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FOREWORD

These explosives accident/incident abstracts have
been disseminated between 1 September 1961 and July 1967
as a result of a voluntary program instituted by the
Armed Services Explosives Safety Board. The purpose of
this program is to e{feci expeditious disseminaticn of
accident/incident intormation to all concerped w..i1 a
view toward forestalling, where pussible, similar
occurrences.

Constributions to this program have been made by

Governmeni organizations and industry.

X '/C,dfoﬁ"“'l//\
R. E.” JOHNSON
Captain, USN
Chairman, ASESB
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NOTICE

There has been a REPRINT of the publication
entitled "Study of Missiles Resulting rFrom

Accidental Explosions, A Manual for Investigators®

by Crosby Field. This publication may be obtained

at $ .50 a copy from the Superintendent of Documents,

Govermment Printing Office, Washingtoun, D, C., under

the title of "AEC Safety and Fire Protection Bulletin

Ro. 10."

1 June 1966
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NOTICE

The Ad lice Committee on Sensitivity of New Materials was
formed under the Solid Propulsion Sub-Group of the Interagency
Chemical Rocket Propuisicn Group (ICRPG) in January 1965, The
purpose of this Committee is to render guidance to the ICRPG in
solving probiems on the sensitivity of new propellant materials,

Initial attention was devoted to N-F compounds.

To evaluate the problems of sensitivity of these new materials,
the Committee decided that it is important that all incidevits
involving rapid spontaneous decomposition, pressure exp.osion, or
detonation be recorded, reported and compiled.

The first compilation of these incident repor's is contained
in CPIA Publication No, 99 entitled "Incidents Reflecting the
Sensitivity of New Materials (U)", dated Decemter 1965. The report
is classified CONFIDENTIAL and is availabie to quaiified users thru

the Defense Documertation Center, Cameron Station, Virginia under

call number AD 368 665.




ARMED SFRVICES EXPLOSIVES SAFETY BOARD
Washington, D. C., 2031¢

The following article was submitted by one of the participants in
the program for exchange of incident information, and has been reproduced
for further distribution,

"influence of iNitrozlycerin on the Human Body"

"To the question of what is the possible influence of nitroglycerin !
(without nitroglycoi} on the humin body, the following contribution Ly '
a Swiss factory is of interest:

'Lt the bezinning of 1959, at the request of the workers medical
service; 75 workers ard employees, who come in contact with nitro~-
glveerin undervent medical examination., in the erxaminmation were 14 men
and women who jointly worked in a lzboratory with different poisonous
substances. The guestioning of workers revealed a mearingful dependence
of the frequency cof subjective complaints {headaches, dizziness, nervous-
ness, icss of sleep, ete,) and disturbance of the vegetative nervous
systems (trembling, sweating, etc.) and abnormal blnod and heart function-
ing on the degree of exposure, The fresuency of complaint is - bearing
in mind age greups - in the group of most heavily exposed two to three
times higher than in the more ligntly exposed group. The complainants
undergo expcsure meanwhile ouily a short time. Bad effects on the inner
organs could have teen produced exclusively or chiefly from the in-
fluence of ‘he nitroglycerin, With the above-mentioned l4 men and women,
we found in the same manner no sign of poison or consequences of poison-
ing. The reports on th: diseased are for the most part accidental
observations, The relatively large number of reportec sick, namely in
the older age catezory, speak for the utilization of periodic rotation,*"
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, De C. 20315

The following urticle appeared in the November 1964 issue of

Aerospace Maintenanze Safety magazine, snd has been reproduced for
further distridbuticn.

"WHIPLASH"

Heliuvm was being transferred from a rail tube car through off-
loading header Nr 1 into the helium storege system. The high-presaure
hose was secur~d at both ends with safety chains. The hose had been
pressurized to header Nr 1 with epproximately 1400 psi origlnating
from the Nr 1 tube bank of tke rail car. During the bleed sequence, the
quick disconnect allowed the hos2 tc disconnect while under pressure,

The safety chain momenterily secured this discomnected line tc the
heeder. The operator was standing adjacent to the header, In an
attengt to divert the flow of get away from his body, he grabbed the
disconnected enl of the line. At thiz time the buttons on his coveralls
wers severed from the uniform, and his undershirt was torn by the escaping
high~velocity gas. The chain securing the hose to the header broke,
allowirg the hose to ent-'ine, snarl, whiplash, end break free from under
the 130-pcund sancdbag weights that had been placed on the hose at five-
foot intervals. This rose freedom aliowed whiplashing in all directions,
restricting eccess to the scurce shutoff valve.

The operator boerded the rail car frca the opposite end and
carttiously approached the manifoll from the top. He maneuvered himself
Into a position that ensbled him to close the source valve from above,

Then he was immediately taken to the hospital for exa:xination and
observation; no injuries were incurred.

ifmvestigation of the incident revealed the followlng facts:

a. The quick disconnect {QD) coupling vas wnreiiable for high
pressure {ransfer in this application. Inspection revealed that the
design of this type of QD coupling allows the hose fitting to remein
loose &t the point of insertion into the QD receptacle after the snap
ring has been engsaged.

b. The egg~sized gravel allowed some movement of the hose
under the ssnubags. This movement quickly removed enough stones from
under the sandbags to free the hose. This cordition progressed from
bag to bag.

c. The heavy steel chain used as a safety tiedown proved to
be inadequate.

i e




The following corrective action was taken:

a. Quick disconnects were iemoved from all headerszs and hoses
and replaced by Nr 8 AN stainless steel fittings. Positive thread-type
connections were judged to be more safe than QDs in this spplication,

b. Two-inch by ten-inch boards, 10 feet long, and equipped with
2 x 4 rails spaced a hose-width apart, will be used for support of the
hose. The hose placed between the 2 x & and cn top of the 2 x 10 boards,
and sandbagged every five feet vwill afford more adequate security in the
event of a rupture or inadvertent discomnact. Additional action has been
taken to blacktop the area between the railroad ties and the offloading
headers.

ce The chains were removed and replaced with {-inch steel
gable secured with loops and steel U-bolt cabls clamps.
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ARMED SERVICES EXFLOSIVES SAFETY BOARD
Washington 25, L. C.

ASESB Explcsive Incident Report No. 1

Modified Double Base Slurry Explosion

At approximately 6:00 PM on August 25, 1961, an explosion occurred at a
Naval facility involving a classifisd formulation of modified double .ase pro-
pellant slurry, which resulted in instant death of five civilian workers.

The building in which the explosion occurred was approximately 50 Jaet in
length, divided into two sections by a 10' corridor extending the length of the
building. On either side of this corridor were cubicles approximately 10'x10*
with 1' thick reinforced concrete walls, The open sides of the cubicles faced
outwvard from the corridor walls. The explosion occurred in the second cublcle
from the front of the bullding, on the right-hand side. The first oubicle on
this side was used for weighing and _eparation of ingrediente contained in the
propellsnt mix. This second cubiole .in which the explosion ocourred) contained
a 50-gallon Baker-Perkins type mixer located approximately 3' froa the walls, in
one corner of the cubicle. The controls for this mixer were located on the wall
of a transverse corridor separating this pair of cubicles from a similar pair of
cubicles which contained no explosive at the time of the incident, A similar
type concrete structurs used for the same purpose is located approximately 300!
from the open ends of these oubicles. These two bulldings were separated by an
intervening earth barricade.

The water-jacketed type mixer contained modifried double base propellar:,
.3 desensitizers were usad in this special formulation as it was being mixed in
slurry form. The cooling water in the jacket was mairtained at 60-65 degrces
Fahrenheit, At the end of the mix, the water was to huld this temperature until
the mixer was cmptied in order to prevent the material from "setting up”.
Following the mixing operation, the mixer was stopped, the mix 1id removed, ard
the material removed by vacuum from the mixer to a casting containar alongside
the mixer., Approximately 200 pounds had been remcved, lszaving an approximate
15-25 pounds for manual removal, Manual removal is by scrapedown with non-
sparking type spatulas and transfer to the casting container. The explosion
oceurred during removal of the remaining 15-25 pounds from the mixer, It apvears
that, in the scrapedown operation, a considerable amount of propellant was adjacent
to the power shaft énd of the mixer. A portion of this shaft, with flange minus
sigma blades welghing apprusimately 40-50 pounds. was propelled almost vertically
from the cublcle and penetrated the roof of a building 700° away. The escape of
this fragment, and its trajectory, indicate the likelihood thai the original
explosion occurred within the mixer and in all probability, adjacent to the flanged
portion of the shaft and then communicated to the casting can alongside the mixer,
The casting can contained approrimately 200 pounds of propellant.

TR T U NERAL




Four of the orzerators were within the mixing cubizle, or its doorway, and
the fifth opsrator was in the control cubicle ad’acent to the mix cubicle.,

The roof of the building in which ithe explosion occurred was transite, as
well as a building located approximately 300' distart. These transitc roofs were
a complete loss and were practically removed from both buildings. Likewise, the
closure to the open ends of the cubicles ir both buildings were transite and had
wooden doors. The transite was blown apart, and in many instances, the doors wsre
split and pulled frcm their hinges. The only major structural damage was to the
cubicles on the right side of the building in which the explosion occurred. Two
sides of the mixing cubicle walls were completely blown apart and other walls
were blown down or left standing at an angle, There was no major structural
damage to the left corridor wall or any of the cubicles on the left side of this
building.

The Navy is suspending the process development stage of the slurry casting process
for a close reexsmination., It is anticipated that tils reexamination will in.
volve a reetudy in the laboratory (particularly as concerning high-energy propel-
lants) for dSettar cheracterization of the safety aspects of the various processing
steps.

Reference Nunber of this Incident: 932

Duplication of this report is authorized,
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C,

ASESB losive Incident Report No, 2
laberatory Explosion of Difluoramine

On August 8, 1961, at approximatsly 3:15 PM, a smell explosion occurred
in s test bay. The accident ovourred during an adiabatic compression sensi.
tivity test on difluoramine. A schematic diagram of the test apparatus is
shcwn in Enclosure (1), The first step in the operation requires that difluora-
mine gas be condensed under reduced pressure in the volumetric U-tube which is
maintained at -80°C, utilizing a methylene chloride-dry ice bath, At the time
of the accident, the difluoramine gas which was in Buldb 1 had bsen transferred
to the volumetric U-tube (1.5 ml liquid) and the bulb was closad off from the
system, The chemist, while standing behind a portable safety shield but rsach-
ing around its side, was turning the stopcock with a 4' reach-rod to open
Bulb 2 to the system. The glass line broke at the manifold (the point indicated
in Enclosure (1)) while the stopcock was being turned. The bulb fell to the
concrete deck and exploded on impact. Immediately the volumetric U..tube
exploded. This may have been caused by the shock of the first explosion or by
air rushiig into the brcken vacuum line,

The incident did not result in damage to the building. It did, however,
completely destroy the expendable glass portion of the laboratory test apparatus.
The chemist conducting the experiment received minor cuts on the arms and face
and a chemical burn or one am. The facial cuts were apparently caused by
glass traveling upward from the floor and were suffered even though the chemist
was wearing safety glasses and & full face shield.

Referencs Number of this Incident: L-1

Duplication of this report is authorired.
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ARMED SERVICES SXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESR® Explosive Incident Report No. 3

Explosion in Nitrobenzene Recovery Ksttle

Description: Nitrobeazene was being recovered in a cast iroan Jacketed

distillation kettle by heating with steanm at 90 pounds
pressure and operating under vacuum. Arter distillation was complete,
kettle contents were inspected for viscceity of the tarry residue. A
small amount of the nitrobenzene was added to make the mass more liquid
prior to blowing contents with inert gas through s bottom outlet valve
into drums. Due to other more urgent work, the operator interrupted
the above sequence after ithe kettls had bsen sealed just prior to the
blowing operation. The kettle was held at 150°C for about 1% hours.
Just before the operator was planning to blow the residue out of the
kettle, hissing noises of escaping gases were heard. Persomnel took
cover as best they could and reporte’ that they saw vapors issuing
from the main gasket of the kettie. About 4-5 seconds later, the
kettle ruptured violently and was torn from the stesl I-beam floor
supports, dropping to ths floor below. The cover was ruptured into
many parts; some pieces were found 4O! from the scene. All windows
except those directly behind ths kettle opsned sutomatizally at the
spring-loaded latches, thue relieving a great deal of the pressure
and greatly minimizing glass breakage. There were no injuries, and
darage to adjacent equipment was of a minor nature.

Cause: Detailed investigation by manufacturing and research laboratory
personnel revealsd the following:

1. Shortly after the accident, a similar condition was in the
making in an adjacent nitrcbenzene recovery kettle. This could be kept
from getting out of complets control.

2. Residues from the kettle which exploded showed an acid
analysis of 5-30f determined as sulfate.

3. The receiver which contained the distilled nitrobenzense
contained large amounts of sulfur dioxide.

4. The contents of the sscond-mentioned kettla showed large
amounts of acid present.

It has always been the practice to wash with 5% sulfuric acid 211
nitrobenzene known to be contaninated with aminas before carrying out
the vacuum distillation. Later it was determined that when the nitro-
benzens is charged into the washing kettls first, followed by sulfuric
acid and then water, that an emulsion layer frequently results and that




sulfric acid settles to the bottom of the kettle in spite of vigorous
agitation. IF THE WAIER IS CHARGED FIRSI, FOLLOWED BY THE SULFURIC ACID
AND THMEN [HE NITROBENZENE, EMULSIONS ARE NOT FORMED AND THE ACID LAYER

IS ON TOP OF THE NITROBENZ:NE. It is apparent that acid-containing
nitrobenzene got into the cast iron distillation kettle, Under these
conditions, hydrogen was generated. The explosion was caused by e ither
hydrogen alone or unstabtle intermediate reduction products of nitrobensene
or a combination of the two.

Preventive Measures: To preveat a recurrence in the future, the method

of washing with dilute acid will be changed as
indicated above and as an extra precaution, a dilute soda ash wash will
be given prior to the vacuum distillation. Stirict instructions have been
given that no time should elapse from the time a distillation ix complete
until the tar is blown out. To avoid opening the kettle after the dis-
tillation is complete, an ammeter wiil be installed on the kettle to
show the proper end point.

Reference Number of This Incident: L~2

Duplicatjon of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Exvlosive Incident Revort Yo. &

Explosion in Vent Stack - Static Generation

Description: An employee was repairing a blower on an exhaust vent system for
a 1200-gallon dissolver., After lubrirating the fan shaft of the
blower, he turned on the switch. As he returned to the vent stack, he observed
that the blower was not operating. “hen he leaned over the open vent stack and
reached down into the stack to give the fan a turn, a flash lire and explosion

occurred. The employee received moderate to severe burns to the head, face and
hand,

Cause: The employee was wearing street clothing underneath coveralls of
synthetic fibers which probably built up a static electrical charge.
The electricity probably discharged when the employee reaclied into the vent

stack. The vent stack contained an explosive mixture of methyl alcohol and
benzene,

Preventive Measures:

1. Use of an inert gas blanket on the dissolver when maintenance work
is being perforzed.

2. Study the process to eliminate the oxygen from the systen.

3. Reinstruct all employees on the potential hazards of static elec-
tricity relative to types of clothing, static potential of workmen, etc.

4, =2nphasize to all employees the hazarcs of reaching into
electrically-energized equipment.

Reference Number of this Incident: L-3

Duplication of this report is authorized,




ARMED SERVICES EXPLOSIVES SAFETY BQARD
Washington 25, D. C.

ASESB Explesive incident Report No. & (Firs)

Accidental Ignition »f Flamrable Ligquid ia Laboratory

Descriptions A chemist was working at a lsboratory hood preparing a

reduction reaction using lithium aluminum hydride. A
companion chemist had just left the laboratory when he haard a cry for
help. Returning, he found the laboratory in flames and the injured man
trying to get out through tre <nor which opened inwards. When the door
was opened, the injured man was squeezed between it and the hood: 1In
kis fright, the injured man might have run but fortunately, someone had
already pulled a safety shower under which he was led to extinguish the
flames and wash the solveni and chemicals from his body. A first-aid
fire blankst from the laboratory was used to urap the burned man to try
and keep him warm until the ambulance arrived. He received first degree
burns on his face, and more severs burns on his hands and legs.

Cause: Tt is >,lieved that the injured chemist was pouring ether (which
had baor dried over calcium hydride) into a flask containing
1ithium aluminws hydride. Scmething caused the ether to flash ~-- a static
spark, moisture on the lithium aluminum hydride, or something else. He
Jumpad back from the fire because his face was seared and may have been
temporarily blinded. Perhaps there was some ether on his hands which also
flashed causing him to drop tke bottle containing the ether and calcium
hydride. This sther also flashed causing burns to his legs. The labora-
tory contairned nearly 100 gallons of flammable sulvents in glass bottles
and safety cans on shelves., It appeared t¢ be cluttered and overcrowded
and hoods were located behind doors. The laboratory door opens inward,
forming a itrap in an emergency.

Preventive Msasures:

1. Despite the appareni inconveniance of drawing solvents and
chemicals from a general stockroom, &ll unnecessary flammable solvents
and chemicals should be removed from laboratories and drawn as needed.
Supsrvision should enforce this rule.

2. Chemical laboratory doors should be arranged to swing outward.

3. While everything feasible should be done to avoid accidents
in laboratories, also anticipate the unforeseen by advance emergency
planning. Laboratories should be arranged for convenient working conditions
and for easy exit in an emergency. Cabinets, files, ets. often clutter a
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laboratory and should not be placed in a position whers thsy obstruct
passagevays.

L. Emergsncy first~aid blankets should be provided in convenient
locations in laboratory buildings.

Reference Number of This Incident: L-4

Duplication of this raport is authorized,




ARM=D SERVICES EXPLOSIVES SAFETY BOARD
Washingtor 25, D, C.

ASESB Explosive Incident Report No. 6 (Fire)

Ignition of Toluene Vapcr by Electrostatic Spark

Description: An employes was transferring toluene by vacuum from a

= SS-gallon drum to a kettle through a i-inch plastic tube.
The tubing at the drum end was fitted with a flannel filter (held in
place by two turns of copper wire) in order io prevent contamination
of the kettle with scale from the drum. When the desired amcunt of
toluene had been transferred, the employee pulled the tube from the
drum. At this time, vapors ignited and enveloped the area around the
bung opening of the drum. The employee received moderate burns on the
left wrist and hand.

Causes A thorough investigation after the fire revealed the following:
1. The toluene drum was not grounded.

2. The copper wire holding the flamnel in place had two
anterma-like projections.

3. Both ends of the drum were bulged afisr the fire.

L. Plastic tubing is a nonconductor of static charges.

S. The toluene drum was % full after transfer was made.
From the above facts, the following conclusions were mades

1. As the toluene passed through the plastic tube, a static
charge was built up on the tube.

2, The static charge collected on the antenna~like projections
of the copper wire.

3. The toiuene vapors around the bung opening of the drum were
within their explosive limits,

ks As the tube was pulled from the drum, theres was a static
discharge, with a spark, from the copper wire to the edge of the bung
opening of the drum, causing ignition of the toluene vapors. This, in
turn, was followed by a flash fire outside the drum and en explosion
inside the drum.
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S Had the drum ruptured, the accident would have resulted
in a much more serivus fire and injury.

Preventive Measures: Transfer tubes will be made of stainless steel and
grounded. Operators will be reinstructed to make
sure the grounds on the kettle and drums are sscure,

Reference Number of This Incident: IL-5

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 7 (Fire)

Toluens -~ Static Fire

Descriptions Static sparks caused & solvent fire with an unusual sejquence
- of events. While toluene was being transferred by a hand
pump from a drum teo an ungrounded pail, a static spark jumped from the
nozzle to the pail, igniting the toluene. Ths nozzle was dropped and
tolus.e syphoned from the drum to the floor of the main work area. This
pump was the only one of 14 in the plant that did not have a syphon breaker.
While employses attacked the fire with extinguishers, the fire door in the
opening 1o an sdjacent flamable liquid mixing room was closed, but dus to
the absence of a curb, burning liquid flowed under the door. After the
fire in the main work area was put out with extinguishers, the door to the
mixing rocm was momentarily opened. Flamss burst ou and re-ignited
spilled toluene. Fire in the main work area was put out for the second
and last time by 13 sprinklers and a carbon dioxide hand hose line. The
fire in the mixing room was extinguished by a carbon dioxide flooding
systen and three sprinklers.

Reference Nmber of This Incidents L~6

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD

ASESB Explosive Incident Repcrt No. 8 (Fire)

Polyethylene Liner - Stetic Fire

Description: Static fire from a polyethylene liner at a production plant

caused essentially no damage. The operation involved cherg~
ing the chlorothiszide intermediate (DSA - Chlcorodisulfanyl aniline) to
tetrahydrofursn in an agitated still. The dry D3A is scooped with a
stainless steel scoop from a polyethylene~lined fiber drum into the vessel
through a 13"x15" manhole. A slight vacuum is maintained in the vessel to
minimize escape of fume3 and dust. One drum was scooped into the vessel
and when the drum was nearly empty, the operator removed the liner from
the drum and shook the remainder into the vesssl. When tha operator shook
the second bag over the manhole, a sudden flash occurred and flsme Lillowed
out of the manhole. The operator's hair was singed but he and two others
extinguished the flames quickly with extingushers before sprinklers
opersted. Relative humidity was found to be S0%,

Preventive Msasures: This incident reaffirms need for stric*’ adherence
w the policy of not shaking plastic liners over

ranholes., Ventilation of vessel manholes should be orovided outside

the manhole, Vacuum should not be cracked into the vassel since it

sweeps in sufficient air to give a flammatle mixture. wherever possible,

eliminsate use of polyethylene liners in flammable areas.

Reference Number or This Incident: L-7

Duplication of this report is suthorized.




ARMED SERVICES EXPIOSIVES SAFETY BOARD
Washjagton 25, D. C.

ASESB Explosive Incident Report Nc. 9

Explosion - Ethylene-Air Mixture in Fipe

Description: Two pipefitters were engaged in running a 1" pipeline from

the ethylene surye tank to the ethylenc iistribution header.
This 500 was being done prior to a scheduled shutdow: so that the ethylene
system could be depressured and ths ethylene racovered, The line from the
ethylene header was started by connecting intc two 4" connections on the
sthylene header ard laying 75' of 1" pipe along the south wall of the
compressor house. After this temporary line was compluted up to the surge
tank, a closed velve was installed on the ead cf the nuw line. Later, it
vas decided by the pipefitters that a union ahould be installed &ahead of
the valve, and so they proceeded to remove the closed valve. As this
valve was unscrewed from the pipe, and at the moment il cleared the last
few threads, a small explosion occurred and the gas from tne pipe ignited.
Both the pipefitters were singed about the head. A fire extinguisher was
used by an operator to put out the fire.

Cause: Probably ethylene pressure built up within the 1" line against

the closed valve as a result of a leak through the ethylene
hsader connections. It is believed that the mixture cf air and ethylene
in tna line was ignited by a frictional spsrk resulting from tie unscrewing
of the valve from the pipe.

Preventive Measures:

1. All maintenance personnel would be informed not to remove a
closed valve from a line once it has been tiad in to a process source
without first depressuring the line safely.

2. Production also consider all valve connections ini> process
as potential leakers, and provide a blesd valve on the open end on a new
line until that line can be finally tied in. Wherever pessible, &ll
tie~ins to valves that are connected to processes will bs made last.

3. In other situations similar to this, production will have
pipe connections checked for possible leaks prior to tising in, and
asintenance personnel will be informed if "operations® is unable to
stop the leak.

Reference Number of This Incident: L-8

Duplication of this report is authorized.




ARMED SFRVIUES EXPLOSIVES SAFETY BOARD
washington 25, D. C.

ASESB Explosive Incident Report No. 10

Explosion Involving Tollen's Reagent

Description: After [ollowing the ccurse of a reaction by periodic testing

of samples from the mixture of Tollen's reagent, & research
chemist allowed the unemptied test tubes from the testing to sit over the
weekend., Monday morning, upon picking up the test tubes to disvose of the
convents, an explosion occurred, splattering the contents into the facs
and on the upper body of the chemist, and onto the laboratory ceiling.
Fortunately, the chemist was wearing safety glasses. No serious injury
resul ted.

Cause: The docket of cases involving violent explosions incurred while
working with ammoniacal silver ion solutions is a very long one.
In using such solutions, it is difficult NOT to form fulminating silver.
Although the exact structure of the latter is not yet known, it is thought
to be either Ag3N cr AgoNH. Dry fulminating silver is extremely sensitive
and is instantly and violently dscomposed by the slightest disturbance.
Even still moist fulminating silver can be detonated by allowing a arop
of water to fall on it from & sufficient height.

Preventive Measures: Conrsequently, great care should be taken in the
preparation and use of Tollen's or similar amoniacel
silver reazents. The procedure given in Vogel's “Elemsntary ’ractical
Orzasnic Chemistry", Volume II, paze 406, is recommended. The reagent must
not be heated. It should not be prepared in large amounts and stored;
only a small volume should be made up just before use. Any residus (both
before and after use) should be washed down the sink immediately with
copious amounts of water and the container rinsed with dilute nitric acid.
Absve 811, do not allow the resgent sgolution or any test mixture containing
the reagent to evaporate to dryness.

Refsrence Number of This Incident: 1-9

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 11

Propsllant Explosion

Descrirtion: An employee was working with an experimental mixture for

a propellant in s dry pox (controlled argon atmosphere
cabinet). While working in the dry btox, he hed completed mixing two
chemicals in a polyethylene beaker and set the beaker to one sics. He
thought he noticed a discoioration taking place in the beaker. He
tilted the beaker with his left hand, and an explosion occurred. The
safety glass frant of the box was blown out. The employee received a
severely lacerated left hand with loss of thte tip of the little finger.
He aiso sustained moderate cuts about the face.

Carse: The axact cause fc.. the explosion is not known.

1. The employee was working with experimental propeilants
which entails the use of many kinds of high-energy chemicals.

2. The employee mixed too much of the material in the dry
box at one time,

3. The em "loyee handled the beaker when discoloration had
occurred,

4. Improperly designed equipment.
Preventive Measurus:

1. More careful control of chemicals being worked with or
stored in the dry boxes is to be re-emphasized with all employees.,

2. Reinstruction to all employees on keeping experimental
mixtures to a minimum size and the use of tongs and shielding whenever
possible for manipulating materials and equipment.

3. The feasibilit+v of remote tongs being used through a ball
Joint is being considere”

L. A dry box is _..ng investigated which will relieve pressure
through the back in case of an explosion.

Reference Number of This Incident: L-10

Duplication of this report is authorized




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 12

Explosion in Oxygan~Nitrogen Manifold

Description: An explosion occurrei in the oxygen-nitrogen manifold which
feeds an experimental unit. The laboratory technician

opening the oxygen valve received lacerations to his left hand when the
explosion ruptured a stainless steel tee. The experimental unit was being
started up by nornal procedures during which a nitrogen purge was required
to be followed by oxygen introduced through a manifold into a hydrocsrbon
stream, However, thsre was a delay invclved and a nitrogen purge was used
for some 3% hours befor: the unit was ready for oxygen addition. As soon
as the oxygen was introduced, the explosion occurred.

Cause: Sometime during the 3% hour period in which the nitrogen purgs

was used, the hydrocarbon process rressure must have axceseded the
nitrogen cylinder prassure, allowing hydrocarbon to fiow back through the
manifold and into the nitiruvgen bottle. This is substantiated by a sub-
sequent analysis of the contents of the nitrogen cylinder which showed a
2 mole ¥ of hydrocarbon in the nitrogsn. when oxyzasn was then introduced,
it is assuned that this line was still contaminated with hydrocarbon
which exgloded.

Preventive Measures:

l. The complete system, including the nitrogen-oxygen manifold,
will be enciosed within a steel barricade, and sll block valves will be
replaced by remote operators.

2. Extensive revision will be made to the instrusentation and
control system so that flow reversals or other upsets will automatically
shut down the syatem.

Reference Nimber of This Incident: L-11

Duplication of this repnrt is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 13
Explosion Durirg Handling Sensitive Explosive Material

Description: A research chemist was uncertain as to the present purity

of a substance prepared 8 months earlier and attempted to
recover what material he could from the sample. He placed the ssmpls in
a solvent and started to filter the solution using a sintered glass filter
and a vacuum filter flask. As the filtration was in progress, the material
exploded. The employee received punctures wounds and lacerations of hands
and puncture wounds to his cheek and chest from the flying glass.

Cause: The chemical which exploded is relatively safe to handlie when

cdamp, but is shock sensitive when dry. It is believed that a
portion of the material became completely dry on the filter and detonated
when the employee touched it.

Preventive Measurss: Future operations of this nature will be performed
in a laborastory hood with additional personnel
protective equipment provided the employee.

Reference Number of This Incideant: L-12

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
w‘ﬂhingwn 25’ D. C.

ASESB Explosive Incident Report No. Lk

Laboratory Explosion

Deacriptions An employee had removed an explosive mix from a drying oven
for testing. He was in the act of removing the mix from the
crystai by holding the crystal in his left hand and scraping the mix with
a spatula held in his right hand. The mix (approximately 2.5 graas)
detonated. He receivad severec damage to his left hand including amputations
to index and middle fingers, laceration and tendon damage to ring finger
and fracture contusions and lacerationz to little finger, with minor lacer-
ations and burns to thumb. On his right hand, he received a laceration to
the web of the thumb and powder burns to his hand. He also received powder
burrs and minor lacerations to his face.

Preventive Measures:

1. In *the future, wet mix will bs added to the ignition chamber
" the calorimeter unit and then it will be dried prior to testing,

2. Bmwployees will be instructed to refrain from holding sample
mixes on waich crystals with bare hands. Forceps or tongs will be used.

3. Similar operations of this type will be conducted behind a
suitable barricade.

Reference Number of This Incident: L-13

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 15

Fatal Accident Involving Fluoride Mixture in Steel Cylinder

Descripticnt Several hundred grams of crude reaction mixture involving

nitrogen trifluoride and tetrafluorohydrazine had been
collected three days prior to the incident in a small stainless steel
cylinder. During the opening of valves to measure the cylinderis pressure
by means of an attached pressure gauge, the cylinder ruptured with coa-
siderable force and was torn into three pleces. The exact cause has not
yet been completely established. A firebsll of exploding gas filled a
one~-story room, blowing out windows and loosening some cinder blocks in
the walls. A technical trainee who was opening the valves received the
full force of the blast and died from multiple internal injuries. An
engineer who was in the same room was knocked down and sustained a
fractuared leg and perfcrated eardrum.

Cause: Not yet completely determined.

Preventive Measures: The operation will be barricaded and operated by
remote control,

Reference Number of This In:idents L-1L

Duplicaticn of ithis report is authorized,




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washingtcn 25, D. Co

ASESB Explosive Incident Report No. 16

Laboratory Explosion

Description: A laboratory employse was working with an organo lithiua

compound in a dry box. He was holding a amall glass flask,
containing about 0.1 gram of material, by the neck in his left hand. As
he approached the flask with a spatula in his right hand, there was an
explosion. The employee received mcderate to severe lacerationrs in the
palm of }is left hand as well as the little and ring finger,

Causs: It is believed that the explosion was due to a static discharge
between the spatuls and the glass flask or the small amount of
material in the fiask.

Preventive Measures:

1. This incident resulted in short, shielded tongs being msde
up for use insidv of a dry box. Also a shielded spatula has been made
up for use in this type of work.

2. The need to limit the quantitias of unimown potentially
hazardous materials in dry box work has been reviewed with all concerned.

3. Additional flexible transparent plastic (Ethyl Cellulose)
shielding is bsing considered for use inside of the dry box, including
a piece on the inside of the dry box cover glass in the area through
which the operator looks to do his work.

L. A1l employees have been encouraged to use polyethylene

equipnent to reduce potentizl tissue damaze when parts of the body are
axposed to an sxplosion.

Referance Number of This Incident: L-15

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASZSB Explosive Incident Report No. 17

Laboratory Explosion

Description: On Decembsr o, 1960, an explosion occurred while Difluoramine

was being cordensed down with liquid nitrogen. The sefety
shield contained most of the glass fragments, although personnel received
a few supsrficial cuts.

Cause: The explosion was probably due to the sensitivity of solid HNFp

although there was some evidence for the presence of non-conden=-
sible gases.

Referance Number of This Incident: L-16

Duplication of tkis report is authorizad.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 18

Propellant Explosion

Descriptions On December 30, 1960 at 11115, an explosion occurred in

B-Range Laboratory, due to the cook-off of 6 grams of
plastisol propellant which was being heated to obtain gas samples of the
decomposition products. The sample was contained in a small test tube
in an oven in the hood, and extent of damags was confined to the breskage
of that test tuba and the associated manoms:er used for measuring the
pressure. Safety glasses wore being worn at the tima of the explosion;
however, it is pointed out that the pressure burst was well contained by
ths hood which had the safety glass front down and hence, there was no

flying glass.
Preventive Measures: As a result of the explosion, the following operating

procedures will be changed in this lsboratory:

1. Times to deflagration will be determined on all samples befcre
they are decomposed in the laboratory to obtain decompositicn product.

2. The iront of the hood will bs doubls-shecked at all times
before the start of a run to make sure that it is down.

3. Gloves and armlets will be worn when manipulations are
reguired by the operator iz tne hood.

4o Soft-side gogzgles will replace the safety glasses bsing worn
by the operator at the time of tie explosion.,

Reference Number of Tbis Incident: L-17

Duplication of this report is authorised.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 19 (Fire)

Orass Fire Behind Chemistry Laboratories

Descriptions On January 30, 1961, shortly before noon, a grass {ire was

observed around the borun hydrids disposal pit in the rear
of Gorgas Laboratory. The fire insids the fence was put on% by use of
fire extinguishers and the broom. The Fire Depsariment arrived about 10
minutes after the fire was observed, and put out the fire which had spread
beyond the fence.

Cause: During the morning, two sziuples of boron hydride waste had been
put in the pit. Prssumably one of these underwent spontaneous
combustion and dry vesstation around the pit was ignited.

Preventive lHsasures: Prevention of such fires can bLe accomplisi.ed by
eliminating vegetation around the pit. This may
possibly bs done by use of salt, vegetation killer, cr some sort of
paving around the pit.

Refersnce Wumber of This Incident: 1~-18

Duplication of this report is authorized.




ARMED SERVTCRES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No, 20

Spontaneous Ignition of Motor

Dascriptions On Januery 30, 1961, about 9340 AM, a 2C1.5-2 motor ignited
spontaneously while it was being preparea for loading. The
ronnd was one of tr > submitted for evaluation by Chemistry which contained
encapsulated hydride pellets cast in a plaatisol propellant. Ths rounds
had been receivsd on January 26th and had been stored in a dessicator
during the interim period. The actual operation being performed was simply
clesning the ends and t. reads of the motor body with acetone to assure
safety in applying the head and nozzle fixtures. This cleaning was being
done alter discussicn as to the procedure to use. The enda of the first
motcr were cleaued successfully. 7The second motor ignited spontaneously
when the top end (casting wiseg was being cleaned. The motcr was clamped
in the trimuing table and was held securely wbile burning. The operator
observed the point source ignition and backed away quickly, preventing
injury to himself. The vnly damage done was the burning of & hole in the
bott-m of the scrap bucket below the trimming table, although this buckst
contained no scrap at the time. The showers in the bay would not turn on
when the cord in the hall was pulled, indicating that these need checking
more often. Otherwise, safety precautions in effect worked as planned.

Causes The cause of ignition is presumed to be due to the presence of

water in the acetone, and that the a-etone came in contact with
a hydride pellet which was not completely encapsulated, causing it to
ignite spontanecusly.

Preventive Msasures: This operation will not be carried out again on
motors conteiniz> this material.

Refersace Number of This Incident: L-19

Myplication of this report is a uthorized.




ARMED SERVICES EXFLOSTVES SAFELY BOARD
Washington 5. U. C.

ASESB Explosive Incidsut ieport No. ZJl

Incident in Chemical Processing

Description: On February 1, 1961, a thin wall oxygen bomb (LUU psi rating)

was fitled with 1aobutvlono by chilling the bumb in a« dry
Jce=-acetons bath and prermitting isobutylene vapor to condenss in it. The
bomb, with valve closed, was then allowed to warm to room tem.orature. At
sorse unknown temperature the bomdb ruptured and was jropsiled ascruvas the
roo, striking and bruising tha elbow of a nwarby oporator. The vapor
pressure of isobutylsne at 25°C is about 30 psiy (b.p., -7°C), so that the
system was of adequaie strength as long as the bomb was not filled complotely
with 1iquid. Hydrostatic rupture frum improper filling could, and did,
produce only a mild propulsive force. It is considered, however, that a
serious hazard lay in the rapid releases of flammable vapor in an occupled
area as the isobutylene beiled on escaping into the air. We wors fortunatle
that a stetic spark or one from the bomb striking the concrete {loour did
not ignite the vapor.

Preventive Msasures: A mechanical means, if possible, will be devised to
prevent overfilling of this bomb; failing this, other
cafeguards to the same end wiil be included in the operating procedure.

Reference Number of This Incidents L-20

Duplication of this report is authorized.
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ARMED 8.'.VICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Rsport No, 22

Ignition of (Qas Mixture

Description: On February 8, 1961, at approximately 3:00 PM, spontansous

ignition of vhe hydrogen-oxygen mixture in the 10,000 psi
pressure tested-gas-mixing cylinder of the C~Range detonation tuve occurred.
The gas mixture was criginally comprised of 300 psi H,, 200 psi & and 200 psi
0, and at a total pressure of 700 psig. At the tims gf the ignition, the
cylinder pressure was approximately LOO psig. No personnsl injury occurred
and damage to the gas mixing system was less than $50.2C.

This ignition differed from those rsported earlier in that no
burn-through occurrec (heavisr walled tubing was installed in manifold
system after the last spontanecus igniiion) and the ignition occurred
waen the operatcr began closing the cylinder valve. This valve had been
degreased and all inner surfaces coated with Kel-F greass. Later exsm-
ination of the valve and similar velves showed that component parts are
well groundad with exception of brass packing gland. As this gland is
belind the seal and does not see the explosive gas mixturs, spark ignition
from a static charge resulting from gas flow would seem unlikely. One of
the previous ignitions occurred only after the cperator began to fully
open the valve and before any gas flow took place (manifold lines were
pre-rressurized with A). Catalytic action by a freshly exposed metsl
surface is the only likely explanstion that can be offered at this time.

Reference dumber cf This Incident: [~21

Duplication of this report is mthoriszed.




ARMED SERVICES EXPLUSIVES SAFETY WOARD
washington 25, D. C.

ASESB Explosive Incident Report No. 23

Laborstory Fire and Explcsion

Description: An accident involving a fire and an explosion occurred at
spproximately 2300 PN on March 28, 1961 in the hood ¢n the
right hand side of the laboratory. The hcod was used for storing toxic
materials as well as for chauical oparations. At the time of the accident,
it contained 200 g. of BAND, 5 g. of Jdecaborane, 300 ml. of dimethylsulfide,
100 g. of boron trichloride (b.p, 12°C) in a metal low pressure bottls, 30
g+ of tetramethylammonium nonaborolydride (12) and 1 g. of vinylmethyl-
tetrazole triborane (7). All of the materials except the last two were
known to be steble in storage. Furthermors, no difficulty hsd been experi-
enced in storing tetramethylammonium nonaborohydride (12) during the lsst
6 months. Very little information was available concerning the stability
of the lact ma‘eriai except that it was known to be very shock sensitive.
A fire started, apparently due to the spontuneous decomposition of one of
the last two compounds listed ebove. This, in turn, most likely ignited
some of the cther matericl in the hood. {The dimethylsulfide was recovered
unharmed.) The heat from the fire caused lhe borontrichloride container
to rupture. The shock wave thus creatad shattered ths hood window, bant
ons of the metal sidea of the hood and threw debrls into a glass vacuum
1ine. No chemical operations wers being perforrmd in the hvod or the
vacuum line at the time of the accident,

Reference Number of This Incident: L1-22

Duplication of this report is authorised.




