commentary
and grading are given in Appendix B. EKG'as are eatered in the above table
only when they contribute to the effects estimates.

For obvious reasons all physiological data was obtained
against pon-human targets (swine). The previous programs conducted by AAL
under LWL technical direction, medical assessment of blunt trauma (non-
penetrating) wounds produced in swine have been evasluated to determine the
extent to which these data may be applied to humans. Results of these
assessments indicsted a reasonable degree of correlation which would justify
concluding that the degree of physiological effect produced in this test '

series {(Referemce 3) would be observed in human subjects under similar
conditions.

The test results indicated that the physiological damage
from impact of water fired from the Portable Pumping System at the ranges
tested is relatively range independent.
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During the animal test phase of this program all tests . s
were conducted with the Portable Pumping System. In order to extend the
predicted effect upon human targets to the Ballistic Water Cannon a com-
rarison of energy versus range obtained with both devices is shown in

Y\
Figure 29. A comparison of equivalent energies at impact indicated that v
a degree of safety equal to that producad by the Portable Pumping System "
at 15-feet range is produced by the Ballistic Water Canmon at 15 feet .
range. -"\
!
120 = .
110 _ z
100 k
% ] "
|
- }
80 - i
\
2 70 Portable }
é 4 Pumping System !;
& w0l |
E .
e 50+
a 4 K 1
5 40 > |
- .
£ 30 1
o
-
20 — Ballistic
- Water Cannon
10 — '
o : % ..‘
i S A RELA N B 1 - |
(| 10 20 3¢ 40 0 60 7¢ ; e 5
Range - Feet ) . . 1
Figure 29 Kinetic Energy Imparted to Pandulum

by Water Pulse from Portable Pumping
System and Ballistic Water Cannon
during Energy Tests.
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B. Ballistic Water Cannon

1., Energy ] K

Table IVshows the average energies obtained at the .
varlous ranges. i

TABLE IV
ENERGY VERSUS RANGE, BALLISTIC WATER CANNON
Range, Feet 15 40 70
‘ Masking Screen Energies in Ft-lbs
“(l No screen 40 3.2 14
- Man screen 36 35 12
Pig screen 46 22 1.2

Notable in the table is that the Ballistic Water Cannon

¢ suffers very little decrease in energy when the target is masked to man

) size, indicating that it may be effectively employed against individual
targets. This concemtration is further demonstrated at nearer ranges by
the small decrease in energy when the target is masked by the swine
silhouette. Figures 30,31, and 32 Iwpact Energy versus Range, continue
to substantiate this performance, as the range of energies is changed very
little with th. addition of masking screens.

The velocity of the streams has a small range, 160 feet per
second at 15 feet range to 115 feet pex second at 70 feet, which would also
indicate better counsoiidation at longer ranges. The timelengths of impact

would also indicate good consolidatiom as it ranges from .29 seconds at 15
feet to .2 seconds at 70 feet.

The energy distributions calculated from the paper screen
areas continue to agree with the above data decreasing from 0.35 foot

pounds of energy per square inch at 15 feet range to 0.16 foot pounds per
square inch at 70 feet range.

2. Accuracy

Tests of inherent accuracy show that the Ballistic Water
Canwn has excellent imherent accuracy. At both 40-feet range and 70-feet
range, all centers of water burst were within a two-inch diameter circle,
demonstrating cloarly the comsistency of the weapon.

The Ballistic Water Camnon, a developmental model, was not
capable of repeating operation which rendered it unsuitable for further
accuracy testing in either the free mount or moving target tests.
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3. Physical Effects

}
; In the tests of physical effects the Ballistic Water Cannon . -
agein demonstrated good ionger range characteristics by being able to -
| achieve knock-down of the test target at ranges exceeding 70 feet when
: aimed at the high chest of the target, Low abdomen-aimed shots were Y
! effective beyond 40 feet. L
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V. CONCLUS IONS

The data collected in the test program provides a determination
of the target impact performance of the PPS and BWC water pulse with regard
to hazard and terminal effectiveness of the water pulse.

The energy type test data derived during this program indicates
that a nozzle size of ,75 inch diameter and a pump pressure of 300 PSI pro-
vides the optimum water output configuration for the PPS water pulsing mode
of operation. For this nozzle/pump pressure configuration two water pulse
lengths were selected for study of the Portable Pumping System, one that
allowed water volumes of 2.9 gallons to be ejected in each pulse and one
that allowed 1.6 galions. The larger water volume was used to study high
impact energy effects and the smaller volume was selected to schieve a
basis of comparison with the Ballistically Actuated Water Cannon (1.37 inch
dismeter nozzle/175 PSI), which has a non-variable 1.5 gallon capacity.

The following tabulation presents the average energies in foot-
pounds measured for various ranges and masking screens for the PPS (2.9
gallon and 1,6 gallon water pulse) and the BWC (1.5 gallon water pulse).
Range, Ft. 15 40 70

PPS, 2,9 gal,

No Screen 179 132 61
Man Screen 138 57 2.0 (wind)
Pig Screen 116 24 3.2
PPS, 1.6 gal,
No Screen 91 36 6.4
Mac Screen 63 8.4 0.0
BWC, 1.5 gal.
No Screen 40 34,2 14
Man Screen 36 35 12
Pig Screen 46 22 1.2

Characteristics to be noted are that there is a large decrease
in energy of the Portable Pumping System with placement of the man sil-
houette screen while such a decrease is not noted in the energies of the
Ballistic Water Cannon. This indicates that the effective portion of the
water jet is larger than a man for the Portable Pumping System, but smaller
than a8 man for the Ballistic Actuated Cannon. Another characteristic of
note is the large proportional decrease in enexrgy with increasing range

exhibited by the Portable Pumping System while the Ballistic Water Cannon
shows much less decrease,

The study of the cross=sectional areas of the water rods and a
calculation of an energy concentration shows that the Portable Pumping Sys~
tem has a drastic decrease in energy concentration when projecting 1.6
gallons of water, but has a much better performance with the 2.9 gallon
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pulse. From a review of the photographic data, both the PPS and the BWC
exhibit gimilar water velocities and velocity decays with distance. How-
ever, the PPS exhibits more shortening of water impact time with increasing
range than the BWC, which indicates shortening and thickening of the water
pulse.

In summary, it appears that the 2.9 gallon -rater pulse of the
PPS imparts more energy to the large target (4 x 5 feet) at all ranges
than the BWC. However, with respect to the energy imparted to a man size
or pig size target, the BWC appears to be more effective than the PPS since
the rate of energy decay with range is less and the conservation of water
is greater.

In the tests of physical effects on a knock down target, the
Ballistic Water Caanon was as effective as the Portable Pumping System
using water pulses twice as large (2.9 gallons). Both would knock over the
test target at ranges of 70 feet while the Portable Pumping Syatem using
1.6 gallon pulses would not.

Both systems gave very repeatable and good accuracy results
when operated from & fixed mount, However, since the goal of semi-automatic
fire was not achieved with the Ballistic Water Cannon, accuracy data for a
free mount and moviang target were not obtaimable for that system. The
Portable Pumping System operation in the frce mount and moving target test
suffered somewhat because the sights were not on the operator's eye level,
but operators were still able to quickly adjust to the target in both the
free mount and moving target tests and demonstrated effective accuracy of
the unit.

From the data collected during the physiological testing and
the assessment of this data with regard to human hazard, it appears that
from the standpoint of a direct water impact on a human bedy, the resultant
physiological damage from either unit is range independent up to the range
tested ~ 45 feet. With regard to their effectiveness from a physiological
damage standpoint, Appendix B, "Minutes of Medical Group Meeting,'" presents
the estimates for the undesirable and the desirable effects in the context
of a civil disturbance situation.

64

———

”™ - -




——— -

——

Y

R A

-~ e e . e A N oo e e ey T e T T e

APPENDIX A
RECORD OF TEST RESULTS
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TABLE A-1 %
SELECTION OF CONFIGURATION - 40' RANGE l

Test P | R yDispl. Wind| E '
No. | Date | Conf.|PSI| Ft | In. |S jAce |Function MPH { Ft Lb Reaarks .
. .

