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UNDERWATER EXPLOSION TESTS OF TWO STEAM PRODUCING EXPLOSIVES
II. 50- and 300-1b CHARGE TESTS (U)

by
D. E. Phillips
R. L. Willey

ABSTRACT: Charges of Lithanol and H,0,/Al veighing 50 and 300 pounds
vere fired under water to obtaln shock wave and bubble measurements.

Both compositions showed acceptable agreement in reproducing the conden-
saticn effects of a nmuclear bubble. Simultaneous simulation of the shock
vave effects was not obtained. An initiation problem with the }{202/.!\1
composition wvas apparent from the results; no initiation problem was

indicated for Lithanol. An increase in bubble parameters with increasing
charge weight was evident for both compositions.
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U. S. NAVAL ORDNANCE LABORATORY
WHITE OAK, SILVER SPRING, MARYLAND

i
CONFIDENTIAL




——

CONFILENTIAL

NOLTR 67-7 22 March 1967

UNRDERWATER EXPLOSION TESTS OF TWO STEAM PRODUCING EXFIOSIVES
Ii. 50- and 300-1b CHARGE TESTS

This report discusses the results of underwater tests of two steam gener-
ating compositions being developed for use aa muclear bubble simulants.
The development of these compositions is part of = contimuing progrem to
improve knowledge of bubble phenomena resulting from the underwater deto-
nation of both nmuclear and conventional explosives. This work was
supported by the Defense Atomic Support Agency, under WEPTASK No.
51001/212-8/P008-21-03(003) (MASA NWER 14%.086), Ruclear Underwater Explo-
sjon Bubble Phercmena, and under WEPTASK No. 51001/212-8 /F00B-21-03(005)
(DASA NWER 14.108), Field Simlation Trials. Mention of commercially

available products does not constitute an endorsewent or criticism by the
Iaboratory.
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Captain, USKN
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UNDERWATER EXPLOSION TESTS OF TWO STEAM PRODUCING EXPLOSIVES
II. 50- and 300-1b CHARGE TESTS (U)

1. IRTROMUCTION AND BACKGROUND

1.1 INTRODUCTION

In the study of the effects of underwater muclear explosions,
considerable use is made of experimental tests using couventiomal explo-
sives. While there are similarities tetween miclear and conventional
high explosive phenomena, there are considerable diffcrences in scaling
or studying effects which depend on the bubble contents, such as migration
end blowout. The niuclear bubble consists primarily of steam resulting
from the vaporization of the surrounding water; on the other hand, conven=-
tional explosives geneiate permanent gases as a resuit of their chemical
reaction. Thus, condensation processes of the steam will affect the

nuclear bubble behavior; no significant condensation will take place with
conventional charges.

Two compositions have bzen developed which produce a condensible gas
bubble and which can be fired in sizes up to seversl tons. Eight and
sixteen-1lb charges of these compositions have previously been fired
(Heatheoio and Phillips, 1966)*. As part of their evaluation, 50- and
300-1b charges of these compositions were also fired. This report
Presents the results of these tests.

1.2 BACKGROUND

When an explosion takes place under water, energy is radiated outward
in the form of a shock wave. The gases from the detonation reaction are
contained by the surrounding water. The high internal pressure of these
gases pushes thils water outward and, if the explosion takes place at a
sufficient depth, a spherical bubble .s forwed. This bubble continues
to expand and, because of inertia, reaches a maximm size with the
internal gas pressure lower than the hydrostatic pressure of the sur.
rounding water. The bubble then contracts, reaches a minimum size, and
re-expands. At the time the bubble reaches its miaimum size, a pressure
pulse 1s emitted. The bubble also migrates upward during the time shortly
before anid after the minimum.

The maximum bubble radius, Ama.x’ which the gas bubble attains is
given by (Cole, 19u48):

=Jw1/3

—~~
'—l
.
'—l

S

B iese Ti/3
vhere: Amax = maximum bubble radius, ft
J = bubble radius coefficient characteristic of the

particular explosive

* Bibliography is on page 84. s
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X
"

charge weight, 1b
hydrostatic pressure at charge depth, ft HEO

03
]

The period, or time at which the minimur radius occurs, is given by:

e
Tl = K 2373 (1.2)

vhere: Tl = first bubble period, sec
K = bubble period coefficient characteristic of the particular

explosive

For conventional field explosives such as pemtolite, TNT, and HBX-1,
it has been found that the ratio of J to K is essentially constant,
(Snay, 1964), thus:

= 2.90 (1.3)

e )

For field size explosions, J has generally been calculated from the
above equation, using the measured period to calculate K. However, it is
well knowr that T;, and thus K, are affected by the proximity of surface
and bottom. These effects must be fully uccounted for to ~btain an
accurate value of J. In addition, Snay (196C) has predicted that for
highly aluminized explosives this ratio will decrease by about four
percent. Since both the steam producing charges contain a relatively
hlgh percentage of aluminmum, the relationship given in Equation 1.3 may
not bhe valid. In order to obtain an independent measuremer* of S
and to check on the possible reduction in the J/K ratio, a prabe has
been developed to measure this phenomenon (Phillips and Scott, 1965).

The bubble continucs to pulsate and migrate upward until Its energy
1s dissipated or until it reaches the water surface. In the case of a
miclear bubble, the gaseous conten’s ere primarily steam. As the nuclear
bubble pulsates and migrates toward the surface, energy is rapidly dis-
sipated through condensation of this steam. Snay (1960) has predicted
that the nuclear bubble will show no wmore than three significant bubble
pulses because of this condensation. Conventional high explosive charges
have been known to pulsate as many as seven times (Arons et al, 1947).

