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HEADQUARTERS
DUGWAY PROVING GROUND

Dugway, Utah

STEDP-ET

SUBJECT: Dugway Proving Ground Trial Record (DPGTR) 384: Induced
Ignition and Open-Fire Burning Trials: Hazard Classification
Test for Storage, Handling, and Disposal of M43 Bomb Cluster,
BZ-filled, 750-1b, and M44 Generator Cluster, BZ-filled, 175-lb

TO: Distribution List

I. TITLE: Hazard Classification Test for Storage, Handling, and
Disposal of M43 Bomb Cluster, BZ-filled, 750-lb, and M44 Generator
Cluster, BZ-filled, 175-lb, USATECOM Project No. 5-3-0130-01.

II. AUTHORITY: Letter, AMSTE-NBC, Headquarters, U. S. Army Test
and Evaluation Command, Aberdeen Proving Ground, Maryland, 14 March
1963, subject: "Test Directive: Safety Hazard Classification for
BZ Munitions."

III. REFERENCES.

A. Letter, SMUCR-TE(FE)3, U. S. Army Chemical Research and
Development Laboratories (CRDL), Edgewood Arsenal, Maryland, 18 January
1963, subject: "Establishing Safety Criteria for the Storage, Handling,
and Disposal of 750-lb, BZ-filled, M43 Bomb Clusters and 175-lb, BZ-
filled, M44 Generator Clusters."

B. Trip report, SMUCR-TE(FE)3, CRDL, Edgewood Arsenal, Maryland,
8 May 1963, subject: "Report of Visit to Dugway Proving Ground (DPG) by
I. S. Sherman Relative to the BZ Hazard Classification Test."

C. Dugway Proving Ground Test Plan (DPGTP) 645: Safety Hazard
Classification of BZ Munitions, DPG, Dugway, Utah, 9 October 1963.

D. Message, Commanding Officer, CRDL, Edgewood Arsenal,
Maryland, 10 October 1963, subject: "Request Suspension of Testing under
DPGTP 645," to Commanding Officer, DPG, Dugway, Utah.

E. Message, Commanding Officer, CRDL, Edgewood Arsenal,
Maryland, 4 November 1963, subject: "Resumption of Hazard Classification
Trials," to Commanding Officer, DPG, Dugway, Utah.
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F. Letter Report, STEDP-ET, Commanding Officer, DPG, Dugway,
Utah, 5 November 1963, subject: "Preliminary Results of Trial 1, DPGTP
645, Phase B, Part 1, Induced Ignition, M44 Generator Cluster, BZ-filled,
175-1b, Lot No. 1021-34-12, USATECOM Project No. 5-3-0130-01," to
Commanding Officer, CRDL, Edgewood Arsenal, Maryland.

G. Letter Report, STEDP-ET, Commanding Officer, DPG, Dugway,
Utah, 15 November 1963, subject: "Preliminary Results of Trial 1, DPGTP
645, Phase A, and Trial 1, Phase B, Part 3, Open-Fire Burning; M43 Bomb
Cluster, BZ-filled, 750-lb, Lot 1021-35-148, and M44 Generator Cluster,
BZ-filled, 175-1b, Lot 1021-34-13, USATECOM Project No. 5-3-0130-01," to
Commanding Officer, CRDL, Edgewood Arsenal, Maryland.

H. Addendum 1 to DPGTP 634: Hazard Classification Test for
Storage, Handling and Disposal of M43 Bomb Cluster, BZ-filled, 750-lb,
and M44 Generator Cluster, BZ-filled, 175-lb. USATECOM Project No.
5-3-0130-01, DPG, Dugway, Utah, 19 December 1963.

IV. OBJECTIVES: The objective of these tests is to provide data
for evaluation of:

A. Hazards incidental to the handling and storage of BZ-filled
M43 bomo clusters and M44 generator clusters.

B. Establishment of safe storage conditions.

C. The open-fire burning technique as a means of field disposal.

V. SCOPE: The tests reported are initial trials scheduled under
DPGTP 645 (Ref C), As identified in the test plan, these are: Induced
ignition, Trials 1, 1A, and 1B, Part 1, Phase B, each of which utilized
two M44 munitions; open-fire burning, Trial 1, Part 3, Phase A, which
utilized one M43 munition, and Trial 1, Part 3, Phase B, which utilized
one M44 munition.