ARMED SrRVICES EXPLOSIVES SAFETY BOARD
w”hingbon 25, D. Ce

ASESB Explosive Incident Raport No. 24

Laboratory Explosicn

Description: On August 2, 1961, during the isolation of 2,6~di~t=butyl-

L=ni tro-phenol according to an apparently well defIned
li%erature procedure, an explosion occurred resuiting in broken glasswars
but tortunately no injuriss to personnel. The procedure followed is
outlined below. 2,5-di-t-butylphenol in cold acetic acid was treated
with a niwric-acetic acid solution. The reaction mixture was made
alkaline, filtered, acidified, and extracted with chloroform. The
chloroform extract {ca. 500 ml. containing no more than two grams of
material) was placed on a Rinco evaporator and warmed with a steam bath.
After about 2-3 minutes, the explosion occurred with enough violence to
completely destroy the fiask and a few pisces of surrounding glassware
and scatter the rings from the steam bath around the hood. The operator
was observing the process when the explosion took place but BECAUSE OF
THE HOOD DOOR AND SA*ETY GLASSES, hE SUSTAINED NO INJURIES.

Causes It is reasonable to assume that the violent decomposition was

initiated by the heat from the steam bath, however, i!{ is not
known at this time whether the desired nitrophenol or a possible poly-
nitro derivative was the actual explosive.

One point which should be emphasized regarding this incident is
that other materials than §F compounds are sources of potential explosion.
Preoccupation with the hazards of NF materials tends to overshadow the
danger presented by ctler types of explosives, known as such or not,
Therefors, compounds containing any high energy functional group or
reacticns which might inadvertently produce one should be treated with
due respect.

Reference Number of This Incident: L;23

{ Duplication of this report is authorized,
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ARMED SERVICES EXPLUSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 25

Laboratory Fire

Descriptions Ethyl ether solvent containing dissolved difluorourea
(extracted crude fluorination product) was being poured
frcm a 500-ml. flask into a separatory funnel xounted on a rack when the
poured liquid ignited. The operator set down the flask on the bench top
and retreated. The burning solvent spread over a small area of the
bench top, engulfing a wooden taest-tuhe rack, a piece of rubber hosze and
the eleciric cord attached to an elecuric motor, currently inactive.
Two minor explcsions, spats, which may be attributed tc¢ ssmples contained
in NMR tubes resting in the tast-tube rack, were heard during the fire.
No injuries were sustained by any personnel. Damages consisted in loss
of the rlask, test-tube rack, rubber hose and electric cord, probably
not exceeding $10.00 in total value.

Cause: The fire may have been initiated by chemical reaction involving
products of decomposition of difluorurea and air, or by static
discharge produced by pouring the ether.

The fire was extiaguished ., se of an extinguisher which had
to be procured from another laboratory. 201K FIRE EXTINJUISHIRS WITH
WHICH THIS LABORATORY (AND ALL CTHZER LABORATORIZS) IS ZQUIPPED ARAE MOUNTED
INSIDE THE LABORATORY AND WSRE INACCSSSIBLE #ITHOUT =XPOSURE HAZARD ONCE
PERSONNEL HAD LEFT THE VICINITY.

Reference Number of This Incident: L=2i

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY B0ARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 25

Explosion Igniter Composition During Mixing

Description: Explosion occurred in mechanical mix wing of pyrotechnic area
on February 21, 1261, during mixing boron-potassiua nitrate
igniter composition of the following formula: 3257 grams boron, 9362 grams
potassium nitrate, 999 grams iaminac and 500 grams trichloroetnylens. The
izoiter composition was teing mixed in Simpson Inteasive Mixer by remote
control, utilizing mix-muller principle. The boron, laminac and trichlioro-
ethylens had been mixed through a mixing cycle of 10 minutes. The operator
poured the potassium nitrate on top of the pre-nix, retired to the operator's
station, and started the mixer for a 20-minute nixing cycla. After the
mixer had bsen in operation for approximately S minutes, an explosion occurred.
A s svisor raceived second desree burns on the left hand. Three light
f* res and interconnecting electric conduit, air control system of room
a and mechanical linkage of room door damaged. Ceiling and blow-off roof
extensively damaged. All paint burned off room. Possibls minor damage to
mixer. Glass cracked on observation port. The present design and layout
of the mechanical ix wing room is inadequate for mixing large batches of
hot compositions. The flame from the explosion flashed around the edge of
the door of the mixing room, which caused the injury involved in the inci-
dent. The flame flashed through a 12-inch reinforced concrete wall; around
an electrical conduit, into an adjacent room, leaving burned residue on the
ceiling and on zlass blocks near floor level and next to the door of the
room. The air-operated door of the room came open some time after the inci-
dent and prior to arrival of fire protection division personnel, and when
the door opened, the interlock switch shut off the mixer. The flame flashed
through a conduit port in the wall, bouncing oif the back wall-of- the
mechanical mix wing. The supervisor of the operation stated that he had
checked operation of une mixer, via the vision port, just prior to the
explosion and everything was norwal.

Cause: Exact cause undetermined. Possible causes:

1. The mullers and scrapers of the mixer may have got out of
adjustment allowing them to ride on the bottom of the mixer, which could
cause friction, initiating the composition.

2. The laminac binder may have built up on the muller, and could
rub the bottom of the mixer, causiag enouzh friction to initiate the
composition.

3. Composition may have built up at the edge of the dumping door,
which could have been pinched by the scraper passing over it.




L. Compcsition may have besen pinched between moviig parts of
the mix-muller assembly.

Preventive Measures:

1. The batch size for mixing in the mechanical mix wing should
be limited to a maximum >f 1S pounds.

2. The inner doors of the rooms should be m>dified to prevent
flash arounds.

3. Lizht wood or transite blow-out doors should be installed
on all rooms of the mechanical mix wing.

ite Door controls inside the mechanical mix rooas should be
enclosed in boxaes to prevent the possibility of pressure from explosions
opaning thLe rcom doors.

Se Mullers and scrapers of mixers should be gauged at the start
of each shift to assure ti.at adeguate clearance is maintainsd.

6. The mixer should be modified to facilitate remote control
dumping.

Refarance Number of This Incident: 992

Duplication of this report is suthorizead.




AUIED SERVICES EXPLOSIVES SAFETY BUARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 27

Explosion at Furn Uven During Disposal

Description: On April 12, 1961, an explosion occurred during disposal by
burning of wrarious explosive items. A considerable variety

of explosive items were scheduled for disposal, either by open pit burning,
or by means of a ourn oven. A small quantity had been accumulated, with
the balance to be delivered to the disposal grounds. The operation began
at approximately 7:30 AM when & member of the EOD team drove tc the site,
stoked the burn oven and ignited the fire. iHe brought with him a small
but varied lot of explosives which had been picked up from tne various
rang2s and stored in magazines. The items ware placed in a receptacle not
far from the oven. Some days prior, the oven had been thoroughly cleaned
out and a small quantity of unexploded items found in the ashes were re-
moved and placed in this same receptacle., After satisfying himself that
the fire was burning properly, the emplcyee cleared the area and returned
to his station. At approximately £:45 AM this same individusl returned,
with a seccrd EJD man, to the disposal grounds. At the locked entrance

srricade they met an employee who had just arrived with a truckload of
explosive items. The three employees proceeded to the burn site, parking
the vehicles about 125' from the oven. The two EOD men disposed of all
itoms contained in the recertacle, and then transferred operations to the
axplosives items on the truck. The material was handed down, examined,
and thoses requiring open pit burning were removed and set aside. The
jitems to be burned were placed in an aiuminum wheelbarrow, wheeled to the
oven, and as one man manipulated the controls of the gates in the oven
feed chute, the other deposited the items into> the mouth of the chute.
This routine continued and appeared to be progressing normally when a—
violent explosion occurred, completely destroying the oven and blowing
all three men off their feet. (The third man remained with the truck.)
Two of the msn were injured, one receiving severs contusion and sbrasions
on his back and the other, wounds and a lacerated scalp.

Cause: Probable causas:

1, Ths M3 burster tubes (containing one ounce tetryl explosive
charge each) were placed in the oven "two at a time" and there is a atrong
probability that more than two were placed in the chute at one time.

Since no M8 bursters ware returned to the magazines, it is assumed the
total quantity of 51 was placed in the cven prior to the explosion. It
is also considered possible that a guantity of unburned burstar tubdes
accumulated witnin the oven resulted in the detonation.

M
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2. The materials being destroyed are part of a long range
program to dispcse of items which have accumilated in ths magazines.

Many items have been stored for 15 yearse

Referance Number of This Incident: 998

Duplication cf this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Waskington 25, D. C.

ASESB Explosive Incident Report Wo. 28

Function of M71AS Base Fuze During Jrop Testing

Description: The incidant occurred on May 1, 1961 during routine sur-
veillance drop test on M91AS5 buse fuzes. The firing was
performed by pulling a lanyard and dropping a weight on the fuze. dWhen
the employee picked up a fuze, the tray containing other fuzes tilted
and fell 16", landing on a steel plate, and one of the fuzes fired.
The employee received superficial laceration of right hand, arm and leg
with hair line fracture of upper right tibia (right leg). i property
damage.

Cause: Failure to follow established procedure. The procedure called

for assembling the fuze just prior tc the drop test firing. The
M91AS fuzes have a fuze head and fuze body, the explosive being in the
body. As long as the two are separats, they are comparatively safe. A
number of assembled fuzes were found laying about the room.

Preventive Measures:

1. To further eliminate the possibility of human error, the
procedure is being revised to require the fuze hsad and body to be
assembled in the drop test firing device just prior to the drop teat.

2. Znsure that supervisory personnel exercise their respon-
sibilities for the safe conduct of assigned tasks.

3. Re-instruct all employees on safe job performance, strossing
individual responsibility for alertness to accident hazards and also
stressing NzZVER SACRIFICE SAFETY FOR TIME.

Reference Number of This Incident: 995

Cuplication of this report is authorized,
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ARMED SERVICES EXPLOSIVES SAFETY BGARD
Waghington 2%, D. C.

ASESB Zrplosive incident Report No. %

Rocket Xotor Explosion

Description: Explosion occurred on September 6, 1961, involving a Wing
1 conventional solid yropellant rocket mctor, 12,000 p-Hunds,
scale model. During a cutback operation and pre-operation of the cutting
device, sparks were noted which subsequently ignited the motor grain.
Cause: Undeterminad. Probable causes:
1. Explosives lust in cutting tool.
2 The stiriking of meal against the jack device.

3. Foreign material in the powder.

Investigation of the incident in progress. This specific
operation will be resumed in approximately 10 days.

Reference Number of This Incident: 999

Duplication of this report is authorized.
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ARMED SERVICS EXPLOSIVES SAFETY BOARD
¥ashington 25, D, C,

ASESB Explosive Incident Report No., 30

Explosion of Propellant Components During Storage

Jescription: On September 15, 1961, explosion occurred during storage of

26 peunds of various R&D propellant components (20 items ranging
from a few grams to 2 or 3 pounds), Items were stored in magazette (a small
box constructed of 5 inches reinforced concrete, with dimensions 44" x 49" x 60"),

Two adjacent magazettes were blown over, but undamaged., Minor property damage.
No injuries.

Cause: Unknown, but dry HiF suspect. HNF normally kept wet with carbon tetra-

chloride. Investigation in progress.

Reference Number of this Incident: T-162

Duplication of this report is authorized.

(SEE ATTACHED SHEET FOR ADDITIONAL INFORMATION)




ARMEL SERVICES EXPLOSIVES SAFETY BOARD
waShington 25, Do C.

Additional Informaticn on ASESB Explosive Incident Report No, 30

The magazette involved was located approximately 100 feet from a prupel-
lant and explosives laboratory building, and was used for temporary storage of
small quantities of material used in the bullding laboratories. Contents of
this magazetie were: 3-5 pounds petrin, 100 grams TEiH, trace of THZTH, two
l.pound bottles desensitized TPTH, five l-pound bottles desensitized CPhHN,
100 grams polyglycidyl nitrate, 50 grams TN-TACOT {did not explode), 5 pounds
HMX(200u) wet, 5 pounds coated MH,CiOy, 25 grams HMX, 2 pounds hydrazine nitrate,
100 grams TAG azide, 50 grams TAG perchlorats, 50 grams TAG nitrate, 3.5 grans
TAG nitroform and 3 classified materials totalling less th-n 1 pound,

The explosion occurred after normal working hours and the area was clear.

One side of the magazette was a metal (aluminum) door and the.~ was one
metal shelf about hoif-way up. The magazette sat upon a solid unreinforced
concrete pedestal, bul was not attached to it. A1l features except the metal
shelf were typical of the two adjacenl magazet also.

The sides and top of the mozazette involved were completely dexmolished,
the concrete btroken into fragments varying in size from around 8 inches in
diameter to pea-gravel, and thrown as far as 10C0 fest. Reinforcing rod found
was completely clean, nc concrete adhering to it. The floor of the magazeotte
was shattered and cratered. Large :hunks were broken from thes elces of the
concrete pedestal and it was deeply cracked. The door was shattercd and pieces
of it thrown forward vp to 900 feet. The door frarme was broken into iis four
constituent pieces of angle., The transite roof of the walkway irmediately
behind the magazette was shattered up %o the rid;z to a linited distance on
either side. The pipe columns supporting this rocf were unscathed.

The other two magazettes were blown off their pedestals but their
contents did not detonate or burn,

No further information at this time as to cause of detonation or what
detonated first.




ARYED SERVICES EXPLOSIVES SAFETY BCARD
washirgton 25, D. C.

AS:SB Explosive Incident Report No. 31

Pre-Ignition of Illuminating Powder

Descripticn: Un September 8, 1961, during demilitarization of Mk 27 Mod

0 flare involving the removal of illuminating pcwder, a
pre=igaiticn occurred causing first and seccnd degree burns on face and
hands to three personnel, Pressures generated from tns initiation dis-
rupted corrugated roof covering tne missile operating bay.

Cause: Unknown at present. Investigation in progress.

Reference Number of This Incident: T=-158

Duplication of this report is authorized.
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ARMED SZRVICES EXFLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No, 32

Diborane Surge Tank Explosion

Description: At :2:3v PM on March 15, 1961, a diborane surge tank dis-

. intezrated with severe resultant loss. The tank in question
ked a capacity of 2000 cubic feet, 8 feet inside diameter x 30 feet lorng,
and was constructed of l-inch thick steel, It had a settling or sump tank
of about 2 feet diameter of 3/L-inch thick steel. Tre tank served as
storage for diborane and was operated between 175 and 225 psig. It was
designed for a working pressure of 296 psi with a design safety factor of
Lo At the time of the explosion, the pressure in the tank was 192 psig
with a temperature of 12°C. From the pressure, temperature, and purity
calculations, 1,775 pounds of diborane were present in the tank at the time
of failure. The tank was located about 75 feet from the nearest plece of
adjacent equipment and was barricaded on three sides by a 2L~inch thick °*
roinforced concrete wall. The tank, prior to installation, had bsen com-
rletely radiosraphed and stress-relieved. The tank failure which took place
fregnented the rank and made rubble out of the tiree barricading walls
around it. Pieces of the tank traveled more than 2200 feet. Other equip-
nment in the arsa of the tank was not damaed but one piece of steel cut
four process lines in a unit located 1800 feet away. The fire which
resulted from the severin; of these lines was minor and completely extin-
guished in less than 1C minutes after occurrencs.

Cause: Since there was some concern that a detonation may have occurred
in the tank due to some trace impurities, and in order to fully
evaluate what occurred, expert consultants from outside the company were
obtained. An explosion consultant examined the locale of the explosion
and the debris and debris pattern and then, based on the information
available to him, drew the followinz conclusions in his report:

"The blast pattern and maznitude of the explosion of the diborane
surze tank explosion of March 15 may be explained on the basis of cne of
the following two mechanisms:

1. Simple (probable dafect.) mechanical failure of the tank under
its operating pressure.

2. A surge or pressure, which evidently could have been producad
only by an explosion of relatively small amount of some uaknown explosive
condensate inside the surge tank locaiized at the point of initial failur-
of the tank."

'
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toughness would have decreasecd the degree of fragmentation but it
probably would not have prevented ultimate failure of the drum."

Based on the foregoing conclusions of these consultants plus a
calculation which indicates that the same damage could have been done
to the tank if only an inert gas had been in the tank, the conclusion
reached is that the tank failure was precipitaiad by a ccupiex stress
system which had been set up by a defective welding procedurs used in
the installation of a platform support which hed been attachei directly
to the tank by weldinge.

Commants Concerning the Explosion: On an unplanned basis, a spill test
for diborane occurred. It is interest~
ing to note that minor damage, if any, occurred as a result of tne release
of over 1700 pounds of diborane. F£ssentially, the material, as released,
burned as an envelope without any evidence of detcnation taking place.
This is interesting since optimum mixtures of diborsne in air have a flame
speed of up to 2500 msaters per second which is actually above detonation
velocities. It is also significant that in spite of the largd amount of
material released and in spite of the toxicity of the material, the area
wes not contaminated and n> persemnel received over-exposures resulting

in toxic symptons and that the extent of tie damage was definitely
locslized.

Preventive Heasures:

1. There must be definite assurance backed up by Engineering
iaspection that vessels which are installed in critical servics do not
have their propertiec altered by additional field welding on them unless
such welding or heating is done in accordance and to meet the conditions
as originaliy prescribed and designed into the vessel.

2. A second and more important consideration invelved here is
to design a plant such that the inventory of hazardous material or the
instailation of large tanks under pressure be minimized as much as
posaible. In this particular case, it was possible to eliminats the
invermediate storaze or hold-up of diborane completely by minor modi-
fication in piping, instrumentaticn, and operating conditions of the
system producing this material. The desi:n safety engineer should
examine inventories of all materials very critically to assure the
safest and best design.

Reference Number of this Incident: L-25

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
washinzton 25, D. C.

AS5S3 lxplosive Incident Report No. 33

Rotometer Guard Shattered

Description: While an operator was checking on the flow of material

through a rotometer, it ruptured with sufficient force to
break the lucite guard, spraying a dilute hydrofluoric acid solution
over his face, chest, arms and legs. The operator's monogoggzles pre-
vented serious eye injury. The provided lucite guard shattered and
proved inadequate under the LS-pound pressure. The glass rotometer
which broks had a decsigned pressure of 185 pounds.

Cause: The exact cause of the rotometer's breaking has not been
conclusively determined.

Preventive Measures: The zlass tube rotometer has been replaced with
a metal tube tyre rotometer and a check valve
has been installed between the eductor and the rotometer.

Reference Number of This Incident: I~26

Duplication of tlis report i> authorized.




ARVED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 3L

Nitroglycerin Stability Test

Description: A tecknologist was carrying out a stability test on nitro-

glycerin and on mixtures c¢f nitroglycerin with various
materials. Eight loosely-stoppered 6-inch test tubes were immersed in
an oil bath at 82°C. The oil bath was contained in a stainless steel
besker heated by an electric mantle, Alter the test had been underway
for some time, a small puff of smoke appsared in one of the tubes. A
detonation occurred immediately involving all tubes, a total of 20 to 25
grams of nitroglycerin. The technologist sustained a fractured elbow
and fractures and lacerations of severai fingers.

Cause: Test equirment was rot shielded.

Preventive Measures: The heating bath will be redesigned and adequate

shielding will be provided before the test is run
again.

Referencn Number of This Incident: 1-27

Duplication of this report is authorized,
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ArtED SERVICES - .FLUOSIViS SAFEIY BUARD
Waghington 25, J. C,.

ASESB Explosive Incident Report No. 35

sxplosion of Detonators

Description: On August 28, 1961, 33 detonators exploded en masse while

operator was transferring detonators from tray at knockout
station on iouding machine to a carcooard packing carton. Each detonator
contained - upper charge U0 mgs pri-.er mix, 85 mgs lead azide intermediate
charge, 32.% mgs RDX lower charge. 3 detonator cup and closing disc
were stainless steel. The operational shield at thic station on the
loading machine was constructed of % inch plexiglass. One operator
received severe damage to both hands and a mechanic standiny near this
station received minor injury from fragments in both arms. The mechanic
was given first aid and returned te work. There was no dama2ze to eguip-
ment, or building.

Ceuse: Investigation of the incident indicated that standing operating
procedures wers being followed. Direct cause of the ircident
has not been determined, but probabilities considered were:

1. Impact, caused bv operator striking one detonator ggainst
another with contaminaticn on <he exterior.

2. Contamination in tne :ackinz tray caused by re-use of same
packing materials. This has been discontinued.

3¢ Impact, as a result of strixing the top of one detonator
in the packing tray which had been lcaded without a cleosing disc.

Preventive Measures:

1. Improve crera‘tional shields at the work station.

2. Install a rubber cup containing water to receive reject
detonators. is eliminztes fandling reject letonators.,

Reference Number of This Iaciijant: 120

Duplication of this repcrti is authorized.
P F
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 23, D, C,

tdditional Information on Operational Incident Report No, 35

The following preventive measure for the dangerous situation described
in the first cf the two incidents cited was offered by a valve manufacturer:

"As a modification of our valves we can supply the plug with a 1/8"
drilled vent hole in the nlug. This hole ic drilled in the side of the plug
through to the plug port., When the plug is in the closed position the
liquid then entrapped in the plug port can drain or at least relieve the
pressure of the liquid entrapped. This feature is most commonly utilized on
liquid chlorine or other liquefied gas services, We have rever had a request
nor have we experienced problems such as described on HF service. In any
case, this 'vented plug' could be utilized.”
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Corments: Maintenance records indicated that repacking of all four packing glands
was accomplished 15 days prior to the incident. The packing material

utilized in the glands is jute, impre;nated with liquid polymer. Clearances
between mixer blade shafts and bowl ends were checked at the time the glands were
repacked and found to be within acceptable tolerances. The mixer cover was
constructed of 1" x 2" x 3" angles welded to the sheet to provide rigidity. The
welght of the mixer cover (75 pounds) and type of construction tended to confine
ae initial pressures and probably contributed to the severity of the explosion.

.sassembly and inspection of mixer for worn parts and examination of blades was
required annually or every 2000 operating hours, whichever occurred first,
Records showed that mixer was put into operational status approximately 1l year
and 2 months prior to the explosion. The required disasgembly and insrection was
not accomplished during this period.

Preventive Measures:

i. Blades and other moving parts of new mixers shall be carefully
inspected (X-ray, magnafiux, etc.) for cracks, crevices and other imperfections
before being placed in operation. Inspections will also be performed on a
routine basis, not less Irequent than once annually, and after each accident
which results in damage t¢ the mixer.

2, Mixer covers shall be designed to provide immediate venting in event
of a fire in the mixer,

3. Standing operating procedures for maintenance c¢f explosives operating
equipment should be observed at all times,

4, Temperature recording devices should be provided for the packing
gland and bearing areas of the mixer-blade shafts,

Reference Number of this Incident: 1003

Duplication of this report is authorized.




ARMED SERVICLES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Explesive Incident Report No. 37

Explosion of Ammunition During Demolition Operations

2scription: On July 28, 1961, an explosion occurred at a demolition pit. The
pit is prepared by arranging boxes of tetryl booster pellets to
“orm an inclosure, The remainder of the pellets are emptied onto the ground
within the inclosure. The mortar rounds (complete with fuze, primer, ignition
cartridge and increrments attached) are removed from wood boxes and fiber containers
and stacked on top of the tetryl pellet:. inside the inclosure, ruzes are then
placed on top of the mortar rounds and the pit primed with five 500-pound GP boubs.
The bombs are in turn primed with Composition B and Primecord. The pit is fired,
utilizing an electric blasting cap. After charging the pit with approximately
471 rounds of 8lmm mortar ammunition and cther cormponents, a discrepancy was noted
in the count. Four personnel proceceded to the pit to take a recount. The mortar
rounds were removed and recounted., Two of the employees left the pit and waited
in a vehicle parked approximately 50 yards from the pit. While restacking the
mortar rounds, one of the primers was accidentally initiated, which in turn ignited
the exposed increments on the other rounds. The employees evacuated the area in
the vehicle. After traveling approximately 200 yards, the explosives in the pit
detonated. The demolition supervisor suffered burns and minute lacerations on
face, chest, and neck from the burning ignition cartridge and increments.

Cause: Accidental ignition of mortar prinmer.

Preventive Feasures:

1. Explosives or explosives-loaded items (tetryl pellets, fuzes and
compliete rounds) should not be destroyed concurrently.

2. Protection should be provided to vprevent primers in components
cr complete rounds from belng subjected to accidental impact or pressure.

3. Standing operating procedures should be developed, utilizing
Typical Procedures as minimum guides, and approved prior to starting ammunition
demilitarization operations.

L, 211 vehicles should be removed from the demoliticn area to a safe
location prior to charging the pits or opening containers of explosives,

5. During disposal or destruction activities, the number of person-
nel exposed to hazardous conditions and/cr cperations should be kept to a minimunm,

6. Supervisors, forenen, and otera*ors employed at demolition areas
shiouid be thoroughlily trained regarding the nature of the materials hanaled, the
hazards involved, and the vrecautions necessary.

Reference humter of this Incident: 1009

Duplication of this report is authorized.




APMED SERVICES EXPLOSIVES SAFZTY BUARD
Washington 25, D. C.

ASESB Explcsive Incidnet Report No. 35

Dope House Flash Fire

Descriptic..: On September 6, 1961, a flash occurred at the feeder hopper

and veizh pan while mixing dopzs. A Giant Gel ULO¥ dope had
been dumped to the feeder hopper and a small amount of ingredients, pri-
marily sulfur, was still laying along a corner and one side of the sloping
weigh pan. A flash occurred when the operator "punched" a lump through
the grate to the feeder hopper and just when the screen unit was placed in
operation. The flash carried up into the weigh pan along the ingredients
still in the pan.

Cause: Investigation revealed that: the bars of the grate over the dope
reeder are of mild steel. The tamp which is used to "punch®" lumps
through the grate is made entirely of aluminum. The blade is mads of
aluminum floor plate. Operators at Dope House, when questioned, stated
the aluminum blade would spark when striking the steel grate at an angle.
Sparking tests of the tamp blade against steel confirms that this aluminum
floor plate will spark readily when it strikes steel with a glancing blow.
The aluminum floor plate is believed to be of composition containing 0.25%
copper, 0.60% silicon, 1.0C% magnesium and 0.25% chromium. It is satated
to se hardened and non-sparking and has a hardness of 95 Brimell. It is
believed that a critical air-dust mixture existed in the dope ‘eeder and
that a dust flash was set off by a spark wnen the tamp struck the grate.

Preventive Measures: The tamp with the blade made of hard aluminum floor

rlzte was removed from service and a tamp with a soft
aluminum blade was rlaced back in service. (The punch with soft blade had
recently been rcplaced by the harder aluminum to eliminate frequent replace-
ments of the soft blade.) Recent data indicates that practically all com-
binations of metazl ccuples can cause ignition of expiosive atmnospheras by
impact. Alloys are particularly prone to cause ignitions. Sulphur is the
most sensitive material in dope houses to accidental ignition. Only pure
soft aluminum tips should be used on tamps in do ises and all toocls
should be used with care. Steel tools are, <f cu. _2, orohibited.

Reference Number of This Incident: 1011l

duplication of this report is authorized.
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A0MLD 3EAVICES NMrLOSIVIS SASETY 3CARD
Adashington 25, D. C.

ASES3 axplosive Incident Report No. 39

Faiiure of Liquid Oxiiizer Run System (Chlorine Tri Fluorids)

Descrintion: On September 13, 1961, a series of explosions resulted when

an oxidizer (C1F,) run system failed in a barricaied enclosure.
The incident cccurred duriag a“snall scale rocket engine test. The barri-
cade cont:ined the spillage and subsequent explosive reactions. There were
no personnel injuriss and only mianor physicai danage %e the oxidizer system.
A "chug;ing® condition arose 3Juring a shift in oxidizer fluw rate. [re
ensuing vidbraticn pulled the oxidizer ran line out of the "bee" nut located
on the downstream side of tha tank velve. The run tank is remotel, iocated
from the teat stand b, aprroximately 35 feet. gnergency shut down pro-
cedures were immediaiely initiated and oxidizer spillaze stopped :po.
closure o the run i:n%k valve. The d>xidi-er irapped in sectivuns of the
system was allowed tc vaporize tc atmosphere aiter trne area and systen were
inspected and cleaned by rasponsibie personaz2l. The contcats Jf the tank
were disposed of through a shunt to a scrubber. The system w.s at 780 psig
at the time of the incident and approximately 70 pounds of oxidizar was
involved in the spill. Standby fire and safety personnel were fully equipped
with self-contained respiratory apparatus and propellan. suits. The control
block house is pressurized with filtered air from a separate source. The
compiate investigation reveals the importance of placing such a system in
an enclosure to rreclude secondary effects of such an occurrence and to
arrest or confine flying cbjects.

Reference Number of this Incident: 1012

Duplication of this rsport is authorized.
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ARMED SZRVICES =XPLOSIVE SAFETY BOARD
Washington 2%, D. C.

ASESB 3xplosive Incident Report No. LO

Fire During Pressing of irain

Description: On September 12, 1961, a fire occurred in compaction area

of building. At the time of the incident, a compacted grain
consisting of 353 grams was being pressed out of dies asse¢mbled in a LOO-
ton comraction press. A small lccal detonatjon occurred and ignited the
~omaiaing portion of the zrain. One employee received slight burns on
head and face; however, injury was not serious enough to warrant hospital-
ization or release from work. Property damage consicted of 1 broken
window, slizht soiling of building walls, dauage tv 2.5-incn diameter die
(repair cost 350;, and spacer block of tre tocl was eroded by fire and
will require rerlacoment.

Cause: The cause of fire attributed to a looss retaining mandrel in the

press-out tooling. Tunis loose mandrel was misaligned with the
die mandrel and consequently interfered witn a portion of the compacted
grain on press-out by the compaction pross. The destonation occurred at
the point of interference.

Preventive Aeasures: To ensure against possible recurrence of this type

of incident, frequent alignment checks will be made
during operation of the press. In addition, the attachment of the retain-
ing mandrel has becn removed.

As a point of interest, it shnould be noted that the LIO-tarn rreass
has been operated for the past 10 years witnout sn accident, During
this period, aprroximately 1025 grains were successfully and safely
compacted.

Reference Number of this Incident: 1013

Duplication of this report is auathcrizod.
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AMED SERVICES :XPLOSIVES SAFETY 30D
Washington 2%, D Cs

15455 Explosive Incident Report No. Ll

Fiash rire at Dynamite Test Shioting urounds

Descriztion: On October 3, 1761, a flash fire occurred from a tasi shoi.

Two employees loadei a test shot to a pos? hole and stemmed
it with packea earth. The detonaiion of the shot appeared Lo be iacomplsate
from the fire point. Stesming zpd loose dirt were dug from the hole in
order to examine tue crater; but the hcle was deep and, coasaquently,
difficult to examine. O{re employea knelt beside the hols, reeched down
into the hole, and 1lit a cizarette lignter. A flash of flame poured from
the hole, singeing eyebrows, hair, and reddening the face of the employee.
Ths employee required first-aid application but did not lose tine.

Cause: ~rFailure to use good judgment and good sense, and failure to observe
the rule of ™no matches or lighters®" on ths testi site.

Preventive Measures: The employees wer: reprimanded for failure to observe
rules and their lack of good sound judzment. Ail
emplovees at the facility were instructed cn *he match and lighter rule,
and informet about the incident and the results possible from such action.

Reference Number of this Incident: 1014

Duplication of tiis report is authorized.




AU 5a87[CES AXPLOSIVES SAFETY BOARD
wasningtcn 25, D. C.

A3SES3 expiosive Incident laport No. L2

Fire - Ammconium Niirate in Oven

Description: On September 1G, 1751, an oven fire occurred in small

concrete oven building. Cil sensitized ammonium nitrate,
beingz conditioned in an over, ignitad and caused minor fire damage to
the oven.

Czusa: Iavestigation rsvealed that & faulty thermostat was the most
likely cause of the iacident,

Preventive leasures: Existing rules call for douhble control on all

laboratory type ovens. This oven dic not have the
limostat safety control. The oven was revaired and the limastat safety
control installed. A thorough investigation of all existing ovens was
carried on to see that lirostat controls were properly installed and
fanctioninag.

Referance Number >£ this Incident: 1C15

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BUARD
Washington 25, D, C.

Acditional Information on ASESB Explosives Incident Report No, 43

%ethyl Bromide Tank Explosion

This report contained two statements or implications which led to
further inquiries. These were:

1., That recent work irdicates that the explosive limits of aesthyl
broxide in air are greater than those normally recognized.

2. That contact of all non-ferrous metals with methyl bromide should
be avolded.

Regarding 1 above, the summary of a report prepared by the company
which reported this accident includes the statement that a series of tests has
been run to outline the range of explosive concentrations at pressures above
one atmosphere. Lower explosive limits were determined at pressures from ons
to 20 ataospheres and upper explosive limits were determinad to § atmcspheres,
Methods of ignition were found tc be a critical variable. The explosive range
at one atmosphere was found to be from 10% to 15.4% inclusive, a range which
is much troader than the previously published limits of 13.5% to 14.5%.

Regarding 2 above, inquiry was answered as follows:

*The use of the broad terminology 'non-ferrous zetals® was a misnomer
because lead, copper and tin have shown no tendency to react with methyl bromide
under storage conditions, and can be satisfactorily used in methyl tromide
hardling. 2inc, aluminum and magnesium ares known to form pyrophoric grignard
type reaction products. Any other metals readily capable of forming a2 grignard
type of reaction should also be suspected.”

Reference Number of this Incident: L.28

Duplication of this report is authorited,
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washingten 25, D. C.

ASESB Explcsive ITncident Report No, 4kt

Ungtable Nitr¢so Chloride Dorivative

Deacription: The use of nitroso chioride as a reagent for the preparation of

solid derivatives of olefins, has been known for a great many jears
aud has been of especially great value in the characterization ¢rf certain members
of the Terpene series. An accident occurred involving one of these nitroso
chlorides which may serve as a warning to other workers in the field. The nitroso
chloride of alphamethylstyrene was prepared by treating a mixture of the clefin
and amyl nitrate with concentrated hydrochlorie acid in the usual manner (Hicken-
bcttom, Reactions of Organic Compounds, pg. 28). The bluish white crystalline
product vag filtered off, washed with several portions of methyl alcohol and dried
in air. 7Ine dry product was placed in an 8-ounce wide-mouthed screw-cappec bottle.
The following morning, while working in the laboratory, a hissing noise vas heard
coming from the direction of the bottle of nitroso chloride. Turning around,
white smoke was observed escaping from the cap of the bottle, The employee im-
rediately left the laboratory and closed the door. A few seconds later there was
a loud report and thz room became fillied with white smoke. After the fume hood
had cleared the room of smoke, it was reentered so that the damage might be
surveyed. The bottle had remained upright and intact but the Bakelite cap had
been broken into several fragments which were scattered about the room, The
contents of the bottle which had been transformed to a black rasinous material,
Lhad been thrown against the ceiling and over the desk, In addition to the black
rezinous material, there was some yellow granular substance which was probably
only partially decomposed nitroso chloride,

Cause: From the nature of the report and the fact that the bottle was unbroken,

it seemed unlikely that a2 detonation had occurred. Apparently, the
nitrosn chloride had been undergoing slow decomposition for some time and
finally the heat evclved or decomposition products accumulated to the pcint that
the reaction was accelerated and sufficient pressure was built up t> forca the
cap from the bottle,

Preoventive Measures: It is svggested that nitroso chloride be prepared only in
small quanti{ies and that they should be destroyed as soon
as they have been used.

Reference Numbar of thic Incident: 1.29

Duplication of this report is authorized.
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APND SERVICHD EYPLOSIVES SAFT-TY S0tkD

#ashington 25, U, C,

ASESy Explosive Incident Report ilo. 45§

Ignition of Xylene-Petroleum Nantha Vapors

Description: A crystalline intermediate 15 separated from a 50-50 mixiure of

i xylene and petroleum naptha by dropping from an cverhead crye'ii-
lizer into a centrifuge via a stainless steel line., The centrifuge is a

32-inch suspended basket (overdriven) ‘ype. Exhaust ventilaticn is connectiaa to
the casing which effeciively prevents escape of vapors Lo the surroundings.

On this day, two of the seven centrif.ge loads in the batch had been successfully
pro~essed. During the third drop, a flash fire occurred in the centrifuge
basnet, The flames foiced the operator from %:e platform before he ccuald close
the valve on the drop line from the crystallizer. This permitted approxixztely
300 gallons of mixed solvents to flow into the burning basket., Sixty-seven
sprinkler heads cpened in th.5 two-story building, effectively minimizing damage
in the building. Flaming solvent was floated out of the building doors ad icent
to the centrifuge and into a sewer pipe trench, Fire spread in the trench for
approximately 3C0 yards and broke a 12-inch ceramic chemi-al waste pipe in thre
trench, adding fuel to the fire. Despite the intense flam2s, damage was aiuor
and the fire in the building and in the trench was brought under control in a
very short pericd. There were no irjuries.

Cause: The operator stated that this batch was extremely grainy and that the
cake had tuilt up along the tottom of the centrifuge basket to a point

where it was almost touching the nozzle on the peircleum naptha wash line. Since

this particular mixture had given indications that high charges of static elec-

tricity do accumulate, it was felt that the cake had become charged and arced

tc the ground wcsh line, igniting solvent vapors.

Preventive Measures:

1. The process was changed tc elimirate the use of petroleum naptna
in the c¢rystallizer and as a c¢ake wash. Despite the fact that the equipmen’ was
bonded and grounded, it *, ~ifficult to prevent static accumulations in centri-
fuges and where this is a problem, the only safe solution is to change the procesc
or use a different type of extractor.

2. Drop line valves to centrifuges, filter pots and similar pieces

of equipment will be provided wits either self-closing valves, neat-zctivated
valves, or extension handies as the situalion reguires.

Reference Number of this Incident: -3¢

Daoplication of this report is authorized.
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ARMED SERVIES EXPLOSIVES SAFETY BOARD
Washington 25, D, C.

ASESB Explosive Incidernt Report No, 46

Static {harge Fire - Decaborane in Polyethylene Bag

Description: A fire occurred in a test area when a techalclan was working with

decaborane. He had rzmoved a scoop full of the material from a
drum a'd had placed it in a2 polyethylene bag on a work table approximately 1}
feet away from the drum, He heard what he described as a "snap" or ":rackiing”
nolse a3 the materizl in the bag burst into flame, He evacuated the room im-
rediately., Fire spread from the bag to the drum, then to another bag on the floor
next ¢ the drum, Tie fire was extinguished by an overhezl automatic sprinkler
system, Heat from the fire was Zntense encugh to actuate three of the four
sprinkler heads in the room, The technician was wearing prescribed protective
equipment (conductive-sole shoes, flame.proof coveralls, canister-type respirator,
and neoprene gloves;. In addition, the drum of decaboranz was an approved storage
and transport container, and the floor was of concrete treated for conductivity.
(The conductivity of the floor had passed satisfactory inspection only 3 days
before the incident.) Neverthelnss, the technician did :eceive burns on the hand
from the heat of the fire and accumulation of decaborane dust on the glove before
he could remove the glove. Due to the rapid actuation of the automatic sprinkler
system, damage to the building and equipment was slight.

Cause: It is believed that a static charge built up on the scoop and discharged
to the polyethylene bag, passed thrcugzh the decaborane dust in the bag
and ignited it,

rreaventive Measures: It is recommended:

1, 1In operations with decaborane and simila» hazardous materials,
that the drum, scoop and bags be physically bonded by a metal band strap that
terminates at a grcund point common to the entire building.

2., That personnei wear face shields in addition to safety glasses.

3. That comp.ehensive 30}'s be prepared to cover the entire operation.

Reference Number of tnis incident: L.31

Muplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washingtor 25, D, C.