- - I3/4-.6) -} a0 L
296 | 11/23|3/4-.6 ] 300] 40 18-5/8) N { OK oK 0-1 ] 98.1 :
297 | 11/233/4-.6 | 300] 40 J18-3/4} N ] x oK 0-1 | 99.4 *
298 | 11/2313/4~.6]300] 40 |18-1/4| N | OX oK 0-1 | 94.1 o
299 | 11/233/4-.6 ] 280 46 |19 N X X 0-1 f102.1 g
300 | 11/23{3/4-.6| 280} 40 19 N] X X 0-1 j102.1

301 | 11/233/4~.6 ) 280f 40 |19 N} o oK 0-1 J102.1 ,
362 | 11/233/4-.6 | 260] 40 J16-1/8| N | oK 0K 0-1 | 73.2 {
303 | 11/2313/4-.6 | 260| 40 J16-1/4f N1 oK X 0-1 | 74.3

304 | 11/2313/4-.6 | 260| 40 J16-1/4] X | OK 1014 0-1 | 74.3

- - PBle-3) -} 40 - - - - - - {
283 | 11/2113/4-.3 | 300] 40 j12-1/4] X | oK ox 8-12 T| 41.9 Pump < 300 psi

284 | 11/213/4-.3 | 300| 40 {11 N| ox oK 8-12 7| 33.8 | Pump 35 300 psi |
285 | 11/213/4-.3 | 300| 40 {11 | x x 8-12 7| 33.8 { Pump < 300 psi §
286 | 11/21[3/4-.3 | 280] 40 j10-1/4| N | OK x 8-12 T| 29.3 Pump < 300 psi |
287 | 11/2113/4-.3}280) 40| 8-7/8{ N ]| Ok oK 8-12 T| 21.9 Pump < 300 psi

288 { 11/21[3/4-.3 | 280} 40 {10-1/4} N | ox x 8-12 7| 29.3 | Pump < 300 psi

289 {11/2113/4-.3|260] 40| 8-1/8] N | OK 04 8-12 T} 18.4 Pump < 300 psi

290 | 11/2113/4-.3 | 260] 40} 9-1/2} N} OK oK 8-12 T 25.1 Puxp < 300 psi

291 | 1i1/21 354-.3 260f 40§ 9-1/2} N ] XK OK 8-12 T} 25.1 Pump < 300 psi )
- - 7/8-.6| -] 40 - - - - - - .- ;
274 | 11/21(7/8-.6 | 300} 40 [16-1/4] N | OX | Fair 8-12 T| 74.3 Pump < 300 psi

275 | 11/21(7/8-.6 | 300] 40 {19 N|] x| Fair 8-12 1 f102.1 Pump < 300 psi

276 | 11/21{7/8-.6 | 300]| 40 |14-1/2| N | K| Fair 8-12 1| 58.9 Pump < 300 psi

277 | 11/21|7/8-.6 | 280} 40 |17-1/2f N | | Fair 8-12 T} 86.3 Pump < 300 psi

278 |} 11/217/8-.6 | 280] 40 |14-1/4| N | & | Fair 8-12 T] 56.9 | Pump <% 300 psi

279 | 11/21(7/8-.6 | 280] 40 (15 N} X Fair 8-12 1] 63.1 Punp < 300 psi

280 | 11/21{7/8-.6| 260} 40115 N ] ok oK 8-12 7| 63.1 Pump < 300 pei

281 | 11/21{7/8~-.6 | 260y 40 |14-3/4] v | oKk o 8-12 7{ 61.0 { Pump g 3006 psi

282 | 11/21|7/8-.6 | 260} 40 |15 N| K o 8-12 T{ 63.1 { Pump < 300 psi

- - f7/8-.3) -l aog - -1 - - - - -

305 | 11/23(7/8-.3 1 300{ 40} 8-5/8} N | &K oK 0-1 } 20.7 °

306 | 11/23(7/8-.3 | 300} 40| 8-7/8] N | Ok oK 0-1 ]21.9

307 | 11/23(7/8-.3 | 300} 40 8-1/2] N | X 0K 0-1 { 20.1

308 | 11/23|7/8-.3 1 280] 40} 8-1/4) N | oK (04 0-1 | 18.9

309 ] 11/23)7/8-.3 | 280} 40| 8-3/8] N | Ok oK 0-1 | 19.5

310 {11/23{7/8-.3 | 280| 40| 8-1/4} N | &K ox o-1 | 18.9 .
311 | 11/23(7/8-.3 1260 40| 7-7/8| N | & ox 0-1 }17.3 ..
312 | 11/23|7/8-.3 | 260( 40| 7-7/8] N | OK & 0-1 f17.3 -
313, 1 11/23|7/8-.3 | 260| 40| 7-3/4] N | OK oK 0-1 | 16.7




TABLE A-1 (Cont'd)
SELECTION OF CONFIGURATION - 70' RANGE

4

[ R
O

Test P { R |Displ. Wind E
No. Date | Conf.|PSI| Ft Ia. S |Acc [Function MPH { Ft Lb Remarks
- - 3/4-.6] - | 70 - - - - - - -
242 [11/20 | 3/4-.6]200} 70} 6.5 |N | oK oK 0-1 }J11.7 | 150 Rua. Press.
243 111/20 |3/4-.6/200f 70 | 5.5 |N | oK oK 0-1 8.4 | 160 Run. Press.
246 | 11/20 {3/4-.6/220! 70 | 8-1/4 N | oK oK 0-1 j18.9 | 170 Run. Press.
245 |11/20 §3/4-.6{ 220} 70 8-3,’3 NI X [0)'4 0-1 {19.5 | 175 Run. Press.
246 | 11/20 | 3/4-.6{240] 70 | 8-1/d N | oK oK 0-1 !18.4 | 180 Run. Press.
247 §11/20 | 3/4-.61240] 70 § 10 N | ok oK 0-1 ]127.9 | 180 Run. Press.
248 [11/20]3/4-.6]240] 70 | 10 N} ok Ok 0-1 [27.9 | 180 Run. Press.
249 |11/20 | 3/4-.6{260] 70} 8-1/4 N | OR oK 0-1 }18.4 | 180 Run. Press.
250 |11/20 | 3/4-.6]2601 70| 9-72/4 N | ox | Bad 0-1 127.1 | 185 Run. Press.
251 |11/20 }3/4-.6{260] 701 7 Nj X Bad 0-1 J13.6 | 185 Run. Press.
252 | 11/20 | 3/4-.6{270| 70| 8-3/d N | OK Bad 0-1 |19.5 | 170 Run. Press.
253 | 11/20 {2/4-.6|270] 70| 9 ¥k Bad 0-1 |22.5 | 180 Run. Press.
254 | 11/20 §3/4-.6{2701 70 | 10-1/3 5 } oK Bad 0-1 }30.7 | 175 Run. Press.
255 | 11/20 | 3/4-.6]280, 70 | 12-3/4 5 | ox (4 0-1 [{45.5 | 180 Run. Press.
256 §11/20 | 3/4-.6/280] 70| 9-72/4 ¥ { ok Bad 0-1 }27.1 | 170 Run. Press.
257 |11/20 | 3/4-.6{290} 70 { 10-1/A N | ok | Fatr 0-1 §30.7 | 170 Run. Press.
258 | 11/20 | 3/4-.6}290) 70 | 11-1/9 N | OK OK 0-1 ]33.0 | 175 Run. Press.
259 ) 11/20 | 3/4-.6{290| 70 | 11-1/4 N | oK ox 0-1 |36.9 | 180 Run. Press.
260 | 11/20 j3/4-.6{ 300} 70 )12 N | OK oK 0-1 ]40.2 | 185 Run. Press.
261 |11/20 | 3/4~.6]300] 70 ] 12-3/4 N | OK OK 0-1 145.5 | 190 Run. Press.
262 | 11/20 | 3/4-.6{300] 70{ 7-3/4 N-| ox Bad 0-1 [15.1 | 150 Run. Press.
263 |11/20 [ 3/4-.6/320) 70§ 11-1/d N | ok | rair 0-1 |35.3 | 190 Run. Press.
264 | 11/20 | 3/4-.6 320! 70 | 10-1/4 N | Ok (0,4 0-1 ]29.3 | 180 Run. Press.
265 | 11/20 )} 3/4-.6|320| 70 | 11 N | ok oK 0-1 {33.8 | 185 Run. Press.
266 | 11/20 | 3/4-.6/300] 70| 11 N | oK ()4 0-1 }33.8 | 175 Run. Press.
267 | 11/20 354-.6 350| 70| 10-1/4 N | oK 0K 0-1 |28.6 | 180 Run. Press.
- - 7/8-.6] -} 70 - -1 - - - - - -
268 | 11/20| 7/8~-.6/ 350 70| 5 N | oK oK 0-1 6.9 | 140 Run. Press.
269 {11/20) 7/8-.6|/350] 70| 9-1/4d N | ok o 0-1 |25.1 | 140 Run. Press.
270 {11720 | 7/8-.6{350] 70| 8-1/d N | oK OK 0-1 |18.4 - -
271 | 11/20 ) 7/8-.6} 300} 70| 3-1/4 N |Bad oK 0-1 3.4 | 140 Run. Press.
272 |11/20 ) 7/8-.6/300| 701 5-72/d v | oK Bad 0-1 9.6 - -
275 | 11720 7/8-.61220] 70] 3-1/d N | oK Bad 0-1 2.7 60 Run. Press.
323 |11/23}7/8-.6|3q0) 70| 7-7/d X | oK OK 0-1 }17.3
324 1 11/23]7/8-.6/300| 701 7-3/4 N | ok oK 0-1 |16.7
5z5 | 11/23|7/8-.6|300| 70| 8-1/3 N | oK CcK 0-1 |20.1 GB Hot
326 | 11/23|7/8-.6/280] 70| 7-1/d K | oK OK 0-1 | 14.6
327 | 11/23 ) 7/8-.6/280| 70| 7-1/dA N | oK ox -1 | 15.6
328 1 11/23}7/8-.6/280; 70} 7-3/d N | ok (0)'4 0-1 ]15.1
329 | 11/2317/8-16]1260| 70} 9-1/4 N | OK oK 0-1 |23.8
330 {11/23|7/8-.6}260| 70| 8 N | oK 0K 0-1 |17.8
331 {11/23| 7/8-.6/ 260 70| 8 N | oK oK 0-1 [17.8
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TABLE A-2
ENERGY DATA - PORTABLE PUMPING SYSTEM