VI. BACKGROUND: The hazard classification test for storage, handling,
and disposal of M43 bomb cluster, BZ-filled, 750-lb, and M44 generator
cluster, BZ-filled, 175-lb, as prescribed in DPGTP 645, was based on a
test plan prepared by CRDL (Ref A). Upon completion of the trials
described in this report, testing was suspended pending a review of the
initial test data and performance of test technology at DPG. Prior
letter reports (Ref F and G) transmitted preliminary results of one
induced ignition trial and the two burning trials. Before conducting
induced-ignition Trials 1A and 1B, the storage igloo and test procedure
were modified (Rof H).
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VII. DESCRIPTION OF ITEMS: The M43 and M44 clusters are pyrotechnic
munitions which are designed to generate aerosolized agent thermally.
The M43 munition comprises 57 M138 bombs clustered (in three banks of 19
each) in the M30-type adapter casing. The M44 munition comprises three

M16 generators clustered in an M39 cluster adapter. M43 munition from
Lot 1021-35-48 and M44 munitiois from Lot 1021-34-13 were used for these
trials.

VIII. TEST LOCATION.

A. Part 1 trials, Induced Ignition, were conducted in a speci-
ally-constructed igloo located west of Camelback Mountain and south of

Tower Grid at DPG.

B. Part 2 trials were deferred.

C. Part 3 trials, Phase A and D, were conducted at Tower Grid

using the vertical sampling array.

IX. TEST METHODS.

A. Induced Ignition trials.

1. General. Induced ignition trials were conducted in a
storage igloo constructed as described in Ref A, and modified as described
ia Ref B. All measurement were recorded continuously. Records of the
trials give time references to specific events such as time of detonation
and indexing of chemical samplers.

a. An anemometer and a pressure indicator were utilized
to measure the volume of effluent smoke.

b. A continuous pressure indicator was installed

adjacent to the door of the igloo and remote from the flue duct, to
record variable pressure in the igloo..

c. Recording pyrometers recorded temperatures in the

igloo smoke duct, and were placed 6 inches above the floor between Stack
A and B, above the sprinkler heads, and in munitions cases as prescribed
for specific trials.

d. During the trialjsamples were taken of the flue
effluent and inside the igloo. Sampling was accomplished with millipore

filters aspirated at 1 liter per minute. Sampling schedule was as follows:
1/2-minute sampling for 2 minutes. 1-minute sampling for 2 minutes, and
2-minute sampling for 24 minutes. Finally, one sampler was aspirated until
smoke was no longer emitted from the flue.
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2. Special conditions for Trial 1A of induced ignition.
As a result of Trial 1, as related in this record, design changes were
made in the storage igloo and test technique as follows:

a. A self-closing, pressure-release door was installed.
This door, hinged at the top and fitted with a counterweight, permits
release of pressure and subsequent automatic closure after the internal
pressure in the igloo has subsided.

b. For flow measurement in the vent, the flue was
modified to include an S bend. An anemometer with ste9l cups and a
pitot tube flow-measuring device were provided.

c. The glass window of the photographic tunnel was
replaced -;ith a steel plate. For BZ sampling in the igloo proper, a
sequential sampler was positioned in the tunnel and sample tubes were
inserted into the igloo through holes in the steel-plate barrier.

d. The test plan for Trials 1A and lB was modified as
follows: Two stacks of M44 cluster containers were utilized as in Trial
1, Phase B, Part 1, but the upper two tiers of sand-filled boxes were
omitted and the stacks were only two containers in height. As shown in
Figure 5 of the test plan, Container 2, and Container 6 on top of Container
2, contained M44 munitions. All other containers were sand-filled. The
cluster was electrically ignited. During this test, a sprinkler system
installed near the ceiling was used when the temperature rose above
140 0 F. Thermocouples were installed above the sprinkler pipe. There
were two sprinkler heads on each of two sprinkler pipes (a total of
four sprinkler heads). Other test procedures were as described in
DPGTP 645, Paragraph XI, B, 1.