ASESD Explosive Incident Report No. 47

Pentaborane Exposure

Desc:*iption: Two men reacted with what appeared to be toxicosis from pentaborane

after exposure during a disposal operation. The two employees
were cleaning out a cylinder of pentaboranej they were men rogularly assigned to
disposal operations. A charcoal bed was not used in this instance; however, the
men observed the disposal was progressing as expected, and they noted mo unasual
reaction, Total tire of exposure to pentaborans was a 14 minute maximum, Ap-
proximately an hour following the disposal operation, both men began to experience
a “"queasy" fealing. Other difficulties were experienced with psychomotor func-
tions, in memory blocking, lack of coordination, feelings of detachment, and
related quasi-psychotic reactiuns demonstrating the “"classic® symptoms of borane
toxicosis. The incident occurred on a Thurcday; neither victim was rational
until the following Suncday. However, recovery was complete, and there is no
evidence of permanent physical or mental impairment,

ieference Number of this Incident: L-32

Duplication of this report is authorized.




e Y

ARMED SERVICFS EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASFSB Explasive Incident Report No, 48

Explosion Inside Dry Box

Description: A laboratory employee was working with an organo lithium compound

in a dry box. He was holding a small glass flask, containing
about 0.1 gram of material, by the neck in his left hand. As he approached the
flask with a spatula in his right hand, there was an explosion. The employee
received moderate tc severe lacerations in the palm of his left hard as well as
on the little and ring fingors.

Cause: It is believed that the explosion was due to a static discharge between
the spatula and the glass flask or the small amount of material in the
flask.

Preventive Measures:

1. This incident resulted in short, shielded tongs being made up
for use inside o a dry box. 4130 a shielded spatula has been made up for use
in this type of work,

2, The need to limit the quantitie- of unknown potentially hazardous
materials in dry box work has been reviewed with all concerned.

3. Additional flexible transparent plastic (etnyl cellulose) shield-
ing 1s being considered for use inside of the dry box, including a piece on the
inside of the dry box cover glass in the are: through which the operator looks
to do his work.

4, All employees have been encouraged to use polyethyiene equipaent

to reduce potential tissue damage when parts of the body are exposed to an
explosion,

Reference Number of this Incident: L.33

Duplication »f this repcrt is authorized.
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APMED SERVICES EYPLOSIVES SAFETY 30AFD
washington 25, U. C.

ASESB Explosive Incident Report No. 49

Flash Fire - Pyrotechnic Composition

Description: On October 17, 1961, at 9:20 AM, a flash fire occurred at pyrotech.
nic laboratory during loading flares with an experimental pyrotech-
nic composition., Specified amounts of fire clay, dry flare and igniter composi-
tions were weighed into separate conductive rubber containers, The containers
were then transferred one at a time to the press area for incremental consolida-

l tion in the item by means of a 5D-ton press. Two items were loaded and removed
from the room, The two incremenis {50 grams each) for the third jtem were pre-
pared and placed on the worktable. The first increment was placed in the item
and pressed by remote control. The operator ovened the doors, entered the room
and proceeded toward the worktable to obtain the second increment when a flash
rire occurred which consumed all the material in the room (approximately 250
grans flare composition and 50 grams igniter composition). The weighing of pyrc-
technic compositions was conducted in the same room with ‘he pressing operation.
Each operation was separated by a barricade and the opera .ilons sere not being
conducted concurrently., The press cperator received first and second degree
burns on neck, face, and both hands., A second operator, standing outside of rcom,
was treated for shock, The injured employees were not wearing face shields with
bab and fireproof gloves as required by standing cperating procedure, In addi-
ticn, the worktable and welgzhing balance were not grounded as required by the
standing operating procedure,

Cause: FExact cause unknown. Probable causes:
1. Iznition of pyrotechnic composition from static spark,

2. Ignition of a new sensitive and experimental pyrotectnic composition
by friction or impact during handling.

Preventive Measures:

1, Employees working with sensitive and experimental pyrotechnic
compositions should be carefully instructed, trained and supervised in the
specific operations tc which they are assiegned.

2. Work areas, selected 2quipment, and procedures involving the hand-
iing and processing of hazardous materials should be reviewed and frequently
checked by safety and supervisory personnel,

3. Operating personnel should comply with standing operating procedures
without deviation., Supervisors should ascertain that operators are familiar
with and understand all aspects of the standing opera._ing procedure.

4, Tgquipment used in processing or handling pyrotechnic mixturass shoula
be adcjuately grounded to dissipate any static elecirical charge.




ARMID SIRVICEIS EXPLOSIVES SAFETY BUARD
Washington 25, D, C,

ASESB Explosive Incident Report No. 350

Ignition of Compesite Rocket Propellant

Descrintion: Ignition of composite rocket propellant occurred in clean-up bay

of operating building while operator was engaged in cleaning
remnant composite propellant from a 300-gallon stainless steel casting can by
hand with z stainiess steel spatula. Approximately 80-100 pounds of propellant
had ceen removed from the can 2nd placed in a waste container under water. The
operator was inside the casting can removing the remaining 50-60 pounds of pro-
pellant “th the hand spatuia when the propellant ignited and hurled him approxi-
mrtely 20 feet., The operator received secsnd degree burns on back, chest; and
ieft arm; first degree burns on face and head. The operator was wearing safety
glasses, flameprcof coveralls and safety shoes. The coveralls and glasses pre-
vented more serious burns. The fire was controlled by an automatic deluge
system, Estimated damage to building and equipment $594. The operator had been
or continuous duty 14 hours and 20 minutes prior to the accident. The size amd
depth of casting can {34' x €°') required cperator to enter can for the hand
cleaning operation,

Cause: Exact cause unknown. Probable cause - impact or friction on thin film
(skin) of propellant when stainless steel spatula was struck or scraped
against stainless steel casting can.

Preventive Measures:

1, Personnel should be prohibited from entering casting cans during
removal of scrap propellant.

2. Stainless steel tools should not be used for removing scrap propel-
lant from casting cans.

3., Whenever operations are such that protective clothing will not
provide adequate protection to the operators, consideration should be given to
conducting the operation by remote control,

L, Whenever possible, all propellants removed from equipaernt and tools
should be maintained wet during removal operation,

5., tmployees working with hazzardous materials shouid be carefully
ingtructed, trained and supervised in the specific operation to which they are
assigned,

6. Working hours of perscnnel assigned to hazardous operatiuns should
be regulated sc as to eliminate fatigue as a faciur,

Referer.ce Number of this Incident: 1017

Duplication of this repor. is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD

ASESB Explosive Incident Report No., 51

Explosion Igniter Composition in Pellet Press

Description: On December 14, 1961, at 2:30 PM, an explosion occurred in pellet-

ing press used in manufacture of igniter pellets, The igniter
compoeition contained aluminum, potassium chlorate and vegetable oil. The press
was charged with composition and had run from § to L0 minutes when the explosion
occurred. The operation was conducted by remote control, with the two press
operators behind a barricade in the operating room, There were no injuries or
death, This job was identical ta the one being conducted last year when an
explosion occurred, resvliing in two deaths. Estimated machine damage $100C
and estimated building damage $2-3000. Producticn capability was unimpaired due
to having anotner press operating and capability of going to two shifts,

Cause: Exact cause unknown, and investigation being conducted, The dies had

been cleaned, polished and gauged the morring of the day the incident
occurred :nd tools were free and loose in the machine after the explosion,

Reference Number of this Incident: T-169

Duplication of this report is authorized,




ARMED SERVICES EYPLOSIVES SAFETY BCARD
Washington 25, D, C,

ASESB Explosive Incident Report No, 32

Cryogenic Laboratory Fire

Description: On October 19, 1961, at approximately 2:40 PM, a fire occurred in

a nydrogen crycstat during the dismantling of assoclated tensile
equipment., Testing was completed at approximately 2:15 PM, At approximately
2:25 PM the bottom retaining ring and teflon s2al were loosened, (See attached
sketch,) The next step was to remove the lower lcadiny rod in the test chamber.
The lower loading rod coupling was frozen solidly in place. Temperature at the
center of the oryostat at this time was -300°F, Test personnel used a heat gun
(hot air dryer) to free the coupling., As the loading rod was being pulled up
through the bottom of the cryostat, a flash fire occurred. Three test personnel
received first and second degree burns on hands, arms, and face, Evidence of the
fire was found as far as 4 feet Irom cryostat and on the outsids c¢f the cryostat,
indicating fire was not confined tc interior of cryostat. Tr it cell exhaust
fan was running during this pericd.

Cause: This test program had been underway for approximstely 4 months, Test

perscnnel, in the interest cf saving time, had bypassed Standing Operat-
ing Plan requirements for purging and bringing cryostat up to room temperature
prior to entering test cell., This allowed the condition as noted to exist., It
is assumed that this fire resulted from gaseous hydrogen remaining in bottoa
portion of cryostat, due to the failure to purge, cold temperature of cryostat
increasing the gas dens!ty and poor ventilation of bottom of cryostat. The
cause of ignition is sssumed tc be spark from or ignition by open filument of
heat gun used to free loading rod coupling.

Preventive Measures:

1, Closer surveillance of all routine cryogenic operations has
resulted from this incident.

2, Importance of cieanliness, purging, and Standing Operating Plan
compliznce was reiterated to all test personnel.

Refererice Number of this Incident: L.34

Duplication of this rapcrt is authorized.
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ARMED SFRVICES EXPIOSIVES SAFETY BOARD
Washington 25, D, C,

ASESR Explosive Incident Report No, 53

Laboratory Incident

Description: A reaction system was set up on a lattice rack for the isomerizatiin
of an organic chloride. An electric mantle was used to heat the

two liter flask, which was vented through a glass tube filled with granular cu-

prous chloride in firebrick. A condenser snd product pot were installed after

the catalyst bed. The cetalyst bed was heated by an usbestns-wrapped nichrome wire.

The ree:tion appeared to be going smoothly when suddenly a {lash occurred and the

flask ruptured. The burning liquid contents sprayed out over the immediate work

area. Burning droplets sprayed and fell on tw> men An the area., Both recsived

scattered Lurns. One received burns vhich reguirsed skin grafting.

Cause: It is believea that a hot spot in the catalyst vea (V0°C at time of

Tlash) caused decompdsition, an irmediate pressure rise and a flash back
into the flask.

Preventive Measures:

1. Adequate flash shielding arnuni reacticn equipment is to be provided,

2. Flame resistant laboratory costs syxe reing placed in use for all
resosrch arnd development personnel.

3.

Further study as to the causo of the hot spot in the catalyst bed
is to be made.

Refereace Number of thic Incident: L-3c

Dnplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C,

ASESB Explosive Incident Report No, sk

Ignition of Powder When Hopper Fell

Description: An employee had moved a hopper of powder into the screen house and
hocked it to an air-operated hoist. As he raised the¢ hopper, it
hit the limit switch out the switch falled to operate. This caused the cable to
break and the hopper started to fall., The employse saw this and started to run
towa:d the door but was enveloped by flzmes when the hopper struck the floor and
the powder ignited. Ignition of the powder was caused by impact or heat generated
when the hopper bottom was pierced by landing on a sharp edge of the tram car,

‘The SOP requires that this hoist be operated from the seconm: flocr of the bullding

aftsr raiaing the hopper part way. This allows the hopper to be raised without
going into the limit switsh., Had the employee bwen oparating the holst from the
second floor, he may have avoided the limit switch. Even though the holst had gone
through the limit switch and sheared the cable, the employee would have had a better
avenus of escape by using an esdaps chute provided on this fleor.
Causet

1, Failurs to follow SOP.

2, Fzilure of hoist limit switech.

Preventive Measures:

1. SOP's will be re-emphasized to r11l operating personnel,

2. Operating procedures will be revised to include a daily check by
opsrating personnel of ail safety devices and cablie condition.

3. All hoists have bean reinspected for cable wear and properly
functioning 1imit switches.

4, Use of fire-resistant clothing on all dry operations will be in-
vestifated.

S. The practicality of remote control during the hoisting phase of .
this operation wiil be investigated. If remote control is not practical, a second-
ary 1limit switch arrarngement will be studied.

6. The cperating height of this hoist will be increased so that it will
not Le recessary to raise the load so close to the limit switch during normal
operations.

Reference Humber of this Incident: L-36

Dupiication of this incident is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C.

ASESB Explosive Incident Report No. 5%

Reaction Kettle Explosion

Description: At approximately 10:00 PM, a series of explosions occurred in the

) vicinity of the esterification kettle. Although there were no in-
juries, the explosions demolished the kettle room, ruptured natural gas lines and
hurled the kettle and associated components (estimated projectile weight 6000-

7000 pounds) a distance of 340 feet, Fires resulting from escaping gas causea
extensive damzge to the adjacent bullding and its contents., Most of the fire
damage was caused by escaping gas. The direct gas-fired kettle was last fired

40 hours before the explosion, Warm "intermediate" matsrial was transferred to

the keitle betseen 14 and 30 hours before the explosion, The kettle room was last
entered 134 hours before the explosion and the plant last occupied 5% hours pre-
vious to the explosion. Physical eramination of the evidence and testimony of
witnesses led to the conclusion that the incident was triggered by a rapid increase
in pressure and temperature within the kettie., Nc evidence was found to indicate
the rise ol pressure and temperature was caused by conditions external to the
kettle, The material involved in this aceident was a polyether-alcohol, made by
the reaztion of a mixture of propylene uxide and eibvlene oxide with a polyhydric
alecohcl, Both chemical analyses and infrared examination did not reveal any sig-
nificant differences between samples of the batch n question and earlier produc-
ticn of the same nroduct, Particrlar examination was mace for peroxides and for
epoxides. A laboratory studyr was undertaken to determine the product's int rent
thermal stability. Conditi ns which were varied included texperature, pressure,
surface area, air versus nitrogen atmosphere, sample size and accidental additives.
No high velocity (brisant) decomposition could be made tn take place, but it :-as
found possible to cause rapid decomposition with the generation of substaniial
heat and pressure, which in a closed vessel could exceed its bursting strength .

Twc sets of conditions were found which could lesd to exothermic decomposition.

The first is an oxidizing process, wherebyr air {or chemical oxidizing agents such
as hydrogen peroxide) reacts with the polyether-alecohol rupturing chains and pro-
ducirg volatile oxidized products. The speed of the reaction is a function of the
surface area and temperature., If suriface are: is large, rapid temperature rises
can occur as low as 100°C, The second condition is in the absence of air or other
oxidizing agent., Rapid exothermic decomposition does not occur beloy 300°C, At
siightly above 300°C an exothermic decomposition occurs producing substantial guan-
tities of gaseous producis. Pressure appears to favor the decomposition reaction,
Rapid air oxidation with a substantial temperature rise was found to occur isith
other ethylens oxide and propylene oxide adducts. Furthermore, exothermic decompo-
sition in the absence of air was found to take place for other ethylene oxide
adducts at initial temperatures vetween 300”C and 350°C.

Cause: It is known that the product sas pvmped to the kettle at slightly over
100°C and remained there for a number of hcurs without agitation., The

charge was exrosed to air at the surface since a vent line was open, In the course

of nearly half a day, the temperature rise perhaps would be sufficient tc raise the




temperature of some of the product above 300°C, At this point, a rapid exothermic
decomposition, not requiring air, would commence and would sustain itself and
gererate more and more heat and gaseous products until the kettle ra tured. This
is believed to be a reasonable explanation, based on sound chemical principles, of
the known facts of the accident.

Preventive Measures:

1. Avoid prolonged elevated temperature storage of ethylene oxide or
propylene oxide adcucts,

2. Provide means for agitation of vessels containing such products,

3. Protect ethylene oxide and propylene oxide adducts against air,
particularly at elevated temperatures.

L, Install recording thermometers equirped with alarms on storage and
reaction vessels,

5. Consider the use cf anti-oxidants to stabilize such products.

Reference Number of this Incident: L-37

Duplication of ihis report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C.

ASESB Explosive Incident Report No. 56

Flammable Vapor Expiosion in Centrifuge

Descriptions A centrifuge had previously been charged with a full cake of puri-

fied phenacetin and the alcoholic mother liquors spun off. The
operator then proceeded with the spray washing of the cake, using hot ethyl alco-
holswater (80:20) wash solution. Normally, the wash solution is used at room
temperature; but in this instance, a new sclution freshly prepared from hot,
freshly distilled ethyl alcohol was used without being allowed to cool. The spray
washing was completed and the cake was being spun to reduce the moisture conteat
before unloading. The cake had been spinning for approximately 15 minutes when
the operator heard metallic scraping sounds cominz from the centrifuge. He im-
mediately shut off the power, applied the brake and brought the baskst almost to a
stop. The operator then turned away from the centrifuge to go and examine the
solvent discharge pipe and the sump to find out whelher the centrifuge had finished
draining., At this poirt, a loud explosion cccurred inside the centrifuge. The
force of the explosion blew open the hinged cover and flomes shot out, striking
the operator on the right side of the face and neck. The hinged cover fell cloged
again, following the explosion. The injured operatcr recoversd himself and pulled
the ccver open again, while other operators and supervision used extinguishers and
water hoses to prevent re-ignition of the soivent. The foregoing descripticn of
the accident is based on the testimony of the injured operator and nearby witnesses,
The injured operator was wearing safety speciacles at the time, which probably
prevented more severe injury around the eyes., The investigating committee ordered
the centrifuge partially dismantled and then examined the interior, and the parts,
to determine cause of the metailic scraping sounds reported by the operator. Cir-
cular marks of abrasion were found on the top rim of the centrifuge basket and
these matched corresponding abrasions on the gplash ring on the underside of the
centrifuge cover. There was evidence of repeated contact in this area and in some
sections the metal surfaces had been blued by frictional heat. urther examination
of the reassembled unit showed that when the cover was in place, the splash ring
cleared the top rim of the basket by approximately 1/16" to 1/8%, A comparison
¥as drawn bétween thu clearances in this instance and a ¢learance of 1" on a
similar model centrifuge in the research pilot plaat. There was also evidence in-
dicating that on some previous occasion, not within memory of anyone contacted,
the bolting flange of the cover had approximately 5/8" cut from it and new bolt
holes drilled. This, in effect, permitted the cover to be mounted and the splash
ring to position itself within 1/8" of the rim of the basket. The shaft bearings
were checked for wobble and end play and appearea satisfactory. Electrostatic
grounding of the entire assembly was checked with an ohmeter. The electrical
resistance of the unit was less than 1 ohm., It was concluded that either a minor
imbalance in the centrifuge cake or flexing of the basket or shell at high spsed
weuld have been sufficient to spoil the clearance between the splash ring and the
rotating basket, thus permitting metal-te-metal contact and abrasion.




Cause: In the opinion of ‘he investigating committee, the fire and explosion was

caused by metal-to-uwetal contact and abrasion of the rapidly rotating
centrifuge basket with the fixed splash ring on the underside of the fixed cover.
The evidence showed that considerable heat was generated by this contact with the
possible evolution of sparks. The metal-to-metal contact was made possible by
the cutting and refitting of tne bolting flange on the centrifuge cover at some
previous date. The heat generated and/or the sparks evolved ignited the mixture
of air and ethyl alcohol vapors within the confines of the centrifuge shell,
causing a flash fire and explesion,

Preveutive Measures:

1. That the clearance between the rim of the basket and the splash ring
on the underside of the cover be restored to 1 inch. This work is already in
progress.

2. That the use of warm or hot solvents in the centrifuge be discon-
tinued, or special precautions be taken when they must be used.

3. That a liquid seal, such as a dip leg, be installed on the discharge
pipe from the centrifuge, where it enters the solvent collecting sump. Althcugh
this feature had no bearing on this accident, it is considered an essential safety
device,

4., That a suitable carbon dioxide purge and blanketing system be designed
and installed on the centrifuge, to be used to render an inert atmosphere in the
centrifuge at any time flammable soivents are being used.

Reference Number of this Incident: L-38

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Explosivz Incident Report No. 57

Explosion During Cleaning of Reactor Vent System

Description: The tollowing standard procedure for cleaning the vent system of

four sodamide reactors was being followed: (1) nitwrogen purging,
(2) installation of blanks at each reactor, (3) removal of a large nozzie
cover on the seal tank, (4) steaming of the system, Several seconds after a
pipe fitter removed the nozzle cover, an explosion cf unknown cause nccurred in
the system and was relieved through the open nozzle, The pipe fitter, who was
standing partially in front of the nozzle sustained severe burns on his lower
right leg; operating foremen and another employee who were standing nearby re.
ceived minor burns,

Cause: Probable cause of the exp’~sion is a hydrogen-oxygen ignition resulting
from inadequate purging ¢ ‘he presence of explosive azides or peroxides.
Cause of the severity of the injury is position assumed by the pipe fitter.

Preventive Measures:

1. The cleaning procedure is being modified {o insure adequate purzing,

2. Hethods of rendering possible azides or peroxides inert are being
studied.

3. Protective clothing such as asbestos suits will be worn for step
(3) in addition to step (2) uniess there is a certainty that dangerous materials
are not present,

4, Employeses have again been reminded to stand to the side rather than
directly in front of possible trouble.

Reference Nuaver of this Incident: L-39

Duplication of this report i3 authorized.




ARMED SZRVICES EXFLOSIVES SAFETY BOARD
Washington 25, D. .

ASESB Explosive Incident Report No, 58

Tropellant Mixer Flash

Description: A riopellant mixing operation had just been started. This operation

constitutes, firstly, performing a massing action on tih= binder in.
gredient, Massing had proceeded for approximately two minutes when a flash
occurrzd. The mixer vented by the cover being raised. Investigation revealed
th2{ a valve in a system used to introduce flammable solvent into the mix on a
subsequent operation develoved slight leakage. There was no damage tc personnel
or to the mixer and the flash was rot sufficient in magnitude to activate the
sprinkler system in the building.

Cause: The most probable cause is believed toc be an adiabatic compressicn of

the entrapped [lammable solvent vapor-air mixture in the mass of the
material in the mixer, Other less likely cavses zould be a static srark dis-
charged within the mixer, metal-~to-metal contact of the mixer blades within the
mixer, or the presence of tramp metal, Clearances of the blades co the bowl
were checked and found to be withirn specification., No tramp metal was found in
the mixer contents., Grounding continuity or the entire system was checked and
fourid to be within specifications.

Preventive Measures:

1. The valve which developed the leak has been replaced with a
superior type and the entire solvent system rechecked for leakage.

2. A quick disconnect fixture has been included cn the solvent line,
and it will not be connected exceot to introduce solvent into the mixer,

3. It has been deternined that the massing operation is not necessary
and has been discontinued.

Reference Number of this Incident: L.40

Duplication of this report is authorized.,




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washingten 25, D, C.

ASESB Explosive Incident Repcrt No, 59

Explosion Dinitrofluorcethane During Nitration

Description: On June 19, 1961, an explosion occurred in a small room in a

corner of the nitrating bullding which resulted in the dsath ¢f one
employee and injuries to two others, The incident involved the distillation
of dinitrofluoroethane {DAPRNE), This particular operation is a fractional dis-
tillation conductied at reduced pressures. The procedure invelved hsating the
water bath Trom room temperature to approximately 60°C and reducing the pressure
in the system to about 15mm Hg absolute. The low boiling fractions are condensed
in the water cooled condenser and the distillant collescted in a receiver cooled
by dry ice and acetone, All vapors not condensing are passed through two cold
traps connected in series prior to reaching the vacuam punp., Fractionation was
accomplished in a 24-inch long glass column packed with small Berl saddles., When
the vapor temperaturec reaches 30°C and the absolute pressure i3 lSma mercury, the
hot water circulating system is stopped, the vacuum pump turned off and the vacuum
releasad. The receiving flask containing the foreshot is resoved from the ap-
paratus and the low boiling fractions collected are weighed and measursd volumetri-
cally, a new receiving flask is attached, vacuum pump started and the hot wvater
circulating system started. The distillation is continued. the distillate being
that portion containing the main portica of DAPHRE, This particular distillation
was started at 1:00 PM, At 3:145 PM the process was stopped for removal of the
lcw boiling fractions., The vapor temperature at this time had reached 30°C as
per operating instructions, At 4:30 PM the distillation was proceeding normally.
At this time the pot temperature began to increase at a faster rate than the bath
temperature and at 5:45 PM exceeded the hath temperalure until 6:45 PM, the last
recorded data available. The charge of crude DAPHNE weighed 20.74 pounds, with a
volume of 7235 milliliters. Between 4:30 PM and 5:30 P¥ the temperature differ-
ential between the pot and the bath decreazed from 12°. to 1°C with the pot
terperature lower taan the bath temperature and the pressure remaining at l5zm
Hg absolute. Sometime between 5:00 PM and 6:00 PM the engineer was absent from
the burilding for a period of 30 to 45 minutes, Between 5:30 PM and 5:45 PK,
the pot tsmperature went higher than the bath temperature by 1°C and the pressure
increased to 18mm Hg absolute, an increase of >mm Hg, which indicated an exothermie
reaction was taking place, Between S:25 PR and 6:45 PM, the distillation showed
more siszns of an exothermic reaction with the pot temperature increasing frou
719C to 799C while the bath temperature remained at 7C°C and the pressure in.
creased from 18mm Hg absolute to 45mm Hg absolute., Somewhere between 5345 and
€:40, the engineer reccgniser! the distililation was not proceeding normally and
sometime between 6:40 and 6:45 he started shutting down the distillatiom by
adding cold water from the condenser intc the bath, Between 6:45 PM and 6359 PM
the batn temperature reduced to 50°C., Just before the explosion, the engineer
started reducing the vacuum by purging. He was stending in front of the distil-
lation system at the time of the explosion and the blast threw him approximately
8 feet across the room, Tne operztor saw the flash, started to run down the




passageway, but was thrown to the floor of the passageway by iie blast. He
recovered hiw. elf, ran to the front of the building and phcned for help. The
utility man heard the glass break and a swishing sound; quickly turning around,
he saw material spraying out the tcp of the column and ran from the building.
He heard the explosion, was struck by flying material, and jumped into a ditch
approxinately 25 feet from the doors of the building, The engineer in charge
was fatally injured. The operator received lacerations to the right ankle and
back of the head. The utility man received lacerations of the right side and
left hip and rupture of the right ear drum. The engineer had been working for
6 months or more with this project and had assisted in preparation cf the standard
operating procedure for this operation. The SOP was in the room and readily
available for reference., Property damage was approximately $15,06C,

Cause: Admission of air to reduce the vacuum without first cooling the flask,
thus causing an explosive reaction between the air and the products of

the chemical reaction, This resulted from f2ilure to recognize in sufficient

time 2 dangerous condition which had been developing over a period of time;

and fallure to follow standard operating procedure which required cooling to rocm

temperature before reduction of the vacuum,

Preventive Measures:

1. All standard operating vrocedures for operations invclving materials
which may cause excithermic reactions will contain a section detailing action to
be taken to meet emergency conditions.,

2. All standard operating procedures involving experimental processés
will include special safety precautions to cover that particular process.

3. Require that operations not proceeding normally be secured and that
the next echelon of supervision be notified.

4, Insofar as possible, conduct all hazardous cperations from behind
svitable barricades.

Reference Number of this Incident: 1019

Duplication of this report is authorized.




B e D e s o |

ARMED SERVICES EXPLOSIVES SAFETY BCARD
Washington 25, D. C,

ASES3 Explosive Incident Report Mo, 40

Explosion During Mixing Experimental Propellant

—escription: An explosion occurred during mixing an experimental propellant in a

500-pound slurry mixer, The explosion involved 350 pounds slurry
mix plus 34C pourds of casting solvent remaining in a desiccator. All ingredients
had been incorporated into the mix in step-by-step operation, and during this time
the material had been mixed fer a total of &4 ninutes. The mixer was shut down,
the .id placed on the mix pot, vacuw: applied to the pot and operating parsennel
evacuated to remote control house., Final vacuun mixing was started and had been
in p ocess for aporoximately 3C seconds when the explosion occurred. This formula-
tion had been made 9 tires previously. A thorough mechanicsi inspection of the
mixer had been made approximately one month prior tc the explosion and the mixer
was reported to be in excellent condition, The mixer was cperated from this tirze
until time of the accident, One employee in remote control house (approximately
75 feet from mix house containing mixer) received cerebral concussion and facial
lacerations. Three other employees received minor injuries (one - mild abrasion
of ankle; one - minor contusion of right side of head and mild injection of right
ear drun; one - contusions of left shoulder, elbow and wrist and small laceration
of left knee). These three employeces were treated and returned to work, Two
buildings {mix building, and mechanical and office building) were completely
destroyed. The mix building was concrste 3 sides, 1 side wood frame, wood floors
and asbestes shinsle roof, The building was barricaded on 3 sides by 12-inch re.
inforced concrete walls backed up with earth mounds, with the front protected by
12-inch thick sand-filled, wood corstructed bullet shield. Damage to surrounding
plant buildings, with distances from explosion site, as follows:

Weigh 3Bays and Dry Building - 140 feet,

Say Ro. 1 - north frame wall broke loose at no-theast corner and pusted out
L inches; half of the panic door shattered, other hilf, spars ind plastic panels
broken; two explosion proof lights torn from ceiling and left hanging frox conduit,
no darsge to the lights; roof was lifted but settled back down leaving a gap between
ceiling ané walis o7 from & to 1 inch.

Bay Ne. 2 - panic door completely shattered; bracket holding fire line to
ceiling puiled out when ceiling was 1lifted; roof was liftcd, thern settled back leav-
ing a gap between ceiling and w-1lls; t-e gap was greater at the center, then
diminished toward side walls,

Bay HNo. 3 - the fire line was pulled out of the ceiling when roof was lifted
up; radiator on west wall was torn loose when west walil was iilted up with the roof;
the wall then broke loose leaving a gap between ceiling and walls as in Bay lo. 2
panic window ancd veni louver in the door were blown out,

Bay No. & - damage same as 33y lo, 3.

Bay No. 5 - roof lifted slightly, then settled back; the fire line stayed
solid to the celling; half of the panic door shattered, the other half, the plastic
window panels and one spar were knocked out.




YR

N

wone

KG Catch Tank House - 270 feet. Plastic window panels (3'x4') and 1w plywcod

docr paneling blown out of east, north and
west sides of building; window paneling on south side of building loosened on
top, bottom and north sides of »janel,

¥etal Spare Parts 3uilding - 365 feet, Three plastic skylights on west slope

of roof torn loose on south edge and
partially pushed inj two of four large metal sliding doors knocked off tracks
and dropped on catwalk running in front of the doors; the doors were towed ot
siigntly, indicating pressure from within the building; wooden shelves filled
with spare machine parts knccked over and shelves broken. This building was
nct barricaded,

Yix House . 430 feet,

west side of building - west doors of elevator entrance blowr off hinges;
top window on west wall of elevator shaft blown cutj penic door on west wall,
top floor, was shattiered - only part of door sash was left hanging on hinzes;
vanic window and door on lower level damaged as fellows: wirdow cleoser and glass
broken; sash left intact, door sash and glass shattered; plywood panel used to
board up hele in wall where window once was, blown ¢ff; half of panic door in
west end of north portal blown off and glass broken, however, sash was left
intact; other nalf of door left intact but for inree glass panels blown outs
viece of 2" pipe 4' long struck the top elbow, mashinz it in on the 13" diameter
air intake duct as it leads into top floor of building - as 3 result, air duct
was pulled loose from its connection leading in%to blower =zt the lower leve. a:.
pipe came to rest after cutting through rcof over the water air filter: shelter
roof over ithe stairs on west side of building pulled away from the building at
the top,

South side of building - glass and sash of the panic window on the south
side of the building at the lower level of elevator shaft shattered.

rast side of building - two gzlass panels broken in panic door to air in-
take blower room and door frame across top and on scuth side of doorwzy torn
loose; panic window sash and glass shattered in tlower room; half of the panic
door on lower level of building in the northeast ccrner shattered - cther half
of door hac one brcken spar and three broken wirdow panels.

Yorth side ¢f building - outside frame wall in north portal was oushed cut
r>= top pl=*te 8 inches; three 2xk studs 9 feet hign were split 3/4 of their
er.;thi half of the panic deoor (built into the larse 6" sliding dcor con the
rorth erd of thle buildinz) ‘was shattered - other half aad only cne broken

amel

IR
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¢tn scuthwest end of motor room; lower half of window sash pushec in cn
will of motor room; one 2x4 wzll stud 7' hirh (01 north wald) spli* halfwar

Sren
3rriczdes are on nortn, south and east sides of ¥ix iouse, no Larriczde

=crer Sullding - L35 feet. Vest panic door blown completely of hinges, s
pulling out of door; very little darage done ¢
nC §£1ass or sash breaxage invalved,

5%
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“ateria! Rest louse - 450 feet. Outside panel si double pnlexiglass door window

panel (5'x6') broken; two vent louvers on front
of biilding blown c¢ff., Buildirg barricaded with earth covering but unprotected
* front side.

irtridging Building - 510 feet. Two panic doors on north side of building com-
pletely shattered; one large sliding door

ropoed from roller track; one explosiorn proof fluorescent light fixture broke

cose at one end and hanging in dcorway,

IC “atch Tank House - 720 feet, Three plastic window panels blown out of east
side of building. Building not barriceded.

sash Youse - 725 feet. One door panel on buzgy storage side torn from its hinges,

other panel split down the hinged edge of the door and
rinzes were loose; one door panel cn wash room side torn from hinges, other panel
2isc split down the hinged edge of the door and later fell to floors window panel
or rortn side of building blown partially out of frame. This building not bar-
ricaded.

-1y

ropeilant Loading - 740 feet. Fanic doors blown open and door closers-biokens
sash spars and glass windew panels broken out
of s4ylizht in apex of north wall.

Fiy Houze - 875 feet, Half of penic door built intc a large sliding door on the

lower level opening into the north portal was ripped from
its hinres and sash, spars and glass were broken (this door was in line with the
ncritwest portal); one wall box light located on east wall at the oil drop broke
a*t tne base of Lthe bulb and glass reflector but was contained within the box;
manic windows and doors blown open on the oil buggy level, window closers and
rlass were oroken; on top floor, dirt and debris fell into 6 ingredient hods;
2xl wall studs on north wall of motor room were split lengihwise; two window
Trares on west, side of motor rocm were pushed out 6® at the bottom.

3 Storeicuse (Keutralizer) - 390 feet. Window spars and glass blown into

building from skylight in apex of roof
on north end of building, glass fell to floer in front of caich taiix; rubber
2id on storage tank “nocked off; door closers broken as all panic doors were
olown open, Skylight was net protected by barricade.

cine Uffice and Shen - 955 feet, Nine plexiglass windows broken out of north
and west siae cf line office and shop, Desks

nened and papers and bocks scattered on floor and across desks; plastic side
chields jarred lcose from flusrescent overhead light fixtures, 3uildinz not
barricaded.

‘ariridge 3uilding - 1160 feet. A1l panic doors forced open and door closers
broken,




cartridge Building - 1165 feet. Panic doors on north, south and west sides of

building blown open breaking door closers and
glass; however, glass breakage not too extensive; north center panic door sus-
tained damage by top cross member of door sash breaking, glass broken also;
this door was in line with the north ce«ter portal,

Cartridge Building . 1180 feet. All panic doors on north, south and west sides
cf building blown open breaking door closers
as they were f.rced open; very li*tle glass breakage occurred,

Acid House »t Nitrator Building - 1235 feet. Plastic window panels (3'x4*)
loosened on .wurth, east and
south £idrs of building, This buildinz not barricaded,

Nitrator Building - 1285 feet. Three panic doors on west wall of operating room

blown open and door closers broken; one spar on
sash on one-half of panic door in north portal knocked off, No glass breakagej
plastic window panel in door of storage room knocked out,

Nitrator Building - 1510 feet., All 14 panic doors and windows blown open and
wooden closers broken,

Laboratory - 2350 feet. Plastic windcw panels and sash spars on north side of

building knocked out, however, one new window with
glass panels left intact; a wood rot condition in the window sash and frames to
some degree responsible for their collapsing. This building is in safeiy area
and not barricaded.

Ingredient Dry House - 2400 feet. Sash spars and glass broken in south and east
windows of building. This building in safety
area and not barricaded,

Power House - 2400 feet, One skylight at top of pover house knocked out of its

pivots out not broken; large window frame on west wall
of cld boiler room pushed in 3® along top edge of frame; double safety panel
window in south wzll of motor room split at seam. Building in safety area and
not barricaded.

Carpenter a~d Pipe Shop - 2410 feet. Extensive glass breakage and sash damage
to windows or. north side. Building in
safety area and nct barricaded.

Orying Building - 2530 feet. Ten glass window panels on north side of building
broken, This building in safety area and not
darricaded.

Jain Gate Giard Station - 2760 feet, Large section of +" plate glass blovn out
of northwest frunt corner of the guard
station,




Office Duilding - 2780 feet. Plastic side shields on fluorescent light fixtures

knocked off and chains holding fixtures on one end
loose (this condition developed with 50% of the light fixtures on ezst side of
buildine)s pictures, papers and books scattered in office area, This building
in safety area and not barricaded.

PDamace outside plant area - one window glass broken in farmhouse approximately
1 mile in northwest direction from blast.

~

rause: Fxact cause unknown., Invesiigation continuing on following possible
causes:

1. Foreign object ir mix,

2. Friction at the shaft seal augmented by contamination with materials
from the mixer.

3. Shock effect caused by cavitation initiated detonation in the propel-
lant which was made more sensitive because of small tubbles resulting from

vacuum mixing,

rreventive Measures:

Item 1 under Cause., Subject all ingredients to metal detection devices
and improve methods of screening materials; tighten
ccnirol cn personal property (jewelry, oadges, rings, etc.) on personnel working
in the areaj; tighten control program on all iools, samrle bottles and other port-
able objects used in the operating building; expand inspection check sheet to
include inspection for foreign material in or on equipment.

Item 2 under Cause. Develop and conduct tests to substantiate or refute
this theory; eliminate possibiiities of contamination
of the mixer shaft-tc the-lid seal by redesign of the seal or by change in process
‘c eliminate sealy in rove alignment of mixer shaft to bowl and bowl cover; eli.
minate vacuum mixing if possible; if vacuum mixing to continue, program application
of vacuum so that foaming action is minimized; explore means of further reducing
dusting,

Item 3 under Cause, Develop and conduct tests to substantiate or refute
this theory; obtain data on research pertinent to
this area,

Cther, Tishten control on ingredient sampling identification and accept-
ance; investigate new design of impeller fcor incorporating

materials and explore possibility of reducing peripheral speed of impeller; con-
sider locating cast and cure facilities in mixing area to avoid excessive handling
and transportation; check glazing in windows and docrs in propellant operations
to make sure it is of approved tvpe and installation; modify entrance to remote
contrcl room to give adequate blast protection to personnel; modify warning system
tc extend time for personnel to clear the area; provide better control of entrance
area.
Reference Number of this Incideni: 1001

—— — =

Dupiication of this report is authorized.
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ARMED STRVICES FAFLOSIVES SAFETY #204RD
rashinegton 25, 2.

~

ASZ33 Fxplosive ‘ncident Report No. 61

—

Explosion in laboratory Propellant Ture Oven

Description: Specimens of experimental composite propellants were being cured

in a steam-"eated oven, located in a laboratory cell, when
ignition occurred. The oven contained abcut 32 pounds of ammonium perchlorate
propellant in onen sample pans, and 7C grams of polynitramine propgelilant in 3%
gram specimers, each in an sluminam weighing dish. One of these dishes was un-
confined, the other was in 1 Parr combustion bomb under AC psig pressure. Cure
temperature was 170°F, After <4 hours cof curing, at constant temperature, suffi-
cient pressure develoved in the bomb to shear the head retaining ring., About
504 of the prooellant burned. The top cf the cven was blown off and the oven
doors were blown oven. The Parr bom: head and its retaining ring were found
embedded in the oven too. The nitramine binder contained cne ingredient, nitrated
aleohol Petrin, which requires stabilization against decomposition - typical of
nitrate esters. 3 commenly-used stabilizer, ethyl centralite, was employed for
this purpose. Previously, the pressire cure of similar formulalions had been
performed apart frem other prove.lans in cure. The success of these earlier
experiments orompted the use c¢f <he Pairr bomb for curing small specimens concur-
rently with other propellant,

Caise: Decompesition of prooellant under oressure cure.