Very little information is currently available on the pulsation,
migration, and dissipation ol energy of a nuclear bubble. Bubble period
measurements have been obtained on only one underwater nuclear test,
Operation Wigwam, & 32-ki device Tired at a depth of 2,000 fcet (Aroncon
et al, 1956). No pulse was observed on Shots Wahoo of Oweration Hardtack
and Sword Fish of Operation Dominic; Shots Baker ol Operation Crossroads
and Umbrella of Operation Hardtack were too shallow to produce pulses.

2
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In addition to the nuclear data, some information on non-migrating
steam bubbles was obtained wi.h small bubbles produced in a tank with
sparks (Hudson, 1955). A chemical explosive detonator which produces a
condensible product bubble 1s currently being developed at NOL for use
in smell scale tank studles. Exploding wire t-:chniques have heen used
by the Naval Radiological Defense Laboratory (MRDL) in thelr test tank
for studles of migration and the resulting “ic:.ributlon of radioactive
debris from an underwa%er nuclear explosion {3untzen, 1964).

Results obtalned in tanks utilizing these various steam generating
techniques are used to develop scaling methods for extrapolating the
results to full scale nuclear exploslons. It 1s neccessary, however, to
check the valldity of these scaled results with swmue full-scale test
results. Because of the limited amount of actual nuclzar tesi data cur=-
rently avallable and the uncertainty that more will bte obtained, it 1is
necessary to obtain such Information of field scal: axperiments using
charges producing condensible bubbhles.

In the case where the explosion takes place at a shallow depth,
(generally defined as a depth shallower than the maximum butble radius)
the bubble does not migrate but pushes the water outward above the ori-
ginal water surface. The bubble is contained by a seal of continuous
vater vwhich eventually ruptures and, if the internal pressure of the gas
is higher than atmospheric, an outflow of these gase: will occur. ithis
outflow 1s referred to as blowout and, in the cese of a muclear explosion,
expels radloactive contaminants into the atmosphere. It 1s belleved that
blowout 1is affected by the steam in the bubble which, upon meeting the
amblent atmosphere, condenses and thus tends to seal up these holes.
Because of this condensation effect, 1t 1s not possible to study realis-
tically the phenomena of blowout (especially the transition region from
blowout to blow-in*) using conventional explosives.

At shallow burst depths, the columrn is moving at or near supersonic
speed and an alr shock wave is formed which mey affect the safe delivery
range in the case of an airedelivered nuclear weapon. It 1s belleved
the peak pressures in this shock wave are enhanced in the presence of
blowout. Thus, it is desirable to use a steam charge to study blowout
and airblast resulting from shallow undervater explosions, in order to
obtaln more realistic safe delivery ranges for a nuclear burst.

1.2 CONDEISIBLL PRODUCT (STEAM) CHARGES

Two compositions have been developei by the Chemical Enginecring
Division at NOL, after extensive laboratory tests, as possible explosives !
for field scale experiments that require a condensible product (steam)
bubble (Murphy, 1963). The first of these explosives is a lithium

perchlorate trihyirate/aluminum composition (LiCth-3HZO/A1) wlixed 48 3

69/31 percent ratio by weight. This composition is referred to as
-Lithanol. The second 1s a hydrogen perozide/aluminum composition (H202/Al)

* Under certain conditions, the seal of water ruptures when the internal
pressure 1s less than atmospheric so that sir rushes into the bubble.
This is c¢alled blow-in.

2
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wmixed in a 65/35 percent ratio by weight. Both compositions are
stoichiometrically balanced, the aluminum combining with the excess
oxygen to form aluminum oxide (Al,03), a solid residue. Other products
formed are water soluble solids and water in the form of steam. The
chenical reactions taking place for these ccmpositions are.

a! e AL - R ’ .
3 LiC10,+3H,0 + 8 A 3 LiCL + 4 A1203 +9 K0 (1.3)

3 H,0, + 2 AL = AL,0, + 3 H,0 (1.14)

3

Underwater tests have been made with both compositions using 8-
and 16-1b charges (Phillips and Heathcote, 1966), snd information was
obtained on both shock wave and bubble parecmeters. These resulos are
sumarized in Table 1.1.

The data obtailned are sufficient for computing the conditions vhere
these compositions would scale nuclear expluzionsz. However, it was felt
necessary to fire larger charges of both compositions. First, both
explosives arerelatively insensitive and may not be detonmating properly
in small sizes; thus the data in ‘fable 1.1 may not be correct for large
charges. Also, information on later bubble periods was not nhtained;
such information is needed for the study of the condensation processes.
This information can be obtained only from falrly large charges fired
deep enough to permit the bubble to oscillate several times. Finally,
since very lerge (multi-towu) charges will eventually be required, fabri-
cation and handling procedures must be develored using relatively large
charges.

i
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2. EXPERIMENTAL PROGRAMS

Two separate experimental programs were fired to obtain the information
Presented in this report. In the first program, five Lithanol and six
pentolite charges were fired in the fall of 1964. All weighed approximately
300 1b. The second experimental program was carried out in the summer of
1965. This program consisted of four 50-1b and three 300-1b pentolite
charges; four 50-1b Lithanol. chiarges; and three 50-1b and six 300-1b R _O
charges. Both programs were fired in Chesapeake Bay out of the Navalz £
Ordnance Laboratory Test Facility, Solomons, Maryland. Charge depths for
the 300-1b charges ranged from 60 feet to 100 feet in 150 feet of water.