B. Disposal by Burning. The external heat (open-fire) burning
trials, to evaluate burning as a method of disposal, oure conducted basic-
ally as described in TB 700-2, Section I, Paragraph 7b, Explosive Hazard
Claissification Procedure. Other details were as described in DPGTP 645,
Pcragraph XI, B, 3. The trials with the M43 bomb cluster was conducted
on the Tower Grid on 11 October 1963; fire time was 1119 hours. The
trial with the M44 generator cluster was also conducted on the Tower Grid.
Date of test was 9 October 1963 and fire time was 1610 hours. Agent
cloud sampling, analysis of agent recovery, and meteorology data
recording wer, conducted as prescribed in DPGTP 645. The method of
cluster ignition was as follows: Three canisters in the center generator
were -ired with squibs and electrically fired.

X. 'rEST Ri'JSULTS

A. Induced ignition.



1. Trial 1 (Phase B, Part 1).

a. General: Firing time was 1138:00 hour, 4 October
IG65. At 1138:05, smoke started to issue from the exhaust stack, and the
doors of the igloo were blown open by violent pressure developed inside
the igloo. These doors had boon wedged shut with a heavy 8- by 8-inch
by 10-foot timber angled against the top of the door and restrained at
the ground end. After this initial explosive blast, at 1138:25, smoke
started to emit under pressure and continued for 8 seconds. The exhaust
flue then smoked moderately until 1141:15 when the volume of black smoke
increased. At 1143:20, the heavy volume of black smoke decreased, but
at 1149:25, black smoke surged profusely from the stack, continued until
11:50:10, and then dwindled. At this time, one of the two door halves
was almost shut, evidently pulled in by the air draft. Another surge of
black smoke for 25 seconds duration occurred at 1153:30. Two more smoke
surges occurred; one for a 20-second duration at 1154:10. and the other
for a 25-second duration at 1154:35. Flaming was apparent in the igloo
prior to each of these surges. Smoke issued both from the flue and the
door of the igloo. At 1203:00, 25 minutes after firing time, smoke
emission from the igloo was of slight volume. At 1208:00, rubble piles,
resulting from the destruction of stacked munitions, were burning steadily.
The heat from the fire in the igloo ignited wood frame structural parts
in contact with metal exterior parts. Flammable parts of the photographic
tunnol ignited at 1208:00, and film in the camera was destroyed. Intense
heat in the exhaust -duct destroyed the anemometer mounted therein. At
the start of smoke emission from the igloo, light gray smoke was emitted.
Thereafter, the smoke emitted was dark gray to black in color. Moving
picture coverage (24 frames per second) was taken from an observation
point away froT the igloo end is available as t record of the trial.

b. Data:

(1) Pressure measurements: At Z + 4 seconds, the
pressure in the flue decreased to about I psi below atmospheric and
recovered immediately. This may have been the instant that the door of
the igloo was blown open. The door, however, was braced to require about
5-psi pressure rise to blow it open and there was no indication of
pressure rise in the igloo. The chirt record from the pressure-measuring
transducers drifted considerably because the temperature to which they
were oxposed exceeded that for which they are designed. At Z + 25:40, an
unmoasuroable increase occurred in the flue pressure. At Z + 26:40, the
pressure in the igloo increased for 1 psig but returned immediately to
normal. it Z + 33:46 the recorded pressure in the igloo rose to a value
of 15 psig for 1.5 seconds. This could not be explained because there
was no visible evidence of a pressure rise in the irloo. The pressure
transducers wore not burned out and wore serviceable after complction
of the tx'ial.
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(2) Temporaturv Leasurements: In general, because
tnmporaturoo pro-jailing ueoro above the anticipated level, thermocouple
ruaring'j are invalid at temperature levels above the initial rise to
,A) 0. ". Tho thermocouple attachod to Container 9 gave pyrometer readings
:hich -. eoru off of the scale most of thb time. This chromel-alumel
Ahormocouplo had an insulation limit of ;-500 F. ; upon examination after
"tho trial, it was found to have excoeded this limit. Immediately after
firing time, Z minute, temperatures exCeeded the upper szale (500* F.)
in ls, t-hun "20 so onds. At Z + 5 seconds, terperatures in the igloo
ilnd in thie flue bo,,an to in ;rease sharply, and within 15 seoands had
u .,Iududd the measuring limit for coppor-constantin thermocouples. The
chromol-alumol thormo,;ouplo was off scale but still operative. At Z +
:-.4 the 'hromol-alumel thormo:-ouplo (in Container 9) recording returned

to the scale and recorded 74U0 F. for 11 seconds. The temperature
:-ecordin- then rose to and remained above the scale limit of approximately

4u00O Y. At this time, the thermocouple insulation probably burned out
bocau3o the temperature in the igloo apparently was constant for about 12
mirnutos. At Z + 40:34, all instrumentation thermocouples were completely
destroyed and the attempt to record temperatures was stopped.