]
Test .P IR [Displ. Wind E
; No. | Daté | Conf.|PSI| Ft | In. |S |Acc |Function| MPH |Ft Lb Remarks
1 107 10/18 |3/4-.6 | 300] 15i27-1/2] N|OK - (04 8-c |187
i ' 108 110718 [3/4-.6 | 300] 1526 N | 0K 0k 8-C [166
( ) 155 |10/31 3/4-.6] 300 1525 N|lok oK. 0-1 |179.6 |N 3208 - R
i : 156 {10/31 |3/4-.6] 308 1525-1/4] N | oK oK 0-1 |[183.4 |N 320s 200R
[ 4 157 110/31 {3/4-.6 | 300] 15{25-1/2] v | ok oK 0-1 {187.2 |y 320S 205R
i - 227 11/ 8 [3/4-.61 300] 15]24-1/2| N | oK 0K 2.4t 172.3
; 106 |10/18 |3/4~-.45] 3001 15| 4-5/8] N | OK oK 154 - Pengulm Struck
\ TamS
. 158 [0431 13/4-.3 ] 300] 15(16-1/4} N | OK 0K 0-1 | 74.3 | N 320s 200K
t 159 [10/31 {3/4-.31 300| 15[19 ‘N | 0k oK 0-1 1102.1 | N 3205 200R
105 |10/ 8 |7/8-.4 15 - NI OK 154 | - Pen#g}'\:: struek
H 111 fio/18 |7/8-.6 | 300| 15|24 N | oK oK 8-c h4l
l ' 112 [10/18 |7/8-.6| 300} 15[23.5 | N|OK ox 8-C 135
l ; 152 |10/3t |7/8-.6 | 300} 15]26-1/8} N | ok (174 0-1 |196.9 |N 3208 140R
5 153 {10/31 {7/8- 6| 3000 15[26-1/8{ N { OK OK 0-1 |186.9 |N 3203 140R
; 154 [10/31 |7/8-.6] 300] 15[26-1/8] N | ok oK 0-1 [196.9 |N 3208 140R
: 218 11/ 7 {7/8-.6| 300] 13|20-3/8] N |oOK OK 6-8HG12 |117.8
; 219 |11/ 7 {7/8-.6| 300| 13j20-3/8] N ] OK ox 8-85G12 [117.8
: 110 [10/18 |7/8-.45 300} 15|23 N {OK oK 8-C {129
) 149 [o/31 {7/8-.3}| 300] 15{17-1/4] N ] OK V'3 G-1 | 83.9 |N 320s. 150R
150 {10/31 |7/8-.3| 300} 15{14-1/2} N ] Ok oK 0-1 | 58.9 |N 3205 150R
J_ _ 151 [Jto/31 {72/8-.3] 300} 15{17-5/8] n | oK oK 0-1 | 87.6 |N 3205 150R
: 164 110/31 |3/4-.6| 300l 40|21-3/4] N | ox ox 0~1 {134.7 |N 3208 -
: 165 [10/31 |3/4-.6) 300] 40]22-3/8] W | ok oK 0-1 §142.9 |N 3205 195R
. 166 [10/31 [3/4~.61 300] 4022 N|ok oK 0-1 }137.9 |N 3208 200R
: 223 |11/ 8 P/4-.6} 300 40|19-3/4| N | &k 0K 2-4T}110.5 | Mag Trans
‘ ; 161 [10/31 |3/4-.3] 380} 40|11 N |oKk o 0-1 | 33.8 [N 320S 200R
. ) 162 l10/31 [3/4-.3] 300| 40{11 N|ok oKX 0-1 | 33.8 | N 3208 195R
: 163 [10/31 [3/4-.3] 300] 40112-1/8] N} OK ox 0-1 | 41.1 !~ 3205 1958
. / 167 [10/31 |7/8-.6] 300] 40|20-1/4] N | Low oK 0-1 J116.3 I N 320 125R
- 168 |10/31 |7/8-.6] 300] 40117-3/4] N |oOx VF 0-1 { 88.9 | N 320 140R
169 [10/31 |7/8-.6| 30n{ 40[15-1/8] N | RT oK 6-1 | 64.2 [N 320 135R
209 11/ 5 {7/8-.61 300 40 |14-1/2] Nl X OK 6-8HGL2{ 58.9
, 210 |11/ 5 [7/8-.6] 300| 40l15-1/2] N] oK 0K 6-8HG12] 67.5
211 11/ 5 |7/8-.6]300] 40f13-1/2f N | OK OK |6-8HGL2} 51.0
. 217 |11/ 7 {7/8-.6| 300} 40|13 N | oK oK 6-8::612{ 47.3 | Mag Trans.
,_ . 170 |10/31 (7/8-.3| 300] 4011-7/8] N | oK ox 0-1 | 39.4 | N 3205 145R
) 171 10731 |7/8-.3] 308; 40(10-1/8; W &x X L1 § 28.5 [N 3205 1358
: 172 {10/31 7/8-.31 300} 40]11-1/2fj N} OK oX 0-1 { 36.9 | N 320S 1358
]
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TABLE A-2 (Cont'd) b
IMPACT ENERGY DATA - PORTABLE PUMPING SYSTEM '
|

i
Tast P | R |Displ. Wind E '
No. Date Conf.;PSI| Ft In. S JAcc [Function MPH | Ft 1b Remarks X
179 | 16/313/4-.6 | 300t 7012 N] & oKX - 5-8T 40.2|N 320 S 160 R Y
180 | 10/311{3/4-.6 | 300] 70 |12-3/& N | oK OK 5-8T 42.8|N 320 S 180 R 1
181 | 10/31 B/4-.6 {300} 70 11-3/: N | ox o 5-8T . 36.1& 320 § 180 R
222 |11/8 B/4-.6 }300} 70 |10 N | ok | Good 2-4T | 27.9 '
182 |{10/31 B/4-.3 |300] 70| S5-3/4 N | X (v'4 5-8T 9.2]N 3208 - R \
183 j10/31 B/4-.3 |300} 70| 4-5/8d N | K oK 5-8T 5.9|N 320 S 170 R
1846 |10/31 B/4-.3 |300] 70 3-7/4 N | x x 5-81 4.2iN 320 S 170 R ,
176 | 10731 [7/8-.6 |300) 70| 9-3/4 N | OX oK 3-5 26.5|8 326 s 125 R f
177 |1i6/31 {7/3-.6 {300] 70| 9-3/4 N |Low oK 3-5 24.5IN 32C § 125 R
178 110/31 7/8-.6 |3c0} 70| 9-3/4 N | oK oK 3-5 24.5|N 320 s 125 R |
216 }i1/7 P/8-.6 1300} 70| 1-1/3 N | OK | Good -8 Gl2 .6 [Msg. Trans. l
173 }10/31 {7/8-.6 j300] 76| 3-1/4 N8 | oK oK 3-5 2.918 320 S 135 R !
174 | 10/31 [7/8-.3 |300] 70| 2-7/4 K | OK oK 3-5 2.3|8 320 s 135 R '
175 |10/31 }7/8-.3 J300] 70| 4 N | oK oK 3-5 &.4lN 320 s 135 & |
1
i
|
l
!
!
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TABLE A-2 (Cont'd)
IMPACT ENERGY DATA - PORTABLE PUMPING SYSTEM