Preventive Measures: - cciple*e au*aiznition profils is veing obtained on this

and sinmilar orsoeilants. Modificiticns to the rressure cure
rrucess will be considered, including use ¢f lnw pressure relieof dizphragms and
the return to separate cure ovens or aporo'riite neated vessels,

Referense numdber of “nis inecidert: L-47%




WD 3TRYIST CXFLUSIVES SATTIY A0

Viashinston 25, D, Z.

ASFS3 Fxolosive sncident Report ho, 62

Deflazration Txperimental izniter Mixture Juring Blending

sescription: 4n experimental igniter mixture was being dlended in a small

twin shell V blender wihen a deflagration cccurred. The operation

hagd been in progress for aporoxirately 20 minutes under remote conditions of

overation, There were no injuries or damagze to equionment,

_ause: 4 non-rigid screen had been used in the V blender to aid in the prevention
of lumping of materials. 1t is believed that the screen became disengaged

and the resulrin~ deflagration was caused by impact or friction,

Preventive VNeasures: The use of non-rigid screens in tne interior of the blender
nis been discontiaued.

“eference Number of this Incident: 1021

suplicatior of -his report is authorized,

IR




ARMYD SMRVIZ™S EXPLOSIV-S SAFETY ™. 420
L.ashington 25, D, C,

ASEGD Explosive Incident Report ilo. 63

Detonation of Delay Zap at Dvnamite Development Test Ground

Description: Two employees of the test area were disposing of scrap explosive
material by shooting. A delay cap had veen set up and a current
applied from the blasting machine, but the cap did not fire., The circuit was
checked and found to be continuous. After aporoximately 15 minutes lapsed time,
the emplovee entered the test pit. ‘e removed the cap from the charge by pull-
ing on the leg wires, and had disconnected the leg wires from the lead lines

when the cap detonated. The emnloyee requ.red first aid only to remove two pieces

of shrapnel in the face area. "here was no property damage.
Freventive Measures: Delav caps should not te used to destroy powder, and all

delav cavs at tne site have been destroyed. Tne waiting
time has been increased to a minimum of 30 minates with EB caps.

Reference Mumber of this Incident: 1020

Duplication of this report is authnrized.




ARMED SERVICES EXPLGSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Explosive Incident Report No. 64

Zxplosion During Mixing Tracer Composition

Description: Fxplosion occurred at start of final mix operation of 50 pounds
tracer composition. Correctly weighed yortions of the oxidizer
and a catalyst are placed in the mixer and the mixer operated from the remote
control location for approximately three minutes. Half of the binder and solvent
mixture is then added and the mixer again operated for approximately two minutes.
“he magnesium powder and the remaining binder solution is finally added and the
suixer operated for approximately 30 minutes. The mixer is stopped at ls-minute
intervals duriag the final mix stage to accomplish scrapedown. The first two
stages of the mixing cycle were completed and the magnesium powder and remaining
binder soclution added to the mix. The operators retired to the remote control
station and wi-hin a few seconds after starting the mixer, a whistling sound,
followed by an explosion, was heard. No death or injuries occurred. Damage
consisted of a blown-out roof and door, damage to hollow tile "weak walls", hair-
line cracks in the three 12" reinforced concrete walls, severe heat damage o the
mixing equipment and burning of combustible items in the bay. The de2sign ol the
roof and "weak wall"™ did not permit immediate venting of gas pressure, therecy
resulting in damage to the reinforced concrete walls. Roof construction con-
sisted of 2"x6" tongue-and-grooved planks covered with asphalt sheet rcofing

paper.
"augse: Exact cause unknownj probable causes:

1, Crushing of hardened particles of tracer composition left in the
~ixer from the previous mix.

Z. Friction resulting frem inadequate clearance between plows and
-11ler wheels or muller wheels and bowl, (Close tolerance points were not
- .ecked prior to each mix.)

1. Increased sensitivity of the composition as a result of either
~mnroper amounts or ingredients being introduced into the mixer.

“omments: Results of the investigation indicated that the standing operating
prccedure was for 100-pound batches. 3ince 50-nound batches were
being mixed, the amounts of ingredients and mixing times were reduced to one-half,
"he method being used for introducirg ingredients into “*he mixer and the amounts
5 binder and solvent required were not included in the procedure. The vinyl-
scetate resin, used as a binder, might have caused materiai: remaining in the
rixer from the previous mix to harden after evaporation of the solvent (alcohol).
f thorough cleaning of 211 points where explosives might lcdge was net accom-
plished, sufficient friction to cause ignition could result “rom crushing or the




I

™

dried materisl. Review of the stand*ng operating procedure revealed that the
trazer compusition was removed from the miwxer by hand scooping, utilizing weoden
paridles.

Preventive Measures:

1. Operating areas, process equipment and procedures involving the
handling of hazarlous materials should be reviewed and frequently checked by
safety and supervisory personnel,

2. Standing operating procedures should be prepared in sufficient detail
to insure operational safety and to prcvide adequate guidance to personnel per-
forming the operation. Deviations from the applicable standing operating procedure
3should not be permittied,

3. Mixing bays should be provided with one veak wail, The roof should
bz of the free-lift type and should be constructed of lightweight material.

Raference Number of this Incident: 1024

Duplication of this report is authorized.




ARMFD SERVICES EXPLOSIVES SAFETY BOARD
wasnington 25, D. C,

ASE33 Explosive Incident Report No, 658

Flash Fire, Rocket Motor Igniters in Assembly Bay

_-rivtion: Flash fire occurred while cperators were placing rocket mclor igniters
into poiyethylene bag. Igniter bodies are secured in a visze and the
~-ric egquibs threaded in place. The assemblies are then transferred to anothe
~~, gecured in 2 vise equipped with flash shield, and the required amount of
~~r pellets (weighed cut in paper cups) are loaded inte the igniter tube. The
- -~ cpen end of the igniter tube is coated with adhesive and a plug is in-
~4, Tne plug is coated with adhesive and the igniter is placed in a rack and
~#4 o dry for approximately 24 hcurs. After drying, the finished igniters
~-a?°d in polyethylers tags and sealed with tape., Two operators were labeling
i placing ilgriters inioc 2 pc-fethylene bag. One of the operators was holding
- 5ig open and the ciher placing igniters into the bag when the fiash fire
-~oarred.  Zoth oparators suffered second and third degree burns on face, hands
-# ~-~es% and second degree burns on th: back. Property damage was negligible,.

Xagtl cause inknowng probable causes:
T. Tznition of igniter dust (generated during the pellet weighirg and
~.-r operation) from friction as a result of movemeat of the drying racks on
= 3-ainless stee. tabletop.

2. Cmpact from dropping an igniter either into the partially-loaded
"—ene bzg or onto the floor.

A

. ZJ*tatic electricity.

st “nvestigslion of e accident disclosed that neither operator was wear-
ing fac& protec: A flash shield was not provided at the packaging
5 required by appr ed standing operating procedure, Packaging of ig-
- was being accomplished adjacent to approximately 200 exposed igniters
Arving racks. Heview of recorus indicated that periodic tusiing cf con-
g -e5 was not being accomplished.

“fva Meagsures:

-. lperating personnel should complv with standing operzting procedures

.% deviation, Supervisors should ascertain that operators understand all
cpects of the standing operating procedure, and conduct sufficlent inspecti-ns
© - % areas i¢ insure compliance.

. rounding systems in hazardous operations (where static-sensitive
s sre wndizd) should be tested initially and periodicaily thereafter.
.7iive sho2s should be tesied not less frequent than semi-annually.




. 3. Operationzl shields should be utilized to separate individual work
s‘ztions “nd to prevent propagation of explosives in event of an accident.

. 4. Packaging operations should be separated from the processing and
drying location.

5. Only conductive type containers should be utilized when weighing out
rnazardous materials.,

e 6. Finished ammunition components should be packed in suitable containers
to prevent movement during handiing.

~eference humber of this Incident: 1023

h Tuplication of this report is authorized.




ARMED SERVICES E{PLOSIVES SAFETY 3BOARD
Washington 25, D. C,

ASESB Lxplosive Incident Report No. 65

Metallic Sodium sire and Explosion

Description: Al the start of a centrifuging operation outside of the building,

a valve was left open causing organic materizl to run onto the
cement slab. 3efore cleaning up the spill with water, a drum was disconhected
from the centrifuge, and a bung was screwed intoc the opening, after a short
time of washing the spill with water, a fire enveloved the area. The injured
enployee attempted to put out the fire with a €O, extinguisher while his co-
workers went for help. The disconnected drum alongside the centrifuge exploaed
causing a flash fire vhich surrounded the ::jured ervloyee. The injured employee
received moderate burns to the hands and faze. Pertinent ~ cts of the incident
prior to the explosion: 1) one step in this reaction is to add a metallic sodium
dispersion intc the reactor; 2) “he reaction of all of the additions proceeded as
planned throughout the day; ) a sarmple cf the reaction product was taken from the
bottom of the reactor - part of the sample was thrown on the snow so that any one
reacted metallic scdium would rezct with water - no reaction of any type was
noted - the reaction mixture vas also treated with acetone and no reaction oc-
curved - it was then decided that there was no metallic sodiun present; 4) as the
wheeling operation was started, the boiton outlet of the reactor was opened (thers
was approximately 8.10 psig Argon on the reactor) - as this was done, it was
determined that the valve to feed the cen‘rifuge was ocpen, which allowed material
to flow to the wheel and onto the floor - while this was happening, the drum on
the filtrate side of the centrifuge was connected and approximately 2-3 galions
ran into the drum; 5) the drum was disccanected from the centrifuge and a bung
was screwed into the bung opening; 6) the operator using a service water hese
washed the spilled material toward the sewer - all of a sudden, tae spilled
material was enveioped in flames.

(Gause:

1, Metallic sodium was in the spilled material because of an incomplete
reaction,

2. Vater was used or. metallic socdium because tests falled to show its
presence,

3. The valving was not checked prior to the centrifuging operation.

¢, The bunged drum in the area was neated by the fire resulting in an
explosiorn,




Preventive Measures:

1, Develop a more adequate test and sampling procedure to determine
the presence of residual metallic sodiun in the final product.

" 2, The drums used on the filtrate part of this job will be equipped
with flame arresters., Containers of flammable materials will be removed from
area before cleaning up a spill,

Reference Number of this Incident: L-kLZ

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
hashingten 25, D, C,

ASESB Explosive Incident Report No. 67

Ether Explosion in laboratory

Description: A chemist vas distiiling ether from impurities when an explosion
oceurred, resulting in burns of the face, hand, arm and leg.

The apparatus ccnsisted of a distillation flask, coipled witi 2 water-cooled

condenser draining *the ether into a three liter bottle. The source of heat was

a single steam bath., The hood contained some exiraneous equinment of which there

was a thermostaticaily-controlled hot plate with exposed contacts. The distilla-

tion was beirng carried on when the chermist added more ether to the flask., A

burp caused by the steam riised the flask slightly. The chemist stepped over

next to the hood to cut the steam back, and at that mement, the explosion oc-

cu ~ed, The explosica caused the explosion-venting windows to open, but the
verstian blinds wece broken,

Cau.  The connection between the flask and the condenser broke, permitting
cther vapors to fill the hood faster than they could be removed. The
vapo. . were ignited by the hot plate.

Preven-ive Measures:

1. Sources of ignition should be removed fron areas where flammable

liquids can escape. Hot plates, open flames, unapproved electrical equipment,
ete., are included in this category.

2. laboratories should be designed so that it is not possible for
peraons tc be trapped by fire,

3. Explosion venting windows should nct be obstructed. Venetian
blinds offer considerable resistance to explosion pressures.

Lk, Consider the hazards of a2 job and then choose the suitable condi-
tions to carry it out.

S. Discuss new arrangements or procedures with the safety leader.
His experience is valusble in recommending safe procedures.

Reference Number of this Incident: L-43

Duplication of this report is authorized,




ARMED SERVICES EXPLOSIVES SAFETY BOARD
washington 25, D, C,

ASESB Fxplosive Incident Report No, 68

Gas Explosion in Open Compressor Cylinder

Description: An explosion occurred during maintenance wori on compressor
cylinder of ammonia unit., The compressor was shut down because a
loud knock developed in the third stage cylinder. The comprussor ¢ylinder was
blocked in and purged in preparation for maintenance work. The block valve on
the suction line to the cylinder wos closed, The block valve on the discharge
line from the cylinder was closed, and a blank was installed in a flange set
between the block valve and the cylinder, The compressor cylinder and connected
snubbcrs and lines were purged with nitrogen to clear the system of flamnable
gas. A gas test was made with an explosimeter at approxirmately 10:00 i which
showed the system to be clear of flarmablz gases. Vorkmen proceeded to open
the valve ports to investigate the trouble., A bolt which held the inboard suc-
tion valve assembly together had broken and faller into the cylinder. The
piston, rod, packing and valve were damaged and removed for replacement. HNew
parts were prepared to install. The pounding of the piece of bolt between the
piston and the crank end of the cylinder burred over sorie metal of the bulkhead
between the cylinder and stuffing box where the rod passes through the bulkhead,
It was decided that the burred 'etal would have to be ground off to make clearance
for the new rod, The maintenance forexan told the mechanles to have another gas
test made before any grinding was done. It is the practice to have a gas test
made prior to doing any spark-producing operation in the course of such a main-
tenance job., The time was then approximately 6:00 Pil, Beforc the gas test was
made, the mechanics prepared for the grinding operation., An unguarded, sealed
beam spot light was being placed over the suction valve port to provide necessary
light in the cylinder. One mechanic was looking in the open outbscard end of the
cylinder to see the effect of the lignt. The sealed beam lamp struck a metal
part of the valve pcrt and broke., Imtediately, an explosion occurred inside the
cylinder., No injurles were sustained, but the mechanic who was looiing in the
end of the cylinder had his eyetrows singed. He was wearing safety glasses.
A blank was then installed in a flange set in the suction line of the ccmpressor.
The system was purged again, a gas test made, and repsir work continued.

Causes:
1. Failure to blank the suction line to the cylinder,
2. Accumulation of gas in the cylinder.

3. Breaking of the light buib causing a spark which ignited the gas.




Preventive Measures:

1, Suction and discharge lines of each section of a compressor will
be blanked before purging prior to doing repair work. In lieu of a blank,
double blocks and a bleed may be used where they exist,

2., New holders with a guard, no switch and three-wire grounding
cable will to purchased for the sealed beam type lamp.

3. The procedure of gas testing before work starts and before any
sparking operation is done will be continued,

L, Standard operating procedures shovld be develcped and followed

for repair operations on hazardous systems to prevent violations of good
practice,

Reference Numter of this Incident: L-&4

Duplication of this report is authorized,
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ARMED SERVICES =yPLOSIVES SAFETY BCARD
washington 25, D. C.

ASESB Expinsive Incident Revort lo. 69

Fire and Explosion in ilasting Agent Mix Building

Description: An explosion occurrad involving approximately 55 tons of blasting
agent (AN - ammoniun nitrate and All-FC - am-onium nitrate, fuel
0il mixture) during welding operations on the fuel oil addition system at a
combined mix and storage buildinc. No deaths resulted; 26 persons were report-
edly injured, although all but § were treated and released from the hospital
for minor injuries. Of the 5 requirinz hospitalization, one suffered extensive
cuts, one a fractured skull, one shock and one suspected back injury. The fifth
person suffered injuries as an incidental result of the accideni; he was hit by
a car while directing traffic in the conzested area. Property damage was esti-
mated in the range of several hundred thousand dollars. The operation consisted
of mixing oil (Mo. 2 diesel fuel) with ammonium nitrste and packaging the product
for loeal mining and quarrying industries. Prilled Ali in 80-pound bags was re-
ceived at a nearby rail siding (usually in 50-ton carload lots) and trucked to
the storage and mirirnc building. The oil was delivered to the mixer through a
plastic pipe by electric pump from oil storase tanxs located next to the storage
building on the side away from tne mixinz house (2 tanks, one 550-rallon and one
1000-gallon). After the AN was mixed with oil, it was stored in the same build-
ing until moved by company trucks to mine or quarry. The mixing and packaging
equioment and procedure were as follous: dry Aiv prills were dumped into sheeta
metal hopper {approx &4'xi'xi') which fed 5" pipe through which an auger (driven
by electric motor through reducing pulleys) moved the prills pasta second,
smaller bin into wanich o0il was sprayed. Flow of oil was controlled by manual
valve, A short distance beyornd the point at which the oil was added, the auger
discharged into a bucket elevator which raised the nmixture to the top of a hopper
approximately 5'x5'xS' in size. The top of this hopper was approximately 10¢
above the floor. At the bottom of ihe hopper, & fillinz tubes (closed off with
simple slide valves; controlled flow of mixture into packazes. ilost commonly, the
mixture was repackaged intc the muliti-wall paper bags in which the All had been
received, although some of the blasting agent was packaged in 5" x 25-pound or
2"xb3" polyethylene tubes. Sewing, heat-sealinz, and wire-tie equipment was
available for closing the blastinz agent packages. 7The exact amount of raw Al and
AN-FO mixture present in the buildinz at the time of the fire and explosion could
not be deterained as company records were lost in the fire, but it was estimated
that the building contained: approximately 20 tons untreated AR prills (in a
single pile about 15' wide x 18' long x 10' high); approximately 30 tons AN-FO
in 80-pound paper bags (in a single pile abo:t 18" wide x 20' long x 6' high);
1 small pile containing approximately 2 tons Al-FO cartridged in 2" polyethylene;
1 pile containing approximately 3 tons AN-FO in 5" polyethylene. At the time of
the accident, mixing and packaging operations had been completed for the day and
the AN Lopper, screw conveyor, bucket conveyor and mixture hopper had been
exptied, and two welders were engaged in naking modifications on the mixing and




—_———

packaging equipment. One welider, usinz an oxyacetylene torch, cut off the
filling tubes fror. the loading hopper (for mixed material) while the other stood
by with quart-size carbon tetrachloride fire extinzuisher. Two of the loading
tubes were replaced (using a small portable arc welder) with new tubes having

a modified valve arrangement. After completion, thz welders Legan to make some
changes on the fuel oil addition system, arzin using a cutting torch. At this
time, they noticed a fire at the bottom uf the bucket elevator which, owing to
its height, extended about 4' below floor level. The carboon tetrachloride fire
extinguisher was ineffective and the fire increased in intensity. One welder
phoned in the fire alarm, then they obtained two more quart-size carbon tetra-
cnloride fire extinguishers from two trucks locrted cutside the building, but
these were emptied also without apparent effect on the fire, By this time, fire
was spreading up the bucket elevator, presumably in the accumulations of oil

and AN at the bottom of the pit and alongside and around the buckets. The fire
depariment arrived within approximately 10-l5 minut s after receiving the alarm,
and ordered the area evacuated. The explosicn occurred about 20 minutes after
the fire was first noted. The ccmbined mix and storage building was l-story,
frame ccnstruction, with flat sheet-m2tal roof approximately 12' above the
2-3/4" x 8" plank floo» (floor plarts spaced approximately 1" apart), and walls
of sheet netal extended to within 6" of rcof (leaving gap for ventilation),

The ground at the site of the buildings sloped towards a small stream so the floor
of the building lay from 1 to 4 feet above grouwnd level. The mix house was ap-
proximately 40'x60' in size, attached %o an clder wooden building used primarily
for storing spare parts for strip-mining equipment. There were no heating faci-
lities in the building and posted NO SHOXING signs were reportedly observed.

The explosion resulted in: complete destruction of the mix house, attached
storage building, adjacent office building, § recidences in the irmediate
vicinity; 3 trucks and 2 automobiles destrcyed by airbiast; 1 truck and 1 auto-
mobile destroyed by fire from burning fragments; the fire trucks, rescue trucks,
a school bus, house trailer, and numerous automobiles belonging to firemen and
spectators were severely damazed by blast. ZEyewitnesses stated that a severe
airblast of long duration knocked many people to the ground., !}any heavy steel
parts from the storape building were scattered over 2 wide area. The extent of
fragment distribution could not be immediately determined because of hilly
terrain and snow cover; however, subsecuentily fragments were found on *top of sur-
rounding ridges at a radius of approrimately 1000'., A small cap magazine was
located within 100 yards of the office building and rany of the electric blasting
caps were damaged by high-velocity fragnents although tase charges were usually
intact, Electric blasting caps were scattered over a considerable area around
the office building and a substantial quantity of safety fuse was found burned
or partially burned at the site of the office building where small quantities
were stored temporarily. Paper and other debris floated down on town approxi-
mately 3 air miles away. Glass and structural damage occurred in neighboring
communities. Glass breakage was generally limited to a radius of approximately
5 miles, however some breakage was rcporied in a town 9 air miles to the north.
Damage to other structures in the vicinity of the explosion was undoubtedly
limited by the mountainous terrain of the area. The plant was located in a very
narrow valley surrounded by ridges approximately 400' higher than the valley
floor. The explosion created a crater approximately 100* across and varied in

2




depth from 4' to 14*. Sound of the explosion was reportedly heard 35 miles
away.

Preventive Measures:

e e e e e % e gy e

1, If a blasting ageni is stored in the same building with ammoniunm
nitrate, combined quantities of both materials should be considered as blasting
agent, The storage building should be suitably isolated from the mixing house.

2. The storage building and mi:. building should be constructed of
non-combustible or fire-resistant materisls; however, a SUITABLY ISOLATED wooden
st.mcture may be satisfactory for the storage of ammonium nitrate.

3. The floors of storage bulldings and mixing houses should be
concrete, of such design and construction as to eliminate open pipe drains into
which the molten ammonium nitrate could flow aid be confined in the case of fire,

4, Plants used for mixing ammonium ni‘rate with fuel or sensitizing
agent should be isolated from inhabited btuildings, roads and highways.

5, Blasting agents should be storzd in locations that are so isolated
that employees, the public, and their property will be protected,

6. Standard magazine construction is preferred for buildings for
storage of blasting agerts. However, if buildings of other construction are used
for such storage, they should be of one story, basementless, of noncombusiible
or fire-resistant construction, equipped with a water-quenching system, aisd iree
fron open pipe-connected floor drains,

7. No more than 1 day's production of fuel-mixed ammonium nitrate should
be pernitted in or near the mixing and packaging plant.

8. Neither smoking nor open flemes should be perndtted in the storage
building, or in or near the mixing house.

9. All electrical switches, controls, motors, and lignts located
within the mixing or blasting agent storage area should conform to the require-
ments of Class II, Division II, of the most receni editicn of the National
Eleciric Code; otherwise, they should te outside the mixing room.

10. The floors and the equipment of the mixing and packaging rooms
should be cleaned frequently to prevent the accumulation of armonium nitrate or
fuel o0il and other sensitizers. The entire mixing and packaging plant should be
cleaned periodically to prevent the excessive accumulation of dust. |

11, The interior of the bullding used for storing blasting agents
should be kept clean and free of debris and empty containers.

Reference Number of this Incident: 1025

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Vashington 25, D. C.

ASESB Exo>losive Incident Report No, 70

Liquid Oxygen Explosion

Description: An explosion occurred at the liquid oxygen filier near the storage
tanks at a static test stand. The liquid gases unit of the
propellant handling section was requested by the static test stand to pump
liquid oxygen to the missile boost~r, At 11l:15 A the lorerman placed cne crew of
ren on the 28,000-gzalion tanks and another crew consisting of 3 men on the 14,900-
gallon tanks. Presooling of the 6" line from the 25,000-gallon tanks and pre-
coo’ing of the 4" line and filter from the 14,000-gallon tanks was sturted at
11:30 AM, At 11340, the tower notified the crews that the liquid oxygen pumps
should te startcd. T©he crew on the 14,000-gallon tanks noticed that there was no
power to the pumps and notified the foreman, who went to the tower and located an
electrician who threw a main breaker wlhiich connected power to the pumps. In the
meantime, the pumps at the 28,000-gallon tanks were primed and pumping, At
11:50 AH the 250 gpm liquid oxygen pump at Tank No. 2 was startad and put on the
line., At 12:00 AM the foreman went to the 500 gpm liquid oxygen fiiter of the
14,000-gallon tinks and noted that the pressure drop across the filter was approxi-
mately 2 psi. The pump discharge pressure was 175 psig., At 12:05, the foreman
reviewey overall conditions at beth tanks and went to the static test stand, The
3 crewmen at the 14,000-gallon tanks were positioned at the end of the No. 1 Tank
observing the pump discharge pressure and tank level gage. at 12:10 A¥, withcut
any warning, the 500 gpm liquid oxygen filter at the 14,000-gallon tanks exploded.
The shock wave from the explosion struck the concrete fire wall and knocked the
3 crewmen against the guardrail installed arounc® the operating platform, Parts
of the filter, and steel grating over the filter, were blown with considerable
force over the entire area, up to distances of &0 feet, The ruptured liquid
oxygen lines immediately covered the area with liquid oxygen vapers and at this
point, the 3 crewmen ran from the tanks in the direction of the pillbox south of
the tanks. The crew on the 28,000-gallon tanks also left their station, but
shut down the pumps prinr to departure. Tne pumps at the 14,000-g2llon tanks
being left in operation caused a very large spillage of liquid oxgygen at that
location. Hovever, by 12:18 A, the foraman and the test stand personnel had
called the fire departm:nt, sent the 3 crewmen to the hospital for medical check,
thrown the 14,000-gali.o1 pump breakers to shut down the pumps, and turned on the
deluge sprinkler system at the 28,000-gallon tanks. The chief of the propeilant
handlirg secticn arrived at this time and directed the action to control the
spillage havard. By following behind the spray from the water hose used by the
propellant crev at the tanks, he was a- le to clear a path through the heavy
liquid oxygen vapor and close the liquid discharge valves and open the vent
valves on the 14,000-gallon tanks., The foreman, in the meantime, csecursd the
28,0C0-gailon tanks in a similar mamner. The fire department arrived at approxi-
mately 12:20 AM, connected their water hose, and commenced to wash dowa the




liquid oxygen spillage. By 12:45 AM the liquid oxygen vapors had been cleared
from the area and tre tower area was clea ed for access. There were no
injuries.

Cause: A detailed study of the daaaged filter components indicated that the
explosion could have resulted from one of the following conditions
(1isted in the order of most probable cause):

1. A filter element became loonse and was vibrating in the aluminum
} s:ader plate. A particle of contaminant was lodged between the element and

head2r plate and was impact detonated causing subsequent burning of the aluminun
header plate.

2, Contamination had built up on the filter element and a heavy foreign
particle traveling ot considerable velocity in the line struck the contamirnant
when it reached the filter element with sufficient impact to cause detonation
and subsequent explosion.

Preventive Measures:

1. All liquid oxygen filters will be dismantled, inspected, cleaned,
and elements and gaskets replaced with clean components every 2 months, unless
for some reason the ailowable pressure drop across filter reaches the maxiom,

2. All liquid oxygen tanks will be chemically cleaned every 12
months in lieu of original schedule of 18 months,

3. All filter aluminum components will be replaced with sta.nless
steel as soon as they become availabvle,

4, Develop improved filter design (such as element threaded zon-

aections to prevent movement, etc.) and incorporate these design modifications
at the earliest possible date.

5. All remotely located circuit breakers w! ch control power to
the preonellant facilities will be clearly identified so that in the event of
future accidents, responsible personnel can guickly disconnect all pover to
these facilities. As soon as all power .5 these facilities has been discvone-
nected, notification of such will be given to emergency crews and other per-
sonnel who aie required to enter the accident area,

6. Install remote controlled, pneumatic operated liquid oxygen tank
discharge valves so that remote operation may be had in event of emergency.

Reference Number of this Incident: 1026

Duplication of this report is authorized.

2




n—t

ARMED SEF' " "7ES EXPLOSIVES SAFETY BOAR
% Dnington 25, D, C,

ASESB Explosive Incident Report ho. 71

“atceh Flash

Description: A mate. head operator received szcond Zegree durns on his right

— hand and wrist and minor facia®l burns as a resuit of a match {lash
of approximately 6000 regular match heads. '.ne accident occurred as the operator
was transperiing 3 dipping trays of matches plus a small sample box of approxi-
mately 300 matches f{rom the match Yead dip room to the match comb unlcading room,
The cperator stated that the matches flsshed as he was carrying them, From the
visible evidence of the lccaticn ¢f burrnt trays, matches, footprints, etc., it
appears that “he operator was backing through the door between the dip rcom and
unloading room, and in so doing, very probably bumped the trays against the

door or door jamb with enough force to jar a rack (or racks) from the guides or
tray causing the match hecds to rub or scrape against the bottom or side of tray
resulting in the flash, The sample box of matches remained inlact and the matches
in it did not flash, The floor in the dip room is non-conductive and that in the
unloading room is conductive. The humidity in the dip rcom was 36% at the time
of the accident and 32% in the unloading rocit. It is considered that neither
static electricity nor humidity was relevant in this case,

Preventive Measures:

1, Consider different tyve door arrangement to provide easier
passage than the present one,

2, A-~ditional protective clothing and eguipment. for unloading
operator.

3. Zonslder providing a protective carrier to contain match trays
while transporting them from dip room to unloading room.

k., Consider grounding of floor in dip room.

Reference humber of this Inecident: 1027

Duplication of this report is authorized.




ARMED SERVICZs EXPLOSIVES SAFLTY BOARD
washington 25, D. C,

ASESB Explosive Incident Revort Yo. 72

Fire in i Operation

Description: Sometime between 4:00 P and 7:45 Al the next norning, a fire
occurred in the nitromannite operation. It extinguished itself
before any serious damage resulted., The results of the fire were discovered by
the operator when he entered the building at 7:48 A¥ to start the operation.
A filter cloth lying on the primary filter was approximately 3 burned, a lead-
covered wood table with a lead-covered shelf was partially charred, an aluminunm
bucket containing filter cake from previous shift was blackened, a rag on the
shelf was burned, and charred material was scattered in a 3' radius from the
bucket (including top o” table and filter). The aluminun bucket had been placed
in a galvanized bucket. The fire had been hot enouzh and of sufficiant duration
to melt some of the lead on the table top skirt. About 4' from the bucket con-
taining the charred filter cake was an aluminum dissolving tub contzining 120
peunds of nitromannite. This was the product obtained from the centrifuge near
the end of the operating shift. It containod approximately 40% water when placed
in the dissolving tub, There was no lid or cover over the tub; it appears miracu-
lous that some of the charred material found scattered around did not enter tue
dissolving tub and iznite the nitromannite., If this had occurred, the entire
operation may have been demoliished,

Cause: The fire probably started in the rag lying next tc the bucket. This rag
had been used at the end of the shift to wipe off the top of the filter,
It had been saturated with acetone and contained some Hlli, It does not appear
likely that any acid could have beer on the rag; however, the rag almost cer-
tainly was dry because of acetone evaporation. The nitrorannite being processed
at the end of the shift was being reworked after failing stability tests. The
filter cake obtained from this rework batch contained ammonium oxalate and chalk,
A sample of this filter cake from the bucket was analyzed but no trace of nitro-
mannite could be found. This leaves us with no explanation for the charring of
this material, source of {ire in the bucket, or the cause for spattering material

out of the bucket unless a small amount of nitromannite may have been present on
top of the material in the bucket,

Preventive Measures:

1, HNo dirty rags, paper, or other refuse is to be left in the
building. These items are to be removed imnediately to a covered metal waste can
outside the building,

2, Yo filter cloths in the building should Te permittzd to become dry.
They must be stored undes water in aluminum cans,




3. Axl filter cake and/or other scrap process materials rust bas
removed from the building at tie end of each cperating shift and dunmped into
the decomposing tanks,

L4, Yo filter cloth will be returned to a filter after washing until
just prior to use, Previous practice o piacinz a filter cloth on the filters

at the end of the operating shaft (to be ready for the next day's operation)
has been discontinued.,

8. Strict housexeeping - complete washdown of all floor areas,
equipment and walls every shift.

This incident emphasizes how gradual changes and errosrs in procedures build up
and eventually result in serious consequences. Freguent review of operations at
different times may help in revealing unexpected conditions.

Reference Nunber of this Incident: 1028

Duplication of this report is authorized,




ARx=ZD SERVICES EXPLOSIVES SAFETY 30ARD
Washington 25, D, C.
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ASESB Explosive Incident Report Mo, 73

Igniticn of Rocket Motors

Description: Four solid propellant rocket motors (approxirately $200 pounds
propellant) exploded during euring operations. Rocket motors,
after casting, sre delivered to the curing ovens by hoist and a monorail systenm,
for curing at required terperatures for a specified time. An operator, on hear-
ing a metallic noise or clanz inside one of the curing oven bays, proceeded to
investigate. He had advanced within 50 feet of the bays when he observed fire
at the entrance to one of the bays. Wwithin several seconds, an explosion
occurred in an oven of the bay, followed by two other explcsions at close inter-
vals, The third explosion occurred approximately i minute from the time the
fire was first observed. The four motors were in 2 curinz ovens of the bay
(2 in each oven); the remaining ovens in this bay were empty. The ovens involved
were equipped with dual temperature controls. Each oven was heated by 2 floor
type steam heaters utilizing 4L40-volt motor with fan approved for Class 1I,
Group F locations. The heat units were directly beneath the suspended motors.
Maximum steam pressure in the oven coils was 1§ psig. Temperature capability
maximum in the coils was 249°F., The ovens vere equipned with high temperature
safety cut-out on steam if oven temperitu—e exceeds 205°F, The fire actuated
the deluge and alarm system, thus eva. *.ng personnel in the buildinz. The
spread of fire was limited due to activation of the deluge and autcmatic sprinkler
system in the adjacent corridors and bays. There were 1l miner injuries, Ten
employees leaving the building and one employee approaching the building were
given first-aid treatment for shock, bruises or minor lacerztions. The equipment
and facilities within the oven bay involved were destrcyed or damaged beyond
repair. Instrumentatiocn on back of reinforced concrete wills enclosing the oven
bay was destroyed or damaged., Other equipnent left in front ¢f the curing ovens
(not required fo- the operation) was destroyed. Heat and pressure damaged,
beyond repair, the 12" reinforced concrete wails enclosing the oven bay involved

at the back and one side. All nmissiles fell within Lu0' of the accident location,
with few exceptions.

Cause: Exact czuse unknown; probable causes:

Ignition of spilled or released vpropellant by friction, impact, or heat
on contact with steam type floor heater equipped with electiric notor and fan
when: 1) head end alisnnent fixture dropped off motor Jue to failure of clamps;
2) poropeliant sazple can, secured to motor, dropped on failure of brackets;

3) head end alignment fixture dislodged when motor dropped on failure of mono-
rail system in oven.




Preventive lMNeasures:

1. Inspecticns rel.ting to installation of components on rocket
motors shculd be increased to assure serviceability and/or adequacy of attach-
nents or closures prior to cazting, curing and cut back.

2. Procedures fcr inspection and preventive maintenance of monorail
systems and weight-1lifting 2quipment should be reevaluated to assure adequacy.

3. Fngineering studies should be made of present and future curing

facilities with a view toward preventing propagation of fire or explosion from
motor to motor,

4, Installation of curing ovens should be considered for placement
at intraline distance from cother coperations in new construction.

5. En7ineering studies should be made with a view toward providing

heat to curing ovens other than by use of floor-type steam heaters utilizing
electric motor and fan.

6. Containers for propellant samples should be designed to prevent
spi® =z

7. Instrumentation should not be placed on fire or substantial dividing
walls,

8. All equirment (not required for explosives operations) should be
reroved to prevent loss in case of an szcident.

Reference Number of this Incident: 1029

Duplication of this report is authorized.
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ARMED SERVICES ZXPLOCIVZS SAFETY BOARD
vwashington 25, D, C,

ASZSB Exolosive Incident Report Ko, 74

Explosion of Primer Mix

Description: Approximately 3/4 ounce primer r..x exploded at the primer mix
scooping station of the loader. The operation consists of hand
scooping primer mix on the lcader utilizing a small plastic powder scoop ap-
proximately 2-3/4 inches long. 7This scoop is approximately the diameter of a
pencil and has a small calibrated scoov on one end that is dipped into the con-
ductive rubber container containing prirer mix. This scoop, when dipped into
the primer nix, is drawn under a conductive rubber wiper blade that levels the
scocp prior to the operator placing the primer mix through a plastic funnel
pernanently attached to the loader, and inio a detonator that is held in a hold-
ing device consisting of a base fixture ard ccvered by a funrel, One injury
(traumatic amputation distal phalanx first, second, and third fingers right
hand; multiple puncture wounds third and fourth fingers right thenar and hypo-
thenar eminences and volar surface right forearm).
Cause: Oobservation of the extent of injuries to the employee's thumb, incex,
and middle finger of the right hand, and the damaze to the plastic
scoop that the operator was using at the tire of the incident, indicated that
iritiation was caused by tne orerator dipping toc deep into the receptacle of
primer mix and actually contacting the botiom of the receptacle wiin ihe sccop
end of the plastic powder scoop. This determination is based on the danmaze 10
the operator's fingers being prinarily to the upper or nzil portion of the thumd
and two fingers involved rather than the lower surface of the thumbd and fingers
which is not the exposed portion of the fingers when the cperator is in the act
of actually scooping. Investigation of the part of the loaders at the exact
location of the incident disclosed that there was no evidence of a fiash cominz
from the dial of the loader througzh the permanently attached plastic funnel and
initiating the primer mix in that manner,

Preventive lieasures:

i. Design an automatic volumetric loader to replace pcwder scoopers
on the detonator loading machines,

2. Recheck all equipment to assure being in proper working condition.

Reference hunber of this Incident: 1030

Duplication of this report is authorized.
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AMMED SERVICsS EXPLOSIVES SAFETY BOARD
Wiashington 25, D. C,

ASESB rIxplosive Incident Report ho. 75

Mtrostarch Fire

Description: A fire involving 100 pounds of dry nitrostarch occurred during

routine overation of unloading dryer at nitrostarch dry house,
One death resulted. The buildinz involved was constructed with 2" plank
walls, flat rzalvanized cover outside and lined with pressed wood. There was
no damage to neighboring buildings (nearest building located at 300').

Faximum distance fragmenis thrown: 1 dryer tray 24"x48" at 75'. There was no
glass breakage,

Cause: Unknown.

Reference lumoer of this Incident: 1033

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARL
vasnington 25, D, C.

ASESB Explosive Incident Report No, %6

Ethylene Oxide and Armonia Explosion

Description: A feed storage tank containinrg several thousand gallons of

ethylene oxide exploded, injuring a number of employees ard causing
extensive property damage. There were 22 employees involved in ine accident,
one of whom was injured fatally. Three were hospitalized but none are expected
to suffer permanent disabilities. The remainder were taken to the hospital for
treatment of cuts, bruises and minor burns or for observation, Process equipment
and buildings in the vieinity of the explosion were either destroyed or severely
damaged, Blast and missiles caused destruction in areas throughout the plant,
and there was struc:ural dariage, mostly giass breakagse, to buildings in the
neighborhood, The explosion occurred in an ethanolamine manufacturing area which
had been in operation fyor several years. In the process, armonia and ethylene
oxide were fed into a horizontal, tubular reactor using pumps which were inter-
locked to assure the desired proportior of reactants. Irmediately prior to the
explosion we experienced unusual variations of pressure in the unit and there
are indications that during a period of high pressure, unreacted ammonia zot back
into the process feed %ank containing ethylene oxide, resulting in a chemical
reaction which caused the explosion, Property damage is estimated at several
million dollars,

Reference Number of this Incident: L-45

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Explosive Incident Repvort No, 77

Waste Solvent Explosion

Description: An unwashed empty triethylamine drum was moved into ab area between
two laboratories and a funnel was placed in the 2" end bung opening.
Static lires were connected to both funnel and drum. Shortly thereafter, an
employee working in the vicinity noted the drum smoking., He immediately turned
a cold water hose on the drum, The drum contents exploded, ripping the top end
rnearly off and deforming the drum. Investipation showed that in the short time
between placenent of the drum and tne explosion, someone dumped what was indicated
by chemical analysis to be residues from a distillation containing phosphorous
oxy-chloride and sulfur compounds into the drum. MNo fire occurred and there were
no injuries. %o damage, other than the drum, resulted.