(3) BZ Sampling and Analysis: Samplers stationed
wi'thin the igloo wore destroyed and no data were obtained. Sequential
samplorj in the flue position were operated and BZ vas recovered in thres
of the 20 samplers, as follows:

(a) 30 ga a at 1144 :05 to 1146:05

(b) 66 gaiwa at 1146:05 to 1148:05

(c) 26 garra at 1202:05 to 1204:05

No BZ was detected in the other 17 flue samplers. No malfunctions
occurred in the exhaust stack sequontial samplers. The sampling flow
rate was within the range of 1.G0 + 0.05 liters per minute, continued
for an over-all sampling period of 30 minutes.

c. Photographs: Full motion-picture coverage, through
a ],iass panel, was anticipated. However, no motion pictures were obtained
because of the intense heat which destroyed film in this camera. Still
pictures of the igloo interior were hand carried to GRDL by Ur. Dean
Kone. Representative pictures appear in Annex A. Figures 9 through 14
Thotw vioes into the igloo after the trial. Figure 18 shows destruction
if the photography tunnel after the trial.

d. Discussion.
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(1) The doltruc-ive force of ignition and combustion
of the N144 munition under the conditions of this trial was much greater
than had been anticipated. Useful data cuch as taemi -ature and pressure
records were not obtained.

(2) Because of the results of this trial, i; was

decided in concurrence with Mr. Kone, the CRDIO Project ninee" who
witnessed the trial, to sispend furthor irduced-ignition trials pending
a review of the data.

(3) The test igloo was noIý seriously damaged and
was made available for further munition-storage trials after repairs.
Significant damage was: (a) heat warpage of the flue and the igloo doors,
(b) destruction of the glass panel mounted between the igloo wall and the
photographic tunnel, (c) destruction of thermocouples, anemometer and
camera, (d) fire damage of wooden e:ternal igloo elements, and (e)
combustiou and charring of external wooden 1j•loo structural components.

(4) Instrumentation was destroyed during this trial,
therefore the trial did not ad;equately cover thne sequence of events
during the combustion of the packaged clusters in the igloo. Thermo-
couples rated at 1b000 F., pressure amplifiers, and other improved
instrumentation are now available to give better recording of events in
subsequent igloo trials.

2. Trial 1A (Phase B, Parc 1).

a. General. Thq munition (from Lot 1021-5-112) in
Cluster 2 was electrically fired at 1339-;:00 hour, 12 December 1.,63. A
light-colored smoke started to issue from the flue, 60 seconds after
firing time, and the igloo doors blew open and oloced immedietely, At
• seconds, a heavy yellow smoke issued from the• flue but -ot from tlh

door opening. There was no appreciable build-u', of eamperarlze and'
pressure in the igloo. At 3 minutes, smoke was still being 4mitteJ tfrom
the flue but in diminished volume. At 12 minutes, smcke emitted from
the flue was only slightly visible, At 18 minutes, smoke emissior
oontinued very light and •ts intermittent puffs. Smoke emis'ýior was
scar-ely visible at 27 minutes and had cua3de 52 minutes after firing
of the munition. Temperatures recorded in th., igloo showed only a few
dogreos of increase throughout the test and never sufficed tc start t!-e

sprinkler system. Examination of the munitions itacks fter the test
showed

(1) only the center generate-" f;:at wired for i6nition
by electric squibs) functioned.



(2) The other two generators were not affected
(there was no communication of firing to the adjacent generators).

(3) There was no appreciable damage to the J44
container (see Annex A).

(4) Other sand-filled M44 cluster shipping containers

wore not damaged.

(5) Sequential sampling functioned normally.

b. Data:

(1) Agent Sampling. Sampling time and agent recovery
in the samplers are shown for the flue and the igloo interior. The results
are shown in Table 2.