Test .0 | R |Displ. Wind E
No. Datd | Conf.|PSI| Ft In. S |Azc (Function MPH | Ft Lb Remarks
350 |11/29 ]3/4-.6} 360 15320-3/4f M| oK ok - {158 20G|122.3
351 [11/29 13/4-.6] 300] 1522 M| & oK 158 20G|137.9
352 |11/2% 13/4-.6] 300 15]22-3/8f M| ox ok 158 20G|156.3
353 l11/29 |[3/4-.6] 300 15]21-7/8| M| K 154 20G|136.3
354 [11/29 |3/4-.3| 300} 15{12-1/2} M| oK oK 158 266G} 43.7
355 111/29 |3/4-.3| 300| 15]16 M| ox oK 154 206] 72.0
356 {11/29 {3/4-.3| 300] 15}16 M| & ox 154 206G} 72.0
360 [11/29 {3/4-.61 300f 40{14-1/4] M OK oK 158 206G| 56.9
361 |11/29 (3/4-.6] 300| 40)14-3/8| M| Pai oK 154 206} 57.9
362 111/29 [3/4-.6| 300} 40]i4-1/4] M} OK oK 15K 20G] 56.9
357 |11/29 3/4-.3} 300 40| 5-1/2] M| Faixy [0 4 154 25G) 8.4
358 {11/29 |3/4-.31 300] 40{ 5-1/2} M| oK 0K 154 256! 8.4
359 |11/29 |3/4-.3] 300] 40§ 5-1/2f M} OK OK 154 25G6] 8.4
347 111/29 17,/8-.61 300] 15|21-1/8] M| OK oK 15H 20G6[126.9
348 |11/29 {7/8-.6| 300{ 15|18-1/4; M| oK 151 20G| 94.1
349 111/29 |7/8-.6| 300] 15{19-3/4} M| K oK 15H 20G{il10.5
344 [11/29 |7/8-.3} 30001 15}12-3/4] M} OK 0K 15H 20G| 45.5
345 j11/29 [7/8-.3| 300] 15{14 M{ OK oK 15H 20G| 54.9
346 [11/29 [7/8-.3] 300] 15|14 M| oK oKX 154 20G| 54.9
363 11729 |7/8-.6] 3001 40} 9-5/8] M| x oK 154 25G| 25.8
364 |i1/29 17/8-.6| 300| 40| 5-1/4] M| OK oK 15H 25G| 7.7
365 |11/29 |7/8-.6| 3001 40} 5-1/4] M| Fai oK 154 25¢] 7.7
366 {11/29 |7/8-.3} 300 40| S-1/4] M| Fai &K 158 25¢| 7.7
367 |11/29 [7/8-.3] 300 40| S-1/4} M| rai oK 156 256] 7.7
368 {11/29 |[7/8-.3] 300} 40] 1-1/4] M| Faix oK 154 25¢| 0.4
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TABLE A-2 (Cont'd)
IMPACT ENERGY DATA - PORTABLE PUMPING SYSTRM

oy e

Test P R IDispl, Wind E
No. | Date | Conf.|PSI|{ Ft | Im. S jAcc |Functiom MPH | Ft Ib Remarks
] - L
226 {11/8 |3/4-.6]) 300 15)21-1/2J P | ok| oK 2-4T Q131.5
113 |10/25 |[3/4=-.6] 300} 15§19-7/8} P | OK| OK 0 -1 J112,0 ’,
114 {10/25 [3/4-.6| 300} 15]i8-7/8f P | Ok | OK 0 -1 [100.8
115 {10/25 |[3/4-.6) 300 15]20-3/8f P | oK | oK ¢-1 [117.8
143 110/31 |3/4-,43 300} 15:14-3/4] P |GooD| OK 0-1 |61,0 fN 3208 - R
144 [10/31 |3/4-.49 300] 15(15-5/8] P |GOOD| OK 6 -1 |68.6 |N 3205 210R
b 145 ho/31 |374-.49 300] 15]15-1/4] P |coon| ok 2 -1 |65.3 |N 3208 195R
1
224 {11/8 |3/4~.6] 300} 40{ 8-3/8! P |coob| Goop 2 - 41} 19.5
225 [11/8 |3/4-.6{ 3007 40} 12 P |1OW | GOOD 2 - 4T | 40,2
122 10/25 (3/4-.6] 300 40] 7-1/2} P | Ok | OK 0-11}15.6
173 j10/25 |3/4-.6| 300] 40| 8-1/2) P ok | oK 0-1 |z0.1
) 124 110/25 |3/4-.61300] 40] 9-1/81 P ] OK| OK 0-1 }23,2
{ 140 [10/31 13/4-.49 300] 40| 6-3/8| P {HIGH| oK 0-1 }11.3 |N 3205 170R
141 110/31 [3/4-.4% 300] 40J10-1/8{ P |GoOD| OK 0-1 |28.6 [N 3205 180R
142 110/31 13/4-,45 300} 401 9-1/2f P jGOOD] OX 0-1 25,1 |N 3208 185R
221 f11/8 |3/4-.6} 300 70| & P }GoOD| GOOD 2 - 4T{ &.4
' 125 jto/25 |3/4-.6] 300 70| 3-1/2] P § ok | oK 0-1 3.4
’ 126 [10/25 |3/4-.6] 300] 70| 3~5/8]{ P} OK | OK 0-1 3.7
' 127 J10/25 |[3/4-.6} 300] 70| 2-1/8] P [ OK| oOX 0-1 1.3
131 |t0o/31 |{3/4~.49 300| 70| 1-1/8| P |FAIR| OK -1 0.3 IN 3208 - R
132 |10/31 |3/4~.49 300 70{ 7/8] P |HIGH| OK 0-1 0.2 |N 3205 :90R
133 l10/31 {3/4-.49 300] 70| 3/4| P jeoon| oK 0.1 0,2 |N 310S 190R
!
' 7
'/
:; L ]
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TABLE A-2 (Cont'd)
IMPACT ENERGY DATA - PORTABLE PUMPLNG SYSTEM

Test P | R |Displ. Wind E
No. Date | Conf.|PSI| Ft In. S |Acc (Function MPH | Ft Lb Kemarks
11 | 10/25{7/8~.6 { 3001 15 14-3/8] P | OK (0) 4 1 -2]57.9
117 ) 10/25{7/8-.6 | 300f 15|16 P | OK OK 1-2]72.0
118 | 10/25(7/8-.6 ] 300} 15 ji8-1/2) P | OK OK L - 2] 96.7
146 10/3117/8-.45 300] 15]14-1/8] P |{Low OK 0~ 1;55.9 N320S 150R
147 1C/31j7/8-.43 300} 15 {14-7/8] D [0).4 OK 0-1]62.1 N3205 145R
;148 1 16°3117/8-,.45 300] 151413-1/8]} P | OK OK 0 - 1] 48,2 | N3208 150R
212 Y 11/7 {7/8-.6 | 3001 40] o-1/2} ™1 OK (0) 4 6 - 841 11,7
213 | 11/7 (7/8~.61 300} 40} 4-3/8} P }FART| OK 6 - 81| 5.3
214 | 11/7 {7/8-.6| 300f &40 6-5/8) P | UK 0K 6 - 81| 12,2
217 11/7 7/8-.6 | 300] 40{ 13 P} OK OK 6 - 8H| 47.3
119 10/°517/8-.6} 300] 40} 8-5/8; P OK 0K 1 - 2}120.7
120 16725 |7/8-.6 | 300] 401 8-5/8]1 P | OK OK 1 «2}20.7
121 § 10,25(7/8-.61 380} 40| 7-1/2]| P | OK oK 1 -2]15.6
137 10/31|7/8-.4  300] 40| © P| OK 0K 0 - 1110,0 | N3208 145R
138 | 10/3147/8-.49 300] 40} 6-5/8] P | OK UK 0 -11{12,%2 | N3255 L45R
132 110/3% 7/8-.41 300] 4G | 5-1/8] P | o¥ DK 0~1) 7.3 | N3225 145R
! 128 10/25{7/8-.6; 300} 70] 2-5/8] P OK OK 1 ~2 1.9
: 129 10/23(7/6~,6 | 300f 70| 3 P [4).4 OK 1 -2 2.5
g 120 16725 ¢ ®-,4 1300} 70f 2-5/8]| P OK OK 1 -2 1.9
- 215 11/% §7¢3-.64 .90} 70} 1-1/21 P OK OK 6 - 8H 0.6
E L% 10/3117/8-.4% 3001 70| 1/8 P FAIR OK 0 -1 .01
175 16/%2y./8-.4% 300] 70| 1/2 P OK OK -1 .07
136 g 1972 2/8-.4% 3001 70} 1/8 P i MiSS 0K 0-~1 .01
: - LEA
! _!
\
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TABLE A-3
IMPACT ENERGY DATA - BALLISTIC WATER CANNOW