Cause: It is believed that the addition of cold water to the phosphorous oxy-
chloride residue could cause such an explosion,

Preventive leasures:

1. Strong acids, or other extremely reactive ccmpounds must never be
placed in organic waste drums.

2., iach laboratory should hzve its own waste drum so that control
can be maintained of materials being dumped.

3. Vaste drums, whenever possible, shold be isolated sc that the
person using them is protected by a concrete block wall,

L, ‘aste solvent drums should be vented by removing the 3/4" bung
to relieve pressure.

Reference Number of this Incident: L-46

Duplication of this report is authorized.
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ANGED SERVICLS EXPLOSIVES SAFETY BOARD

washingion 25, D, C,

ASESD ixplosive incident Report lo. 78

Explosion and Fire Experimental Compound

Description: An experiment in crystal growing involving 20 grams of II-VI
compound consisted of slowly passing the compound scaled in a
quartz tube through a graphite ring heated ty an RF inducticn heater to about
1200°C, Twc fans were positioned to control the heat distribution, and nitro-
gen gas was used as a blanket around the ring. 3Several hours after starting
this normally automatic operation, which had been unattended for about six hours,
a mild explosion occurred, scattering the compound, broken quartz, and the
graphite over the methy: methacrylate side and stone floor of the hood. The fans
continued to run, as did the RF heater, ard some time elapsed hefore a rember of
the night cleaning crew discovered the exact location, called in the alarm to an
emergency phone, and returned with extinguishers te fight the fire. 3y this tinme,
the fire was rapidly spreading up the hcod side and flames were creeping up the
outside of the hood, catching a wooden trough which extended across the room,
After unsuccessfully using two 23-pound CO, extinguisners, about lalf of a 30-
pound dry chenical successfully extinguished the fire vefore the community fire

department arrived., Due to prompt and rapid action, damage was confined to the
apparatus and hood,

Preventive Measures:

1. All experiments intended to be left unattended overnight be logged

in by the control center, so the patrol and other night personnel will have
specific xnowledge.

2. A1l combustibles and corrosives, such as botiles of solvents and
reagents, be removed from hocds to preciude nore serious fire spread or danger
to fire-fighting persornrel {a glass bottlie of toluene and a plastic Lottle of
HF narrowly escaped rupture in this incident).

3. Transite be used instead of plastics for hood shields whereve-
heat may be involved.

4, A fail-safe electrical hook-up be installed to cut off the fans
and RF heater in case of fire.

5. The experiment be as adequately shielded on all sides as possible.

Reference Kumber of this Incident: L-47

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVE SAFETY BOARD
Washington 25, D, C.

ASESB Explosive Incident Report No. 79

Ignition of 2 Cast Armonium Perchlorate Propslliant Grain

Durirg Cutting by Had

Description: Two cperators were cutting latoratory test specimens from a

92-pound cast ammonium perchlorate prupellant grain. The
operation was attandant. Beryllium alloy knives were used to obtain the
specimens, utilizing only the pressure afforded by one hand on the knife,
In the course of cutting, both operators simultaneously observed sparks at
the point of cut and promptly evacuated the cell, There were no injuries.
However, the grzin burned so rapidly that flame singed the hair on the back
of one operator's head as he was departing the ce)l, The autamatic deluge
system function as designed. Damage was negligible, About forty similar
specimens had been previcusly taken from the same grains, with hand knivee,
without iincident.

Cause: Ignition is attributed to the friction inherent in the cutting
action.

Preventive Measures: Design studies have been initiated to determine the

feasibility of providing remotely controiled machins
tooling that will cut specimens ¢f any desired shape from perchlorate
propellant grains,

Reference Mumber of this Incidents 1-L8

Duplication of this report is authorized,
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ARMED SERVICES EXPLU3IVES SAFETY BOARD
Washington 25, D, C,

ASESB Explosive Incident Report No, 80

Explosion During Sawing Composite Propeilant Samples

Description: Explosion occurred in sawing bay during cutting composite
propellant samples. The propellant is cast and cured in a one-
half-gallan cardboard contairer and transported to the test laboratory.
Various sizes and thicknesses of propellant samples are cut on a standard band
saw equipped with 2 vacuum system, The saw operator had completed cutting a
13" thick sample from the end of the block of propellant and placed it on a
laboratory cart. He was in process of completing a 4" thick lengthwise cut
when an sxplosion occurred in the vacuum line., Cne fatality resulted when
fragment from the vacuum line struck the fataily injured, causing large puncture
wound over the right eye., Two employees recoived minor injuries - one operator
in the bay suffered hurns tuo left leg and small puncture wound to left-hip and
the other injured suffered slight burns to botlh hssnds as he pulled the fatally
injured operator from the bay. All propeilant in the bay (approximately
7 pounds; was consumed by fire. Damage consisted of weak wall and roof blown
olf, extensive damage to equipment and electrical facilities within the bay.
Hairline cracks were noted in one section of a 12" reinforced concrete wall,

Cause: Ignition of propellant fines in lower guide blocks of band saw which,
in turn, ignited the propellant fines in the vacuum systen,
Ignitiorn resulting from friction at the saw guide blocks propagated to the
metzl vacuum lines where an explosion fragmented approximately 12-14 feet of
the 2-inch pipe. Review ..f operaiing procedures revezled that the frequency
and method of cleaning the vacuum lines was not established, The vacuum
collection system in use did maintain propellant fines wet at the collection
unit, which was located approximately 25 feet from the pickup peint. The
vacuum system iricluded saveral short radius bends which introduced a potential
hazard by possible ascurmlation of propellant at these points, Method of <lean-
ing tha vacnum lines was by inserting hose and flushing with cold water, A
recormendation to perform this operation remotely was made as a .esult of a
safety survey 10 months prior tc the accident; however, the operation had not
been changed,

Preventive Measures:

1. Sawing or cutting of compcsite propellant samples should be ac-
complished by remotely controlled equipment, with cperators protected by
adequate operational shields,

2. Positive follow-up action chould be taken to ensure that all
deviztions . eported as a result of accident-prevention inspections are
corrected promptly,.




3. Short radius bends should be prohibited in standard pipe vacuum
lines used for conveying prepellants,

4, Dust collection systems should be of the type thuat will provide
for wetting of the explcsives ag close as possible to the point of i.take,

Se SOP's should incorporate provisions for thorough cleaning of the
complete vacuum system to ensure removal of hazardous accumulations of explo-
sives,

Reference Number of this Incident:

1038

Duplication of this report is authorized.




ARMED SEKVICES EXVLOSIVES SANETY BCARD
Washington 25, D, C,

LEES3 Explesive Incident Report No. €1

Perchloric Acid Explosions in Exhaust Blowers

Description: A maintenance worker was killed and two others were injured
(one seriously) when an cxhaust blower connected to & labo-
ratory hood exploded. In September 1950, a similar explosion occurred at
another uranium mill and a worker suffered painful injuries, In the
summer of 195%, during the course of a casual inspection of a blower at
another laboratory, an explosion occurred and the chief chemist suffered
injuries to his face and eyes. Following this incident, and during the
course of shop maintenance on four other btlowers from the laboratory; four
more explosione occurred, but there were no injuries since trouble was
expected and safety shields had been set up to protect personnel, The
intensities of the explosions have varied. Some were very slight and in-
volved no thys’cal damage, while cthers were of such violence that they

completely sha.tered the blower and propelled fragments for several
hundred faet.

Cause:

+

1. All of the blowers which have exploded have beer used to exhaust
laboratory hoods and the explosions are believed to te due %to the formation
of explosive compounds forred from reactions between perchloric acid fumes
and a litharge-glycerine cement, However, other reactions involving lab-
oratory reagent fumes may be contributory.

2. A1l of the blowers involved in explosions are made of a very hard
and brittle corrosion-resistant cast iron alloy which shatters into sharp
angular fragments. In each case, the explosions have occurred while an
attempt was being made to prcbe or remcve the grouting cement which seals
the rear face plates to the blower hovsing, On this particular blower,
the manufacturer reports that the cement is composed of litharge and glyc-
erine and it appears that this cement undergoes some reaction with perchloric
acid fumes to form an explosive compound which is hig..ly pressure-sensitive,
Explosions have occurred while lightly probing the cement with a screwdriver,
while attempting to chip it out with a cold chisel, and during the course of
removing it by sand blasting. Conssquently, if using this type of blcower
for exhausting perchloric acid fumes, it is considered that there is very
nearly a 1007 protability that ar c¢xplosion will occur when an attempt is
made to remove the cement grout on the rear face plate,

Preventive Measures:

1. If this model fan is used in perchloric acid service, it is recom-
mended that the glycerine-liitharge cermen: be removed and that the plates be




segled with an inert cement. The following mixture is suggested: 92 ounces
silica flour, i cunce sodium fluosilicate accelerator), sodium silicate
(water glasss sufficient to make a stiff paste,

2. 'e have not been aware of any explosions with fans in which the face
plate 1s calked with asbestos rope and held in place by a steel retaining ring
ard dog clamps nor have we heard of explosions with other makes of fans or
blowers. iHowever, since it is welu known that perchloric acid reacts with
organic bearing materials to form explosive compounds, careful examination of
laboratory hcod exhaust systems for presence of wood or other crganic con-
struction materials such as rubier, plastics, and various sealing compcunds
is recommendzd. The use of corrosion resistant or ether paints on the inte-
riors of Llower housings and ducts should alsov be regarded with suspicion,.

If any are present it would be advisavle to remove such materiais, out such
rernoval should be done only after cetting up adequate safeguards to protect
personnel.

3. Hesing down of ductwork and blowers at weekly or more frequent inter-
vals is common practice at many laberatcries, but is not a guaraniee against
this varticular hazard. This is standard practice at the laboratory involved,
but an explosion occurred even after soaking the blower in soda ash solution.

4. Although we know of no instances of spontaneous explosions, this
must be regarded as a distinct possibility. Safety measures should be em-
ployed when moving blowers and, 1n particular, personnel assigned to servicines
of these blowers shouldbe cautioned about inadvertently striking the face
plate or sealing compound with a tool or grease gun., It is suggested each
blower be conspicously stenciled or tagged to indicate this hazard.

5. To guard against injury to personn2l who must remove the face plates,
the following setup has been devised: the equipment is removed to a safe area
and a steel shield erected anc fastened to the fan housing; the anvuzzle on a
sandblaster is rigged on a crark inside the shield and all the sealer removed
by sandblasting; this method not only protects the mechanic from shrapnel and
flying grout in case of an explosion, put also eliminates the possibility of
injury to his hands from kcldiag a chisel or other tool that he may use to
to rerove the sealer,

Reference Number of this Incident: L-L49

Duplication of this report is authorized,




ARMED SKRVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C,

ASESB Explosive Incident Report No, 82

Flash Fire

Description: Mixing operator had completed loading first part (L25 gallons)
of a batch of primer surfacer in the thousand gallorn mixer,

Among the last items loaded were four drums of nitrocellulose and two drums

of gun. A flash fire occurred while he was cleaning the neck of the loading

chute with a wooden-handled, bristle-type brush wet with flammable solvent

while the chute was still in the mixer manhole, The flash ignited the

vapor above the liquid level in the mixer, The searing flame erupting from

the manhole burned the employee on the face, neck, and shoulders before he

was propelled from tae mixer ty the force of the explosion. Fortunately,

he was wearing safety glasses which protected nis eyes,

Cause: Specific cause of flash fire is not known, However, the use of a

solvent wet brush for cleianing the residue from the loading chute
was not standard practice and may have contributed to the development of a
static spark which ignited the vapors in the mixer,

Preventive Measures: The clean-up procedure during loading is being reviewed,

and standards are being raised, including minimum of
clean up until mixer manhole ‘s covered, The necessary brushing of the slop-
ing sides of the brass loading chute (never the neck) willi be done with water
wet brush which does not have wire wrapping.

Reference Number of this Incident: L-50

Duplication of this report is authorized.




ARMED SSRVICES EXPLOSIVLS SAFETY BOARD
\Wazhington 25, D, C,

ASESB Explosive Incident Report No., 83

Propellant Explosion in Vertical Blocking Press

Description: Explosion involving approximately 59 pounds triple base propel-
1ant occurred in a 12-inch vertical blocking press during blocking
and screening operations. 7he operator had nlaced a charge of propellant into
the press powder cylinder and retired to the remote control bay. He commenced
with normal procedures for operation of the hydrauli- press ram and brought the
low pressure up to approximately 350 psi. He was then requested to delay final
blocking of the propellant due to a delay in the graining operations which take
place in the next room. He held the propellant charge in the press basket at low
pressure for & period of 5-6 minutes. ithen the graining process was caught up,
he continued the blccking operation by switching from low to high pressure.
Yhen the pressure reached approximately 400 psi, explosion occurred. The propel-
lant was completely consvmed. This was the last block being made on this shift
23 sontained 100% rework material. The operator received a bruise on the fore-
he. * (force of the explosion apparently caused the pressure gage, in the remote
control room, to bend forward and strike him on the head). Effects of the explo-
sion were confined to the press room and consisted of a few small holes in the
ceiling and plastic window panes blown out., The press room was separatel from
other rooms of the building by reinforced concrete dividing walls. The exterior
walls of the building were cf brick and hollow tile; the floor was reinforced
concrete; the roof was asbestos.orotected corrugated metal with framing members
of steel; windows were of the plastic type.

Cause: Exact cause unknown, After examining possible causes, it was considered
that generation of heat by friction of the ram head or hard pieces of
compogition against the cylinder walls is rost suspect,

Preventive Measures:

1. High priority be given to incompleted job orders on this blocking
press dealing with installation of blow out shear ring and pilot light, in order
to help in prevention of future incidents.

2. Conduct engineering study to include:
a. Better protection for the operator (overhead pwoteztion for
control room, clcs re of pipe trench from the pit to the control roon, replacing
of glass cover on pressure gage with nonbreakable plastic).

b, Pressure relief port for gases in the powder basket.,

¢. A cushioning mechanism at the bottom of the ram travel to
ninimize metal fatigue of the ram,




3. Revlacement press be equipped with automatic controls and a
butter method of inert gas ourging.

L4, Study be initiated to provide for more complete inspection pro-
cedure for this press and cthers of similar type; specifically, include
provision for clearance check of the ram head at the bottom of the press.

'( " Reference Number of this Incident: 104C

Duplication of this report is authorized,
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AR'ED SERVICES EXPLOSIVES SAFETY BCARD
Washinzton 25, D, C.

ASESE Explosive Incident Report No. Rl

Propellant Fire in Extrusion Press

Description: Propellant ignition occurred during the extrusion of Butadiene/
Metrylvinylryridine-Armuonium Nitrate composite propeliant in a
1070-ton extrusion press. Secuence of events was as follows: Propellant was
being extruded into cylindrical for:. for use in iurbine starter units for liquid
rocket engines. Propellant extrusion is condvcted remctely with all personnel
evacuated from the building. Two mixes (550 pounds/mix) of propellant were
extruded on the day prior to the incident with no abnor.ial conditions being
noted, At the completion of these extrusion operations, the die holdup of pro-
pellant (approx. 4O pounds) was allowed to remain in the press and cool water
war circulated through the basket of the extruder. This was normal procedure.
Extrusion cperations were resumed on the day shift of the day of the incident.
Operator completed the required checkout of the extrader and found everything
1o be normal, A4 new mix of propellant was moved to the extrusion building
vhere the operatcr loaded (5 pounds of crumb propellant into the basket of the
extruder, erected traffic barricades, and retired to the remote control panel
where he completed one extrusion cycle. No abnormal conditions were noted.
Operator returned to the extrusion building and removed extruded propellant
grains from the grain conveyor. Following prescribed procedure, operator
removed propellant flashing from the head of the ram and the wvasuum grooves,
checked the o-ring seal, and inspected the vacuum port screens to make certain
that they were securcly fastened and free of propellant. Operator charged 75
pounds of propellant to the basket ¢f the extruder, erected traffic barricades,
and proceeded to unother vuilding where he made snift relief with the oncoming
evening shift operator, The evening shift operator was advised that everything
was in order for the next extrusion cycle. The evening shift operator proceeded
to the remote control panel and started tre extrusion cycle., Normally, once the
extrusion cycle is started, the press rroceeds through the extrusion cyzle auto-
matically. The piston moves forwaré at a rate of 3L inches/minute until the ram
head just enters the basket of the extruder at which tire the speed of the pis-
ton is reduced to 1% inches/minute through the action of a limit switch at the
tail rod of the extruder. The ram mcves forward at slow speed until an o-ring
seal ‘s accomplished between the ram head and the extruder basket. Tne forward
woveqaent of the piston is then stopped by & limit switch at the tail rod assembly
and the evacuation portion of the extrusion cycle is accomplished. The operator
reports that the piston of the extruder mcved into the extruder basket at high
sr2ed and did not stop for tne evacuation portion of the extrusion cycle. Befcre
tne operator could reach the manual controls to stop the forward movement of the
piston, prepellant ignition occurred. Personnel evacuated the area in accordance
with prescribed procedures. There was no injury to personnel. 7The deluge system
functioned as designed and power to the extruder was automatically cut off, Pro-
pellant fire within the basket of the extruder and die assembly was fnaccessible
to water from the area deluge, however, the area deluge prevented spread of the
fire to the building proper. Fire within the basket and die assembly of the
extruder continued to burn for appreximately 30 minutes following the incident.




'm

Cause: Investigation following the incident indicates probable cause to have

been electru-mechanical failure of the limit switch which normally
reduces piston spead from 3L inches/minuie to 1% inches/minute and stops the
piston for the evacuation portion of the extrusion cycle. Malfunction of this
limit switch permitted the ram to enter the basket of the extruder at high
speed and by-pass the vacuum portion of the extrusion cycle thereby compressing
entrapped air until its temperature reached the autoignition temperature of the
propellant,

Preventative Measures:

1. Complete checkcut of all limit switches and ailied instrumentation
to insure proper operation,

2, Review drawings ancd diagrams of the control system and insure that
all electrical and hydraulic safety devices are functioning properly.

Reference Number of this Incident: 10LS

Duplication of this report is authorized.




ARMYD SERVICES EXPLOSIVES SAFET™ ECARD
Washington 25, D, C,

ASESE Explosive Incident Report No. 85

Laboratory Explosion

Description: An explosion occurred while attempting to condense diazirine

with liquid nitrogen. There was 100-150 . Hg in the system
and initial attempts to condense with methylcyclopentane, which is nornally
erployed, were unsuccessfil. Procedure was then switched to liquid nitrogen,
There were no injuries but a considerable amount of glass was blcwn over th.
lab, and carbon soot deposited cn the glassware. Had operator not worn
prescribed safety eauipment and worked behind safety shields, personal injury
could have been considerable.

Cause: Probatle cause of the explosion was air in the storage bulb containing
the diazirine,

Reference Number of this Incident: L-52

Duplication of this report is authorized,




ARMED SERV.CES EXPLCSIVES SAFETY 2CARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 86

Incident During Monomer Synthesis

Description: An explosion occurred during synthesis of avout one pound of

NF propyl acrylate (NFPA), This was the thirs NFPA batch
made from A-3, the other two having gone smoothly. In this case the NFPA
had been synthesized, the byproducts had been stripped out, and the product
was being distilled from the stainless steel put. The operator noticed
that the pot temperature (then at 60°C) was rising slowly and he applied
cooling; within seconds the pot vented and what is thought to have been a
vapor phase explcsion in the bay occurred. There was no personnel injury,
and property damage was minor.

Cause: It is assumed that rapid polymerization of the NFPA led to decom-

position and the very sudden temperature and pressure rise, The
normal inhibitor schedule had been used, but the batch process had been
modified to eliminate the chemical destruction of byproduet acrylic anhy-
dride, It may be that this material would consume the inhibitor, leaving
the NFPA uninhibited. This conjecture will be tested,

Reference Mumber of this Ircident: 1-=53

Duplication of this report is authorized,
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ARMeD SERVICES EXPLUSIVES SAFETY BOARD
Washington 25, D, C,

ASESE Explosive Incident Report No, 87

Vinvl Chloride Polymerization Explosion

Description: Early in the morning, August 9, 1961, an explosion brrxe out
at a Nitrogen Fertilizer Cocmpany Plant, claiming four lives
and injuring ten people in cr around its premises, The plant occupiss about
100 acres in which there are about 500 puildings accommodating manufacturing
plants, warehouses, offices and many tanks., The total floor area of build-
ings 1s about 1,430,000 square feet and the number of employees exceeds
3,500, These buildings are priacipally of asbestos or stucco-clad steel
frame cor stucco-clad wood frame construction, with some office buildings of
wood construction, The plant produces varieties of chemical fertilizers and
plasties including polyvinylchloride. The explosion occurred in the vinyl
chloride polymerization plant, a building containing 18 pressure vessels, in
which polyvinyl chloride is produced from vinyl chloride monomer under the
pressure of 100 to 160 1b./in. at the temperature of 120° to 1L0°F, It takes
between 10 and 15 hours to complete this polymerization in the prassure ves-
sel. The characteristics of vinyl chloride monomer CH2CHCl are as follows:
boiling point - -13°C. (9°F.); specific gravity - approximately 2;
explosion range =~ between L7 and 22%, During the polymerization process,
the vessel is cooled vecause heat is generated during the reaction. The
temperature and pressure within the vessels are checked by the operators with
gauges and meters in the controller’s rocm. When the temperature Las stabi-
lized and the pressure has settled down, thus indicating cempletion of the
reaction, they stop the churning c¢f material and open the lid on the top of
the vessel, They then open the discharge valve at the bottom through which
the liquid products are transported through a manually-operated funnel, and
pipe to the drying and crushing plant adjoining the polymerization plant.
About 6:30 A as the reaction in the polymerizing vessel No. 3 was completed,
a forerman and three employees set to work to discharge the contents according
to directions from the controller's room, but in error they opened vessel No.
L instead of MNo. 3. Thus the gaseous vinyl chlor:~~ monomer just in the
process of polymerization burst out of the vesse 1led the roum, and shortly
afterwards exploded, presumably ignited by a spa:.. .rom electric machines, or
by static electricity generated by the bursting gas, or some other unknown
cause, The explosion was heard at the municipal fire department about a mile
distant from the factory. A fireman cn the watchtower saw black smoke clouds
rising from plant bujldings, but he did not see any flame. When f{iremen
arrived at the scene, there were thick white smoke clouds with a smell of gas
around the polyrerization plant, and near vessel No., L4 a little flame was
found., The fire was extinguished after a few minutes., They worked to rescue
the wounded employees, and stzyed for a possible secondary explosion, which
fortunately did nct occur. The foreman was found dead at the top of No. 3
tank and one of the two workers at the bottorm was dead on arrival at the
hospital. An employee in the controller's roon died instantly and another
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worker in the burnmer plant, a building next to the polymerization plant,
died after two days. within the prenises of the factory, 8 additional
persons were injured, rost of them not seriouvsly, and outside the factory
two persons were injured slightly by flyinp glass. All the asbestos plates
on the rocf and walls of the polyrmerization plant fell out, ard parts of
stucco walls were also blown down, Inside the tuilding, the steel frawe
wag dented or tuckled ty the shock of the explosion. Iron floor plates,
in particular, were seriously damaged with some cut off and others blown
away. All the glass paner cr the doors and the windows weare blown off.
Vone of the 18 wvessels were damaged seriocusly, with the exception of ves-
sel lo. 3 which was greatly dented on the side.

Reference ‘hmber of this Incident: L-SL

Duplication ~f this report is authorized.
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ARED SEdYiCES EXPLUSIVES SAFETY BOAKD
-ﬁas:xin,;‘»:m 2:), D. ':.

AS3Sc Explosive Incid-unt hLeport No., 68

Aluminun Trietayl “'ire

Jdescription: A crenist diorped a gallon jlass vottle containing about two
liters of a 20 per cent solution of aluminum triethyl in
kerosene when his feet slip~ed on slick rud on the walk at the entrance of
a sarmple storage shei. The releace¢ solution fl3shed on contact with air
and moisture, enveloping the chemist who had fallen to a sitting position.
A plant safety inspector, fullr dressed in protective clothing, mask, ano
pgloves who was present to destroy discarded samples, irrediately pulled the
cherist to a dry arez and extinguished his burning clothing. The safety
inspector securcd help “rom the adjacent laboratory and carried the chemist
inside to a safety shower where clothinz was removed and showering was con-
timed for fifteen minutes under supervision of the plant nurse, The murse
also gave him a pain-killer. The local hosp’tal was alerted and a teaa of
doctors was waiting for the patient upcen his arrival in the plant ambulance.
They found the injured ran to have second and third degree burns sn beta
hands and forearms, second or third desree Lurns on ooth outtocks. and first
degree burns of the face. Treat:ent was spectacularly successful, with
release frorm the hospital in 17 Qays with prognosis of no rermanent dis-
figurement and no necessity for skin grafting. The injured man returnes to
worx with no linitaticns on the thirty-third day.

Causes

1. Detailed safe-handlin. rules for aluminur. triethyl had uot been
issued for laboratory workers, althocigh sach rules vere in effect in the
Dlantc

2. The ciemist wore no protective clothing, mask or jloves while
handling the comparatively larre container of aluminum triethyl.

3. The glass container was carried in the hand rather than being
cushioned in an inert absorbent material in a bucket,

Preventive Measures:

1. Glass bottles containing more than eight ounces of aluminum
triethy) solution will be zarried oniv in a tucket cushioned wiil vemice
rlite or other inert material.

2. Approved protective clcthing will be mandatory for anvone handling
amounts of alvmimr: triethyl solution exceeding eight cunces,
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3. Proper grading of the area will te done to prevent rain-washed
mud from coating the concreie wal: Letween tie laboratory and sample
storage house.

Le Detailed safety rules have teen prom:lrated ccvering alurinum
triethyl handling in the latoratory,

Reference 'umbter of this Incident: L-fT

wplication of this report is autherized.




ARMED SERVICES ZXF.uSLVEL SAFETY LOAMD
washington 25. 2. C,

ASESD Explosive Ir.ident Report No. 89

Laboratory Zxplosion

Description: A solution of 19% gr. of dibromomalononitrile in 600 ml. of

ethyl ether was added to a sclution of 197.5 gn. of sodiun
azide in 600 ml. of water (mechancal stirring) over a period of LS minutes,
while maintaining the terperature of the reaction at 5°-8°C, by neans of an
ice-bath., After the addition was complete, the reaction mixture was stirred
for an additional 2 hours at 10°C. The ether layer was then separated and
discarded. The aquzous layer was extracted six %imes with 500 ml, porticns
of ether and these extracts discarded. The water solution was then acidified
with 175 ml. of a 1:1 mixture of concentrated HyS0), in water. An oily product
separated out which was ‘aken up in 500 al. of ether., The water was xxtracted
once with an additional 5790 m). of ether and the water discarded. The ether
extracts were combined and dried over anhydrous sodium suifate, After filter-
ing off the dryins agent, ths product solution was poured into a large evap-
orating dish in & hood late in the afternoon. The next morning the chemist
stirred the oily product left in the dish and a* about 12:00 AM noted that
some crystals had started to form. Several time: later in the day, the
chemist stirrerd the slurry with a metal spatula in order to induce more
crystalliszation. At abort 4:0° PM, the laboratory ‘echnician reached inte
the hood to acjust a rac«. Fe did so without touching or otherwise disturb-
ing the evaporating dish. Just as he withdrew his arm, the slurry in the
evaporating d.s: /- itirated to ve 75-100 gm.) exploded with great violence
breaking bottl :s containing solvents and scdium stored in tie hood. The
technician'’s shirt ana safe.y glasses were blown off and he sustainred multi-
ple abrasions (blast effect) of chest and both arms, multiple puncture
wounds of the chest, abdomen and right arm, ruptured right ear drum and
scratch on right eye, The reaction between dibromomalonoaitrile and sodium
azide had been run previously :sing 1/5 the quantities used in the run which
exploded. The products of these runs when isclated as an oil suspension of
crystals did not e:pplode when struck with a hammer on a steel plate. The
material would decomrose rapidly when heated in a flame, Pure crystals of
the product isolated by dissolution in ether foliowed by reprecipitaticn by
the addition of chloroform were very shock-sensitive when dry.

Causet The amount of material being handled was grosely ia excess of that
considered safe to be used in a laboratory hocd. Even il :hielding,
remois handling devices and ear protection had been employved, it is probable
tha’. a serious injury would have been sustained, The fact that two of the
four frontal hood shivids were in the open position probably permitted the
explosive force to be dissipated and resul‘ed in lesser initial damage and
less serious injury than would have occurred had all shields been lowered,
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Preventive ‘eacures: a maximun of € 1.7t will be handied during any

futurc r2action,

eference uvumter of this Inciient: L=t4

Durlication of this reposyt is arthorized,
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ARMED SERVICES EXPLOSIVES SAFETY EARD
ﬂuhington 25, D. C.

ASESH Explosive Incident Report No. 90

Firebox Explosion - Dowtherm Vaporiser

Des:cription: At spproximately 8:L0 AM instruments in the control room
indicated a flsme failure of ths Dowtherm vaporise:r, F-5,
Ope rating personnel immediately checked F-5 and found it wae not operating.
According to furnace start-up procedure, the firebox was checked before
activating the ~ontrol unit which satomatically purges 3nd lights the
furnace, After the purgs cycle, when the pilot ignited, there was a fire-
bex sxplosion at 8:50 AM, Extensive Uoiler casing snd refractory damage
resnltsd from the axplosion. No other eqaipment or buildings were ds~aged.
These esvents occurrad several hours after & severe rain and electrizal storm.

Cause: A short developed across the fuel selector switch which allowed the
fuel gas valve to opem during the purge cycle, thus purging the
furnace with a mixture of fuel gas and air. Whsn the pilot ignited, the

explosion occurred, There were no personnel injuries as a result of the
explosion,

Preventive Measures: The fuel selector switch has been removed from the

control circuit and all exposed connections 'ave been
weather-proofed. Ccnsideration is being given to the installation of a
roof over the front end of the boiler; the use of & continuous pilot flsme
and isolation of wiring circuits to reduce probability of "shorting."
Danage was estimated at 415,900,

Reference Number of this Incidents L-S7

Durlication of this report iv authcrised.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Explosive Incident Report No., 91

Underground Blasting Accident - Ammonium Nitrate-Fuel 0il Mixture

Description: Premature detonation of an explosive charge occurred at a face
being prepared for blasting in an underground salt mine, Two
injuries resulted; one fatal, Two men were working as a powderman - helper
tesm to charge a previously-drilled round of 72 boreholes ir a 26* x 65* face,
Prior to the accident, 9 holes along the right rib in 3 horizons had been loaded
with exrlosives, and some interconnectiuns of detonator leg wires had been made,
The pla‘form had been elevated to allow access tc the upper three horizons of
borehnles, and four holes near the right rib had been completely loaded, but the
shunts had not been removed from the detonator leg wires, The helper reported
that he had placed the initial 2°' or 3' coluvmn of ammonium nitrate-fuel oil
(AN-FO) in the next hole to b- icaded and had handed a primer cartridge of
dynamite containing a No. 4 millisecond-delay detonator to the powderman. The
latter was further repor-ed to have shoved the primer cartridge into the borehole
with the air-placement loading tube so as to contact the initial charge of AN-FO,
whereupon detonation occurred. The powderman received multiple severe injuries
from the exglosion. Ilie remained conscicus until transported to the surface, but
died shortly after being admitted {0 a hospital, The hclper suffered injurles
tc his right hand and minor eye injuries. Examination of the borehole in which
the premature detonation occurred revealed that when the primer cartridge
detonated, it was probably in contact with the bottom charge of AN.FO, The first
8 or 10 feet of the polyethyliene ioading tube was completely destroyed, and the
remsining loading tube was found 75 to 100 fset from the face, havinz been
ripped off the ccntrol valve and blown there, The hole in which the premature
blast occurred Jid not puil, and adjacent loaded holes were not initiated. Ap-
prrently, AN-FO wus not flowing through the hose at the time of the accident,
because the control valve was found to be in the "off”™ position., The face was
left undisturbed until careful examination had been made, Ten days after the
accident, louding of the uncharged boreholes was completed, using collar priming,
and the entire round was fired, During this loading, it was reported that drill
cuttings in some of the bo.ehules were wet and mushy.

Cause: Exact cause could not be determined., The premature blast may have
resulted frow:

1. Mechanical damage to the detonator while inserting or tamping che
primer cartridge in the borehole,

2. Stray electiricity,

3. [lischarge of static el ctricity while using polyethylene tubing to
place the primer cartridge in the borehole.
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Preventive Measures:

1. Holes loaded with sir-placed AN-FO or si-ilar blastinz agents
should be collar primed unless it has been adequately d:wonstrated in a parti-
cular mining oceration that dangerous quantities of static electricity camot
be accumulated in the course of charging operations.

2. A wooden tamping rod should be us.d toc insert the primer into the
hole,

3. lhen inserting orimer cartridges into boreholes, excessive force
should be avoided, If a cartridge becomes lodged in the hole, the hole should
be stemmed and fired with the round as if the hole were normally charged.

&4, The nrimer should be made according to recognized safe practices,

5« The premaration and placement of primers should be a separate
operation from the air-placement of the blasting agent,

5. The leg wires should be unfolded as the primer is being inserted
into the hole and the remaining wire kept coiled or folded at the mouth of the
borehole until after all the holes have bzen charged and primed.

7. All detonator leg wires should be kept shunted until ready to
hook up the firing circuit; the firing line should be kept shunted at all times
until ready to blast. ’

8. Conductive rubber or condustive plastic tubing should be used
for the air placement of AN.FO to minimize the development of a static charge,

9. Floodlights or other illumination used should not be attached to
the loading rig.

10. Splices in tra2iling cables should be mechanically strong, of
adequate electrical conductivity, effectively insulated, and sealed to exclude
moisture.

11, Tralling cables should be placed in trenches where they cross

roadways or wherever they are exposed to moving equipment to avoid their being
run over.

12, Dust.tight electrical equipment, approved in accordance with
Article 500 of the National Electrical Code as Class III, Group F, should be
used in mines or plants wlere conductive dusts, or dust that may become conduc-
tive by action of moisture or ciher substances, is present,

13. Electric shocks experienced by perscnrel in the vicinity of
charging operations for blasting from equipment frames, housings, and the like
should be located immediately and the cause corrected.
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14, Electricity should be cut off equimment at or near a face before
explosives are taken to such face, during cnargis z, and between chargirng and
firing cf shots, If electrically-powered compressors serve loading operations,
they shouid have no electrically-conductive connection with equipment at the
immediate face during loading opeiations.

15, Frame-grounding corluctors should be fastened securely to the
ejuipnent and meintained suitsbly connected to a mine grounding circuit.

16. All metal or conductive varts in proximity to loading operations
snould be electrically bonded and grcunded to a mine grounding circult,

17. The grounding system should te one which will limit a fault
current, therety iimiting the voltage gradient in the sarth, and also will
provide means fcr immediately de-energizing the power circuit upon the occur-
rence of a ground-fault on the equipment or power circuits,

Reference Number of this Incident: 1044

Duplication of this report is authorized.




S T T T R T T T T TR T TR T T T T T T

ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Explosive Incident Report No, 92
Explosion Mercury Fulminate During Drying

Description: Six pounds of mercury fulminate detonated during drying opera-

tion, No death or injury resulted. The conditioning dry house
was the "bee hive" type and sel about 3 feet above the grovnd, The building
was of frame construction, unbarricaded, No equipment was involved. Damage
to neighboring buildings consisted of: minor structural damage to wood frame
building, unbarricaded, at 20 feet; minor structural damage to wood frame
building, unbarricaded, at 28 feet, Unbarricaded wocd frame building at X0
feet was undamaged, Missile (fragment) distance was 50-60 fest, with glass
breakage at 50 feet, There was no crater from the detonation,

Cause: Unknown,

Reference Number of this Incident: 1045

Duplication of this repvort is authorized.




S AT

T

- re————T

ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 2¢, D, C,

ASESB Explogive Incident Report No, 93
Detonation of Small Amcunt of Diazodinitrophenol

Descriotion: Operator was ’n process of cleaning charging device for detonatinrg

compounds at Charge House, Fowder had been removed from thaz
building, and he was brushing dust from the hopper when it slipped from kis hand
and fell to the floor. The impact resulted in a detonating of powder that had
accumulated under the lining of the hopper, There were no irjuries and no
property damage,

Cause: Impact, when hopper dropped to floor.

Reference Number of this Incident: 1046

Duplication of this report is authorized.




ARMID SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C.

ASESB Explosive Incident Report No. 9k
Detonation of Powder Duriag Disposal by Burning

Description: Minimun powder control tester was burning excess powder

from the day's testing program. It amounted to a total
of eighteen sticks cf Coalite S, Gelodyn 3, 60 Giant and 4O Giant. The
Coal: .e was 1-1/2 x 8 wlLile the remaining sticks were 1-1/4 x 8. The
opecator had cut the sticks in half and spread the four-inch pieces
evenly over the ourning paper. There were no caps, fuses or other
forms of explosiv: material beside the dynamite and gelatin sticks,
The operator has used this procedure since he started the job in mid
1956, After igniting the paper he proceeded into the testing building
and commenced writing up his results for the day. Approximately two
minutes after he 1lit the paper the powder detonated causing dsmage to
the barricade and knocked cat a window in the test building., There
were no injuries,

Cause: Unknown.

Preventive Mrasures: Excess powder frcm the day's testing program will

not be burned by the Powder Tester but instead by
the .abor gang at the burning grounds. The powder tester will strip his
excess sticks and failures so that only loose powder will be delivered
to the burning grounds. This will be done each morning so that no excess
powder will be allowed to accumulate on the testing site,

Reference Number of this Incident: 1047

Duplication of this report is authorised,




——

(3) Keep agitating until blend 15 zpproved fo

T pufiping or irim,

(8) If blend is satisfactory, take an addiiional sample for
the laboratory to check thiocyanate concentration, Then pump to storage.,

Reference Number of this Incident: Oy |

Duplication of this report is authorized,
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Washington 7€, D, 2.

A3+ xplosive Tneident Renort o, 0

Pipeline Runture at solutions Area i

Jesoription: At approximstely A:00 aM on July fiy 1962, the trim line in the
T gcolutions 2:ea ruptured, The line i5 I* 304 55, Schedule 4D, The
runture occurred at the ell on the riser hefore the horizontal run to tne blend
tank inlets. The analysis of the blend in tank F-4 showed it was ready to pump
except for a slight adiustment in pH, The acid pump was started, the valve
ovened at the trim line and acid pumped into tank i.L, At this time, the circu-
lation-transfer pump was running, The valve on circulation line was then closed
off as line tc tank F-6 was opened, The operator then went to the top ¢f the
blend tanks to set valves for the hlend being made in tank F-4, He opened the trinm
line valve intc tank F-g§ and closed the valve to tank F.4, ie then proceeded to
the thiocyanate tank to set valves for the addition of thiocyanate to tank F-5,
After doing this, he opened the thiocyanate block valve at its connection into the
trim line. He then went to the control house and shortly after arrival there, the
line ruptured. One missile (9" x 3}") was found at 2 point spproximately 50’
northeast of the break. The block valve at the circulating-transfer pump outlet
w#as also damaged. One portion of the split gate was bent and the »--net ga-ket
was blown out, Yhen the pipe runtured, the vertical portion was ... wn into the
tarnk (F-4) causing a caving in of an area approximately 14* in cir.uaference and
a tear through the tank approximately 4" in length and 1" wide., The weld on the
trim line inlet nozzle was cracked on the north side, The weld on one leg of the
platform was broken loose, The pipe support on the tank foundation was bent and
both the air and steam pipes attached were bent,

Cause: The trim line was full of acid when the thiocyanate was blown in, The
oxidation reaction of thiccyanate and nitric acid was checked out in the
laboratory, and a violernt reiaction occurred,

Preventive Measures:

1, TImmediate reoiping of the thiocyanate line, removirz it from the
trim line and putting it into the manheads of the tanks,

?. The following revised overacing instructions were issued:

a. At no time will trim be added urless the circulating pump is
in omeration,

b, Thiocyvanate addition: When a blend is finished and the lab-
cratory man has t-ken a sample, the thiocyanate should be added throush the line
at the manhead,

(1) Turn on air agitation in blend tank. !