The 50-1b charges were all fired at a depth of 100 feet in 150 feet of water.
Tabulated shot information is given in Table 2.1.

/AL

The first experimental program utilized the YSD-T72, a seaplane-salvage
ship. The initial portion of the 196 experimental program was also fired
from this ship, but the last portion employed a YCK stativned at NOLIF,
Solomons. The YCK was & wooden hulled barge and had a 6~ton crane which
was used in handling the charge and instrumentation.

2.1 INSTRUMENTATION
Both programs were instrumented in essentially the same manner to
obtain measurements of several phenomens. These included shock wave pressure-

time historizs, bubble pulses and migration, maximm bubble radius, and above
surface effects.

Shock wave and bubble pulse pressures vwere detected by a vertical
array of pilezoelectric (PE) gages. For the first program, up to 13 gages
vwere located on two ctrings with depths ranging from 20 feet below the
water surfacz to 20 feet below the chaxge. The gages were equelly spaced
vertically at 20-fout intervals for ranging purposes. Foxr the second
program, as many as 10 PE gages were used. Only one vertical string was
used. Vertical gage spacing was the same as the previous program; however,
some doubling up of gages was done at crucial stations to provide backup
capability.

The signals generated by the PE gages were fed through approximately
1200 feet of signal-free cable to termination units and into a tape recorder
located on the firing ship. The tape recorder used was an Ampex FR-600
lh-channel magnetic teve recorder having a frequency response of about
20 Kcps. Recording spec of the FR-600 was 60 ips. 10 Kcps timing was
applied to one channel; calibration steps for converting deflections to
pregaure were applied 4o the ctheor channcls immediately prior Lo each shiob.
The amplifier galn for each channel was set for the pressure level expected
at that position. A gal’n changer was employed to increase the gain of the
recording equipment by a factor of 15 after passage of the shock wave, so
that the bubble pulses would produce ahout the same vertical deflection as
did the shock wave.

6
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Measurements of the maximum bubble radius were made with the NOL
bubble probe, a continuous resistance type probe which detects the posi-
tion of the bubble interface by measuring the resistance change caused
by the non-conductivity of the bubble gases as compared to the conduc-
tivity of the saline water (Phillips and Scott, 1965). The change in
resistance produces a change in current of an electrical circuit which
is detected by an AC current probe. Recording was done on Polaroid film
on a Tektronix 565 oscilloscope. The measuring length of the probe was
about L4 feet.

Problems were experienced with the bubble probe on the initial
Program. In order to obtain adequate sensitivity, it is necessary that
the fixed resistance of the transmission cable be smull compared to the
change in resistance producedby the displacement of water by the bubble.
The high resistance of the lcng cable used, combined with greater conduc-
tivity of the water due to higher salinity than expected, cendered the
probe relatively insensitive to changes produced by the bubble. The
calibration curve obtained is shown in Figure 2.1; it will be noted that
orlv a 12 percent change in current was obtained over the first half of
the probe, rather than the 50 percent change that had been obtained in
previous uses of the probe.

For the 1965 program, No. O cable was used which has a resistance
of only 0.1 ohm/1000 feet. The calibration curve obtained on this program
is also shown in ¥igure 2.1. For this series, a 40 percent change was
obtained over the first half of tli¢c probe, which represents adequate
sensitivity for obtaining the proper bubble measurements.

Photographic coverage was obtained by two 35mm cameras. The cameras
were locsted aboerd the firing ship, about 700 feet from the charge and
were located on deck, about 15 feet above the water. These cameras gen-
erally were equipped with 50 and 100mm lenses and were operated at a
speed of 64 fr/sec. Plus-X film was used and 100 cps timing dots were
applied along the edge of the film for determining the actual frame rate.
The photographic coverage was obtained primarily to correlate discontinu-
ities in the observed surface effects with the times of the bubble pulses
and to detect pulses near the surface which would not appear on the PE
recor-ds.

Scales on the photographic records were determined by photogragiing
a stadia pole located on the charge support barrel. The pole was approxi=-
mately 12 feet long and painted alternating black and white stripes at
one=foot intervals. A one-foot square white board, with a black line
loceted horizontally through the center, was located at the top of the

role. Generally, the scale was dotermined by mcasuring the disvance
between the top of the charge barrel and the horizontal line. Since the
stadia pole was constantly in motion due to wave action on the barrel,
several frames were measured and the maximum value used to calculate the
scale, as it was assumed that this measurement represented the pole in
the vertical position.

7
CONFIDENTIAL

o AL RS TASR rin rE

B A




CONFIDENTIAL
NOLTR 67-7

During the course of the firest experimental program, an accelerometer
and velocity meter were added to the probe to detect any motion of the
probe due to shock wave or water flow from the expanding bubble. The
accelercueter used was a Statham strain gage linear accelerometer having
a range of * 25 g. The velocity meter was o Consclidated Elect:cnic Com-
pany (CEC) inductance type meter. The output of both instruments was
displayed on Tektronix oscilloscopes and recorded on Polaroid film. For
the second experimental program, two acceleroweters were used. Both were
Statham strain gage accelerometers, one having & range of * 10 g, the

second a range of * 25 g. Output of these strain gages were amplified
and reccrded on the FR-600.