(2) Pressure, Temperature, and Flue Gas Velocity
Data. No unrelieved pressure build-up nor significant temperature
increase occurred in the igloo. Velocity of gases in the flue was not
great enou[;h to measure with the available .low measurement equipment.

3. Trial lB (Phase B, Part 1).

A. General. The test was fired at 1116 hour,
18 December 1963. Smoke from under the door of the igloo was first
detected at 19 seconds after firing time. Smoke emission from the flue
started with the appearance of an initial puff of white smoke followed
by a cloud of dense black smoke which lastud Cor aboui. 8 seconds.
During this interval, the doors of the igloo opened for about 2 seconds
and then clcsed. Light-colored smoke then emitted from the flue. Within
the first minute after firing time, a temperature in excess of 1400 F.
was recorded by the thermocouple positioned above the sprinkler heads,
and the sprinkler system was turned on. Black smoke emitted continuously
from the flue, but 6 minutes after firing time, the smoke became light
in color, and the smoke abated and was barely visible 7 minutes after
firing time. At 9 minutes after firing time, a second blast occurred,
followed immediately by a third. Prior to these blasts, yellow-colored
smoke was observed emerging from under the door of the igloo. The doors
burst open during the blasts and flame emerged through the door opening.
Thig condition persisted for 2 seconds when the door then returned to the
closed position. The igloo was engulfed by a cloud of mixed black and
yellow smoke, which indicated a flaming munition during functioning. At
10 minutes after fire time, smoke was emerging from the flue continuously
and diminished in intensity for the following 6 minutes. At 20 minutes
after fire time, the smoke cloud was light in color and appeared to be
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Table 1. Agent Sampling

SAMPLE TIME AGENT RECOVERY
POSITION

On Off Elapsed Flue Igloo Interior
(win) (min) (min) (mg) (mg)

1 1334 1337 3 0.00 0.00
2 1337 1339:30 2 833.33 716.14
3 1339:30 1340 U.5 4,479.14 3,151.02
4 1340 1340:30 0.5 3,697.89 2,864.56
5 1340:30 1341 U.5 6,380.17 5,572.88
6 1341 1342 1 4,010.39 5,052.05
7 1342 1343 1 7,421.83 8,203.07
8 1343 1345 2 2,343.73 4,947.88
9 1345 1347 2 3,906.22 3,255.19

10 1347 1349 2 13,281.16 1,627.59
11 1349 1351 2 2,578.11 3,255.19
12 1351 1353 2 1,106.76 2,473.94
13 1353 1355 2 1,471.34 1,861.97
14 1355 1357 2 1,171.87 1,380.20
15 1357 1359 2 NSa 1,041.66
16 1359 1401 2 859.37 1,002.60
17 1401 1403 2 403.64 546.87
18 1403 1405 2 520.83 403.64
19 1405 1407 2 768.22 859.37
20 1407 1415 8 NS 39.06

Total 55,234.00 48,254.88

aNo smoke.
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-piab mpes of igloo interior af'er Trial 1.

SAM.FL_• DEC0NTAMINATI0N AG3T
L0 A T I 0 TRAiTLNT PIR S:AAB I

(mng)

North 'wall, first plate above Before 22

ground After 0

North wall, second p-ate above Before 40
round After 0

.. ort', wall, third plate above Before 22

ground After e

"Floor mJnder Stuck Aa After 0

Flcor under Stack A8  After 9

Yellov• spot on north w,,alla After

Bare spot on north walla After 0

Yellow spot on south wall 8  After 0

Liquid in drain barrel outside After 36
of i;looa

Nut on south walla After

aOwab samples were not taken befo.,e decontamination.
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nostly steam. At 25 minutes after firing time, ,,,ater sprinkling was
stopped and no visible smoke emission could be observed, although steam
continued to issue from the flue. The igloo was opened the next day,
1I December 1063, and observations were made as fol]ows:

(1) Only one M44 cluster had functioned.

(2) Apparently, two of the generators in the
cluster had flamed and the other generator had functioned normally.

(3) Crate 6, on top of Crate 2, was not affected
by the functioning of the Generator 2.