Test P | R |Displ. Wind E

No. Date | Conf.|PSI| Ft In. § |Acc {Function MPH | Ft Ib Rewmarks

454 | 12/14 | 'BaC -1 15 1-1/2{ N - lvery siow] 3-5C 0.6

455 12/14| BWC - 15§ 9-1/2] N lcood |Inc.Ret. | 3-5¢ |25.1

456 12/14| BWC - 15] 9 N leood Cock 3-5¢ J22.5

457 12/14] BuC - 15] 8-3/4] N |Good [No Cock 3-5¢ [21.3

479 12/27] BaC - 15/ 14-1/2F N| Ok oK 0-1 58.9 CuWire

499 12/29] BWC - isl16 Ni oK oK 6-84 |72.0 HSMP

430 12/12] BWC - 40| 8-3/4] N |Good |Good 4-6H |21.3

431 12/12] BUC - 40110-1/2] N |Good {No Cock 4-6H 30.7

432 12/12] mic - 40]10-7/8] N |Good |No Cock %-6H 133.0

433 12/12] BWC - 40f11-1/2] N |Good [Good 4-6H 136.9

434 12/121 B¢ - 40110-1/2| N |Good [No Cock 4-60 }30.7

435 12/12f BaC - 40} 12 N {Good {No Cock 4-64 [40.2

465 12/27] B&C - 40111 N [Good |Exc. 8-10H |33.8

468 | 12/27) mwc | - | 40| 9-3/4] Nlmigh [Exc. 8-10H }26.5

469 12/27| BWC --| 40i10-1/2} N|X [Bxc. 8-10H {30.7

479 12/27] BaC - | 40]13-3/4 NlOK |Exc. 8-10H [52.9 | Cu. Wire

501 12/29] BWC - 40112 N jOK ﬂNo Cock 6-84 [40.2 HSMP

444 12/13| BaC - 70 4-1/4 W |Good |[No latch | 10-12T | 5.0

445 12/13| mic - 70 7-1/4] N|Good |[Inc. Ret.}10-12T |14.6

446 12/13| BwcC - 70| 6 N |Good [Inc. Ret.| 10-12T |10.0

472 12/27| BWC - 70{ 8-1/2} N0k |Exc. 8-104 120.1

473 12/27 BaC - 70] 8-3/4) N|OK |Exc. 8-10H }21.3

505 12729 c - 70 7 Nlok ok 6-84 Ji3.e HSMP

461 12/14) BWC - 18 12-1/4] M|Good|Inc. Ret.} 3-5C |[41.9

462 12/14] BWC - 15 8-1/4 - M|Good |No Cock 3-5¢ [18.9

463 12/14| puc - 15 9-1/8 M|GoodiNo Cock 3=-5¢ |23.2

480 12/27] BaicC - 15 14-1/2 M|x |ox 1-2¢ | 58.9

439 12/12f ®WcC - 40| 12-1/8 M|Good |Inc.Ret. | 4-6H [41.4

440 12/12] BWC - 401 12 M|Good |Inc.Ret. | 4~6H {40.2

441 i2/120 B&C - 40 12 MlGood |Inc.Ret. | 4-6H |40.2

466 | 12/27) Bac | = | 40 7-3/4 MIRT [Exc.  B-10HI4G] 16.7

467 12/27] BWC - 40| 9-3/4 M|GoodjExc. B-10H14G 26.5

503 12/29] BWC - 40| 13 MJOK |No Cock 4-6C |47.3 HSMP

447 12/13] ®ic - 70 5»3/4 M{Good { Inc.Ret. 10{-}{%1‘ 9.2

448 12713} EWC - 70 6-3/4 MlGood|Inc.Ret. 106%%1 12.7

449 12/13f BiC - 701 & M|Good|No Cock 1061123 4.4
(CONTIJUED)
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P TABLE A-3 (Cont'd)
- . IMPACT ENERGY DATA - BALLISTIC WATER CANNON

- Test P | ® |pisp1r. Wind| E 4
; No. Date | Conf.|PSi| Ft In. S |Aec |Function MPHR | Ft Lb Remarks
' 476 | 12724 wic | - | 70] 7-1/2| M| 0K No Cock 8-108 | 14.6

475 12/2% ®iC -1 70 7-3/4] MoKk No Cock 8-%32 16.7
504 12/29 miC -1 7]7 M {0k No Cock [4-6C 13.6 HSMP
i 458 12/13 BWC -1 15] 9-7/8] P jGood o Cock ]3-5C 27.2
. 459 12/11 mMC -1 15] 9-3/4| P Good No Cock |3-5C 26.5
' 460 12/13 BWC -1 15§13~1/4} P ﬁod o Cock [3-5C 49.1
- 481 12/23 BRC -] 15{14-1/2) p 1-2 58.9
: 500 12/29 e -1 1shis-1/2] p kx 6-8H 67.5 HSMP
436 12/13 BWC -| 40] 7-3/4] P Bood Fo Cock |4-6H 16.7
437 12/13 BWC - | 40 8-1/4] P Bood No Cock {4-6H 18.9
438 12/12 BWC - | 40] 6-5/8] P Good [Inc.Ret. [4-6H 12.2
470 12/21 BWC - | 4013-1/2] P px c. 8-10H 51.0
502 12/29 BWC -1 4017 PPK kx 6-8i1 13.6
Y 450 12/13 BWC -{ 70| 3-1/41 P Bood fInc.Ret. magr 2.9
451 12/17 ®acC -1 7] 2 P [Good [Inc.Ret. xo-gr 1.1
G
452 12/1] mc -1 76 7/8] P High nc.Ret. [l0-12T .2

: Gl5

s 476 2/24 BaC | -} 0} 1 P Left K 8-10H 3

‘ 477 12/24 BWC -1 7012 P 0K 8-10H i.1

- 478 12/23 B§C -1 7] 2 P [ood X 8-10H 1.1

i 506 12/29 BWC -] 0f2-1/2 PR fK 4-6C 1.7

/
v
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.% FIGURE A-1 L
PAPER SCREEN EA TESTS

: Test No. 228
Portable Pumping System, 3/4" Nozzle - 2.9 gallons

‘ Range - 15 Feet

Test Ne. 220
i Portable Pumping System, 3/4'" Nozzle- 2.9 gallons

) Range - 40 Feet

' 76




FIGURE A-1 (Cont'd)
PAPER SCREEN.AREA TESTS

v 1L

Test Neo. 229
Portable Pumping System, 3/4" Wozzle - 2.9 gallons

Range = 40 Feet

Test No. 230

Portable Pumping System, 3/4" Nozzle - 2.9gallons
Range - 70 Feet

77
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FIGURE A-~1 (Cont'd)
PAPER ' SCREEN AREA TESTS

Test No. 241
Portable Pumping System, 3/4" Nozzle - 1.6 gallons
Range - 15 Feet

Test No. 340

Portable Pumping System, 3/4" Nozzle - 1.6 gallons
Range - 40 Feet

78
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PAPER SCREEN AREA TESTS

e

|
R
. f . Test No. 335
- Portable Pumping System, 3/4'" Nozzle - 1.6 gallons
Range - 70 Feet
s’
Test No. 343
: Portable Pumping System, 7/8" Nozzle - 3.2 gallons
&- Range -~ 15 Feet

79
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. FIGURE A-1 (Cont'd)
PAPER SCREEN AKEA TESTS

Test No. 338
Portable PumPing System, 7/8" Nozzle - 3.2 gallons
Range - 40 Feet

Test No. 337

Portable Pumping System, 7/8" Nozzle - 3.2 gallons
Range - 70 Feet

80
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FIGURE A-1 (cont'd)
PAPER SCREEN AREA TESTS

Test No. 342

Portable Pumping System, 7/8" Nozzle - 2.5 gallons
Range - 15 Feet

Test No. 337
Portable Pumping System,7/8" Nozzle - 2.5 gallons
Range - 40 Feet

81




FIGURE A-1 (cont'd)
! PAPER SCREEN AREA TESTS

i Test No. 336

Portable Pumping System, 7/8" Nozzle - 2.5 gallons
Range - 70 Feet

Test No. 464
Ballistic Water Cannon

B Range - 15 Feet

82
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FIGURE A-1 (cont'd)
PAPER SCREEN AREA TESTS

Test No. 443
Ballistic Water Cannon
Range - 40 Feet

Test No. 453

Ballistic Water Cannon
Range =~ 70 Feet

‘83



. TABLE A-4

AREAS OF WATIER ROD -

f
R PPS - 2.9 gal. pulse
Range, ft. Area, in
i 15 125
Co 40 159
)
# 70 79
'é PPS - 1.6 gal. pulse
- 15 214
40 297
70 219
‘. BWC
15 113
40 203
70 86.5
’I
'/
3
"l
84
o

FROM PHOTOGRAPHS

Energy, ft lbsjin2 Test No.

1.4 228
.9 220
229

.3 230
.43 341
.10 340
.03 335
.35 464
.17 443
.16 453

e TS = s L e e O
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TABLE A-5 {
VELOCITY OF WATER STREAM AND TIME OF PULSE AT TARGET :
4~i PPS - 2.9 gal. pulse
-. Test \
Range, Ft. Vel., ft/sec No. t, sec {
6.5 193.5 906 722 (!
6.5 151.3 914 725 v
. 6.5 167.8 915 .753 i
5 6.5 150.9 916 .735
) . .
15 173 416 .673 i
15 145 429 .679 ,
. 17 160.8 900 .752 }
: 17 159.1 901 .602 |
: 17 157.2 903 .700 }
: 17 148.8 204 .665 !
I
: 905 .657 ’
: 37.5 123.7 908 i
.
37.5 134 909 .571 )
37.5 147 910 .523 f
37.5 133 911 .656
37.5 130 912 .555
37.5 120 913 .552 '
40 155.8 44 .570 *
40 156.2 427 .360 |
45 141.7 917 484 11
45 149.5 918 482 J‘
/
p 45 142 919 435 1
{
70 104.6 418 437 - j
1
1

85
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i

l

% e

(’ Renge, Ft.