On the 1965 series, a fiducial mark wa; provided on the timing chan-
nel of the Fx-0600 and to the timing ligh'.: of the wotion picture cameras
to indicate the actual time of detonaticn. This was done by monitoring
the current flow through the bridge wirs ¢f the detonator, s decrease in
current indicating when the bridge wire 'cke. The travel time to the
P gage located nearest the probe relat 'e to this Piducisl was converted
into distance using the velocity of the tetonation wave through the explo-
sive and the shock wave through the water. As the position of the gage
relative to the tip of the probe was accurately known, a value of the
initial standoff of the probe was obtained. This method of determining
initial standoff was included in this prog¢ram because of the importance
of this value and the possibility that the nominal standoff distance
determined from surface suspension points would be subject to the unknown
action of tides ana currents. In most cases the nominal and measured
distances agreed quite well; however, on some shots the probe was almost
three feet closer than planned.

2.2 CHARGES

2.2.1 Pentolite. Eoth charge weights of pentolite were spherical
in shape and were cast. Two of the 50-1b charges were cased, two were
bare. Almest all of the 300-1b charges had the bottom half covered with
a case, as tnis portion was used to suspend the charge. On a i'ew charges,
the upper portion of the case was left on. The cases were constructed of
l/B-inch thick aluminum. The charges were cast at the Naval Weapons
Station (NUS), Yorktown, Virginia, except for the two bare 50-1b charges,
vhich were cast at NOL. These two charges were centrelly detonated by a
single Engineers' Special detonators wired in parallel. No booster was
necessary [or these charges. A drawing of the 300-1b pentolite charge is
shown in Figure 2.Z2.

2.2.2 Lithanol. The Lithanol charges vere also svherical in shape.
Because this explosive is a loose mixture, it was Tully cased. These
cases vere also constructed of l/d-inch thick aluminum. The cxplos
compesition was mixed ot NS, scaled in plastic bags, and shipyped o
NOLTF, Solomons, vhere the charges were actuslly loaded. This procedure
vas [ollowed because the lithium perchlorate is hyproscopic. While the
trihydrate is the most stable of the lithium perchlorates, previous batches
ol this mabterial were found to contain conciderabls encess water. The
Lithanol charzes were centrally boostered with pentoilts spheres ant
detonatel vith i'neineers' Tpecial letonators. Two of the (C-1b charges
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contained 1-1b boosters anl two contained 2-1b booster:s. All of the 300-
Tt Lithanol charges contained 10-1b pentolite boocters. A draving of a
300-1b Lithanol charg;e cas~ is shown in Fi-we .

223 H.0 /Al. Unlike the other ‘har_es, the HWO)/Al charges were
cylindrical tr—=hwpe. A arawing o the 0 -1b case is shown in Figure 2.h.
As with the U~ an! 15-1b charres, *his shane was necessary since the alumi-
num wool had to be cowpre sed be.lors it was loaie! into the case; and
pressing the wool into shamne:s that woull it & cylinder could be readily
done. The oylinri.al walls were constructed of /16-inch aluminum; the
tep and bottou vere constructe  of j/i-inch aluninum.

Concentrated hydrogen peroxide is extremely reactive with certain
metals and organic compounds (FMC Bulletin 104). Therefore, extreme
caution was necessary in manufacturing the wool and cases. The aluminum
wool used in the charges was wade by machining solid bar stock at a
controlled rate. No lub‘icating oil, which would contaminate the wool,
was required for this process. Individual strands were about 0.005 inches
thick and 0.012 inches wide and were quite similar to strands in steel
wool. Type 1l - medium grade =- hard temper 1060; Mil-A-4864(ASG) alumi-
num was used. Special handling was used at all times to insure that the
wool would not become contaminated.

The wool was pressed into discs an. toroidal shaped sections, 1-l/h
to l-3/h inches thick, so as to stack in the case and around the booster
and detonator tube. Attempts were made to obtain uniform volumes for
each section by pressing to machine stops rather than to a predetermined
ram pressure. Rams and dles were mwade of aluminum and stainless steel
in order to prevent contamination.

The hydrogen peroxide is & liquid, and a 98 percent concentrated
solution was used. The bcoster and aluminum wool vers loaded in the caces
at NOL; however, the peroxide was not added until just befcre the churges
were placed in the water far firing. While elaborate precautions had
been taken in manufacturing the cases, in pressing and loading the alumi-
num wool, and in handling the cases to prevent contamination, it was
possible that small amounts of contaminants remained in the case and
wool. C(ontact of peroxide with these contaminants over a long period of
time could produce sufficient gas to rupture the case or force some of
the peroxide out of the case. Even if precautions were taken to prevent
rupture or catch spillage, the amount of peroxide would be reduced and
the required explosive output would not be obtained.

The loading procedure for the 50-1b HEOQ/Al charges was similar to
that used for the 8- and 16-1b charges. Because of the large cases and
consequently greater amount of peroxide required for each charge, the
procedure was modified somewhat for the 300-1b charges. This loading
procedure is illustrated in Figure 2.5. The case was evacuated through
the hose located on top of the case, and peroxide drawn from the chivping
drum through the hose located in the bottom of the case. When peroxiac
appeared in traps located in the vacuum line, the case was considered
loaded. The shipping drum was weighed before and after loadiag ‘o
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determine the amcunt of peroxide lvwaded into each charge, with allowance
rade for spillage. Valves were located in both the vacuum and filling
lines to control filling of the case. The filling line contained two
valves; after completion of filling, the hose was cut between the two,
the second valve beilng used to keep the peroxide in the case.