{(?) Add thiocyanate.
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(3) Xeep aritating until blend is approved for pumping or trinm,

L) 1If blend is satisfactory, take an additional samplie for
the laboratory to check thiocyanate concentration. Then pump to storage,

Ref'erence Number of this Incidert: L.sl

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Expiosive Incident Report No. 90

Deflagration - DNT/TNT Blend Pumping Equipment

Description: A fire occurred invoiving pumping equipment used for DNT/TRT movement

through steel pipe to a dynamite mixing hovse. The fire was accom-
panied by two minor reports and third report of higher intensity at intervals of
approxim:tely 1 minute. All personnel evacuated the area after the first report
and no injuries occurred., The plant manager and area superintendent, who were in
the vicinaty, approached to within 1000* of the fire in a protected spot, and ob-
served that only the mixing house barricade shoring timbters were burning. Under
their direction, the fire was extinguished with water. DNT/TNT blend had been
pumped from a 55-gallon drum to an overhrad itank at the mixing house 2 hcurs prior
to the fire. The operator had de-enesrgized the pump nctor after use. The pipe
line to the overhead tank was blown clear with ajr after use, but the 14" plugcock
between the pump and the 55-gallon drum had not been crened for draining. The pump,
suction and discharge lines were lagged and traced with 8 nsig steam. The pump in-
let line was 13" diameter and the outlet was 13" diameter pipe. The 55-gallon drum
was not Jagged and traced, The pump casing was thrown 6', The drum end was moved
12* and ‘ae remainder of the drum approximately 4'. A §' section of 3" pump dis-
charge line was thrown 100°'. One foot of this line was dirintegrated. The aluminum
drip cover for the motor and pump impeller were meltel The alemite fittinz for the
pump was intact. The lubricant had last been applied Z lays earlies. “he outboard
bearing was lubricated with engine oil with a drip feeder, The macking giand was
irtact,

Cause: Cause of the ignition of the DNT/TNT blend ard suusequent deflagration is
uncertain, Possible causes:

1. Local cverheating of the blend inside the pump casing,

2. Ignition of material which might have leaked from the casing into the
iagging. This ignitisn could well have been catalyzed by the alkaline ~:gging
materials and moisture, although no substantiating tests have been run,

Preventive !Measures:

i, Previous tests 1ave shown that th~ critical diameter for propagation
of a detcnation in DNT/THT blend (70$-20%) at 125°F is in excess of 44", Although
this incident is considered a rapid deflagration rather than a detonation, addi-
tional tests on blend propagation are being performed for corroboration, The pipe
lines in use were iess than the critical diameters for solid TNT (3.8 em) and
liquid INT (25 cm) and satisfactory for the DNT previously handled in this zquipment.

2, Any lines used in TwT/INT blend service will be less ‘han the critical
diameters for either solid or liquid material or will be equipped with a plastic
propagation breaker,

Reference Number of this Incicent: 1052

Duplication of this report is authorized.
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ARMED SERVICFS EXPLOSIVES SAFETY BOARD
Washington 25, D, C.

ASESB Explosive Incident Report No. 97

Fire and Expiosion - Organic Peroxide Compounds

Description: A shipment of organic peroxides aboard a tractor-semitrailer com-
bination caught fire and exploded at approximately 1:20 PM on
April 3, 1962, during unioading operations. The shipment consisted of 37,900
pounds (not including container weights) . 17,150 pounds benzoyl peroxide; 18,000
pounds lauroyl peroxide; 2400 pounds cadox MSD (methyl ethyl ketone peroxide);
350 pounds cadox TBH (tertiar:-btutyl peroxide), Unlcading operations coxmenced
at approximately 12:50 PM, and 5O-pound cartons of benzoyl peroxide were teing
unloaded and placed vwpeon pallets on the platform. A fork 1ift truck was employed
to remove the lcaded pallets to the storage building. After 6 or 7 pallet loads
had been removed, the driver and 2 warehouse employees saw gray-white smoke
billowing over the top of the lading, anparently from fire in the front of the
trailer., They shoutad to other employc2s that the truck was on fire. One esmployee
notified the fire department, including the information that the truck contained
oxplosive chemicals. This call was recorded at 1:22 PM, Meantime, the driver
sent an alarm from a fire alarm box located on 1 pole near the truck and this call
was vecorded at 1:25 PM, The driver and a warehcuse employce indicated that as
soon 18 they saw the heavy smoke ccming from inside the cargo compartment, they
wer.” immediately to the front of the semitrailer and observed no evidence of fire
there at that time. The driver started to detach the iractor from the semi-
trailer, but refrained when he hezrd a series of muffled explosions in the cario
compartment, About this time, several persons noted flames and smoke coming from
the un.srside of the van, near the front and the building was evacuated as quickly
2s possible, The fire trucks arrived within a few minutes and a warehouse off'icial
notified them that the truck and building contained explosive chemicals, Firenen
laid 2 hoses to the rear of the warehouse and took up positions to the rear of the
loading platform, the 2 groups standing approximately 30' apart at angles cf 20° to
30° on seach side of the open doors of the semitrailer, It was intended that the
two streams of water be crogssed at the back of the trailer, causing a heavy spray
effect throughout the cargo compartment, The water was turned on and after the
stream of vater had been played upon the fire for approximately 4 minute, there
was & muffled explosion - then a tremendous blast. The explcsion demolished the
truck, caused extensive damage to the buildings and surrounding properiy, and is
reported to have broken windows more than 4 mile from the scene, Fire immediztely
engulfed the entire bullding area;, inciud.ng the fire-fighting equipment. All
buildings and vehicles were completely destroyed. Casualties included 4 firemen
killed, 2 firemen injured, and injuries to 3 warehouse smployees. The warehouse
buildings consisted of 2 main structures, several small sheds and service buildings.
Tha north building was a 2-story frame structure with asphalt siding, 175°' long ami
42 wide and 2 small brick boiler rcom was located near the north erd, adjoining
the east side. The south building was a l-story brick and concre‘e structure 75°'
long and 30* wide, with 2 small sheds attached to the south end. A space approxi-
mately 35' wide separated these two main bul’dings, providing an area into which
vehicles could be backed for loading and unloading at a ccncrete plztform situated
at the rear of the buildings. The tiuck was parked at this platform when the fire
ard explosion occurred,
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ineluding those involved in this incident, and stated that eash of the
compounds 1s hazardous by reason of high active oxygen content which directly
supports combustion and explosion processes, even though air is excluded, These
tests showed that of ithose involved here, lauroyl peroxide was the most difficult
to ignite, and burned slowly and mcouxplete‘ly. Methyl ethyl ketone peroxide and
tertiary butyl hydroperoxide were found to ignite readily under various cenditions
and burn vigorously. This authority found, however, that benzoyl peroxide (solid)
was extremely sensitive. It ignited under 20% of the {lame exposure required
for black powder, and unda2r moderate impact, pressure or heat, and decomposed very
rapidly with explosive violerce, depending upon tre size of the sample an( extent
of confinement, Several serious explosions cr fires resulting from the handling
of benzoyl peroxide were cited: In one instance, lcose granules being swe)t up
with a broom ignited causing a costly fire; in another case a 30C-pound shipment
of this compound was exnloded as the truck on which it wac being carried was
sideswiped by another vehicle; in other instances, fire cr explosion occurred
vwhen the product was subjected during ordinary handling to small sparks or over-
heating.

Cause: Investigation of this accident was difficult because of tot2l destruction
of the vehicle and its contents., Every effort was made to account for the
handling of the shipment from the loading of the vehicle at its origin, to its
arrival at the warehouse vhere it was to be unloaded, and to obtain complete
description of events which preceded the fire and explosion while the vehicle was
3 at the warehouse. The trailer was sealed at the shipper’s plant, and traveled
] the 550-mile distance to destination without reported incident. The seal was not
broken until the vehicle arrived at destinatior =2n2 3ust before unloading began.
The only reported situation in which the cargo might have heen subjected to stress
occurred as the driver crossed a raised sidewalk, which caused the combination to
yaw and lurch, However, this occurred riore than an hour before the unloading
operation began. The possibility exists that the cargo may hare been subject to
an impact shock as the truck was backed into the dock, or that scme of the carto.:
fell frci an upper to a lower level during the unloading process. It was not
possible to make any determination of the containers used in tris shipment beca'se
of the ‘total destruction; howev«-r, with the cooperation of the consignee, stocks
of the same products in their usual shippiug containers at another warehcuse were
examined and found to be packed in accordance with ICC specifications and carried
the reqrired labels. Reccrds indicated that the vehicle had received regular
inspection and maintenance and was apparently in good mechanical condition,
Consultations were also held with well-informed chemists and other specialists
of major fire prevention organizations, Despite these efforts, it has not been
possible to determine the cause of ignition of the cargo.

Preventive Measures: This acecident demonstrates the extent to which materials

commonly shipped in commerce are charged with unusually
hazardous properties, It serves to emphasize the vital importance of taking a1l
precautions to assure that suvch articles are loaded and hundled strictly in
accordance with established regulations and good practice,

Reference Number of This Incident: 1053

Duplication of this renort is authoriszed




—— i s Gl b

T

ABMED SERVICES EYPLOSTVES SAFETY BOARD

ava 4 arwmese

Washington 25, D, C,

ASESE Fxplosive Incident Rerort No. 98

Vapor Phase Ignition

Description: Vapor phase ignition occurred during welding operation, The bubble
cap colum, part of the ethy. alcohol recovery system, was shut
down approximately 1:00 P¥ Sunday. Dismuntling was begun on Monday, when the old
vapor line was removed and a 20-gauge slip olank and a backup flange were boited
to the top of the column to close the system. On Tuesday, at approximately 12:30
or 1:00 PM, on instruction from maintenance foreman because of doubt about the
effectiveness of the gasket used, 2 mechanics removed the slip blank and gasket
frem the top of the column and reinstalled the slip Slank with a new gasket, using
6 bolts to tighten the flange. The new 8" vapor line was raised intc position,
one end fitting into the flange on the columm and the other end fitting into the
flange on the condenser. When the pipe had been placed ir position, department
supervisor approved a light-up for the welder, Immediately upon striking an arc
to tack weld the pipe, a report was heard., Welding was stopped immediately.
In removing the old vapor line, blarking the cclumn and again removing the blank
to replace the gasket, the co’umn had been open to atmosphere possibly 2 or more
hours, It is considered that this provided ample ovportunity for oxygen and ethyl
alcohol vapors to form a combustible mixture in the head of the column, In exam-
ining the 20-gauge stainless slip blank, a spot on the blank indicated it had been
very hot and had been struck by a welding electrode; “he blan< had been flat on
installation but was now bulged from the inside out, about 4", There had been ap-
proximately 2" to 3/8" space between ths pipe and the flange, thereby giving ample
room for the electrode to pass between thew and strike the stainless blank, causing
it to heat and ignite the mixture in the head of the column, The column apparently
was vented through a seal into the building,

Cause: The incident was caused by inadequate preparation of the equipment for the

scope of work attempted. No efforts were made to displace the alcohol
vapors in the column Ly any approved cleaning method., It was probably assumed that
the 20.-gauge metal blark backed by a ring gasket would prevent ignition of any
flanmable material trapped in the column,

Preventive Mcasures:

1. Before welding on equipment which has contaired flammable liquids or
gases, the equipment should be boiled out or thoroughly washed out and vapor tested,
Whenever the process and/or equipment permits, it should be filled with water,

2, Where the presence of water in a system is not desirable, proper blanking
procedures should be followed and all flammable vapors displaced by an inrrt gas.

3. The committee strongly rezommends that no welding be permitted on equ.p-
ment known to have contained flammable liquids or gases without preparation of
the equirment by an approved cleaning method or the displacement of flammable vapors
¥ an inert gas.




&4, On all jobs requiring welding on aquipment containing flammable 1liquid,
alternate method of performing ihe job should be investigated to minimize hazard.

Reference Number of this Incident: L-s8
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Duplication of this report is authorized.
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ARMED SERViICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C.

ASESB losive Incident Report Ne

Vapor Ignition

Description: Ignition of styrene monomer vapors occurred during drum filling
operation. A helper of the polymerization departiment was ordered
to £il]1 ter $5-gallon steel drums with styrene monomer. This operation is done
rather infrequently. A scale was placed near the feed line on which the drums are
weighed, When the first drum was placed on the scale and connected to the ground
with a spring-loadsd clip-type clamp, the department supervisor ordered the elec-
trical maintenance department foreman and an electriclan to check with a Megger
analyzer 1f the ground connection was good. They proceeded to scrape the paint on
the drum in the place where the clamp was placed., The ground was satisfactory, a.d
the f11ling operation was started. As filling started on the sixth drum, the
helper moved it 2113 a spark occurred between the filling line and the drum, causing
an explosion, No fire followed, The supervisor immediately pulled out the feed
line, but as he did not close the valrse first, the styrene monomer spashed both
persons., The supervisor closed the valve and both persons were taken to the safety
showers,

Cause: A spark caused by static electricity ignited the styrene monomer vapors
due to a poor ground connectionj negligence in not scraping the paint off

each drum when placing the ground connection; thoughtless action in pulling out

the feed line without first closing the valve, causing the styrene monomer splash,

Preventive Measures:

1, Replace the rigid filling line used to fill the styrene monomer drums
by a flexible metallic hose extending to the bottom of the drum,

2. Verify the effectiveness of ground connection of the system (with low
voltage tester) before starting to fi)l the drums,

3. Replace spring-loaded clip-type grounding clamps with screw trpe ground-
ing "C" clamps,

4, Emphasize the importance of good ground connections while handling
flammable materiais and the dangers of static electricity.

Reference Number of ‘his Incident: L-59

Dupiication of this re, rt is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C.

ASESB Explosive Incident Report No, 100

Ignition of Incendiary Compounds

Description: An employee was preparing an incendiary mixture, and while adding
ingredients, a small amount fell on the framework inside the mixer,
Starting the mixer, he raised the 1id to brush the material off the frr—swork,
While doing this, he dropped the lid, causing a spark which ignited the ingredicnts.
The flame engulfed him causing first, second and third degree burns. He was
hospitalized immediately, but died 5 days later as a result of the burns,

Preventive Measures:

1. The present mixer 1lid will be replaced with a non-ferrous metal 1lid.

2, All employees of this area b re been reinstructed in the approved
method of operation:

a., Operators entering the building or handling mix compcund will wear
protective equipment consisting of aluminum asbestos coat, hood, gloves and safety
glasses,

b, Operators will rot enter the building while the mixer in in cperation.

3. A gate will be installed at tre mixing bay entrance with an interlock

“  the mixer motor. This will make it impossible for persons to enter the mixing
t «hile the mixer is in operation.

Reference Number of this Incident: L.60

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVE. SAFETY BOARD
washington 25, D, C,

ASESB Explosive Incident Repert Mo, 101

Fire During Reworking Rejectod Flare Pellets

Description: Ignition occurred during reworking of flare pellets, which
resulted in two fatalities from severe burns and nineteen =inor
injuries from swoke inhalation, minor bruises, etc. Within two minutes of
ignition, spproximately thirty-five additional pellets caught fire and burned.
The operation consisted of removing felt strips from the pellets, gluing on
thinner felt strips by application of a bead of uitrocellulose dissolved in
acetons, drying for approximately ten minutes, and then gauging. Damaze waz
confined generally to the room in Wwhich the ignition occurred, The rdom
sustained considerable damage and portion of a powder can was imbedded under a
3.inch square steel plate on the southeast wvall of the room, apparently propzlled
from original location on the assembly table, Room construction cons.sted of
hollow tile walls throughout, reinforced concrete fioor covered with conductive
linoleum, reinfcrced concrete ceiling, fire resistant doudle steel doors three
inches thick with wire-reinforced glass windows at either end of the room.

Causz: Exact cause unknown. Accidental ignition of the flare pellet believed
due to static discharge or fricticn from one of the following sources:

1., Operator could have generated a large electrostatic charge upon
his person (relaiive humidity 10% and operator was wearing woolen trousers
under his powder uniform). Acetone-air mixture at the pointed end of the plastic
adhesive dispenser could be readily ignited by spark Zischarge from operator's
body. Operator also could have discharged directly tc the pellet or fraa a
pellet held in his hand to the grounded hood as he placed the completed item
behind it for storage.

2. One of the flare peliets could have been ignited by abrasion
(rubbing it on the side of the hood or the shield as it was placed in the
viclnity of those pellets already ramworked, or by frictio1 resulting from the
rexoval of the felt strips from tha pellet,

3. Either of the two operators could have dropred or rolled a pellet
off the rounded edge of the loading tatle upon which the work was being done.
The peliet may have 'mpacted on a rough or sharp object on the floor in such a
manner as to have caused ignition,

Freventive Measures:

1. Discontinue specific operation of removing felt on these flare
pellets until more positive safety measures are established,

2. Take action to insure conductivity of safety shoes, only cotton
clothing worn by operators, only non-sparking devices utilized by operators,
adequate work space available for the assembly operations, extraneous hazardonus




naterials removed prior to starting an operation with explosives, and to
provide written ireiruction to operators on the rework operation,

3. Require means of relative hum!/dity control for this and similar
operations and review adequacy of pyrotechnic loading facilities,

k; Initiate study to determine feasibility of installing an efficient
manual alarm system which cannot be intesrrupted by an accident in an area
involving reactlive materials operations,

Reference Number of this Tncident: 1058

Duplication of this report i3 authorited.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C.

ASESB Explosive Incident Report No, 102

Tank Rupture and Explosion of Propane Gas

Description: 6876 gallons of propane gas was being transported as liquid under

pressure in a frameless type MC-330 tank trailer. The tank vekicle
ruptured and its eargo of propane evploded, resulting in 10 deaths and 17 injuries.
Property damage was estimated to exceed $200,600. Nine dwellings, one church, one
garage, one house trailer, six cutbuildirgs, two school buses, four trucks and
five passenger vehicies wsre totally destroyad and two other houses were damaged.
The accident occurred on a county highway approximately 560 feet northeast of the
center of a town, The grade of road at the fatal curve was estimated ai approxi-
mately 11%; the grace from the point of the curve sign around the curve was ap-
proximately 104 descending; the curve itself astimated to be more than a 70°® curve.
It appears that the vehicle tipved, or was at least partially out of control just
prior to the rupture., The cargo tank had a capacity of 8532 gallons, The tractor
trailer unit was over 45 feet in length and, as loaded, had a gross weight in
excess of 60,000 pounds. The trailer had never been in an azcident.

Cause: Failure .. a specification MC-330 cargo tank vehicle,

Metallographic examinaticn of ten sample sections cut from points on the
weld where fracturing had occurred and of so-called "mating samples” (samples
directly adjacent to those ten cut from the tank) showed 2 number cf “undesirable
features”™ in the welding of the cylindrical shell and hemispherical head., One
¢f the samples showed a clear undercut which would create an arsa of stress concen-
tration. The convexity of the weld in most of the sampler 2ppeared tc be more
than the Code allows. The Code specifies that in stcyl platve up to £ inch in
thickness, the weld build-up shall not be more than 1,16 of an inch. The camples
show build-ups as great as 3/16 of an inch. Such excess weld causes a focal point
and the tensile stress transrerred to the shell by the pressure of tive contained
gas will therefore rot be uniform. One section shows a considerable misaligment
between the shell and the head. The Code provides that in plate up to 4 inch
thickneas, the misaligrment should not be more *han 1/16 inch, Misaligmment shown
in the sample is 7/64 of an inch., Such misalignment not only causes undue stress
but also & bending moment increasing the possitility of fracture, Chamfsring of
the { inch plate of the cylindrical part of the tank was insufficient in all cases
to reduce its thickness %to that of the thimmer »late, and in addition, was done by
a heat prccess which altered the structure of the metai, making it more brittle so
that any strain would tend to crack it rather than to merely deform it (the hard-
necs was nearly doubled by this process)., Pressure exerted by the gas against the
very front of the tank is only half as great as the pressure exerted on the cylindri-
21 portion of the tank, The sharp turning of the vehicle back to the right side
of the road at the bottom of the hill may have applied an additional stress factor
to the weld in question., In addition to the abecve, evidence obtained during the
investigation of thils accident supports the conclusicn that neither the condition
of the vehlcle driver, the vehicle, nor the driving of the motor vehicle contributed




gl oo

to he aceident, except to the extent that the motion of the vehicle negotiating
tas curve contributed to the stress on the front girth weld,

Preventive Measures:

1, Inspecticn by ICC of tanks of this particular model presently in
service throughout tha country to insure that they do nct constitute a threat to
public safety.

2. Recommend that regulation be promulgated requiring mamufacturers
of specification MC.330 pressure tank vehicles for transportation of explosives
to file the data and certificate of compliance for such tank vehicles with the
ICC, and that ICC register each vehicle and maintain record of its manufscture,
m jor repairs, accidents, and transfers of ownership, which the carrier will be

required to report to the ICC,

3. Consideration given to both more frequent and more modern testing
specificaticns, During investigation of this accident, it wvas brought cat that
the ASME Code (which ICC regulations require specification MC-330 carguv tanks be
built in conformity with) is a Code for stationary pressure vessels. It is ,
possible that over the course of years since its manufacture, this tank was sub-
Jected to such external stresses and that they cumilstively contributed to its
final weakness, Also, frameless vehicles, where the tank itself must adsord such
external stresses, are as a general rule undesirable. It is recognised that reg-
ulations provide that such frameless tanks must be so constructed that the force
of such stresses will be safely absorbed or dispersed, but it may be thit such
vehicles should not be approved at all. It is also noted that the hydrostatie
retsst required every five years by tems of present regulations is actually
destructive in nature and may (although not shown to have done s0 in this acci-
dent) actually weaken pressure tanks.

4, The proper specifications and the desirebility of fremeless tanks

- are matters for careful study and for the gathering of much more axpert and

technical information, Kecommend that proceeding be inatituted, looking tesard
revision of standards for pressure cargo tank vehicles and, specifically, the
consideration of the question of whether fremeless cargo tank vehicles should de

prohibited from transporting axplosives.

5. Recommend new regulation b adopted requiring motor common carriers
of explosives to specifically route esch shipment of explosives from origin to .
destination., (Different routing would not have prevented this acoident; however,
it is considared that motor common carriers of explosives must exsrcise a higher
degree of carv toward the public than must other transporters.)

Reference Runber of this Inoident: 1059

Duplication of this report is authorised.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Expiosive Incident Report No, 103
Explosion - Casting Solvent

Description: An explosion occurred involving approximately 4000 pounds casting

solvent, wvhich resulted in thres fatalitiss and eighteen minor
injuries. The three fatzlly injured were in the building at the time of the
explosion (two employees were engaged in cleanup following sampling, and the
third employee entared the building just prior to the explosion) and those sus-
taining minor injuries were located in the surrounding area. An analytical
sample of the casting solvent was present in the building in a metal pitcher
and the last known position of the solvent in the pitcher was in a deep recess
of the sample table, At the time of the accident, cleamup was in progress, and
it was concluded tha: the most likely source of initiation was in soms manner
assoclated with the sample. The building in which the explosion occurred was
destroyed. This building was frams construction with conerets slab lead-covered
floor and barricaded (single revetted barricade) on north, west and south sides.
Exterior damage, primarily, to buildings in the surrounding area consisted gen-
erally of the following:

Distance from
Point Zero Damigze
Field Tolilet, unbar 28s5* Ma jor repair.
Part Storage Bldg, unbar 300°¢ East wall slightly bent.
Catch Tank Bldg, unbar 335 East wall replacement; west door
repair,
Casting Bldg, bar (cne-half) 335* North - wail out 2%, § doors and 2

vents down;
East - wall out 6%, 2 doors and 3
windows out;
South - 3 door halves and 1 vent
require replacenent;
Upper west door requires repair.

Pump House, unbar 3407 East wall badly bent and requires
replacement; north wall slightly bent.

Utility Bldg, unbar 350* South - wall bent in slightly; corner
sheet metal bent;
West - entire wall bent in 1'-2°,
all metal requires replace-
ment, 2 windows and door out;
Korth - entire wall bent beyond re-
pair, door bent beyond repair;
East -~ wall bent in 6%, 1 window out;
West - roof damage,




Utility Bldg, unbar

Assembly Cldg, esrth bar
on ~est, north & east sides

Field Toilet, unbar

Garage, unbar

Utility Bldg, unbar

Garage, unbar

Asgsembly Bldg, earth bar
on west, north & east sides

Operating Bldg, single
revetted ber against wall
of bldg, 3/4 earth

3s°
440"

600"

6251
720"

810°*

830°

2 broken windsia,

East - wall did not move from footing,
2 window sections out, 1 door
off, 3 door halves require re-
pair;

North - wall kicked out at bottom 4%,

6 studs broken or cracked,
15 window sections out, 3 of
4 door halves damaged beyod
repair;

West - main supporting studs not moved
from footing - small wall sec-
tion moved in 3", wall of storage
shed completely down (roof in-
tact but down approx 1°), 4
window sections out, 7 of 8 door
halves damaged beyond repair;

Scuth - wall did not move from footing,

4 windows out, door glass out,
vents require minor repair.

2 windows each out on south & north
aid”o

4 sast doors require minor repair.

North door pulled off track but no
apparent door or wall camsge; 2 west
windows out; east wall kicked in 3"
in 4 section only; no apparent
damage south side,

3 small holes in roof; 1 south side
door broken in several sections.

East - wall kicked in 3" 1 bay; 2
doors require repair (no glass
broken) ;

North - wall kicked out 1” at bottom,

3 studs cracked, 1 window out;

2 windows cut on south door;

West - all glass out, 3 doors com-
pletely gone, 1 docr requires
minor repair.

West - bay wall on top (wood) com-
rletely outs

South - wall on top (wood) not com-
pletely out but substantial
damage, ceiling from inside




Shop Bldg, unbar

Irert Survelllance Rest
Bldg, unbar

Storage Bldg, bar

earth cover, open on side
facing south

3 Traiiers, unber

Office Bldg, unbar

Assembly Bldg, unber

Operating Bldg, unbar

3 Trailers, unbar

2 Trallers, unbar

955°

1010°*

1070°*

1080°*

1080°*

10890*

1090°

1100°*

1190°

loose with main rafters & beams split;
North - upper wall firm but has been
flexed out and returnsd to al-
most, normal, bay entrance over-
neacl door pushed out of its
tracks
East - east bay upper wood wall firs,
but flexing damage,

Ladder shed door requires adjustment
& metal bent on south side,

Scuth side fascia board loose & double
dovr slightly bent;

Fast side - northeast corner top, cpen
4% crack completely down side, 4 blocks
damaged by fragment, southeast corner,

from top down, 3/8" crack to footing.

Door facing south damaged.

Broken windows & roof flexing;
south wall flexing of 1 trailer.

East cement block wall loose & pushed
in at top approx half the length of
the bldg; north side overhead door
blown out; south wall buckled & door
on south eside inoperative; ail plastic
windows loose.

Top galvanized section on east, south
& west bowed out from pressure on top
of bldg; 1 galvanized sheet torn loose
on south side.

Junction of south & west wall sep-
arated by 3/4" at top; south wall
leaning tc south from top; plastic
windows pushed out on south wall;
south cement block wall buckled in
several places & many blocks broken.

Broken windows & roof flexing of
two trailers,

Broken windows,
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Surveliliance Rest House, bar

full earth cover

Surveillance Rest House, bar

full earth cover

Operating Bldg, bar
full sarth cover

Butler Bldg, unbar

Warehcuse, unbar

Shop Bldg, unbar

Iaboratory Fldg, unbar

Laboratory Eldg, unber

Change House, unbar
Office Bldg, inber
Warehouss, unbar

Warshouse, unbar

Surveillance Bldg, unber
Administration Bldg, unbar

Equipment Storage Bldg, unbar

Change House, unbar

Operating Bldg, bar
earth on esast and west
sides, 3/4 earth cover

1255

1295

1320*

1380°

142¢°

1450°

1500°

1690°

1850°
1920°
2020

2050°
L070*
213s*

2170°

2195
2280°

Doors sprung ana cracked,

Inside doors sprung.

Bottom hinges on bay doors torn loose;
weather stripping on bottom of west
door broken & bent; door latch bracket
on west door torn loose,

Piaster board cracked & 1 squi.re foot
kizcked from wall.

Inside door pulled from hinges between
2 bays; minor door damage on south side

of 1 bay; 3 broken windows south side
of another bay,

1 window ovt and 7 loose; blockwall
Joint opened up on east wall,

2 rorth windows partially out and 3
east windows locss,

Doors on uorth side to west require
ad justment,

1 broken window on east side,
5 broken windows easi side,

S broken windows - 3 on south side
and 2 on north side,

2 broken windows on south side,
6 broken winduws,

Minor darage to roof from fragments;
wing wall cracked,

West sliding doors buckled outward
approx halfway up.

2 troken windows east laor.
Crack in wost wall botween large doors

running from ceiling to jusx: above top
of the doors.




P

Wareshouse, unbar 2315 2 broken windows south side.

Conditioning House, bar 2620 2 broken windows.
on east side

Rest House, bar 2500 3 broken windows on 3outh side.
earth, full cover,

operating portals on
west & east ends

Repair Shop, unbar 2900 Windows facing south and west broken,

The heaviest concentration of missiles (fragments) was within approximately

700' of point sero to the east and southeast, with farthest distance missile

threwn approximately 2210°,

Cause: FExact cause unknown. Possible causes: accidental impact, electrostatic
discharge, chemical contamination., Initiation by impact is considered

the most likely source of the acecident.

Preventive Measures:

1. Elimination of the sampling procedure, cr if not feasible, modify
sampling procedure so that retention of the sample in the building for any ap-
preciable time is precluded,

2. Replace the acetone (which was used in small quantities for clean-
up) with a less flammable cleaning solvent,

Reference Number of this Incident: 1057

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Explosive Incident Report No, 104

Reaction - Unstable Compound

Description: Two employees were preparing to remove a bearing assembly from a
shaft, The bearing was part of a sodium bromate crusher that had
been transferred from the bromide plant to the machine shop for repair, The
pillow block bearing had been degreased at approximately 255°F, removed from
the degreaser and placed on the floor. One machinist, using a lead hammer,
tapped the bearing tc check aligmment and tightness of the bearing sleeve on the
shaft, There was an internal explosion shattering the bearing assembly into
mltiple pieces. Three employees were injured; two machinists and a nearby
crane operator. One employee sustained fatal injuries. One was hospitalized
with severe injuries and the third hospitalized with less serious injuries,

Causes:

1, The pillow block bearing apparently was contaminated with sodim
bromate that may have been carried into the bearing during service, water wash-
ing, or solvent degreasing.

2, The bearing was lubricated with a petroleum base grease that contributed
to the formation of an unstable compound in the internal parts of the bearing.

3. The bearing was placed in a vapor phase degreaser elevating the tempera-
ture to approximately 255°F, The degreasing muy have concentrated the chemicals
in the bearing.

L. Shock to the outer surface of the bearing may have initiated the
reaction of the unstable compound.

Preventive Measgures:

1. Hal-O grease {chloro tri fluoro ethylene polymer) will now be used
to lubricate the bearings on the crusher unit, Petroleum base lubricants
will not be used.,

2, The department will continue to replace all bearings with new bearings
when maintenance work is required on the crusher.

3. The brouide department and maintenance services department will main-
tain complete comm:nications %o perform safe work.

4, Engineering and constructicn department has been assigned the job of
searching for an improved method of erushing bromate., Any improved method will
be considered for installation,




R

S. A stwiy will be conducted by the bromide plant to detsrmine any
potential hazards in equipment or prmcasses that may be caused by the presence
of incompatible chemicals,

6. It is recommended that all plan. _epartments carefully exsmine all
equipment or processes involving unstable chemical materials,

7. A task force has baen appointed under the jurisdiction o! the engineer-
ing departaent to assist plant departments in evaluation and correction of
hazards related to unstable chemicals.,

Reference Number cof this Incident: L-61

Duplication ol this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washir zton 25, D, C,

AS'SB Explosive Incident Report Mo, 10§

Ignition - Dry Nitrostarch

Description: A glasy sample bottle of dry nitrostarch fell from the tram
truck, broke on rail, and wheel of truck ignited contents.

This ignited canisters and contents and resulted in partial detonstion,

Total quantity involved was 500 pounds, One employee sustained slight injury.

Buildings in surrounding area sustained slight damage, principally glass break-

age, Weather was clear, with temperature spproximately 50°F,

Reference Number of this Incident: 1061

Duplication of this report is autho-ized.




ARMED) SERVICES EXPLOSLIVES SAFETY BOARD
Washington 25, D, C,

ASESB Explosive Incident Raport No, 106

laboratory Explosion - Cyancacetic Acid - Furfuryl Alcohol

Description: An explosion occurred when cyanoacetic acid was reacted with

furfuryl alcohol in an attempt to form the ester, furfuryl cyano-
acetate, The reagents had been mixed and transferred to a l-lite., 3-neck flask
equipped with a thermometer, stainless steel agitator, 3nd a condenser. Three
to four minutes after the agitator was turned on and heat applied, the explosion
occurred, The explosion was of considerable force, and came with no preceding
observable rise in temperature of the mixturs., A heating mantle Lolding the
flask was slightly deformed by the force with which it was thrust against the
ring stand. Part of the glass cloth and glass wool lining were blown out of the
heating mantle. The flask vas blown to bits, the thermometer and goose neck were
broken, but the condenser was undamaged. Ths inside of the hood was spattered
with a solid, dark brown product of the reaction. Swull pleces of glass were
blown out into the laboratory, causing a slight injury to one employee in the
laboratory.

Cause: Very few reference or textbooks give any warning of danger in reacti-g

furfuryl alcohol with acids. Soxe books do note that furfurvl alcochol
is unstable in the presence of strong mineral acids, "Organic Synthe.es,
Collective Volume I, page 85", describes preparation of furfuryl ace‘ats by re-
acting furfuryl alcohol with acetis anhydride using sodium acetate as a catalyst.
There is an appended note indicating that the product cah be obtained without
the sodium acetate, but there is no warning, anywhere, of danger of exvlosion in
running the reaction, A further library search seeking to establish the cause
of the explosion turned up the statement that furfuryl alcohol reacte with hydro-
chloric acid with explosive violence, with the formation of a dark brown product.
(Marcusson, Berg., 58, 869). It is soncluded that either a strong acid was
present as a contaminant, or that cyanocacetic acid is strong enough to cause the
violent polymerization of furfuryl alcohol.

Reference Number of this Incideat: L-62

Duplication of this repo.t is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

ASESB Explosivs Incident Report No., 107

Vapor Ignition

Description: Ether and hexane had been mixed in equal proportions to a total of
4 gallons in a §-gallon carboy placed on the floor without any
protective container, As the bottle was being moved slowly across the floor,
it struck a nearby empty glass carboy and broke, spilling the contents on the
floor., One employwe left immedistely to warn occupants of the adjacent labora-
tory. At this moment, a laboratory service man arrived and was s«nt for bucket
and mop. He had retnrned and had mopped up a considerable amount c¢f the spilled
solvent into the bucket, when the vapors were ignited. There was no strong
explosior, although the concussion was felt for a considerable distance in the
building. The two employees in the laboratory sustained minor burns, The
entire laboratory area was evacuated because of the thick smoke which developed
from the ensulng secondary fires which started in the space between the backs
of the center bench cabinets and in trash containers. Five automatic sprinkler

heads functioned and held the fires in check. The fire department completed
extinguishment of the fires,

Cause: The source of ignition is believed tc have been one of several muffls
furnaces operating in excess of 1000°C in the adjacent laboratory.
This was indicated by scorch marks on catinets facing the furnaces in the adjacent
laboratory. There was no evidence of any sustaine? ire in that ladoratory. It
is believed that the solvent vapors travelled fru= che laboratory where the spill-
age occurred into the adjacent laboratory tnrough any one of & number of openings
in the common wall, It has been demonstrated that this is the normal direction
of air flow between these laboratories,

Prevantive Measures:

1. Protective containers will be used for all glass bottles larger than
S5-liter size in which flammable solvents are Leing used, storsd or handled,

2o The muffle furnaces in the adjacent laboratory were shut down pending
further investigation,

3. A more suitable locaticrn for research work involving muffle furnaces
13 being sought. Meantime, this laboratory is being provided with an auxiliary
air supply to keep it positive in respect to the adjoining organic laboratories.

bk, Efforts are also being made tc provide more suitable space for large-
scale columr. chromatography and other semi-commsrcial operations. At the present

time, much of this work is done in a two-man, small-scale organic ressarch
laboratory.

Referance Number of this Incident: 1-63

Duplication of this report s authorized.




ARMED SERVICES EX¥FLOSIVES SAFETY BOARD
Washington 25, D, C.

ASESB Explosive Incident Report No, 108

Electrical Switch Explosion

Description: An operator energized the control circuit and then ‘urned on tne
operating switeh for an alr compressor; which caused an adjacent
mercury overtemperature control switch to explode., No personnel injurles werse
sustained, The operator, in accordance with sufety training insiractions,
was positioned at the side instead of in front of the switch wmechanism when it
exploded. The compressor had been shut down for replacement cf tae cooling
wvater valve and was being restarted. The operator activated the switch, and
the mercury overtemperature switch exploded, blowing the switeh cover and
mercury approximately 15', The operator irmediately de-energized the compressor

control and locked out the power supply. Subsequently, the mercury spill was
cleaned up.

Cause: Investigation revealed that the insulatior inside the operating switch

had faiied, allowing 400 volts tc short to ground through the operating
switch cover and permitting excessive current ic flow through the mercury over-
tesperature switch. The mercury inside the mercury switch apparently vaporised
due to ths excessive current and caused the explosion., The above apparently
resulted from repsated use .nd wear of the control switch,

Preventive Measures: Convert control circuiiry and coxponents to 110-volt
operation, where feasible, to reduce the possibility of

such incidents,

Rafesence Number of this Incident: L.64

Duplication of this report is authorized.




ARMED TFRVICSS EXPLOSIVES SAFETY BOARD
«ashington 2?5, D, C.

ASFS3 Explosive Incident Report No, 109

Explosion PBX During Pelleting

Description: Fxplosion occurred at 17254 hours during pressing PBX into pellets
(apprax 2.7 grams) in Kux Lohner single action press. Exact
amount of explosive involved not determined, but estimated at approximately
5§ pounds, The press, operated by remote control, had been in operation approxi-
mately 8-10 minutes when explosion occurred without warning, The press was in
coeration for approximately 1§ days prior to the incident, during which time
approximately 50,000 pellets had been produced without incidernt, The punch
and die being used were magna-fluxed approximately 2 months prior to date in-
cident occurred. The machine had been adj.sted (raising punch to lengthen
pellets) aporoximately 3 hours prior to the explosion and 2 estimated 3000
pellets had been produced since the machine was adjusted. 'the explosion
occurred on the table of the machine as evidenced by the break-up of the table,
die and the fragmentation pattern on the bay wall. Finished pellets (approx
250-300) in the holding tray immediately below the machine table ¢id not
detonate as evidenced by scattering of the pellets inside the bay and area im-
mediately ad jacent thereio; also, the pellet tray remained intact, The pellet-
ing machine was Jocated in the bay to provide maximum protection by 12-inch
re...forced concrete wall. There were no personrel injuries, The deluge
system functioned, and the fire department was on the scene in approximtely
5 minutes, In addition to press damage, windows, doors and bay roofs required
repair., [Electric lines, lights and fixtures, steamlins and deluge system
also require repair.