- 15
15
)
40

L} 40

§ 70

i 70

: 70

A

!

1

I

|

11

{

1]

A

i

i

|

3

i

§

! /

.7

|

1

)

TABLE A-5 (Cont'd)

Vel ft/gac

140.3
166.8

157.2
152.3
150.8
139.7
115.5
100.2

Test
No.

499
500

501
502
503

504
505
506

VELOCITY O WATER STREAM AND TIME OF PULSE AT TARGET

L, gec

«29
.26

.28
.248
.311

.236
.235
-145

e e -
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TABLE A-6
ACCURACY TESTS

PORTABLE PUMPING SYSTEM

RANGE 15 FPeet

Aim

N@“ 6 1Z
#ﬂ’ 16 Inches

112
RANGE 40 Peet
Alm
Point 6 12
® 0
+
++ ++ € Inches
12

87




TepLE A=6 (Cont'd)
ACCI)RACY TESTS

PORTABLE PuLMVING SYSTEM (CONT.)

RANGE 50 Feet

Alw
Point 6 12
4 i
6 Inches
12
Alw
Point

RANGL 70 Fact

++- 6 Inches

12

84




RANGE 40 Feat

RANGK, 70 Feet

TABLE A-6 (Cont'd)
ACCURACY TEST
BALLISTIC WATER CANNON

12
6
+
P wstbatnadO
Alm 6 12
Point
Alm
Puint
6{) 6 12
0
-
6
12
89

Inches

Inchea




TABLE A-6 (Cont'd)
ACCURACY TES1S8 :

FREE MOUNT I

PORTABLE FUMPING SYSTEM g

i Time to No. of Time tn No. of
i Test Range On Target Shots To Knock Town Shots To
o . (Feel ) (Minutes) Ou _Target {Miuutas) Knock Dowl
; 403 70 .07 1 14 3 !
i 404 70 .08 1 .11 2 .
! 405 70 .08 1 .12 3 '
E
! 406 50 - - .09 1
!
I |
; 407 50 - - 12 1
! 408 50 .09 1 12 2 {
| 409 30 - - -11 1
P ]
? 410 30 - - .06 1 i
i |
! 411 30 - - .06 1 ’
I
! 412 15 .06 1 .08 2 :
i
{ 413 15 - - .06 1

413A 15 - - .06 1

S0
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TABLE A~6 (Cont'd)
: ACCURACY TESTS

MOVING TARGET '

PORTABLE PUMPING SYSTEM

Time to !
Test Range on Target No. of Shots
ho. (reet) (Minutes) to On Target
1
. 507 30 .08 2
508 30 .05 2
509 30 025 1 ;
ll
510 70 .05 3 :
i
§
511 70 L03 2 |
512 70 .03 2

91




Portable Pumping System - 2.9 gal. pulse

ﬁﬁﬁgér Date
369 12/3
370 12/3
37t 12/3
378 i2/4
379 12/4
380 12/4
381 12/4
382 12/4
343 12/4
390 12/4
391 12/4
392 12/4

Table A-7
Test of Physical Effects

Height Range,
of aim, Ft. Ft.
3 40
K] 40
3 40
3 70
3 70
70
s 70
5 70
5 70
5 90
90
5 90

yes
yas

yas

yes
no

no

yes
yeas

yaos

no
no

no

Acc,
Ll

good
good
good

good
good

good

good
good
guod

OK
OK
0K

Func.

oK
OK
OK

0K
OK
oK

OK
OK
oK

OK

oK

Wind
0-1T
O-11T7
0o-1T

.
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Table A-7 (Cont'd)
Test of Physical Eftects

Portabie Pumping System - 1. gpal. pulse

Test

Nunbar

372
373
374
75
376
377
384
g5
380
387
388
389

Height of Range,
Date aim, KU, Fr.
12/4 3 40
12/4 3 40
12/4 3 40
12/4 3 70
12/4 3 70
12/4 3 70
12/4 5 70
12/4 ) 70
12/4 5 70
12/4 Y 90
12/4 5 90
12/4 5 Yu

Y3

no

no

110

Y

110

no

no

na

no

Acc. Func., Wind
wood OK o-1T
pood OK 0-1 7T
good OK 0-1 71
good OK o-1T
good 0K 0-171
good OK 0-1T
poud OR 0
goad OK )
poud OK 0
poor 0K 0
poor QK (}
puor OK 0

Lw;.—“‘ SN S —



Table A-7 (Cont'd)
Test of Physical Effects

ballistic Water Cannon

Test Height of Range,

Number bare  aim, Fr. Ft, KD_ _Acc. Func, Wind
495 12/28 3 15 yes good OK 6-8 H
490 12/28 3 40 yas good OX 6-8 H
497 12/28 4 70 no good OK 6-8 H
498 12/28 5 70 yes good OK 6-8 H

oy




AVVENDIN B
MINUTES OF MEDICAL GROY? MEETING

(Conducted at aAl 7 becember 1973 to estimate the
phystological undesivable and desirable crtecta
rtesulting (rom jupacting swine with the water putse
from the Portable Pumping: System.)




N4
MUNUTES OF
FOURTEENTH MEDICAL GROUP MILTING - AAL
7 becember 19773
ATEENDEES & Mo . Wargevion, Charcnen-LWL
* K. B. Shank-LWl
B. Thein (Mro.)-LWL
* W. M. Buscy, D.V.M., Pa D
* R. 8. Fishor, M. D,
* W, . Renner, M, D,
Wl GLll, M.,
J. Rush (Mrs.)-&PL
A. . Tiedewann, Jr. -AAl
GENERAL
The attendees keyed ou an apoenda as 1ol lowa:
1. Chairman's opening remavks; schedule meeting dates, 1oview of winutes
Progrion torecast, ote.
2 High=-spoeed t{lm of Porvable vumglag System test seric..
b Kstiwates of Physloloyical Undesicable and Desivable draects.
tor the Portable Pumping Systoen.
d. Review ot slides of phvsics |oamnaye.
b Approve and/or modory md cole ar on dioage
levet assigned.,
oo BKG commentary and gy raadong
: dy Unae grable etfect cnoumate o o1 raticnale.

v Desivabile ettect it te g tation. b
Moviig-it, Army Sco arco L odeseritbea panoan Ane o tbhe
W,

“Vot ing Members,

Ju

.



DETALL, |

In his opening remarks, the chairman introduced the new Medical Group
member, Dr. William Gill., Dr. Gill is a general surgeon., He received his
formal training in England and came to the U,S,A, about 18 mouths ago.

Dr. Gill has worked with SRL in the wound ballistics area, At present

Dr. G1i11 is the Clinical Dircctor at the Maryland lustitute for Emergency
Medicine, University of Marylund, Baltimore, Maryland,

B

A review of the initial Jdamage grade wosessments was conducted,  The
standard procedure of viewlng svquentiasl slides of the wound Lract was
followed, 1In addition, an assessment ol cardiac rhythm disturbances and
injury was rendered according to a priori criteria established., Using all
ot this intormation, the group ladependently estimated undesivable effects
and desirable effects for the Moving-H, Army Scenario 11, councurrentty,

-

Bl
B e ————

Supportiug rationale was given tor cach ot the estimdtes vendered, Dis-
cugsion coutinued until the group reached consvasus on a probability
vstimite.  This procedure was repeated tor vach wound in order o ubtuaiu
tivst undesirable and scoond desirable ctitects estimates,

|
i Atter completing these estimates, the group was shown g high-speed 11lm
from tin Portable Pumping Systew test svriues.

After revicewing the tilm and Jdiscussing some of the experimental technigues
and the design ot the experimental cquipment used tor animal support, the
group estimated the physiological undesirable and desivable cipects,

The following estinmtes are tor the undesivable ettects and the desirable
eticets foe the Moving=H, Army Scenario 11, The probabilities ol cttects
cited 1o Table B-1 have the tollowing {nterpretatiou,

v o1 W 10 probabitity means that out ot 10U peopl.
sustalning the cwact, 10 wiil be eapected to
exportence the ettect of interest and 90 wial not, .

)
u

Lu the Moviug-H Scenario, 1he desivable eftect probabiifty is componed of
the toliowling elements,

a P A L 16 probability means that out of 100 people
sustasulug the dmpact, 10 will be expected to .
ciperience the erfect ot daterest and 90 will .

not.

o Golumu heading "P cauuot leave” P | ‘+
¢

a .10 probability wmeauns thal out ol 10a people
sustalning the lmpact, 10 will uot be espected Lo

be abte to leave the arca (physical damage cavesgive,
canuot vveil crdwl away).

97




=
il

o Column heading "P will wou leave" = P
wnl

a .10 probability means that out of 100 people sustaiuing
the impact, 10 will not be expected to leave (stubborn,
martyr, willing and able to participate, ctc.).