As with the 8- snd 16-1b charges, difficulty vas experienced in
obtaining the proper percentage mixture of the constituents. The actual
percentage composition of these charges is given in Table 2.2. As can
be seen, the average percentage composition for the 50-1b charges was
only about 0.6 percent different from the required comwposition; for the
300-1b charges, the average was about 2.2 percent different from that
required. Fortunately, this percentage difference for the 300~1b charges
was in terms of excess aluminum; excess hydrogen peroxide would have
introduced permanent gases into the explosion bubble.

2.3 CHARGE AND INSTRUMENT RIGGING

The method of suppcrting the cdiarge and instrumentation vas essen-
tially the same for both programs. The method used on the second series
is illustrated in Figure 2.6. The charge and probe were supported by
vertical cables attached to surface floats. Three 55-gallon drums were
used in each of the two float assemblies for supporting the probe;
the horizontal distance between the floats was 10 feet for the first
series and 15 feet for the sccond series. The change in horizontal dis-
tance for the two programs was due to a change in the type of probe holder
used. One 55-gallon drum was used to support the charge. The horizontal
distance between the charge float and the front probe float varied from
shot to shot as the suspension system wasdesigned to position one half
of the probe's measuring length (2 feet) within the bubble; thus, expected
changes in hubble radii required changes in the charge-to-probe distance.

The vertical cables used to support the probe and charge were made
up of sections of 3/b-inch wire rope. One end of each section was fitted
with an end link and the other end was made up into an eye. The length
of the sections was determined by the height capability of the crane
used and the depth of the charge. When using the YSD, cable sections
up to 4O feet in length could be handled. The maximm length which could
be naniled aboard the YCK was 20 feet. Shorter lengths were then used
to adjust the overall length to the required charge deptn.

A horizontal spacer cable was located Just beneath the surface floats.
Spacer cables were also located 20 feet above and below the .iarge. These
spacer cables were used to lnsure proper stand-off distances between the
probe and charge in case of unusually strong tidal currents at the charge
depth. Weights were attached beneath the charge and probe te provide
additional stability.

The two-point suspension for the probe vas handled by using a strong-
back attached to the crane hook. When raising or lovering the probe, the
end links were used to stop off the cable vwhile the following sections
were attached to the strongback for lifting. This procedvre vwas repeated
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until the probe was supported on the floats. The lowering of the charge
was also done in sections, using lines equipped with release hooks attached
to successive end link sections.

In placing the rigging for a test, both the probe and the charge had
to be lowered similtaneously, since the horizontal spacer cables near the
charge were attached prior to lowering. Also, the horizontal spacer cables
near the charge had to be under tensicn at all times to prevent fouling
with the probe.

The method of holding the probe was somewhat different for the two
programs and is illustrated in Figure 2.7. On the initial program, there
was concern that cables between the probe and charge would wrap around
the probe during the shot, thus shorting it out. Therefore, the prove
was located at an angle of 45 degrees above the horizontal. After dif-
ficulty was experienced in obtalning data w. 1 the probes, the probe was
moved to a horizontal position as it was cor ‘dered possible that the
Probe was experier2ing so .usual motion .n the 45 degree positionm.

As indicated previcusly, the problem was subsequently found to lie in
the sensitivity of the probe.

Eecause no provlems were experienced with chorting of the probhe, o
simpler suspension method was used for the 1965 program. The probe was
located on the end of a solid circular steel bar 3-1/2 inches in diameter
and 20 feet long. This bar, vhich weighed about 650 pounds, was used to
provide mass and thus minimize any motion of the probe due to water flow
from the expanding bubble.

The two vertical cables were also used to support the PE gage strings.
Geges were located on both strings on the first program; only the framt
cable was utilized on the se-ond.

After the entire rig was at the proper depth, it was then towed away
from the ship to a distance of abcut 700 feet, where the charge was deto-
nated. A series of floats (5-gallon cans) along the tow cable supported
the PT gage, probe, and firing cables. The tow cable was attached to the
spacer cable beneath the floats, and this line was kept under tension to
na’ntain the proper spacing of probe and charge. The rig was also towed
with the tide .o that the cwrrent assisted in wmaintaining proper orienta-
tion.

11
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TABLE 2.1 EXPERIMENTAL CONDITIONS

Shot Date Explosive Total Weight Booster Depth
Ro. of Exvplosive Weight o:l/
Burs
(1b) (1b) (£4)
PW-22 9/25/64 Pentolite 316 - 160
Pi-23 10/1/64 Pentolite 210 -- 80
PW-2b 10/21/64 Pentolite 315 -- 80
PW-25 10/26/64 Pentolite 314 -- 100
PW-26 11/4 /64 Lithanol 264 10 100
PW-2T7 11/9/64 * -hanol 285 10 100
Pw-28 11/9/64 Pentolite 316 -- 100
PW-29 11/10/64 Pentolite 312 - 60
PW-30 11/10/64 Litnanol 286 10 60
PW-31 11/16/64 Lithanol 300 10 60
PW-32 11/16/64 Lithanol 286 10 60
PW-3L4 8/5/65 Pentolite 503/ -- 99.0
PW-35 8/12/65 Pentolite 503/ -- 100
PW-36 8/13/65 Heoe/Al b1 1 100
PW-3T 8/16/65 H202/Al 41.9 1 9.0
PW-35 8/17/65 HZOE/Al LY i 99.3
PW-39 8/2k /65 Pentolite 304 == 80
PW-140 8/25/65 H202/A1 257 9 80
Pw-l1 8/21/65 HEOE/Al 261 9 80
PW-L2 8/30/65 Pentolite 306 - 100
PW-143 9/2/65 H,0,,/Al 263 9 100