(4) A total of 800 gallons of water was sprayed
over the stacks of munition crates at a rate of 32 gallons per minutc.
The temperature, as recordeC by the thermocouple positioned above the
sprinkler head was in excess of 1400 F. during the entire interval of
25 minutes during which water was sprinkled into the igloo.

b. Data:

(1) Agent Sampling. Sampling time and agent
recovery in the samplers are shown for the flue and the igloo interior

(Table 3). Swab samples were taken after the test at several locations
in the igloo with results as shown in Table 4.

(2) Temperature, Pressure, and Flue Gas Velocity
Data. Data collected are presented chronologically from function time
until no evidence remained of fire in the igloo (Tables 5 and 6):

(a) Only the cluster which was initiated
functioned. The upper live cluster did not initiate, presumably
because of the cooling effect of water from the sprinklers. The temper-
ature recorded above the water spray head remained high throughout the

burning period.

(b) Door opening events were recorded by
strain gages which indicated each pressure change within the pneumatic
closing cylinders. The north door was closed by pressure of 30 psi in
the cylinders which is equal to approximately 0.14 psi in the building.
The south door cylinders were set to resist approximately 0.19 psi in
the building. The doors opened only on the shock generated by
initiation of the munition.

(c) Calibration of the velocity pickups was
done by physical comparison of instruments in the wind tunnel and the
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'Ta].e 3. Agent Sampling

SAMPL2 TIME AGENT RECOVERY
POSITION

On Off Elapsed Flue Igloo Interior
(min) (min) (min) (mg) (mg)

1 1111 1114 6.0 13.2 13.4
2 1114 1116:30I 2.5 0.0 26.8
3 1116:,)0 1117 j 0.5 0.0 67.2
4 1117 1117:30 0.5 13.2 26.8
5 1117:30 1118 0.5 66.1 94.1
6 1118 1119 1.0 132.3 67.2
7 iDi1 1120 1.0 211.6 349.5
8 1120 1122 2.0 185.2 161.3
9 1122 1124 2.0 873.0 2,903.0

10 1124 1126 2.0 3 ,L2 7 .0 3,575.0
11 1126 1128 2.0 >3,527,0 >3,t7b.0
12 1128 1130 2.0 158.7 53.8
13 1130 1132 2.0 52.9 67.2
14 1132 1134 2.0 13.2 0,0
15 1134 1136 2.0 26.4 0.0
16 1136 1138 2.0 0.0 0.0
17 1138 1140 2.0 26.4 0.0
18 1140 1142 2.0 13.2 0.0
19 1142 1144 2.0 13.2 0.0
20 1144 1155 11.0 j 13.2 ~ 26.8
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Table 4. Swab Samples of Igloo Interior

After Trial lB.

POSITION AGENT PER

SAMPLED SWAB
(Nag)

North wall 1 0.0

North wall 2 0.0

West wall 1 $ 0.0

South wall 1 0.0

South wall 2 13.2

Ceiling thermocouple 13.2

South wall sampling part 0.0

Munition Stack 1 198.0

Floor 52.8

Munition Stack 2 3,575.0a

Door 290.4

aCloudy sample

-l 5-



'fable 5. Pressure Records (Trial IB, Phase B, Part 1).

TIME LOW-VELOCITY HIGH-VELOCITY BUILDING FLUE
PICKUP PICKUP PRESSURE PRESSURE

(rain:sec) (mph) (mph) (psi) (psi)

0:00 0.0 0.0 0.0 0.0
0:02 2.7 0.0 0.0 0.0
0,0375 5.4 0.0 0.0 0.0
0 04 10.7 0.0 0.17 0.82
0:0425 -- 25.7 -- -0.77
0:05 0.0 0.0 0.0 2.0
0:0625 6.5 0.0 0.0 0.0
0C075 10.3 0.0 0.0 0.0
0:.0 0.0 0.0 O 0 0.0
):12 10.6 0.0 0. 0 0.0
0:20 10.6 0.0 0.0 0.0
0:30 0.0 0.0 0.0 0.0
8,:4 0.0 0.0 0.0 0.0
8:50 5.4 0.0 0.0 0.0
8:52 7.6 0.0 0.0 0.0
8.56 0.0 0.0 0.0 0.0
8:57 10.7 0.0 --a --a

8:57.5 4.1 -_a 0.0 0.0
8:5875 4.1 0.0 0.0 0.0
8:595 10.6 0.0 0.0 0.0
9:00 _ b 0.0 0.0 0.0

0i 10.6 0.0 0.0 0.0
9:03 10.7 0.0 0.0 0.0
9:10 6.9 0.0 0.0 0.0
9ý25 5.4 0.0 0.0 0.0
0:20 _ 0.0 0.0 0.0
9,40 0.0 0.0 0.0 0.0

a8Tirbulence.
"Neti pulse
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qame sensitivity was reproduced in the field. These pickups were set
eiectronically using the manufacturerF' certified sensitivity. Certifi-
cation was on the basis of standapd3 of the U. S. Bureau of Standards.