B

The desirable effect probabilities cited for any one animal are sulbject to
the constraint.,

Yoi=

where L = P ?

| .
de’ “cannot ileave’ will not leave

. »
O - LU
-

I Y T

)

-

- M—-_/A._—j%_. -
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Table B-1
Provisional Estimates of Uudesirable Ef{fects, Puc’

-— . - . -

and Desirable Effects, P

de’ for the Portable Pumping System .
"

o

o
-n')‘ Swine Animal b P(li‘ P‘L P 1 2.3 .
i,a Shot No. Number ue ¢ ¢ b Remarks ~’ .
.( 3 902-5 1.00 0 1.00 0  Liver Lesion.
'~.~ s lKG=chaotic rhythm, fatal
;3 arrhythmia, {
o 17 916-5§ .25 0 0 1.00 Similar liver lesion as _
¥ 902-§. Peritoneal irri- !
,@}‘% tation would be un- |
# comfortable. .
«i 16 915=38 0 0 0  1.00 Reddening of skin. :
§ No grogs lesions. ‘
.o
C A 15 914-5 0 0 0 1.00 similar to 915-5. i
e - . |
} 7 906-5 0 0 0 1.00 Animal almost dead before '
P shot. No gruss lesions. |
Ty .
i 8 9G7-8 .25 <50 0 .50 Reduess in belly wall; ‘
g fractured rib, ruptur-d
S rae s ptur 1
() spleen, |
! . — ¥
‘ 1 900~5 0 0 0 1.00 No gross lesivau. ﬂ
aﬁ 2 901-~-8 0 0 0 1 00 Nu gross lasions. .
2l .
{ 9 908-5 0 0 0 1.00 No gross lesious, ;
) 11 910-. 0 0 0 1.00 No gross lesions, 4
"i 10 909-8 0 0 0 1.00 No gross lesions. . {
\ 18 917-5 .10 0 0 1.00 Some lung injury. ¢ '
e -
J 19 918~8$ 1.00 . 50 0 .50 Hemothorax, chest pain. k
-8 20 91$-3 1.00 o 1.00 0  URG-Chaotic rhythm; dicd
a in 5 minutes.
!2. —
1.
g
} 99
|
|
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Table B-1 (Cont'd)
Swine  Animal P P a1 Pont )

\ Shot No. Number ue e b Remarks ™’

t 4 903-5 .50 .10 0 .90 The group speculated on
4 the mechanism of damage.
- Posgible first stage

rebound Iinjury. If we

: eliminate the rebound,

L probably not much

3 damage was done.

g 5 904-8 0 0 1.00 Reddening of skin;

4 epidural hemorrhage.
6 905-8 .25 0 1.00 Subcutaneous hemorrhage;

i lung lesiom.

A 12 911-5 .50 .50 .50 Epidural hemorrhage;

| Assume a significant
¥ lesion accompanied by
§ backache.

y
_] 13 912-5 .50 .25 .75 Some would have posterior
7} nerva root irritation
A pain and/or sensory dis-
g turbance.
' 14 913-3 0 0 1.00 Not much physical damage.

Animal died from marked
pueumonia and anesthetic.

o

~F

B e e UL e I

!
e

Y

[ S

§
l

100

1 Moving=-H, Army Scenario II is described in the Aonex to this Appendix.

2 Putho-physiological damage grades are given in Appendix C. BEKG
commentary and grading are given in Table B-3.
in the above table only when they contribute to the effects estimates.

EKG coumecuts are entered

3 Summary of physiological damage levels is given in Table B-2,

— — —— - -
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Table B=3
Summary of Results of EKG Monitoring: 900 Series
Animal
No. c.D. M.IX. Remarks P.D.
9068 0 0 No recording for 5 sec, after hit;
AV disassocliation at time of sacrifice
9078 0 0 T wanes and waxes posthit
9143 0 0 Variable T-waves posthit
9155 0 0
9168 0 1 T inverts for 3 sec. posthit
900s 0 0 Variable T posthit; T deeply inverted
at sacrificue
901s 0 0 Variable T-wuaves posthit
9025 4 0  With hit ventricular tachycardie to
vantricular rlutter to chaotic rhythw;
at 5 win. chavtic rhythm
9035 0 0 AV disassociation pre- and post-hit
9048 0 0
9058 2 0 QRS changes configuration with hit;
aberrant QRS conduction
9uls 0 0 At sacrifice suall Q and T inversiovn
in IX, TIL, AVH
9095 0 0
9108 2 1 R3 chaugues wu tall R tor 00 sec. with pig bLegan to
dewp T laversion which persists be- breathe ab-
yond the 30 sec. normally at
hit
911s 0 0
9128 0 0 Q iu Il waih T inversion at sacxiiice
9138 4 ?  No change wich hit; aberrant I.V. con-
duction und AV dissociation privr to
hit; ut L5 sce. rate speeds up wich
ST elevution; av 51 sec. atrial pre-
wature beats; at 120 sec. bundle
branch block; ac 126 sec. paroxyms of
atrial fibrillation; at 180 sec. 3 to
1 bluck, then only P-waves to straight
line
917s 0 0
9188 0 0
919s 4 0 No change at either hit; mno prehit ar-

rhythmias; at 150 sec. AF disassociation
develops, goes on to chaotic rhythm to
straight line on tape marked '"betore
hic."

C.D. = Conduction Disturbance M.I. = Myocardial Injury
P.b. = Phygical Damaga
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SUMMARY

o In the Portable Pumping System test series EBKG changes are delayed and
develop after the impact.

© Tn the Portsble Pumping System test geries, physical injuries may

—
ffﬁ rasult {rom the impact, a second impact (rebound) and from terxtiary
B effects peculiar to the animal restraint syutem.
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ANNEX ‘1Y) APPENDIX B
DESCRIPTION OF MOVING--H ARMY SCENARIO 1I

The apstracted information prusented below was used by the Methods Group
and the Medical Groap to reader provisional percentupe estimates of un=
desirable and desirable effects related to paln, various degrees of
physiological damage, and nunphysiological phenomena.

The scenurio discussed hoevein was constructed to depict a situation likely
to confront mllitary control fovrces during civil disturbances. 1t was

the intant in establishing this scenario to identity factors whlch might
halp in estaviishing guldclinux and stundards tor the avaluation of the
purported less-lethal waeapons.

lu the construction of vhis gconuriv, particular cousidaracion was glven
to the counstraints which the presence ol bystanders, the luvel ot thraeat
tov the officor, und genoval public reaction might lwpose upon the
scelection and employment os less=-loethal weaponry.

Avny Scenaric 11 = The Moving *H"

The sctting tor Scanario 1L ls a city street in the vurly stuages ol o
disturbance ov parhaps later witai "hard-core" troublemakers try to pro-
voke a vae-escalation of tueusious.

The tactic vi the troublemakers is to bluck off a stvuel i1n vrdur tu,
first, present a challeage to che control torcas anu, surond, provide
an incident which will motivate bystandecs to joln iu the croubluwaking.

The typicul scane lavolves e tvoublendkecs in the uwiddle vi Lhe straet,
a nuber ol bystandars alung the sidewulks, and the conccol Ltorces con-
frouting Lhe croublemakers Lu Lue siveuet.  So loag as Ll courrul tureus
wdlntain theiv distancue. e troublouwbers hold thuedie groand uand Lacow
rucks, bouttles, or odier ubjecls ut voulrel foree pevnoanedl. Lo Ls
astlwated thar a distunce of 20-70 awetors will genewi ly separaue the
coclk-throvers tfrom thae ocuteol toerves, witn dhe rock-throwers oo castondl Ly
runaing torwuard out ot the group blocking the strect . order (o gat
within range.

*Drait report YA Multldisciplisary Uochuique fox the cvatuatlon ol Less-
Lethal Weapoas (Vol 1)," Aunes to Appeudix €, Deger ptious oo Mum
Sceuarioe, July 1974, US Arwy Luud wWurtere Laboratoiy, Abcerdeca Proving
Grouund, b 21005
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The control forces will be drawn up in standard crowd dispoersal formations.
After readiug the riot act to eiths r those persous blocking tha straet, or
else to everycune on the scene, thege formations advance to clear the stroet.
As the control forcus advance, the troublemakers will probably hold their
ground inftially in order to see how bystanders will react. The distancoe
between the control forces and those blocking the street will thaeretorae
diminish and objocts will be thrown at the control forces from the crowd
blocking thu stroet. As the control forces continue to advance, those
blocking the street way retreat for a distance; but, it they at some point
stand thuir ground until coutrol forces arae quite close, thuy will either
disperse and try to wscapu (as thue control forces hope) or olue attack
individual control torce personnel.

The major ulmy of the control torees in this situation are to:

1. dlypersu the group blocking the street by wwtivating them to
leavae the area

2. avold utfecting bystandurs or otherwise wotivating onlookors
to juin thu disturbance

Othur uaims includa deterring the rock-throwers and parhaps apprehendiug
individuals who run forward out of the crowd to throw things.