12
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TABLE 2.1 IXPERIMENTAL CONDITIONS

(continued)
Shot Date Expiosive Total Weight Booster Depth
No. of Explosive Welght of }/
Burst
(1v) {1b) (rt)
Py-L 9/3/65 H,0,/AL 265 9 100
PW=L5 9/7/65 Pentolite 53.8 - 98.1
PW-46 9/1/65 Lithanol 52.0 1 98.0
PW-47 9/7/65 Lithanol 53.3 2 8540
FW-48 9/9/65 Lithanol 52.2 1 97.5
PW-49 9/9/65 Lithanol 52.2 2 97.3
PW-50 9/9/65 Pentolite 53.8 o 97.0
PW-52 10/13/65 Pentolite 303 - 60
FW-53 10/13/65 H202/A1 267 9 60
P54 10/14 /65 HZOZ/Al 265 9 60

1/ Water depth for all shots was 150 ft.

2/ Nominal weight.
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3. LITHANOL RESULTS

The underwater data obtained from the Lithanol charges are reported
in two parts--one for the shock wave effects and one for the bubble
effects. Both sets of data are compared with the values tor pentolite,
vhere available. The same organization of results from the H202/A1
charges is used in Chapter 4. The photographic analysis of all of the
above surface phenomena will be reported in Chapter 5.

3.1 UNDERWATER SHOCK WAVE

While the 50-1b and 300-1b Lithanol charges were fired in twc separate
rrograms, recording and subsequent analysis of the pressure-time records
vas essentially the same. The tape records were played out for measuring
purposes on a Minneapolis-Honeywell Visicorder. Generally, six or seven
channels were played out similtaneously for convenience in time compari-
sons used for bubble ranging. Playback speed of the FR-600 was 15 in/sec,
Visicorder speed was 160 1n/sec. The Visicorder records were converted
to digital form by use of a Telereadex, which provided a series of X and ¥
co-ordinates of the pressure-time curve on punched cards. Calculations
of pressure and time, and integration of these digitized data were performed
on the IM 7090 digital computer.

Peak pressures were obtsined by plotting the initial portion of the
pressure-time curve on semi-logarithmic paper and drawing a straight line
through the data, the pressure indicated by this line at zero time being
taken as the peak pressure. This method is commonly used by those engaged
in shock wave analysis work to eliminate effects such as difficulty in
reading the true peek, gage "overshoot", and inadequate frequency response
of the recording system (Slifko and Farley, 1959).

For the pentolite charges, energy and impulse were determined out
to 59%. At this time, the pressure had essentially returned to the base-
line. 1In the case of the Lithanol charges, a "hump" cxn the shock wave
trace (See Fig. 3.1) precluded determining realistic values of §. This
hump probably resulted from the reflection of the detonation wave by the
charge case. Therefore, these records were integrated to a point where
the pressure had essentially returned to the baseline.

Gage distances had been chosen primarily on the geometric criterie
for ranging the bubble migretion. For the 300-1b charges, this resulted
in obtaining shock wave data over a relatively small scaled distance.

It ealso resulted in obtaining a large number of data points at positions
close to the charge and few data points at more distant positions, since
these further out cages (corresponding tc the upper gages on the array)

were not used on the shallower shots. Therafcre, it was not possible

to obtain a meaningful least squares it to these data as a function of
distance. Instead, the 200-1b .inta ucre {itted by assigning a value to
the e:cponent based on previous results, ani varying the coefficlent to

* 9 is defined as the time constant ot the shock wave. (Cole, 1948)
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obtain a value where the plus and minus scatter was a minimum. The
coefficient obtained at this point and the assigned exponent were then
taken as representing the best fit to the data. This method was also
applied to the 50-1b data to make a more meaningful comparison between i
the various weights.

-

3.1.1 50-lb Charges. Pressure-tine records were obtained on all
four of the 50-1b Lithanol charges. For comparison purposes, shock wave
information was al;o obtained from three 50-1b pentolite standards.
Analysis of the pressure-time records ylelded the values given below for
the coefficient:. For Lithanol, the exponents used were obtained vith i
the 8- and 16~1b charges and are civen in Tabl l.1l; the pentolite expo-
nents are from the report by Thiel (1961), whicn for the sake of complete-
ness have also been included in Table 1.1.

Pentolite: .
) 11
Cp = 2.31 x 10° {311 ;
C, = 2.49 x 103 (3.2) |
= |
{
C, = 1.34 (B
Lithanol:
CP = Ll = 1ou (3.%)
g =Ll.32=x 163 (3.5)
= 1. .6
c; = 1.63 (3.6)

(The subscripts, P, B, and I refer to pressure, energy, and impulse,
respectively. )

The pentolite results are in excellent agreement with the results
reported by Thiel, the peak pressure coefficient being only about 1.5
percent low. The Lithanol results also agree quite well with the 8- and
16-1b results, in this case the peak pressure coefficient is the same.