(d) All previous pickups recorded shocks at the
):ime of the two main initiations of blast in addition to a minor shock
at firing time. Velocity of flue gas flow increased from firing time
until 4 seconds later. At this time the burning mixture in the generator
ignited with a shock which activated all of the pressure pickups.

(e) Total flow of gases could not be calculated
from the pressure and temperature measurements because the flow velocity
w's .ess than the threshold value (0.75 mph) of the pitot tubes. This
problem could be eliminated during subsequent trials of comparable smoke
ou- put by reducing the cross-sectional area of the flue and thus increasing
the flow velocity at the flow-measurement stations. In addition to
reduction in cross-sectional area, the present flue would require
structural strengthening because it was slightly damaged by interior
pressure.

(f) Temperature measurements were calculated from
pyrometer recordings, and were based on a calibrated ohmmeter and new
galvanometer with sensitivities certified by the manufacturer.

c. Discussio>i. The igloo and its doors were undamaged
during this trial. Damage to the flue was slight. The door openers
were undamaged. The quantity of air leaking into the igloo is assumed
to be sufficient to permit the combustion of the wooden packing cases.
it is believed, therefore, that the sprinklers are of great value in
controlling damage to storage buildings, and their contents, when
housing M44 munitions. The cooling effect of the water spray is signifi-
cant.

B. Disposal by Burning

1. M43 Bomb Cluster. The results of the test are repoeted
in Table 7, where comparison is made with similar data for the M44 gener-
ator cluster. Vind direction during this trial averaged 180 degrees and
ranged from 135 to 225 degrees. During the trial the only visible agent
smoke was a white puff of smoke which occurred about 4.5 minutes after
ignition of the fire. At all other times, the smoke resembled that from
a normal wood-oil fire. After 7 minutes, visible smoke evolution nad
coased but the pyre continued burning, with visible flame. Inspection
of tno debris after combustion had ceased and the rubble pile had cooled
--"owed that the mixture in all of the bomblets had been either consumed
by burning or dissipated.
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2. M144 Generator Cluster. The results of the test are
shown in Table 8 where they aro compared with results for the M43 bomb
cluster. Six minutes after ignition of the fire, one generator ignited
an.d a large torch-like flame was emitted from the g•inerator cluster and
endured for approximately 12 seconds. The billow of smoke was grayish
in color. One minute after ignition of the first gdnerator, the second
ignited. The third generator ignited 30 seconds aftgr the second
generator. Within 20 minutes after fire time, burning was greatly
reduced, with little smoke.

3. Photographic Coverage. Still pictures and motion
pictures were obtained from the munition burning trials. Figures 42
and 43 show the L43 and M44 munitions on top of wood piles and surrounded
by wood scraps, all saturated with oil and readied for ignition. Note
the dike surrounding the placements to contain the excess oil which was
poured over the piles. Figures 44 and 45 show the M43 and M44 munition
after burning. Note that although the contents of the munitions were
burned out, there were no explosions nor noticeable movement of the
munitions away from the combustion sites. Figures 46 and 49 show
additional details.

4. Discussion: The data show that under the condition of
the test approximately 19 per cent of the BZ was airborne, not burned,
in the trial with the M43 bomb cluster and approximately 13 per cent
of the BZ was airborne, not burned, in the trial with the M44 generator
Jluster.
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Figure 1. Modified fuze with detonated squib that
failed to ignite the M16 generator on first
trial attempt, 3 October 1963 (Trial 1).

Figure 2. Method of wiring generator on successful
trial of 4 October 1963. The squibs in the
four center canisters were wired in series.

The four outer canisters were wired in a
standby circuit (Trial 1).
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Figure 4. Start of Munition Stack B, nearest to
exhaust flue (Trial 1).