While the tyoubleuwskers and onluokers topguther might outinwber the contvol
torces, the numbovr of bystanders is not siguificant unless they join in tor
somu ruason. 14 the bystandevs do wot join in, the contrul fuvcecs wuay have
numerical superiorvity ovur thusoe bLLlockiug the street. bven if they are out-
numboraed, the control torcas will have trainiug and discipliae ou their
gide,

Thase types oi confrontations norwally occur in daylight or carly usvening
hours. In some situations, as in cortain ghetto uareuas, the crowd wmigbhi
contain children. If the confrontation is in conmuctiou with cawmpus dis-
ordurs, the crowd cun be considered to consist of adults only.
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APPENDIX C

PHYSIOLOGICAL DAMAGE GRADES

J— e L ey i e

106

r

—

e



.

s .
AL

. ,__,;_ PRI A j‘L i

’
"\
i
{

CRITERIA ¥OR THE EVALUATION OF DAMAGE
RESULTING FROM BLUNT TRAUMA

I. SKIN, SUBCUTANEOUS TISSUE AND MUSCLE
Grade Criteria
1 Superficial Lleamlsh or signature in skin
2 Grade 1 plus subcutancous heworrhage and/or edem
3 Grades 1 and 2 plus subcutancvous and/or intramuscular
henatom
4 Grades 1, 2 and 3 plus ldceration of {uycia
5 Cradus 1, Z, 3 dud & pluy lacaration ot skin
11. KILNEY
Sridy RN TIR Y
1 Superticiual coutusion with subcapsular houworrhage
and/or perirenal hemorrhage
2 Gradu L plus superiiclal laceration of cortuex not
penvtrating mor: than 2-3 .
K] Grade | plus uimple lacovation of kiduvy punstrating
Lo pelvis
4 Grades 1, 2 and 3 plus multiple lacerutious
5 Grades 1, 2, 3 aud 4 plus rupture of capsulue and

destruction of kidauvy

*Abglracted fvom draft report "A Muslidaseiplinary Technluue tor the

bvaluation of Less-Lethal Weapous (Vol 1)," Appendix J, Physiovlogical

Damage Criteria, July 1973, US Army Land Warfare Laboracory, Aberdecn

Proring Grouad, M 71005
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LIVER

Crade

1l

5

SPLEEN

Grade

Iy

2

Criteria

Subcapsular hematom with no visible fracture of
liver

Grade 1 plus gimple fracture oi liver ‘-8 than 1 cm.
deep and/or less than 5 cm. loug

Cradas 1 and 2 pluy rupture of capsule and fracture
of livar 1-2 cu. dueep and/or less than 10 cm. long

Grades 1, 2, and J plus fracture greuater thaa 2 cm.
and/or preator thun 10 cwm. long

Fraguwentation of liver

Criteria
Subcapsular hematowd less than 5 cu. in dlametur

Subcapsular homutoms grester than 5 cm. in diaweter
and/or winot intrusplenic hemorchuge

Grades 1 and 2 plus ruptuve of capsule Lless thun
1 cm. loug

Grades 1 snd 2 plus capsular rupture gredater than
1 cm. loug

Lisvupiion of spleasn, laceration of substunce of
gpleen - tora capsule
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V. LUNG
grade Criturila ‘
1 Smill countusion of lung with subploeural hemorrhage \
less than 5 cw. in disdmetor and extonding less than '
1 cm. into lung
2 Subploural henmwrrhage greater than 5 em. in diamoeter
and/or multiple hemorvhages less than 5 cw. in diamcter
3 Crades 1 or 2 with pleural rupture and pneumothorax l
4 Grade 3 wlth bLilateral pucumothorax !
5 Deep taurs in lunyg pavenchyws with hemopnoeumothorax
Vi, OTHER VISCERA ‘
Grade Criteria ‘
1 Legs than 1 cw. subscerosal hemorrhoge h
2 Greatoer thun 1 cw. subscrosal hemorrhage ;
3 Grude 2 plus serosal lacoratinun and/or wensentoric !
lacerations i
4 Single rupturu ol visceva and/ov diaphragm ‘
5 Muluiple vuplture of one or wore viscerd
VIl. BONE ]
e crlverla
1 Periogteal humorchapge without visible fracture
2 Stwple Lracture with w displaceacnt . ' .
K} Fracture with laceral displacoment without pleural e

perforation (rib)

4 Grade 3 plus purforation of pleurd (rib) or multiple
slmple fractures or compound fracture of lung bone

b) Fragmentatiou or boue

.~_{N‘“-“,5&th,-

—e

I
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HEAD
Srade

1

* Critical intracvauial howorrhage is defined as cvhat volume of
accuimulated blood raquired to produce com due Lo increased
intracranial pressure.

HEART

Gradu

1

{
i
;
Criterid
.|
Linear fractura of skull and/or minor epidural or !
subdural hemorrhuage and/or countusion et brain less
thin 2 mm. in diameter .
Grade 1 plus suberit!ceal futrvacranial hemorrhage *
Duprossed trocuures of skull with subcrvitical iutra- |

cranial hemorrhage and/or limited brain contusion

Critical intrvacranial hemorvhage and/or multiple linear
ur depressed fractures of skull

Massive intracrauial hemorrhage with extunsive lacavation
aund contusiou of brain - lmwmediate death or death prior
to sacrifice

Critoervid

Epicardial and/or wmyocardial hemorrhages 2 cn. or less
in diaweter with w cloctrocavdiographic couduction ov
rhytluw changes .

Lplecardial aund/or wycardial hemorrhages proater than 2 cm.

in dlaneter and/or tvansient conduction or vhythwm changoes

lasting 10 sceonds or less.

Same a¥ Grade 2 - oy wmyocardial necrosis less than 2 cw.,

in didmeter vr electyocardiographic conductioun vre rhythm

changes lasting louger thun 10 sccouds, bhut less than

1 minute, .

Myocurvdial necrosis greater than 2 cm. la diadmeter or
electrocardiographic conduction or vhiythm changes lasting . .
longur than 1 wlnute but survival for 24 hours.

Rupture of the heart with iwmediate death or clecrrvo-
cardiographic changes indicating fibrillation, other
marked rvhythm changues, or clectrical conduction chuanges
severe enough to cause death.
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APPENDLIX D
PUYSLULOGLCAL TEST RESULTS
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Physiological Toest

Results

figures D-1, =2, =3, and =4 cousist ol plots ot diaplacement and
for selected physiological tests on swine conducted

cnevgy versus time
IWL. The Portable
The cirvelad points
as detormined tvom
displacement cucve

Pumping Systewm was used throughout this

serioen

ol taests,

on the digplacoment curves vepresord actual data poiats

high spued motion picturces ol the tusty.
is a fifth order approsximation of

Thu

sulid
ot

the dinplacement
pvints,

The encrpy transfcevced to the konockduown terget tu which the pip
was attached was calculated using the Tollowing equation,
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Figure D-1
Swine Medical Test No. 901
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Figura D-3

Swine Medical Test No. 908
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PPS --

BWC  --

Conf, -~

Ace, --

Function

Wind ==

Aol e S

List of Terms, Abbreviations und Symbols

Portable Pumping System

Ballistically~Actuated Water Cannon

Configuration being tasted.

Fraction-Ducimal - indicates Portable Pumpiug Systuow,

fraction is nozzle diametoer in iunches; decimal is langth
of pulse in seconds.

Pressure of water at pump outlet gauge, pounds/inchusz.
Not applicable to Ballistic Water Caunon,

Range of test, Fueot.

Displacamant of Test Pendulum, inches.
Masking scroen used ia tuest.

N - nune

M - man sllhoasette

P - pig silhouetta

Accuracy of shot

OK =-- on tavget

Bad -~ miss

Low, High, Left, RYT, Part - partial misscs and diraection.

Muchanical System Function

Inc. Rat. -~ BWC, incomplete return to battery.
No cock - BWC, fallad to uachiave yully lutched condition.

Wind condition duriung test, wph

1T = tail wind

H - head wind

C - cross wind
G ~ gusts

Energy imparted to pendulum, ft-1bs
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psi
gpu
C.G.
ft-bs

fps

Remarvks

List of Terms, Abbreviations and Symbols (con't)

-- Tounds per square inch
- Gallons per minute

- Center of Gravity

- oot -pounds

- f'eet per second

Punp < 300 psi

Run. Proys.
GU HOY

N320s5200R

Mag trauns -

Cu Wire

1Y

—
o—
<]
2z

Maltunction of pump, pressure is highest
thut could be achieved,

Runnilay Pressure, pol
Pump Guarbox ovuerhuated
Nozzle pressure from nozzle pressure
guage, psi, "s", wstutic prassure,

YR, vunniup pressure.
Magnutic dlgplacement transducer.
Copper Wire used to retalo wugzle plug.

High Speed Motion Picture

Equations of Yendulum Mquilibrium

A Ax array of coefficlents of variables of the
equations of equilibriwa,

B An array of coefficients for the constunts avsoclated
with the equutions of equilibrium.
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