The standard deviations for the 50-1b Lithanol shock wave parameters
are sbout the same as those found with the 8- and 16-1b charges. In the
case of peak pressure, the standard deviation was 10 percent;and about
the same value was CLtained [or the 50-1t pentolife standards. For the
$- and 16-1b charges, the standard deviations in peak pressure were 6
percent for pentolite and 9 percent for Lithanol. This increase in
scatter is to be expected for larger weights as it is increasingly
difficult to know precisely the location of the gages-
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3.1.2 300-1b Cherpges. LIxamples of the pressure-time records for
the 300-1b Lithanol and pentolite charges are shown in Figure 3.1. Data
were obtained on five Lithanol and six pentolite charges. The following
coefficients for pressure, impulse, and energy were obtained:

Pentolite:
cp = 2.2 x 10" (3.7)
Cp = 2.56 x 103 (3.8)
C; = 1.35 (3.9)
Lithanol:
Cp = 1.17 x 101‘ (3.10)
Cp = 1.37 x 103 (3.11)
Cy = 1.62 (3.12)

As with the 50-1b charges, the pentolite results agree acceptably
with those reported by Thiel. The peak pressure coeificient is about
5 percent low. The Lithanol results agree with the 8- and 16-1b data
and with the 50-1b data. Standard deviations for both pentolite and
Lithanol were higher than previcusly noted, the deviation in peak pres-
sure being about 15 percent for both. This increased scatter probably
results from the lack of precise knowledge of the standonff distance of
the gage string, as the nominal value was used in the calculations.
Because there is no significant variation in shock wave parameters over
the range of weights fired, it is concluded that there were no detonation
Tiroblens with Lithanol.

3.2 BUBBLE

Instrumentation was provided to cbtain information on periods, migra=-
tion, and meximum bubble radius. While the two charge sizes were fired
at times separated by a year, this instrumentation was essentially the
same. The instrumentation was discussed in detail in Chapter 2 and
consisted essentially of a vertical string of PE gages and the NOL bubble
probe. Tape speed for the playouts wes the same as used for the shock
wave records (15 ips). Visicorder speed was slower, however, with play-
back speeds of 10 and 40 ips being used.

3.2.1 50-1b Charges. Tyvical bubble pulse records for pento.ite
are shown in Figure 3.2 and for Lithanol in Figure 3.3. The shape of the
first bubble pulse is essentially the same for both explosives. The
second and third pulses are considerably different, the Lithanol showing
many large spikes as opposed to the generally rounded sppearance of the
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pentolite pulses. In actuality, even more spikes were visible on the
original pleyouts than could be shown on these tracings. The time after
detonation of the first and successive periods were measured on pressure-
time records fiom at least six gages and an average value obtained for
each period. Periods were read to the highest smoothed values of pressure,
rather than to any single spike. The average values are given for
Lithanol and the pentolite standards in Table 3.1. The value of K for
both compositions was computed using the average value for the first
Period and applying the bottom and surface corrections given in the
report by Niffenegger (1953). It will be noted that the value of K rfor
Lithanol is somewhat higher than that weasured previously.

Bubble probe measurements were also obtained; however, because the
support system for the probe and charge was designed for the 300-1b charges,
the resulting measurements are not believed to be sufficiently accurate
to permit computation of J. It is probably more accwrate to use Lhe
ratio J/K and the value of K obtained from the period measurements to
obtain a value of J for this charge weight. J/K for the 8- and 16-1b
Lithanol charges was 2.84, thus for the 50-1b charges the following values
are obtained:

J =15.9 (3.13)

K = 5.65 (3.14)

The messured maximum radil for the Lithanol and pentolite charges
are given in Table 3.2 and are compared with radii calculated using
J = 12.6 for the pentolite and the above value for Lithanol. It can be
seen that the agreement for both compositions is within about one foot
vhich, vhile not sufficiently accurate for computation of J, does iadicate
consistency in the methed of computing J for Lithanol.

A fourth bubble pulse was observed for the Lithanol composition.
While this pulse was quite weak and considerably smaller than that shown
for the third pulse in Figure 3.3, it was definitely observed. Ttis
pulse was rot piedicted, since no fourth pulse was observed on Operation
Wigwam; and it is generally believed (c.f. Snay, 1960) that a nuclear
bubble will have no more than three significant pulses. The appearance
of a fourth pulse on these records does not in itself wean that Lithanol
does not simulate a muclear bubble. It is possible that this fourth pulse ;
is not a true bubble pulse resulting from re-expansion but is a series ol
small pulses from condensation of the remaining steam. It may also
result from the small amount of permanent gases left. In the case of

the normal chemical explosive, pentolite, at least six pulses Vvere £
obgerved, although only four are reported here. i

It will be noted in Table 3.2 that there is a more rapid decrease
in the second and third period ratios for Lithanol than for those observed
with the pentolite charges. This decrease wesults from the condensation
of steam. A comparison of condensation effects on the bubble parameters
with those predicted for a muclear explosion will be made in Chapter 6.
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Two different booster welghts were used in the Lithanol charges.
Shots PW-L6 and 48 used 1-1b pemntolite boosters; shots PW-47 &nd 49 used
2-1b boosters. The two different sizes were used to see if reliable
detoration would take place with the smaller booster. A small booster
is desirable for these charges since the booster produces permanent gases
vhich will affect the bubble pulsations. In addition, the booster reaction
products may also combine with products from the wain charge and thus
alter the desired chemical reaction. Ko significent difference was
detected in either the shock wave or bubble parameters, which is a good
indication that Lithanol detonated properly for both booster sizes. Also
of importance is the fact that no significant change in successive periods
was noted, which indicates that the amount of permanent gases produced
over this range of booster weights (approximately 1/50 and 1/25 of the
total charge weight) has little effect on the bubble parameters. However,
these gases may have affected the ohserved surface effects (see Chapter 5).