Cause: Frobable cause - mechanical failure of the press. The cam lever of
the machine had broken and this appsared to be an old breck on a part
of the broken surface as evidenced by grease being present on the broken
surface. The broken cam lever is attached to a shaft which operates the shoe
to move the explosive over the pelleting die, therefore a brokan cam lever
could possioly cause the brass shoe to fall to recede from direcily under the
punch, allowing the punch to pierce the shoe which was filled with PBX.

Praventive Measures: Routine inspection schedule be contimued and records
maintained of mechanical checks of pelleting presses,

Referonce Number of this Incident: 1053

Duplication of this report is authoritzed.
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AS°3 "xplosive Incident Report ho, 110

'xplosion Aluminized “omposite Propellant During Mixing

Jescription: it approximatelv 11:40 P on 1/2/63 a 100-gallon Read Horirsital
mixer located at a Solid Propellant Mznufacturing Plant exploded
vith a full charre (aporoximately 1200 mounds) of an aluminized composite pro-
pellant c-ntaining ammonium perchlorate, The incident occurred at the end of
the first 20-minute vacuum c¢rele and immediatelv after the mixer blades were
reversed, "o personnel were iniured, The buildine and all equipment included
in the buildings were comnletelv demolished. In addition 4 other structures
suffered severe damape with minor damace observed in 1? other facilities, The
ineident was of short duration with no fires reported., The first mix was be-
ing made in the 10C-callon Read mixer following a monthly check by the mainten-
ance department on 12-25.42, Durire this check the mixer bearing packing was
chanred in all the bearings, and the mixer was run for <0 minutes by the
maintenance men, Also during this time a check was made for vacuum leaks and
for hearines operating with excessive heat, Following the normal preventive
maintenance check, the mixer was turned over to production with the recommenda-
tion that the mixer be operated further to break in the new packing, The mixer
was operated empts for another £ hcurs during which time vacuum and temperatures
vere observed to operate within the proper range, At the end of this check the
mixer bowl was 1leaned and prepared for the next mix, The mix progressed
normallv throurhout the eight material addition steps, with the mixer being
reversed for 30 seconds at the end of each of these additions. After blendins
the final addition of material, a 20-mirute vacuum cycle was satisfactorily
completed with the blades opveratines in tre forward rotation, At this point in
the mix cycle, as required by the mix procedure, the mixer blades were stopped
for about cne minute orior to initiating the reverse rotation cycle, As soon
as the reverse button was pushed the mixer exploded. There were no personnel
injuries although one operator was knocked to the ground when his safety helmet
was struck by a fragment from the explosion. A detailed analysis cf the blast
area and fragments involved showed that a high-energy explosion occurred as
opposed to a detonation. The confinement =n-zco-..tel oy tne miser towl contributed
cignifeontls Lo thc viuiernce of the explosion, The damage sustained is com-
parable to that which would be expected from detonation of approximately 7C0O
pounds of TNT. This represents approximately 25% of the total potential energy.

E Cause: The cause of the explosion could not be definitely establisned from

i the blast pattern, amalysis of fragments, or a review of the operating
i
3

procedure used ir the mix, However, because of the correlation of the iime of
the blast with the operation heing performed, two probahble causes were assigned.

1. A piece of tramp ietal smaller than the 0,250" feed screen open-
ings may have entered the mix and may have been nipped oy the hlade operat.ng
% in tre reverse direction,
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7. 4 concentration of unblended perchlorate in the shaft seal housing
could have reacted to the impict between the upper shaft housing and the shaft
ypon blade reversal and initiated 3 flame path to the mixer,

The anpearance of oittine and flame scarfing on bYoth a blade and on a mixer
shaft allows either conclusion as *o the source of the deflagration,

Fraventive ‘easures:

i. All mix components sire screened orior ‘o adding to the mixer usine
screen meshes smaller than the mixer bhlade-ts. -howl clearances,

?. 111 blade-to-bowl clearances have bveen increased to a minimunm
nf 0,12",

3. All mixers ahove «0-gallon cavacity will »e of the vertical shaft
design as opnosed to the horizontal shaft design involved in this incident.
Thus, the oossibility of deflagration initiating in the mixer shaft housinzs
will be minimized,

b, The methad of “eeding the mixer has been revised such that the
minir m number of nerch.orate additions are ma-de at the end of mix cycle
nstend of the previoius method of adding nerchlarate throushout a large number
of adc ' “ion steos. ‘v adop*ion of such a procedure the formation of the
explos - sensitive matrix conficsuration is limited to a shorter period during
the mi . zle,

€. Mixer blades are not operated in reverse direction during the
course of a mix,

Reference liumber of this Incident: L-65

Muaplication of this report is authorized,




ARMED) SERVICES YXPLOSIVES SAFETY BOARD
viashington 2§, i, C,

ASESB Explosive Incident Report No, 111

Liquid Oxygen Pump and Piping Explosion

Description: An explosion occurred, after a deriming operation and during

the start-up period of an oxygen column, in the impeller section
of a liquid oxygen pump and in the inlet and outlet liquic lines and the vapor
vent line, killing one man and injuring three others, Following the explo-
ston, a fire occurred at the rofrigerating unit (halogenated hydrocarbon)
3 feet away involving a mixture of the refrigerant and oil, Since the inlet
valve to the pump was bent so that the oxygen escaping from the column cculd
not be shut off immediately, it tosk approximately 15 minutes before the local
foreman could extinguish the fire. Damage was confined to the pump, piping,
and refrigerating unit,

Cause: The explosion apparently involved oil accumulations in the base of the

pump impeller casing sump and in horizontally installed bellows type
flexible hose lines leading to and from the liquid oxygen reflux pump, The
scurce of ignition is not known although the explosion occurred during or im-
mediately after the slow opening of the inlset valve introducing liquid oxygen
into the warm pump,

Preventive Measures:

1. Draing will be installed in the bases of the inmpeller casings.

?. Increased efforts will be made to keep oil from being introduced
i-*o the air or oxygen stream and to remove it more efficiently wherever it
is introduced,

3. All new flexible hoses will be installed with axes vertical,

4, Present pusping ejuipment will be modified, at least temporarily,
to provide cooling and inerting with LQN before starting up or repairing.

Reference Number of this Incident: L-66

Duplication of this report is authorized.
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$:58 Fxplosive Incident Report No, 112

Spontaneous Ignition of Overheated Vax

Description: A trainee with only 3 weeks experience on work assignment had

been carrying out coating trials with a resin and paraffin wax
blend, He had meltei the blend in a3 stainless steel beaker about micd-morning
and had put the beaker with the unused part of blend back on the hot plate to
keep it molten, When he returned to the area about mid-afternoon, he noticed
that the blend was smokung on the hot plate, After turning off the het plate,
he carried the beaker acruss the area to a 50-gallon pail used as a recep-
tacle for waste wax, As he xtarted to pour the biend into the pail, a flash
fire started, when he dropped the bLeaker a fire oncurred in ths pail, in the
beaker, and in a few spots of droppea ~ox 1  :iween, Some of the wax had
also spilled on his clothing and ignited. He sustained burns on both hands,
abdomen, and right thigh and am,

Cause: The wax blend had been allowed to heat above its autoignition tempera-

ture. The fire did not start until the blend was poured, because the

surface was covered by gaseous decomposition products which were relatively
cool.

Preventive Measures: Better safety training will be given new employvees and

controlled-temperature equipment will be used for wax-
blernd storage,

Reference Number of this Incident: 1-67

Duplication of this report is authorized,




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Viashington 25, D, C,

ASESB Explosive Incident Rerort to, 113

Explosion During Casting and Curing Operations

Description: Explosion (s) occurred at 3:31 AM during casting and curing
operations resuliing in 3 fatalities and 11 injuries, At the
time of the incident, the weather was clear with relative humidity 60% and
temperature 37°F, Four moiors, in varying stages of processing, were involved
in the incident. One motor had been cast and w2s in its second 48-hour ambient
cure; one motor had been cured and was un air sparge following alcohol washj
one motor was in the casting pit and was in the process of having excess solvent
removed from the nozzle stacks; one motor was awaiting transfer to the pit for
casting. Approximately 4800 pounds of 90f nitroglycerin solvent in two stain-
less steel desiccators was located in room adjacent to the casting bay nearest
the pit containing the motor; zpproximately 865 pounds of casting powder was
stored in metal powder boxes in room adjoining the rocm containing the solvent;
approximately 250 pourxis of scrap casting solvent in sawdust was ccntained in
solvent scrap cans; up to 30 pounds of residual casting solvent was contained
in the aspirator catch tank. Reportedly, the only equipment in operation just
prior to the explosion was an aspirator used to siphon off the casting solvent
from the nozzle stacks., The vacuum pump for this system was remotely located
froa the building. "he solvent removed from the nozzle stacks by the aspirator
was passed through a rubber hose line to a caten-tank containing triacetin which
was intended to dilute and desensitize the 90% cas’ing sol/ent, It was reported
that the sight flask (an aspirator casting solvent overflow indicator) was
checked approximately 2-5 minutes prior to the explosion and there was no evidence
of soivent in the flask, The operators working in the building were reportedly
in the process of removing casting solvent from the nozzle stacks on the motor
located in the pit. The hoses leading from the casting solvent manifold to the
stacks had been emntied, Casting solvent was being removed from the nozzle
stacks and replaced with triacetin, It was reported that this operation had been
completed on two of the four nozzles and preparations were being made to move to
the third nozzie. Reportedly, three separate and distinct explosions were heard:
the first was relatirely miaor; the second occurred immediately after the first
and was of considerable magnitude; the third occurred approximately 20-30 seconds
later and had the least intensity of the three. The three fatally injured were
apparently close to the center of the largest explosion and were killed by th2
blast, It is believed that the dry-cast motor, the casting solvent in the desic-
cators, the aspirator and the solvent scrap cans, and part of the motor in the
pit detcnated and that the two cured motors burned with probably high pressure
£ailure, It is considered possible that the 865 pourds of casting powder in a
rootn separate from the casting operations did not detonate. The building in
which explosion occurred was destroyed and four neighboring buildings (unbarri-
caded utility and control building at approximately 15C* from explosion site,
barricaded utility building at approximately 300°', barricaded catch tank build-
ing at approximately 450' and barricaded quonset-type process equipment building




at approximately 450') were destroyed. 161 of 247 buildings sustained varying
degrees of damage. A high vercentage of broken windows and doors iy buildings
occurred within a 2000-foot radius of the explosion site, The building barri-
cade helpec to minimize high velocity low-angle missiles but did not contain
trajectory-type missiles. In view of the minor damage sustained by the 1light
wood frame buildings within 800' to 2000' of the explosion, it appears that the
barricade served to appreciably attenuate the over-pressure blast wave, The

wooden doors on operating and control buildings were a serious source of missiles

which would have been axtremely hazardous to personnel had the buildirgs been
occupied. A motor center port casting adapter was found 850' from the explosion
site. Approximately 70 pounds of partially cured, unbarned propellant was found
within a radius of 1500°' of the explosion site, There were two obvigus craters
at the site of the building where the explosion occurred - the largest (approxi-
mately 62° long, 46' wide and 10' deep) centered arourd the casting pit area and
the second crater was located in the crea of the casting solvent, There was

evidence of a third crater in the vicinity c¢f the solvent scrap cans. The opera-

tion involved had been performed successfully on 30 motors prior to the incident.

Cause: Sensitivity tests of the material contsined in the ouilding a‘ the time

of the incident indicated that the casting solvent was most sensitive
to inadvertent initiatior, No most likely sequence of events were determined
at the preliminary investigation, but the following combinations of events are
considered possible:

(1) That solvent materiai being drained from and the residual
material in the aspirator tank was initiated by a handling accident, causing
practically simultaneous detonation of the dry-cast unit, the material in the
casting solvent desjccators, the scrap rolvent, and a portion of the motor in
the casting pit, In turn, the remaining two motors burned with a resulting
high pressure fallure,

(2) Casting solvent being hand-carried from the aspiratoer or the pit
to the solvent scrap can was initiated with the same general sequence of events
occurring as described in (1) above, with the exception that the material in
the aspirator tank was included in the major detonation,

(3) That a handling accident occurred at the pit containing the
motor with the same general sequence of events occurring as described in (1)
above,

(4) Wwnile it is not considered to be a probable cause, the possi-
bility of the explosion being initiated by falling equi;wment inadvertently left
behind when repairs were made to the overhead hcist cannot be eliminated,
(Maintenance work had been accomplished on the air hoist in the area of the pit
during the shift preceding the incident.)

Preventive Measures:

1. That a single processing cperation be conducted at one time in any
operating building,

2. That the process for mixing scrap casting solven. and desensitizer
be improved to insure more uniform blending of these materials.

2
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3. That a non-shatterable translucent or transparent plastic mater-
12l be substituted for glass in all windows in all buildings and that restora-

tion efforts and new conrtruction criteria be directed toward minimizing the
window area.

4, That doors on control houses be designed to prevent shattering
and be oriented to minimige blast effects on operating personnel.

5. That prucedures for hand-carrying high nitroglycerin content
casting solvents be reviewed to minimize the inherent hazards, with an intent
to eliminate hand-carrying wherever possible,

6. That the practicality and economics of using reusable video and

audio tapes to record critical processing operations be investigated. Such use
would be extremsly valuable in determining the cause of similar incidents.

Reference Number of this Incident: 1066

Duplication of this report is authorized.
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Washington 25, D. C,

ASESB Explousive Incident Report No, 114

Fire - Tracer Composition During Mixing

Description: Ignition occurred involving one 50-pound batch of tracer composi-
tion during final stage of mixing, The last ingredient had been
added and the operatcors returned to the remote control station., Immediately
upon activation of the mixer, the igrition occurred, The tracer composition
consisted cf magnesium powder, strontium nitrate, dechlorane, and vinyl acetate -
alcohol resin (Palmer Cement)., Weather conditions at the time of the accident
were - temperature U6°F, clear with northwest wind, relative humidity 60%. A1l
personnel nf the building wers in the approximate area of the remote control
station at the time o the accident, and no injuries were incurred, The rocf
over three cubicles and ramp was destroyed by fire, and walls require repair.
Two 500-pound capacity mixers were damaged. (The bays were ccvered by a non-
flammable type material but supported and joined by wooden trusses and rafters.)

Cause: The specific cause was not determined, but indications are that one or
a combination of the following are probable causes of the accident:

1. Friction or impact as a result of the possible introduction of
extraneocus material into the mixer during preparaticn of the mix,

2. Friction or impact as a4 result of hardened particles from previous
mixture being rolled over or crushed between the plow ani bottom or side wall
of the mixer with the presence of the sensiti:ve couponent of the tracer comp-
osition. (Scoring of the wall and bottom of the mixer are indicated.)

Preventive Measures:

1. The complete standing operating procedure be reviewed and revised
where necessary to insure adequate instructions for preparation and mixing of
the tracer composition, and for the cleaning and gaging of the mixer,

2. Adequate written procedure be prepared for the millwright perform-
ing the inspection and gaging of the equipment involved.

3. A blow-out type roof and exterior wall be constructed covering
the explosive bayr of the building; supporting n-teriais should be metal or
other type non-flammable material, and r¢ fing of material such as fiberglass,
carlox, etc,

4, Testing of equipment grounds be performed more frequently.




S. Containers used in preparation of sensitive materials should be
completely cleaned prior to reuse to prevent the possibility of extraneous
materials inadvertently getting in the sens*tive mixture, Consideration should
be given to throw-away type containers for use with compounds such as Palmer
Cement,

6. More effective supervisory control exercised,

Reference Number of this Incident: 1067

Duplication of this report is authorized.




ARMSD SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D. C,

ASESB Explosive Incident Report No, 115

Explosion - Burning Operations

Description: An explosion occurred while the operator was transferring fuze
shrapnel into baskets for reburning in the bullet furnace, The
operator had poured fuze shrapnel into a pan and was shoveling the material
irnto 4 reburning basket when exolusion occurred., Apparently an unburned
detonator exploded, A plece of shrapnel was thrown, plercing the operator's
protective clothing, and a small fragment cof metal imbedded in the loser portion
of the right lung., Subsequent tc this incident, an examination of the remaining
scrap material in the pan revealed other unexploded fuzes,

Preventive Measures:

1. A1l demilitarization cperations involving fuzss will be suspended
until refined handling methods for residuval scrap are studied. Equipment design
and operating procedure changes will be devised to relieve the operator of the
responsibility of judzing the effectiveness of the initial burning. (Explosive
scrap burners (operators) were instructed to vieually inspect the baskets after
they have cooled to detarmine the extent of demilitarization effectiveness and
to remove the scrap contents for transfer only when, in their opinion, the burn-
ing was complete,)

2, Before any burning work of this nature is resumed, all operators
will be reinstructed and cperating procedures reviewed in detail,

3. Closer inspection of scrap components to be returned from the
burning grounds will be made tco avold handling urexpioded items, In the event
any live material ‘s noted in the shrapnel, the basket will again be subjected
to a complete brrniig cysle before further removal is accomplished.

4, The fuges will be burned at the burning grovods only in the small
baskets in the future to assure that contents are subjected to adequate heat,

S. The Engineering Section will be requested tc design a means of
burning fuzes using oil or gas in such a way that tne heat can be increased at
the end of the cycle to guarantee all fuzes will detonate, Also, that a design
study be made for possible use of remote controls for dumping of the residue
after burning.

6. Studies are being made on possible changes in sensitivity of
initiating explosives which have been subjected to heat, but not exploded.

Reference Number of this Incident: 1068
Duplication of this report is authorized.
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ASESB Explosive Incident Report No, 116

Explosion - Shoeck Sensitive Contaminant

Description: Two employees were preparing to remove a bearing assembly from a

shaft. The bearing was part of a sodium bromate crusher thuat had
been transferred from the bromide plant to the machine shop for repair, The
pillow block bearing had been degreased at approximately 255°F, removed from
the degreaser and placed cn the fioor. One machinist, using a lead hammer,
tapped the bearing sleeve on the shaf{. Théere was an internal explosion shat-
tering the bearing assembly into multiple pieces. Three employees were injured;
two machinists and a nearby crane operator. One employee sustained fatal in-
juries. One was hospitalized with severe injuries, and the third was hospital-
ized with less serious injuries,

Causes:

1. The pillow block bearing spparently was contaminated with sodium
promate that may have bean carried into the bearing during service, water wash-
ing, or solvent degreasing.

2. The Learing was lubricated with a petroleum base grease that
contyibuted to the formation of an unstable compound in the internal parts of
the wm.

3. The bearing was placed in a vapor phase degreaser elevating the
temperature to approximately 255°F, The degreasing may have concentrated the
chemicals in the bearing,.

4, Shock to the outer surface of the bearing may have initiated
the reaction of the unstable compound.

Preventive Msasures:

1, Hal-O grease (chlerotrifluoroethylene polymer) will now be used

to lubricate the bearings on the crusher unit. Petroleum base lubricants will
not be used.

2. The departaent will contirue to replace all bearings with new
bearings when maintenance work is required on the crusher.

3. The bruwide dzpartment and maintenance services department will
maintain compleve communications to perform safe work,

4, Engineering and construction department has been assigned the job
of searching for an improved method of crushing bromate, Any improved method
will be considered for installation,




5. A study will be conducted br .e '~ r.i i plant to determine
any potential hazards in equipment or processes ‘..‘ may be caused by the
presence of incompatible chemicals,

6. It is recom-endcd tmat 1.) plan* departre:ts carefuliy esamine
all equipment or processes irvolving unsta-le che.. .al aaterials,

7. A task force has; beer appointed uncder the jurisdiction of the
engineering department tc as .35t ~I'nt departments in evalaaticn and correc-
tion of hazards related to uiztsble cemicals.

Reference Number of this Tncideni: L-#&

Duplication of this report is authorized.
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ASESE Explosive Incident Report No, 117

Ignition of Ligroin in Centrifuge

Description: A fire occurred when a static charge built up in a centrifuge ard

discharged within a vapor rich atmosphere. A centrifuge operator
was looking into the basket of the centrifugal extractor into which the slurry
of ligroin and crystals was being fed by gravity from the reaction vessel. A
flash occurred which burned the operator's face and hand, The fire which ensued
enveloped the equipment ard also discharged into the floor drains surrounding
other chemicals in the area with {lamec,

Cause: Static charges are generated whenever liguids are brcken up into drop-
lets, fine streams or mists, As they leave the container they carry
a charge, leaving an equal and opposite charge on the container, If the container
is not grounded the charge may build up to a righ degree and when eonditlons are
right a spark occurs, If the spark is within a flammable atmosphere ignition
results, After the fire, the centrifuge was checked for grounding and bonding.
Tt was discovered that the resistance between the basket and grcund was greater
than 15 megohms. It is thought that the grease on the bearings was sufficient
bSarrier to prevent adequate drainage of the static charge and that the bolts in
the framework were near enough the bask~ %- provide a point for the discharge
of the static in the form of a spark. It _C also a remote possibility that the
mist could have created a charge on some insulated portion of the vent duct
which then discharged and ignited vapors which flashed back to the zentrifuge.

Preventive Measu-es:

1. Frequent checks should be made on equipment handling flammable
liquids to be sure all parts are adequately grounded. This should include the
equipment, pumps, pipelines, hoses, ductwork, etc, This practice should be
followed more frequently during winter months because the air within the build-
ings is dry, preventing drainage of static easily through the thin film of
moisture which forms on equipment.

2. Grease on bearings may isolale from ground all parts of machines
and equipment (such as rolls, rotors, drums, etc.) which run in bearings and
therefore should be carefull: checked,

(The use of conductive grease would contain graphite and would act more like an
abrasive at the high speeds of centrifuges.)

3. Each fall, grounding techniques should be reviewed with operating
personnel, as a reminder prior to the dry winter months,

4, Gravity flow of flammable liquids is hazardous. An eaergency
means of shutting off the flow should be installed whether it be remotely
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operated valves, self-closing valves under fire conditions, or by pumping
liquids.

Reference Mumber of thi: Incident: L-63

Duplication of this report is authorized.
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ARMED SERVICES EXPIOSIVES SAFETY BOARD
wllhin(ton 2, D. C,

ASESE Explosive Tncident Report No, 118

Magasine Fire

Description: A magazine 75% full of pyralin wads* for 5"/s% and 6"/47
caliber cartridge cases was damaged structurally and the
contents destroyed by fire. The magazine was the center one of a group of
three of the Corbetta type. (Circular type igloo magazine of concrete con-
struction 52°' diameter, 16' ceiling height at center, deck reinforced
concrete with 6" thick reinforced walls - reinforcing extending 129" from
the base up toward the top, the top section of poured non-reinforced concrete
aiso 6" thiok, The magasines a-e built in groups of three and are earth-
covered to a dspth of 2' on top with contiruous fill between igloos amounting
to approximately 12° of earth with 1' of earth separating each igloo from its
neighbor at the base. A common Zeck serves all three igloos.) The pyralin
wads were packaged in cardboard boxes and palletized on wooden pallets with-
in wooden pallet crates. The pallet crates consisted of sideboards with no
top or bottom, exposing the top layer of cardboard boxes. The fire, which
commenced at widnight, was allowed tc burn out; no attempt was made to fight
the fire because of the possibility or fire a:d explesion of the right-hand
1gloo which was 258 full of 6%/47 smokeless powder in Mk 27 powder cans.
(The left-hand igloo was empty.) The magazine fire was extremely intense
but was confined to the magazine interior with the exception of orange/yellow
nearly smokeless flames emanating from the open door to a height of approxi-
mtely 35', Flames also emanated a few fee: above the vent at the top of
the magasines and buriad the grass off the top of the center igloo as well as
the grass 1p to the middle of each adjacent igloo. Weather conditions for
two days preceding the fire were cool and damp; ground in the magazine line
area was soft and moist, and vegstation in the area was green and moist.
The two adjacent igloos weres unaffected by the fire; the walls adjacent to
the center igloo were cool to the touch and the magazine temperatures re-
mained an unchanged 70° to 71° as indicated by the maximum-minimum thermo-
moters. The magazine involved was considered structurally unsound after
the fire and was put cut of service as other magazines were available for
use. There were a multitude of cracks in the dome and walls of the structure,
however the dome vent was in place and apparently undamaged. Door czsemsnt
and entrance walls were cracked. The door vent screens were lcose but still
in place. The doors were still on hinge pins, The left door was bowed and
blown open and the right door was bowed and ajar.

¢ Pyralin is a mixture of low-nitration nitrocellulose and camphor with urea
as a stabilizer. Since much of the nitrocellulose is not thoroughly purt-
fied, the stability ol different lots of pyralin wads will vary considarably,
Pyrslin ghould be treated insofar as practicable like smokeless powder.
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conditions were noted in the him:nthly inspection of the magazine
involved. Railroad dispatchers record snows that no rail tralfic occurred
in the magatine line during the day on which fire occurred, Records indicate
that the material was stored in the magaszine involved in 1953 and 1957, and
60-day 150°F surveillance test was completed two months prior to the fire,
Pyralin wads were stored in accordance with standard requirements and a re-
view of storage metheds and safety practizas employed relative to storage
of pyralin revealed no improper or overt practices. Public maintenanc.
crews had not worked in the magazine line area on the day fire occurred,
Internal and external condition cf the magazines of the line ranged from
satisfactory to good, and no dangerous fire hazards could be located.
A1l magazine vent screens were in place and undamaged, and dome vents were
in good condition, Security patrols could recall no lightning activity
over the depot, although it was overcast most of the evening prior to the fire,

In view of the successful 60-day 150°F surveillance test, as well as
the cool magazine temperature documented on the day of the fire, the possibi-
1ity of spontaneous combustion is considered remote. The possibility of a
rodent igniting a match, while remote, still exists as there have been a few
instances of finding maiches within pallets of material when moving them
from a rall car into a magazine, as well as when transferring material out of
a magarine. There is a possibility of personnel leaving a lighted cigarette
in the vicinity of the pyralin wads, although no evidence could be found to
support this. (A thorough search cunducted of the magazines in the group in
question, as well ss the adjoining magazines and grounds, revealed no burned
matches, cigarette ashes or butts,)

Preventive Moasures:

1. Kegulations pertaining to smoking, match searches and introduc-
tion of smcking materials into the restricted area have been revised to
make thm clsarer and more forceful,

2. Reinstail a sentry vooth at the entrance to the restricted area
to be manned during normal working hours, This will take some of the load
off the main gate security requirements and also serve as a match-and-lighter
surrender station., (A surprise match check conducted the day after the fire
revealed that apparently the match checks being conducted twice monthly have
been ineffective in detecting violators and use of an ummammed drop-box and
the "honor” system for surrendering and ieclaiming of matches and lighters
apparently has disocouraged people from leaving their lighters Sehind.)

3. Initiate formal training program for magazine inspectors and
other atorage division personnel in order to qualify and requalify period-
ically, personnel inspesting and stowing magazines. Conduct surprise field
inspections,

4. Conduct pericdic explosive safety lectures for storage division
persomisi,

Reference Number of this Incident: 1077

Duplication of this report is authorised.
2




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 2¢, L, C,

ASESB Explosive Incident Report No, 11¢
Mre ~ ARP Propellant

Desoription: AR? propellant is transported in a closed truck from a

cutting building to a forced air dry building. The propellant,
in trays, is placed in wooden cabinets and the {illed cabinets are loaded
into the truck. When the vehicle reaches the dry building, the cabinets are
unloaded and wheeled into the dry building. A truck (containing 3 loaded and
3 empty cabine’s) was positioned at the unloading dock of *he dry house.
While the dock toard was being placed betwean the truck and the dock, a flash
occurred. The propellant in the cabinets on the truck ignited. The fire
propagated from tiz truck to the dry house and ignited the oropellant there-
in, There were approximately 10,920 pounds of propellant in the dry house
and 780 pounds in the truck, The dock board was carried in the vehicle. It
was necessary to remove it from the truck each time a trip was made, One man
wvas assigned t5 position this board. The cabinets were not equipped with
doors., During transit, it was learned that some spillage of propellant from
the trays occurred, contaminating the truck bed. Ths man placing the dock
board suffered first and second degree burns on his face, ears, neck and right
forearm. Both the truck and the dry building were Jestroyed by fire.

Cause: Exact cause unknown, Probable causes:

1. Ignition of ether-alcohol vapors when the dock board wzs either
dropped or dragged on the floor of the truck.

2, Ignition of propellant grains by friction or impact when drop-
ping or dragging the dock board,

3. Discharge of static electricity from the operaticr to a metal
ObJQeto

Preventive Measures:

1, Standing operating procedures shculd require two people to
position dock boards. Instructions should be specific to stats that dock
boards will be kept on the dock and that boards will not be dropped or
dragged during positioning.

2, The design of trays and cabinets containing propellant should
precluac spillage of propellant during transit.
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3. Prior to removing cabinets from vehicles, all spilled propel-
lant should be removed,

Reference Number of this Incident: 1076

Juplication of this report is authorized,
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ARMED SERVICES EXPLOSIVES SAFETI BOARD
Wsshington 25, D, C,

ASESB Expiosive Incident Report No, 220

Explosion and Fi:s During Propellant Block Breaking Operation

Description: Nitrocellulose is pressed to form dehydrated blocks of

propellant. The blocks of propellant containing 13.25% nitro-
gen are transferred to the block breaker buildinc where they are mechanically
broken. The total volatile content of de.ydrated propellani tlocks averages
148 (2% moisture and 12% alcohol). Afier charging the block-breaking machine
with 130 pounds of nitrocelluloss, tw> operators retired to the control room
to start operations. Approximately 30-45 seconds after the machine started,
an explosion occurred. The block breaker building was demolished, A buggy
containiny 440 pounds of nitrocellulose in block form ignited and burned,
Missiles were projecried to a distance of 900 feet, Zne employee received
fractures of right ribs and shoulder blade, and fxcial lacerations. The
other employee suffered from fractures of right forearm and upper jaw, and
laceration of right ear,

Cause: Direct cause unknown, Probable causes:

1. Pinch points created by broken bolt entering process squipment.

2. Friction caused by vasket blades impacting against each other,

3. Ignition of axplosive solid or air mixture confined in the basket,
Preventive Measures:

1. The design of tl.s breaker baskets should be revised and standard-
ized to permit ease of insnection, proper maintenance and to preclude trawp
material entering the block breaker. Inspections should be conducted on a
dally basis, (An examinaiion of the basket after the explosion revealed old
cracks in several of the anchor bolts attaching the ribs of the basket to the
hub, This could allow nitrocellulose to entor between the ribs of the basket
and its base. If nitrocellulose entered this arca, friction betwesn metal
parts could have ignited the nitrocellulose, The construction of the basket
.l.:di]..i it ()litficnlt to inspect the anchor bolts to determine their service-

a ty.

2, Standing operating procedures for all phases of block breaker
operations should be established and maintained. (There was no standing
operating procedure for periodically clesning the breaker basket, During
the last maintenance check, a thorough inspection of the basket could not
be mads because it still contained residual nitrocelluloso.)
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3. Cperating controls for the block breaker should be located at
intyaline distanss f7oa the bloox bresker tuilding. Adequate frontal and
overhead protection for operating personnel should be provided, (Block
breaker operations were not remsiely contirolled.)

‘s Heating facilities should be provided to av.omplish thorough
washdown and rousekeeping practices during cold seasons of the year,
(There was rio heat available in the building. This prevented chorough

uashdmm)of the building and equipment during periods of extremely cold
weather,

S. Supervisors and maintenance personnel should take immediate
action to repair defective equipment. (The switch which operated the drive
motor for the block breaker was not functioning properly. Although this was
previously reported, maintenance or repeirs were not accomplished, )

6. ALl block brsaker process equipment should be checked (fluoro-
scope or X-ray) prior to use and at periodic intervals thereafter.
(The basket involved in this explosion had presviously been flashed; re-assembled
and installed without initermal inspection by either Zyglo, dye-check or X-ray.)

7. Confinement of so0lid or air mixtures that could result in explec-
sion (rather than fire) should be avoided. (A #" screen was used on the
outer peripheral surface of the basket. The confinement of flame could have
contributed towasd an explosion rather than a fire,)

Reference Number of this Incident: 1073

Dupiication of this report is avthorized.
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ARMED SERVICES EXPIOSIVES SAFETY BOARD
] w‘ahmzwh 25. D, C,

ASESB Explosive Incident Report No, 121
] Explosion and Fire During Mixing Opsration

Description: A low order explosion and fire occurred involving between
00 and 1000 pounds of material in a mixer, During the fire

wvhich followed, approximately 2000 pounds of combustible material was con-
sumed. The incident resuited in 3 deaths and 8 minor injuries., The mix
house buildiig construction was corrugated iron with heavy concrete barri-
cades, Outside of the building destroyed mostly by fire, with very little
damage within the plant. The weather was clear, with temperature 35°F and

f humidity 65%. Missiles were projected 500' (l-pound), 200* (S-pound) and
125* (200-pound)., No glass breakage in plaat over 50C'. Unbarricaded
building of light construction (unoscupied) at 250' west of exploaion site
sustained slight structural damage and buildirg with natural barricade,
also of light construction, located at 250' suuth of explosion site sustained
glass damage, This building was also unoccupied.

Cause: Unknown,

Reference Rusber of this Incident: 19072

Duplication of <his report is authorized,
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ARMED SERVICES KYPIOSTVES SAFETY BOARD
Washington 25, D, C,

ASESHE wEﬁx;g?losive Incident Report No, 122

Chemical Fire

Description: Ten kilos of an azido compound were being prepared. Smaller
quantities had been previouvsiy prepared and no difficulties
experienced., No 4ifficulty was experienced in tne chemical preparation of
the material in methyl alcohol suspension, The material was finally dried
in a tray dryer heated by an ordinary stean radiatcr. It was lef* overnight
in the tray dryer in the laboratory where it had been preparei. During the
night, while no one was in the laboratory, the material ignited., There was
a puff or mild explosion sufficient in force to open the dryer doors, open
the explosion venting windows and also to open the doors leading to a cor-
ridor. Bumning material was distributed through the room ard out into the
corridor. Eight sprinklers in the laboratory and two in the corridor opened
and controlled the fire. The number of sprinklers opened and evidence of
charring of all wood surfaces indicates a fire »’ considerable intensity.
It is evident that sericus injury might have been expected ‘if this had
ceccurred while the laboratory was occupied,

Reference Number of this Ineident: 1-7¢

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington 25, D, C,

Explosive Incident Report No, 123

Fire - Toluene

Description: A fire occurred when tolucre at 75° was being recycled through
a Sparkler type filter. The operatcr was at the filter manually
bleeding off the air when he noticec the toluene surging in the line firom the
bottom of the vessel to the pump, He switched off the vessel agitator and
the situation corrected itself quickly. Vapors then spurted out the filter-
vent with such force as to cause a four-to-five foot 4-inch polycthylene hose
from tha vent to flip out of 2 plastic bucket located on an adjacent table,
Some seconds la‘ter, a crackling noise was heard and the operator zaw a flash
of flames about his feet, and also at a wall behind the filter to his right,
As he ran for the extinguisher, e heard cracking noises and, *ainking an
explosion was lmminent, he rushed outside. He, and another man, called the
fire department and turned in the plant alarm, The fire was extinguished in
30 minutes, orincipally with foam, Extensive damage resulted to service and
chemical lines including electrical lines and instruments. The building was
not sprinklered but structural damage was confined to windows and doors with
superficial damage to reinforced concrete beams, A thick layer of soot was
deposited everywhere, mostly from the 200 gallons of hot toluene in the extrac-

tor feeding the filter and consumed in the fire, when glass pipe lir.es broke
irom the intense heat.

Cause: It is belisved that static ignition occurred when the hot toluene
vapors issued from the plastic hose at sufficient velocity to Llow

the line from the bucket, Atmospheric condiiions were dry. Prior to the in-

cident, 2 bad leck developed in the feed line to this extractor while 30

gallons of toluene were being pumped in. Toluene ran onto the floor and into

the drain which was hcsed down. A couple of hours previously, washes contain-

ing toluene were neutralized and released down the drain. The pump was checked

and found in perfect working order, The bonding wires on the glass lines vere
intact.

Preventive Measures: Preventive measures will include installing a vent

receiver, flexible bonded hose and sight glass, with the
receiver venting outdocrs through a flame arrestor.

Refererce Nuxber of this Incident: L.71

Duplication of *his report is authorized.
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Explosive Incident Report No, 12&

Explcsion Methyl Azide During Vacuum Distillation

Description: A chemist was seriously injured when an =xplosion occurred
while he was vacuum distilling methyl azide, He was either
holding or shaking the trap containing the azide with his right hand when
it detonated, seriously injuring his right hand, He also sustained super-
ficial burns and laceraticns about the face and chest., The shock wave broke
the ovarhead fluorescent liights and bcttles of organic reagents about the
laboratory. Adjacent equipment. in an area approximately §' wide, and vacuum
lines were completelv destroyec. Burning liquid and glass were spattered on
the chemist and the right lens of his safety glasses was broken, Ordinary
glasses in a pocket case were completely demolished.

Cause: The method of preparaticn used was the methylation of an aqueovs

sodium azide solution with dimethyl sulfate. Four previously success-
ful preparations had been made in the same manner. The pH of this reaction is
controlled at 5-7 by use of methyl red indicator and addition of sodium hy-
droxide if needed., If the pH was close to § or dropped for a short t{ime below
5, then hydrazoic acid, a powerful explosive, can be formed and distilled out
with the methyl azide. It is believed this may have occurred, and, as in
another case described in the literature, a slight shock causec mercury azide
forred by reaction of the hydrazoic acid and mercury in the manometer tc
thOnateo

Referance Number c.f this Incident: 1-72

Duplication of this report is authorized,




ARMED SERVICES cXPLOSIVES SAFETY BOARD
Washington 25, D, C,

Explosive Incident Report No. 125

Explosion - Nitroglycerin

Description: An explosion occurred at 1:24 PM involving 754C pounds nitro-
glycovin in lead NG storage tanks at combined neutralizer-store-
bruse, which resulted in cne fatality, The deceased was seen entering the
nitroglycerin storage barricade carrying slum pail approximately one minute
prior tc the explosion., The building invelved consisted of wood frame construc-
tion and was barricaded (natural confimuration timber faced on 3 sides and
single faced mound on one side), The timber facing was dest..yed and artificial
mound top 4 removed. Two unharricaded wood frame buildings at 50* north of
explosion site were demolished; three barricaded wood frame buildings at 300
east and west sustained serious structural damages; eight unbarricaded wood frame
buildings at 300¢-300' north sustained moderate structural damage; six barri-
caded wood frame bulldings at 5009-1200' west sustained minor damage and unbar-
ricaded wcod frame building at 1400' west was undamaged, Glass breakage (one

window) at 1 mile distant; missiles - a few pieces (5-10 pounds) lead and steel
at 800'-1000' radius.

Cause: Unknown,

Reference Numher of this Incident: 1079

Duplication of this report is authorized.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 20315

Explosive Incident Report No. 126

Propellant Ignition During Mixing Operation

Description: Ignition of approximately 280 pounds of polybutadiene/ammonium
perchlorate solid propellant occurred in the mix can of a 25-
gallon vertical Beken propellant mixer. The propellant mix had proceeded
normally. An extended run c¢r 25 minutes had heen completed and the point in the
mixing cycle had been reached where personnel were to lower the bowl, enter the
building, perform the second scrapedown of the walls of the mix .n, and add
the MAPO (Tris (1-2-Methyl) Aziridinyl) Phesphine Oxide) curative, Personnel
entered the building and performed the scrapdown of the walls of the mix can,
paying particular attention to see that all ammonium perchlorate had been incor-
porated into the propellant. mix. The temperature of the propellant mix was 176°F,
The MAPO curative was then distributed over the surface of the propellant in the
nmix can. Since the process specification requires very tight tolerances on the
amount of MAPO used in the propellant formulation, the operator proceeded to
weigh back the emptied MAPO container to determine the amount of MAPO hold-up
in the emptied MAPO cortainer in order to calculate the exact amount of MAPO
added to the propellant mix, These calculations indicated that an excess of
1.6 grans of MAPO had been added to the propellant mix, The operator and the
attendant quality control inspector had gone to the telephone (located immediately
outside the south entrance of the mixer building in which incident occurred) to
obtain instructions from their supervisor when spontanicus ignition of the pro-
pellant occurred. Approximately 2-4 minutes had elapsed since the MAPO addition
had been made to the propellant mix, The operator and the quaiity control in-
spector imediately evacuated the area. The autcmatic deluge system functioned
as designed, the automatic fire alarm sounded at the fire station, and emergency
vehicles proceeded to the area, where routine emergency plans were carried out,
There were no injuries to personnel. The propellant in the mix can burned com-
pletely, despite the timely operation of the deluge system. While the mixer
building involved is of light frame construction (wood and gypsum board), acti-
vation of the deluge system limited damage of the building to scorshing of ihe
interlor surfaces of the walls and ceiling in the immediate area surrocinding the
mixer. Exterior painted surfaces of the mixer were scorched, however, damage
to the mixer appears to be of minor rature. Removal of water from the mix ecan
revealed interior surfaces of the mix: can to be bright and shiny.