Fig-ure b. Stack A on riht and Stack B on luft
(Trial 1).
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Figure 6. Stack A in center (Trial 1).
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Figure 7. Stack' viewed throu,'h doorway,
Stack A is in the foreCround (Trial2)
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Figure 8, Suquential samplers positioned on floor of
the ijIloo in preparation for the trial
(Trail 1).

½ -

Fiteuro 9. Closoup view of window to the photo,;ruvhy

t, iunr•l after the fire (Trial 1).
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Figure 10. Igloo wall and damaged photographic lights
(Trial 1)

Figure 11. Igloo coiling, sprinkcler head, and burned
thermocouple wires (Trial 1).
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Figure 12. South wall of the igloo (Trial 1).
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Figure 14. Destroyed sequential sampler and

thermocouple wires (Trial 1).

Fibure lbi. Remains of sequential1 samplIing tubus
positioned in the iflue off the i~loo (Trial 1).
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Figure 16. Cold rubble pile viewed through the
door of the igloo (Trial 2).



F'igure 17. Cbarred Phjotkography tunnel (T rial 1)
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Figure 18. CI'ar. ed photography tunnel and
destroyed thermocoupla cold junction
(Trial 1).
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Figure 19. Closeup viexv of cracked Pyrex photography
tunnel window (Trial 1).

Figure 20. Igloo exterior with fire still burning

(Trial 1).
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Figure 21. Smoldering photography tunnel (Trial 1).

Fr

Figure 22. Cold rubble pile (Trial 1).
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Figure 235. Stack A rubble pile (Trial 1).

N

Figure 24. Second view of Stack A rubble pile
(Trial 1).
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F'gure 25. Stack B rubble pile '(Trial. I)

FIgure 26. Burning rubble Pile about 45 minutes after"Z'time (Trial 1).
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Figure 27. Rear view of igloo. Note that the
anemometer has dropped to the bottom
of the flue (Trial 1).
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F).jure 38, Ovor..alI viewv of the tiý-oo fromn the soutt..
Note e,,:fen-iof to thie flue constructed for
Tri~als 1A an~d 1B.
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Figure 30.
Closeup of Stack
A showing Cluster

2, Lot l021-3b5-
1l". Note bulge
at right side of

cluster and black
roeidue at bottom
opposite cluster.

Figure 31.
Between Stack A and
B. Note charred
end of Stack B and
end of cluster
rontainer along
with black residue
at end of Stack A.

-45- ANNEX A(2C)



';igure 3"'. Instrumentation wiring and sampling port
(Trial. 1A).
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Figure 34. Over-all view of Stacks A and B after
generator functioning (Trial IB).

Figure 35. View between Stacks A and B. Note the
tarring on the floor near the middle of
the stacks (Trial 1B).
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Flgurts ý6. Position of' ther'mocouples at t~he
0011ing (Trial IB).



Figure 37. Stack B (Trial 1B). Note theru is no
damage to this s tackI-.

Figuro 68. M1. gunurc~tor (Trial 1B). Notu the
discoloration of the can rind the partially
charred parorxhutu and hul-ness.
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Figure 39. Charred interior of M44 cluster container.

Note the crumbled cardboard and barrier
materiel (Trial 1B).
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Figure 40. View of cluster in packing case.

Note tarring and light damage to
interior of the case (Trial 1B).
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Figure 41. View of disassembled M16 generator

(Trial 1B). Note the slagging of the
emission holes.
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OPEN FIRE BURNING TRIALS
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Figure 42. I43 cluster on top of wood pile prior
to ignition (Trial 1).

Figure 43. M44 cluster prior to ignition (Trial 2).
-55- ANNEX A(29)



Figure 42'. M43 cluster after burning. Note M44
cluster in background from previous
trial (Trial 2).

Mrr

Figure 45. View of M43 cluster burning, with typical
cloud (Trial 2).
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Figure 46, M43 cluster af'ter fire had burned
down (Trial 2).
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Figure 47. Another view of' M43 cluster with
1144 cluster from previous trials
in the h,-;ckground (Trial 2).
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Figure 48, Opened M43 cluster af ~destruction
by fire (Trial 2).
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Figure 49. Another view of M43 cluster after
fire which shows that bomblets are
thoroughly burned out.
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