3.2.2 300-1b Charges. Chronologically, the 300=-1b Lithanol charges
vere the first fired of those discussed in this report, being fired in
the fall of 1964. Successive periods were measured on these records,
similarly to the measurements made later on the 50-1b charges. The
average values of periods are reported in Table 3.3, together with ratios
of successive periods and the coefficlent ¥ computed from the first
bubble period. It will be noted that the value of K for these charges
is higher than that obtained with the 8- and 16-1b charges, and also
higher than that of the 50-1lb charges. The value of K for the pentolite
standards is also slightly higher, belng about 3 percent higher than the
generally accepted value for this composition.

Typical bubble pulse records for pentolite and Lithanol charges are
shown in Figures 3.4 and 3.5. As with the 50-1b charges, the pulse shapes
for Lithanol differ comsiderably from those observed with the pentolite
charges. The first pulse for both is essentially the same, the second
and third considerably differemt. It 1s believed that the splkes on the
Lithanol records result from the ccndensation processes. Condensation
is believed to take place at the minimmm due to instability of the bubble
at this time. At and near the minimum, considerable mixing takes place
and Jjets of the surrounding water move into the bubble and thus cool and
condense the steam. It is believed that it 1s the lmpingement of these
Jets on one another which prrniuces the spikes on the pressure-time records.
Strong upward jetting of the bubble from these charges was also noted
from measurements of the above surface effects, as discussed in Chapter
5, and this orobably accounts for many of the spikes.

The records shown are typical. The same gage position and charge
depth were chosen for illustration purposes as the traces varied consid-
Arahler siddbhh ~snma mAanddd Aanm and Ahawea Aandh Mudn 47 wardd tTmeTes bamea
WLy PAvik BOESC MYOLULWVIL Gl WAL S UG WL A 4D P Vi WO LY vi Ue
for second and third pulses with Lithanol, where the traces appeared to
be quite weak when the gage was located below the depth of the bubble
pulse. This can also be attributed to the upward Jetting of the bubble,

as the signals from such impingement would be quite directional.
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Values of bubble migration were obtained by f{inding the der.hs of
successive bubble pulses by directional ranging. The method of ranging
used is dlscussed in detail in Appendix A; essentially it consists of
determining the rclative arrival time of the pulse at three positions
in a vertical array. The ranging method assumes a point source (in
actuality the bubble at its minimum cize is considerably >arger than a
point). Spikes on the records {shown in Figures 3.4 and 3.5) were used
for ranging,and it was attempted to pick the same spike on each. This
selection requires considerable Judgment and generally utilizes chapes,
amplitudes, and the positions of one spik: relc .ive to others in deter-
mining a common spike on all records. In some cases, it was possible
to follow a single spike with considerable confidence through the entire
erray; in other cases it was difficult to find wiihi certlainty any common
spike on the required three iecords. Several sets of three gages were
used to obtain values of the bubble pulse depth; once this was done, it
was again necessary to apply Jjudgment as to the best value. This gener-
ally was done by comparing the ranged and known horizonmtal distance of
the string (the closer they compared, the higher the confidence) and the
vertical position of =he pulse relative to the center of the three gages.
Ranging of the shock wave had shown that the most accurate depths were
determined vhen the pulse occurred near the depth of the center gage.
The best depths were also found vhere the ranged and known horizontal
distances compared most favorably.

The ranged depths of the shock wave and bubble pulses are given in
Table 3.4. Tt is believed that the accuracy of the ranged depth of the
shock wave is about 0.5 feet; tcr the first bubble pulse, it is about
3 feet; for the second bubble pulse, about 5 to 10 [eet; and for the
third bubble pulse, about 5 to 15 feet. The accuracy of the Lithanol
values is near the lower value because of the precision with which the
narrow spikes could be read; the pentolite results tended toward the
higher values because of the weak and generally roundsd shape of the
later pulses.

It is thus possible to find the depth with an accuracy vhich is
adequate for most purposes. However, it is not clear thnt we know exactly
vhat 1s being ranged, particularly vhen the bubble 1s wigrating violently.
Thus, it has been assumed {Unay et al, 1952) that for the first pulse,
the impingement of the bottom of the bubble against thie top as the bubble
collapses produces a ''water-hammer’ effect which results in the observed
spikes. Ranging of these would give a depth shallower than the center
of the bubble. A comparison of ranged and predicted migration is given
in Chapter 6.

The 30I=1h fdthanai cnarres rvencesented the fircsh attemph fo use
the NOL bubble probe on tests of this size. The radil measured are
presented in Table 3.5. Because of the difficulties experienced with
the probe on this series, as discussed in Chapter 2, the results were
not used to calculate J. It is believed a more accurate value of J can
be obtained by using the method used for the 50-1b charges; i.e., by use
of the J/K ratio. Since the pentolite K for the 300-1b charges was about
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3 percent high (possibly because of incorrect surface end bottom cor-

rections), it is probable the value of K for Lithanol was elso high by

about the same percentage. Reducing the Lithanol K by this smount,

and calculating J from thls corrected value, the following bubble coef-
ficlents are obtained:

J = 16.3 (3.15)
5.75 (3.16)

The calculate value of the maximm radius, A, using the value
of J given in Equation 3.15,1s shown on Table 3.2.mafhe difference
between the calculated and measured Ap,, for Lithanol is about the same
as that of the pentolite charges, which tends to substantiate the method
of calculation of J for Lithanol.

K

L]

No attempt was made to thoroughly analyze the veloclty meter and
accelerometer records because of the lack of sensltivity of the probe.
A brief analysis, however, indicated that the probe experienced little
motica.
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