Cause: Investigatior. following the incident has yielded no pcsitive clue as to
the cause of propellant ignition. Since the propellant was at rest at
the time of igrition (mixer blades had been withdrawn from the propellant it-
self), the common causes of propellant mixe~ incidents, such as friction from
metal-to-metal contact between the mixer blades and the mixer bowl walls or froa
the presence of foreign materials, were eliminated., Also, since this was a
vertical mixer, contamination of submerged packing glands was not a factor.

R
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There ware no d-viations from starding operating procedures or from propellant
mixing operating instructions, Investigation revealed that propeilant ignition
was protebly caused by an sxothermic reaction bstween MAPO and ammonium per-
chlorate in the rropellant mix, As the exotherm reached the autoignition
temperature of the propellant, ignition occurred., MAPO is a highly reactive
crosslinking agent and is reported to react with pure ammonium perchlorate at
temperatures ranging from 160°F to 230°F to give spontaneous igniticn, The fact
that MAPO was distributed over the surface of the propallant in the mix can and
not immediately dispersed, thereby providing localized concentrations of un-

diluted MAPO in contact with the propellant, may have been the contributing
factor,

Comeent: A similar incident occurred previously at another plant location,

Subsequent to this incident, a laboratory study was initiated to
determine the cptimua method by which MAPO could be added to propellant formu-
lations of this type to preclude the reaction of MAPO with ammonium perchlorate,
After evaluating the laboratory data and analyzing the processing problems
involved by the various alteraatives, it was determined thai careful scrapedown
of the mix can to insure incorporation of all ammonium perchlorate into the pro-
pellant prior to addition of the MAPO and the remote addition of MAPO to the
propellant mix while the mixer blades were turning to insure immediate dispersion
of the MAPO to be the overall optimum solution, Design work was immediately
begun on a system to remotely charge MAPO to the mixers. Propellant mixing
operations were continued during the interim after all personnel had been re-
instructed on the necessity of complete ammonium perchlorate jncorporation into
the propellant mix prior to th2 addition of MAPO.

Preventive Measurss: All propellant mixing operations involving the use of MAPO
(other than laboratory mixing operations where MAPO will
be diluted with another propellant ingredient prior to addition) were suspended
until provisions for the remote addition of MAPO to propellant mixers with the
mixer blades turning have been provided.

Reference Number of this Incident: 1080

Duplication of this report is authorized.




Description of Photographs £ 124

(in sequence as assembled)

Extericr view of building as viewed from the north.

Interior view of building as vieved from the south end of the
building. 25-gallon vertical Beken mixer can be seen in the
right-hand corner of the Lrilding.

Interior view of building as viewed from the north end of the
building. Rear of the 25-gallion vertical Beken mixer carn be
seen at the left-hand corner of the picture,

Close~up of 25-gallor. vertical Beken mixer as viewved from the
front.

Close-up of 25-gallon vertical Beken mixer us viewed from the
side.

Close-up view of the mixer blades and interior of the upper
housing.

Close-up view of the interior of the mix can.
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ARMED SERVICES EXPLOSIv 5 SAFETY BOARD
Waghington, i, <, 20315

Explesiv: Incideni Repcrt No, 127

Explosion - Organic Vapors

Description: An employee was starting a direct coupled 1}-inch stainless

steel centrifugal pump. An explosion inside the pump caused
it to rupture and pleces struck the employee's leg. He received 1 comminuted
fracture of the right leg, including compound fractures above and beiow the
knee, and deep gashes and multiple contusions.

Cause: Investigation indicates that an ewnlosion of organic vapcrs occurred

inside the pump and/or connecting piping. The source of the explosion
has not been definitely determined, but it is possible that the iupeller of
the pump ~ame in cor:tact with some foreig: material,

Preveative Measures:

1. Yhen the service cf a centrifugal pump is to be changed, it must
be flushed with water or ni‘rogen before being started. The same precautions
are to be taken even though the pusp remains in the same service if, in the
opinion of the operator, there has been any possibility of the entrance of air
into the system,

2, A1l operators are to be given verbal and written instructions
concerning the correct way to start a centrifugal pump and the potential danger
if a pump is run with valves in the discharge or feed line closed.

3. Sizne sire to be permanently attached to each centrifugal puwp
warning of the n. 3 to open the discharge valve before starting.

Reference Number of this Incident: L-73

Duplication of this report is authorized.
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ARMED SERVICES ZYPLOSTVES 3AFETY BOARD
tashington, B, C, 2931g

Explosive Incident Report Yo, 128

Lavoratory Refrigeration Explosions

REPRINT ~ROY OCCUPANCY FIRE RECORD -- LABORATORIES, COPYRIGHTZD 3Y THZ
NATIONAL FIRE PROTEITICH ASS0TIATION, REPRODUCED BY PERMISSION,

October 6, 1957 - Sumit, lew Jersey - %1,000,

A refrigerator which had supposedly been -aprcvsd to provide some
explosion protection was ruined by a miid explosion in this po.ynerization
research laboratory. The volatiles stored in the refrigerator either reacted
with each other or vapors were ignited by sparks fror electrical equipment
ttat had been left .n the refrigerator, The watchman, though hearinz no
explosion, saw fire as he passed the laboratory., The fire was confined tn
the refrigerator and the surrounding floor. Although the building was pro-
tected by an autematic alarm system and a sprinkler sysiem, prompt discovery
of the fire by the watchman and prompt use of a carborn dioxide extinguishe:
exting> thed the fire before elther the sprinklers or automatic alarm system
operated,

August 20, 1957 - Bochester, Hew York - $3,000.

An exrlcsion in an ordinary, nonexplosion-prouf refrigerator involved
vapors coming from 24 beakers, each containing 150 wi. of pentane. A clcth
towel covered the beakers, After the concentration of vapors entered the
explosive range for pentane {i.5--7.8 per cent of vclume) they were igrited
by a spark from the exposed electrical temperature control located inside the
refrigerator, The explosion badly damsged the refrigerator, igznited the re-
frigerator insulation, damaged a concrete block wall of the laboratorv and
smashed the wired glass in stec! sash window behind the refrigerator,
Laboratory glassware, supplie: u~d instruments as well as some of the light
firtures vere broken., Four automatic sprinklers within the area extinguished
most of the fire, The remining smolderinz insiiation was extinguished by
the Rochester Fire Department with a pail of water. The Department had been
called immediately by the walciiaan,

Noverber 23, 1966 -~ Cambridge, :fassachusetts - $1¢,000,

A student placed an open vessel -f plastic material in the nonexplosion-
oroof, househcld type refrigerator., llarmable vapors from the open vessel
accumulated in the refrigerator and exploded that evening when the interior
temperature control svarked, Fortun:te'v no one vas in the laboratory. The
refrigerator wvas demolished; 13 plain windoss were smashed: 2 metal sash

3




windows were d:isto: Led; wooden benches, laboratorwy r~:d, desks, chairs,
wiring, doors .:re damaged; laboratnry instruzents, lassware, reagents, and
research test eyuipment destroyed. Smoke dam:ge extended tc several other

laboratories and the nallway, Fire department extinguishment was prompt and
efficient.

Sumer 1964 - Indianapolis, Indiana,

An explosion occurring in an srdinary domest’e-type refrigerator blew
the giass out of all windows, cupboards and doors o” t..¢ 12* x 20* laboratory
and destro;ed 21l glass laborator equipment. &t firs. it had been thought
that the explosion involved vapor from an open beaker of ether in the refrig-
erator, but 2 more thorouzh investigation of the characteristics of the
explosion led to the definite conclusion that the explosion occurre’ due te
the formation of ether peroxide in the beaker,

Tebruary 27, 1950 - Newton, Massachusetts - $5,000,

Vapors from flamuable liquids (ether and benzene) in open beakers in
an 8 cubic foot norexrlosion-proof, household type refrigerator exploded in
a research chemistry laboratory in the basement of the 4-story fire-resistive
building., A sparking contact on a thermostatic control in the refrigerator
was the probable igniting source. Explosion damage to the refrigerator,
windows and zlassware comprised most of the loss. Neither of the students
working within the laboratory was injured., Attempts to extinguish the fire

with carbon dioxide extinguishers were tiwarted by the heat and chemical
fumes,
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ARMED SZRVICES EXP1OSIVES SAFETY BOARD
Washington, D, C., 29315

Zxplosive Incident Report No, 129

Explosion of Pyrotechnic Flare During Testing

Description: While performing routine candlepower measuremsnts of a pyrotechnic
flare, a project engineer was fatally injured. T.e injury occurred
from a door blown open by unexpected "explosion” of the flare, The op .ation was
roatine and all the safety precautions believed to be adequate hid been taken,
The incident was completely unforeaeen ..nd without precedence. On the day of the
accident, the prcject engineer h=d delivered two flares to the photometric
tunnel for candlepower and turning time meisurements, The flare was fused as
usual in the tunnel with loose starter mixture, firecracker fuse and an electric
match, The terminals of the electric match were connected while the flare was
sitting on the test stand. The project engineer and tunnel operator went to the
instrusentation room t» ignite and record the data from the burningz flare. The
door was closed and bolted with a steel bar across the entire width., The common
practice used for initiation of flares for candlepower measurements in the
photometric tunnel employed the use of a dry cell battery. The first try at
initiation falled. The project engineer waited approximately S minutes and then
enterad the tummel to determine the cause., Upon inspection of the flare, no
apparent cause for non-ignition was noted. It was concluded that the dry cell
was dead. A new dry celi was obtained and upon ignition, the flare exploded,
collapsirz the walls of the tumnel, The project snginesr was standing ncar the
edge of the door in the instrumentation room. The shock wave (or sudden increase
in pressure) sprung the lock on the deor. The swinging door struck tne project
engineer on the forehead with suffizient force to result in 3 fatal injury.

Cause: The extensive force generated by the deflagration of this flare had
never previously been observed during local burning tests nor was it
knowm of anything comparable to this being recorded at any other activity. An
intensive investigation was conducted to determine cause for explosion of this
flare. A review of the test werk pri~r to the testing of the final flare falled
40 indicate that an explosive type action could be expected. laboratory experi-
mentation failed to uncover any significant factors which would tend to indicate
dstonation of the materii: (magnesium, sodium nitrate and laminac). The conclu-
sion wvas ultimately reached that the explosion of thi flare muct have been caused
by the ptysical makeup of the unit, It was hypothesized that the explosion was
caused by the initlal flame front traveling down either tiie sides ~f the case,
dosm the center pin or a coxbination of both of these. As the flame front maved
rapidly toward the base of the flare, pressure rapidly increased, thereby causing
a rapid incroase in the burning rate and in chain reaction !Sshi.r burning so
rapidly as t> cause the pressure to increase sufficiently rupidir to burst the
sidewalls of the case before the compositior could be ejected from the case. A
linited number of tests were conducted with experimental units to verify or




disprore this hypothesis and these tests strongly indicate that the hypothesic
is ccrrect. The results tend to show ¢hat 4he canter siud and the fact that the
case was not lined did uot necessarily by themselve: provide the conditions for
deflagration but a combination of thess factors with ot:srs (such as a rapidly
burning composition, fine particle magnesium, a low percsntage binder and rela-

tively low pressing pressure) led to the conditions which produced the explosive
resul ts.

Preventive Meazures:

1, Use of the center stud is being eliminated wherever practical.

2, A1l steel cases will be lined even though they are being used
for exploratory type work. (It has been found many times before that the flare
case must be li-ed in order to provide proper burning at reduced temperature,)

3. The ' -otechnic tunnel was not designed to provide for an explo-
sion. The walls surrounding the burning area in phctometric tunnels should be

designed for this potential with blowout walls, cheap in construction and
readily replaceable,

Reference Number of This Incident: 1085

Duplication of this report is aathorized,
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ABMED SERYICES EXPLOSIVES SAFETI DOARD

Washington, D, C, 20315

rplosive Incident <t Ro, 1

Explosion - Mixed Chloronitrotoluenes

Description: An 8'x20° horiszontal tank reboiler containing mixed chloronitro-
toluenes exp:oded, causing extensive damage to adlacent equipment
and the adjacent 4-story brick and metal-sided building containing other
equipment, Fortunately no one was serioisly injured. An exothemic reaction
was started which first openad the 10" pressure relief vent, but within about
30 seconds generated sufficient pressure to rupture the vessel, which was designed
for a 50 psi working pressure. The operator, who was on the top floor of the
adjacent building, heard the pressurc relief blow and left the building by an
outside stairway. He was about 150' from the building when the sxplosion
occurred, The tank was ripped open and flattened. In addition to smaller missiles,
a few plecas of pipe and other metal weighing up to several hundred pounds were
thrown from 300 to 800 feet. A number of plant buildings within a radius of 500
feet suffered broken windows and minor damage, A fire in the adjacent building
resulted from the spray of flaming unreasted uaterial from the ruptured tank,
The automatic sprinkler system inside the building, though camaged, held the fire
in check until it was extinguished by plant fire-fighting personnel,

Cause: The explosion waes apparently csused by the zddition of caustie soda

solution with the shloronitrotoluene feed to the still, The feed stream
had been inadvertently contamipited with the caustic in a tank car used for
storage purposes. Upom addition to the still, which was indirectly heated by an
attached heat exchanger, an exothermic reaction was started which rapidly devel-
oped into a runaway pressure bulldup.

Preventive Mezsures: Plant procedures for loading, labeling and sealing ta..
cars for intra-plant service will be studied and revised
as found necessary.

Reference Number of this Incident: L-74

Duplication of this report is avthorised.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 20315

Explosive Incident Report No, 131

Ignition of Propellant Mix

Description: The exact cause of the fire was undetermined, but was assued

to involve the addition of Methyl Aziridinyl Phosphine Oxide
(MAPO) into the unmetalized polybutadiene-ammonium perchlorite mixture, An
excessive amount of MAPO was used, Past experience indicates that MAPO can
ignite spontaneously at temperatures of from 150° to 230°F when it comes
into contact with pure ammonium perchlorate., The mix in this instance was
at s tomperature of 176°F, and it is assumed that some of the ammonium per-
chlorate had not been thoroughly dispersed.

Reference Number of this Incident: 339M-1

Duplication of this report is authorized.
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ARMED SERVICES EXPLGSIVES SAFETY BOARD
Washington, D, C, 20315

Explosive Incic-nt Report No. 132

Explosion - Lead Azide During Blending Operations

Description: .in explosion occurred in lead azide jelly bag mixing unit at
approximately 1:00 PM during blending operations at mix house.
A chemical worker had charged the jelly bag with 7 pounds lead azide and 7.
calcium stearate, using the remote control dumping device, He had activated
the agitating motor and had left the building to attend tc an adjacent disposal
vaet, A second chemical worker remained in the zontrol room to monitor the mix-
ing unit and to dump the Latch when the counter shoved the blending cycle to be
completed. The mixing cyzle was about 20% complete when the explosion occurred,
No personnel were injured, Weather conditions outside of the building were
warm, partly cloudy, humid and virtually no wird., Temperature was 91°F, The
humidity of the building was controlled at 70%, The mix building was wood
frame construztion, with blowout walls and light roof. The entire portion of
the building behind the reinforced concrete barricading wall was demolished
(the two side walls, back wall and rcof were shaitered); a small crack was in
evidence in the concrete barricading wall extending from the top of the entrance
doorway of the blending xoom tc the top of the wali; water and electric lires
were damaged and require replacement; jelly bag blending and screening unit
were destiroyed,

Cause: Cause of the explosion unknown. No abnorma’ conditions had been noted

by either ope2rator in the blending building or the surrourding area.
Equipnent arnd static grounds in building were checked approximately 6 weeks
prior to date of incident and no defective conditions were noted, The absence
of explosions during the mixing of 300 batches of lead azide without calcium
stearate pricr to the date the incident occurred might indicate process changs
might have contributed to the explosion., Process change included increase of
batch size from 3% pounds to 7 pounds; the addition of 4% calcium stearate;
the screening through smaller mesh screen.

Preventive Measures: Siace the cause of the explosion could not be determined,
all changes ir the process made on the day the incident
occurred viil be eliminated. These are:

1, Discontinue use of calcium stearate,
2, Reduce batel. size to 5 pounds.

3. Change size of screen from 108 to 50 mesh or less.

Reference lwumter of thic Incident: 1096

Duplication of thic report is authorized.




ARMED SERVICES FXPLOSIVES SAFETY BOARD
Washington, D. C, 2031s

Explosive Incident Report No. 133

Explosion -~ Detonator Charging Scrap

Description: Imperfect, scrap, or rejected detcnators are collected during
the shift in a stainlese steel pail contairing approximately
one gallon of 3% soiution of sodium hydroxide as a desensitizing solution,
At the end of the shift, the pail is taken to a concrete pad at an adjacent
dispcsal unit and enough sodium hydroxide is added to raise the percertsze to
106, At approximately 4:00 PM a chemical worker carried a pail containing
between 250-500 detonators te the concrete pad, set it down, added sodium
h, .roxide, and started cleaning his equipment and removing special protective
clothing when a detonation occurred in the pail., This pail had been placed
heside three others which had been removed earlier in tne day and treated with
1liquid and caustic, Components in the pail immediately adjacent to the
exploded container apparently also detonated. The two other pails on the pad
were blown some distance, but their contents appeared not to have exploded.
The chemical worker was struck on the back of legs and body with flying frzo-
nents of stainless steel from the pail, and sustained some caustic irritation
of the upper lip and right eye, The injuries were minor in nature and the
injured was released after treatment at the first aid station; no lost time
resulted. The injured had been wearing all required safety equipment includ-
ing face shield; long-gauntlet rubber gloves and plastic apron during the
performance of this work, He was removing these three items tc hang in the
chemical storage cahinet alt the time of the explosion, and was standing im-
mediately in front of the cabinet with the right-hand cdoor open., A hole 8-10
inches deep was blown in the concrete pad and the concrete was broken for a
radius of approximately 2 feet from the hole, Debris from the explosion was
scattered over an approximate 100-foot radius and severzl fragments were blown
into the door of a chemical storage shed which was located at the edge of the
concrete pad,

Cause: In reviewing the ope—ation, it becomes evident that an uncontrollad
cherical reaction tock place which, as a result of high temperature
and consequent increased activity, produced an explosive mixture. The detona-
tors are made waterproof; however, when placed in a 3% solution of sodium
hydroxide, a chemical reactior is initiated with the aluminum detomator cup
material. Eventually the aluminum container is dissclved and then a chemical
reaction may be started between the sodium hydroxide and lsad styphnate and/or
lead azide of the detonator, The condition of any particular detonator will
depend on how long they have been in the 7% sodium hydroxide solution, When
flaked sodium hydroxide is added to change the concentration of the solution to
104, three significant actions take place concurrently: significant amount of
heat is evolved due to the heat of solution of sodium hydroxide; active foaming
action takes place which results in a turbulent conditlon causing detonators
to strike one another; should a sodium ydroxide flake land on an aluminum




detonator cup, a sharp temperature rise may take place over a very short period
of time from heat of formation - temperature rises to over 200°F have been
experienced,

Preventive Measures: The use of sodium hydroxide solution as a desensitizing

agent has been discontinued, Scrap detonators are now
placed under plain tap water and are being held for possible destruction at
the explosive burning grounds,

Reference Number of this Incident: 1097

Duplication of this report is authorized,




ARMED SERVICES EXPLOSIVES SAFETL DOARD
Washington, D, C, 20315

Expiosive Incident Report v, 134

Explcsion - Cyelool During Melt "osur Operztion

Description: Cyclotol was being re-melted in kettles on the second floor of

the melt pour building and dropped through steam-jacketed draw-
off legs to a manifold system on the main floor of the building. The manifold
system is manually controlled by Hiils-McCanna valves in a continuous pour
cperation. A powered conveyor services the manifold with a continuous flow of
interconnected pouring funnels. Valves in the manifold are adjuuted to fill
the funnels to a predetermined level. When this level is reached, the next
funnel is automatically placed under the pouring manifold. The operator on the
second floor started operations in the aelt kettles by turning on steam,
processing the temperature charts, and placing enovgh cyclotol in the kettles
to form a heel., A short time after placing explosives in the kettles, the
employee discovered that he had not closed the valves at the base of the kettles,
The explosives started ic melt, thus allowing molten explosives to flow into the
drav-off legs. The valvas wers then closed. On tke - 'r. floor, several
employees were preparing to start their operations, e employees noted that
explosives from the previous cday‘®s operation had soliaified in the pouring
nozzles., Steam serving the marifold was turied on ind attempts were made to
clear the nozzles. This was accomplished by using & screwdriver and hammer
(both of spark-resistant material)., The screwdriver blade was bent and driven
into the nozzle with the h2=ser, The screwdriver was then twisted in a cir-
cular motion to remove the explosives. This action was completed on two
nogzles, A third noztle was partially cleared, and moltern explosives started
to flow from it, The employees summoned their supervisor for assistance in
stemming the flow of explosives, Approximately 4 miiutes after his arrival, a
detonation occurred. The operations being conducts: could not be determined,
but evidence indicates that the detonation occurred inside the valve rather
than in the orifice of the nozzle. The supervisor and one other employes died
as a result of severe injuries. There were no other injuries.

Cause: Exact cause is uniknown, Ficbable causes:
1. Friction by undue force when using unauthorised tools,

2, Friction in the valve bomnet resulting from valve closure
against hidden solidified explosives.

Preventive Measures:

1. Only those tools authorized for the oper: tion and listed in
standing operating procedures should be permitted i work areas,

2. Personnel working with explosives should be adequately trained to
recognize inherent hazards associated with their operations.



3. No deviations from approved standing operating procedures

should be tted. (Failure to close valves prior to putting explosives
in kettle.
1 b, Supervision at all levels shcuid review inspaction procedures

to assure prompt detection and correction of hazardous conditions, (Opera-
tional, maintenance and safety inspe: lons did not reveal solidified explo.
sives in the manifold orifice.)

S. Standing operating procedures sl:iculd be prepared, approved and

3 made available for operations involving the cleaning of contaminated equip-
ment, (Periodic cleaning of the nozzle orifice was not included in the SOP,)

Reference Number of this Incident: 1099

Duplication of this report is authorized.

N




ARMED SERVICES EXPLOSIVES SATETY DOARD

Washington, D. C. 2031s

Eyplosive Incident Report No, 13%

Explosion - Acid Feed Line

Description: During the feed of mixed acid to a nitrator, an explosion
occurred in the acid feed line., The force of the explosion
shat-ered a rotameter tube, blew out a flang. gasket, bulged a blanking disc
in the feed line and caused glass to be blown into the face, eyes and body of
the operator. The operator received supsrficial cuts on his face and body.
Glass particles were successfully removed from his eyes, with no permanent
i-~jury., The glass did not originate from the rotameter tube sinrce it was
enclosed in a pressure casement. 7The glass is believed to have originated
from a broken light bulb, The overztor was not sprayed with acid. This nitra-
tion was the third batch of a <eries. The feed had been in progress for °
1 hour and 50 minutes prior to the explosion, Prior to this series of batches,
the feed system had been used to feel an organic liquid to another product
reaction,
Cause: Investigation produced only a probable cause of the explusion. Tt is
believed thit a violent reaction resulted from contact with organic
material retained in the asbestcs flanze yaskets, rotameter packing or in a
dead-end section of the piping.

Preventive Measures:

1, This area will be designated a goggle area during all operations.

2. All flange gaskets, valve packing and rotameter packing wilil be
changed from asbestos tc teflon,

3. Piping has been modified to eliminate all "dead-end”™ sectlons as
well as some ccmon use,

4, UWhen changing from one product to another, clean-out procedure
shall inclvde dismantlement of acid feed piping to insure cleanliness,

Reference Number of this Incident: L-7%

Duplicatior. of this report is avthorized.
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ARMED STRVICES EXPLOSIVES SAFETY BOARD
Washington, D. C. 20315§

Explosive Incident Report No. 136

Reaction Vessel Rupture

Description: An employee vwas preparing to transfer a reaction vessel

(12"x23") from a low temperature bath in a bench hood to a
pressure reaction cubicle, 4 halogenated olefin had been introduced into
the vessa2l and then nitrousyl fluoride was added., The temperature of the
vessel was about -78°C, After a short time, when no pressure was observed,
the employee started to remove the vessel frox the bath and 4t ruptured. The
employee received severe injuries to the lowe:r abdozen and injuries to the
hands,

Cause:

1. Using too large a sample of reactants vhich detcnated, rupturing
the reaction vessel,

2, ‘[he vesssl was cf an alloy that had Z.oss impact strength at low
temperatures,

3. The loaded reaction vessel required transferring from the hood to a
cubicle.

Preventive Measures:

1. Experiments of this type will be loaded, reacted and vanted using
proper shielding and remote handling techniques to prevent exposure to any

employee,

2. Supervision will make certain that the quantity of materials shall
always be kept to the absolute minimum consistent with the extent of the know-
ledge of probable hazard.

3. A reaction vissel of prope.s design and metal composition will be
used,

Refererce Nuasber of this Inci'ent: 1-76

Duplication of this report is aithorized.
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ARMED SERVICES EXPLOSIVES SAFETY 30ARD
Washington, D, C, 20313

Explosive Incident Report No, 137
Fire - Propsllant Ingredients

Description: A tire occurred in Bay 8 at approximately 3:30 PM involving

unmixed propellant ingredients (Mfgr. A PBAA binder plus addi-
tives, ammonium perchlorate and aluminum), There were no injuries and
operations on a routins basis were started on the following day. A mix can
containing 4750 grams of the unmixed propellant ingredients ignited while
resting on a balance under the hood in Bay 8. This fire ignited a waste can
containing waste papers and a box of gallon size sealright paper cartons which
were under the hood-table in the bay. There were four operations proceeding
simmltanecusly in Bays 7, 8, 9-Patic and 10 at the time of the fire, These
were: Bay 7 - an operator was preparing live test motors for static test and
disassemblinz motors with slivers from previous tests; Bay 8 - prorellant in-
gredients previously weighed out were being placed in mix cans and weighed in
total prior to being carried to Bay 1C for mixing; Bay 9-Patio - propellant
ingredients were being preheated in the ovens outside of Bay 9 preparatory to
being carried to Bay 8 for final weigh-ups Bay 10 - propellants were being
simultanecusly mixed and cast in Bay I5, At the time of the lire, 4750 grams
of a propellant in which Mfgw». B BAA polymer wss used {rather than the Mfgr.
A PBAA polymer) was being mixed., In addition, a xix can containing approxi-
mately 500 rrams of Mfgr. E propellant was on the press following casting of
two motors approximately 10 minutes earlier., At the time of the fire. the
doors to Bays 9 and 10 were closed, The door from the hall to Bay & --is open;
there is no door between Bay 7 and Bay 8. The door between Bays 6 and 7 was
closed and locked. Approximately 5 minutes prior tc the incident, the operators
left Bays 9 and 10 and then started simultaneously thie operations of mixing in
Bay 10 and final weighout in Bay 8. Bzy 8 door was n while the operation
was in process, A mix can containing preheated (175°) aluminum powder (760
grams) on the bottom covered with Mfzr. A polymer (817.2 grams) was placed
under the hood. The curative (37.8 grams) was poured onto the polymer and the
ammonium perchlorate (3135 graxs) uis poured on top of the curative. The mix
can was aprroximately 95% full at this time., The hood fan was turned on for
this operation but turned off for the subsequent final weighback. The filled
nmix can was placed on the baiance ard the final weight recorded on the mix
sheet, After final weighout, the onerators walked to the mix console in the
hall 30 feet from the hood to ss2 if the ®ix cycle in Bay 10 was completed.
Approximately 3 mimites remained, sc the operators remained in the hall pre-
paratory to picking up the mix can in Bay 8 and carryirg it to the mixer in
Bay 10, Tre fire was observed at this time by the three operators from hall
position, Fire losses consisted of the balance, the sealright containers,
repair to the table and smoke damage.

[T




Preventive Measures:

1, No further work on any PBAA polymers will be performed until the
cause of the fire is established.

2. No paper products will be stored under the hood, The sealright
containers will be stored in Bay 9 and brought to Bay 8 individvally as
required, The waste paper can will c» stored away from the hood.

3, Llarge quantities of oxidizer (50 pounds or more) will not be
stored in Bay 8, It will be moved to Bay 9. Since weighout is performed in
Bay 8, vorking quantities of all propellant ingredients will be stored in
sealed fire-resictant containers in Bay 8.

Reference Number of this Incident: .77

Duplication of this report is authorized.




ARMLD SERVICES EXPLOSIVES SAFETY BOARD

Explosive Incide.t Report No, 138

Explosion - Flammzble Solvent

Description: An employee was preparing tc load acid into a trailer. The

hose was in the tank and water was being loaded. When he put
the metal gauge stick into the tank, an explosion occurred. The employee
received moderate to severe burns on his face and right leg.

Czuse!

1. There was approximately one-half barrel of flammable solvent and
diesel fuel mixture in the trailer tank. An employee who had used the ‘railer
the day before had falled to flush the tank,

2. The employee dropping a metal gauge stick into a tank containing a
flarmmable mixture,

Preventive Measures: It has heen determined that this flammable solvent can

be pumped safely if properly handled. Therefore, any
future pumping of this mixture must be aporoved by tiie Safety Department so
adequate safety measures can be set up.

Reference Number of this Incident: L.78

Duplication of this report is authorized.




ASMED SERVICES EXPLOSIVES SAFFTY BOARD
Vashington, D, C, 20315

Explosive Incident Report No, 139

Laboratory Explosion

Description: An explosion uccurred in a laboratory, causing some damage to

the vacuum line and minor injury to an employee (some small cuts
on the upper arm from flying glass), The operation involved was the pumping
cut cf recovered HNF, from a glass transfer tube by means of a water aspirator.
There was approximately 300 cc of gaseous HNF, in the tube, The aspirator had
been turned on and was functioning when the employee turned the stopcock of the
HNF, tube to open it tc the aspirator, Almost immediately afterward, the explo-
sion occurred. The filter flask used to protect against a suck-back from the
aspirator was also blown apart, This flask was in the hood some 10 feet from
the HNF, tube. It is assumed that the HNF, explosion caused an overpressure in
the aspirator line which burst the filter flask,

Cause: The cause of the explosion is not known. It is possible that there
was organic vapor in the filter flask and therefore in the aspirator
line which exploded when it mixed with the HNF,,

Preventive Measures: In the future, more effort will be made to keep all the
lines free of impurities.

Reference Number of this Incident: L-79

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BCARD
Washington, D, C, 20315

Explosive Incident Report No. 140

laboratory Explosion

Description: An explosion occurred in a laboratory at 4:25 PM, The contents

of a2 cold trap which was at -196° exploded, ca"-ing minor damage
only and resulting in no injuries., The trap was believed to have contained
some hydrazoic acid and acetonitrile. It had been warmed and cooled several
times before tne explosion. No immediate explanation is availatle,

Reference Nurber of this Incident: L-80

Duplication of this revort is -.uthorized,




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 20315

Explosive Incident Report No, 141

Amninition Functioned When Droppel

Deseription: 10%ma howitzer cartridges with fuze were being unpacked and
repacked for the purpose of replacing unserviceable fiber
containers and wcoden toxes. After rounds were unpacked they were placed on
a contimous belt power conveyor ard repacked in a separate room, An amor
plate barricade extended lsngthwise for part of the length of the ecnveyor.
The barriczde served no purpcse for this particular operation, but was used
on provious operations., 1In order to prevent projectiles and cartridge cases
fron striking the edge of the barricade, a guide bar or sweep had been in-
stalled to deflect all items to one side of the conveyor. Apparently, as a
result of the continuing impact of prujectiles and cartridg: cases against
the sweep, the welds broke, aliowing the sweap to become slightly elevated
and projectilss and cartridge cases became wedged under and jammed against
the sweep, After twelve projectiles and twelve cartridge cases had oecome
Jarmed and wedged, a thirteenth projectile apparently cverrod: the pile and
fell to the lead-covered floor, a distance of approximately 35 inches. The
projectile functioned with the head of the fuze being imbedded in the lead
shesting on the floor. All thres cannisters were ejecteid with two being
ignited; one cammister was split open, apparently as a result of striking
the armor plate ~ 7iding wall, The three cannisters struck the ceiling heater,
and continued through the ¢~ ; into the attic of the building whers they
vere recovered. A hole in t.s roof of the building was presumed to have been
caused by the base plate of the shell; the base plate was not recovered.

Cause: The power conveyor and assoclated equipment were inspected two days

before the accident, The sweep or guicis bar which was installed at
the point of accident was visually checked and appeared to be in satisfactory
condition, No specific check was made of the condition of the welds, but it
is doubtful if any defects would have been noted: examination of the sweep
after the accident imlicated fresh breaks in the welds. Cn the day of the
accident the foreman and surveillance inspector had checked the entire opera-
tion, including material on the conveyor, approximately 5-10 minutes before
the accident; there was no indication of a pile-up of material, Subsequent
tests of the rate of movement of the conveyor belt showed that accunulation
of material at the sweep wou’d have occurred in less than 5 minutes. Falling
of tha projectile from the conveyor to the floor was the direct cause of the
explnsion, The reason for the functioning of the fuze and/or projectile cn a
short drop cannot be ascertained until investigation or study of the fuze has
been completed.




Preventive Measures: The sweep has been remcved from the conveyoi. In

lieu therecf, a divider is being installM the full
length of the conveyor; material will be placed on one side or the other
of the divider.

Refercnce Number of this Incident: 1102

Duplication of this report is authoriszed.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
w‘sr“.ﬂnmﬂ. D, C, 20315

Explosive Incident Report No, 142
Deflagration in Loading Room During Cleaning Operations

Description: A low order deflagration occurred while employee was vacuum
cleaning the loading room. He had removed all containers cf
explosives prior to the cleaning operation, with the exception of small
axcunts in the three bowls on the loading machine. Explosive ingredients
being usel were aluminum powder, magnesium powder and perchlorate, each in
a separate container on the loading machine, and a mixture in the vacuun
tark and manifold. A two-inch flexible hose runs from the vacuum tank,
which is placed on the outside of the room, to the manifold. One-half i.ach
hoses run from the manifold. Approximately three-fourths of the two-inch
opening was closed by a build-up of dust which had set up and hardened.
As this gave evidence of very little cleaning of vacuum equipment being ac-
complished, indicatlons were that there was a bulld-up of dust between the
base plate and one-half inch orifices leading from the manifold, Due to
cyclonic effect of the vacuum on the metal particles in the explosive dust,
static bullt up and ignited the dust in the base of the manifold. The base
plate (whish was welded or brazed to the manifold) and the screwed-on cap
from the manifold were blown off. Burned areas on reinforced concrete wall
indicated deflagration startied at base of the manifold and continued through
the two-inch flexible tube into the vacuum tank. The top of the vacuum tank
was blown approximately 150 feet from the tank. The three bowls of explo-
sive ingredients did not ignite, Two employees were injured - one suffered
first degree burns over the hands and small areas of the face; the other
sustained superficial abrasions and bruises of one arm during exitiag from
the building., Two sides of the loading room were construsted of 12-inch
reinforced cener =. The wall between the operations arez and the loading
area was constructed of ho” ~ick, filled with cement and reinforcing
rods, backed by 3/8-inch steei shielding on .the loading area side. The brick
separated in a portion of the wall and one-inch plastic shield crzacked and
split in several areas, The plastic sliding door through which operator
removes items from platen was also cracked, The reinforced concrete walls
suffered no damage with the exception of the burned area., Blowout panels of
a paint room approximately fifteen feet from the loading room (on the same
side and part of the building) were destroysd. This was evidently caused
by a generation of gas and forced air teing blown through the air cordition-
ing ducts into the paint room. There was no glass breakage., Most missiles
were projected within a 50-foot radius, with the exception of the top of the
vacuum tank, which weighs approximately eight pounds and was found approxi-
mately 150 feet away,

Preventive Measures: A scheduled cleaning of vacuum tank, manifold and hoses
after each shift, and a thorough grounding throughout

the vacuuer system,
Reference Number of this Incident: 1103

Duplicatic:: of this report is authorized.



ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 20315

Explosive Incident Rsport Mo, 143

Explosion «~ Destruction Area

Descrintion: An explosion occurred during destruction of various types

of explosives-filled components (detonators, rotors ard other
explosives-loaded devices), Destruction was by burning in a locally-
fabricated furnace consisting of a portion of an obsolete bomb casing into
which was welded a metal pipe. This device had been in use for tha past
eight years. The items were not fed singly, but were dumped from a box at
the top of the device. The furnace was located in an open field near an
earth-covered metal firing butt (no longer used) which served as a pericn-
nel shield and for unpacking components. The items were rezoved from thelr
packaging, placed in a cardboard box, and carried to the furnace. It is
believed chat the injured operator was about to place the box with contents
into the chamber when the explosion occurred. The operator sustained
serious injury to both eyes,

Cause: Injitiation of one component, either by impact or friction, within
the cardboard box which, in turn, caused otler components to
detonate.

Preventive Measures:

1. An appropriate destruction furnace should be constructed for
destroying explosives-filled components such as rotors, detonators, delays
and small primers,

2. An approved standing operating procedure should be prepared
for destruction of explosives-filled components, and. zdequate safety in-
spections should be made.

3. All employees working with hazardous material should be
trained for their specific assigmments,

Reference Munmber of this Incident: 1106

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Wishlngton, D, C, 20315

Explos.. . incident Report Fo. lik
Explosions and Fire = MB0 Firecrackers and Bulk Biended Explosive

Description: An explosion involving blended powder for MBO firecrackers
occurred in a production building at approximately 6:00 PN,
The quantity of explosives in the production building could not be estab-
lished, The explosion initiated tiie contents (packaged items, approximately
3968 pounds explosivo, of two trailers used as a storage location approxi-
mtely 70 fec' from the production bSuilding; and two service storage magatines
containing 150 pounds of blended powder each. located approximately 85 amd
100 feet respectively from the production building. The trailers and storage
magazines detonated high order. A low order explosion occurred in an aluminum
powder storage magazine containing three 5¢-gallon drums, two of which were
believed to be filled and the other partially full. Fire and minor low order
explosions occurred in small temporary wood buildings throughout the area
wvhich contained undetermined quantities of miscellaneous fireworks in storage.
Approximately 50 acres of wooded and grass area surrounding the explesion
site was set on fire by ignited fireworks, After hand-mixing of M80 charge
ingredients, the final blend is measured into 10-pound conductive containers
and transferred to one of the two service storage magazines. One container
at 2 time is carried to the MBO opreduction building for loading and manuface
turing of M80 firecrackers. The completed item is packed in approved cc tainers
amd placed in the trailers. Production operations were accomplished on the day
prior to the incident; however, no production work had beeii nericraed on the
day of the incident, The night watchman was preparinz to cut a vent hole in
tha ceiling of the MBO production building with a conventional saber-saw which
was provided with a standard flexible cord and two-prong male plug. He had
covered some contalners of blended powder within approximately two feet from
the Jocation where he was working, with a pillow. When inserting the plug of
the saber-saw into the female outlet, an explosion occurred. The night watch-
man was fatally injured and a volunteer fireman was hospitalized for treatment
and observation. Numerous sections of sonerete block were propelled to
distances in excess of 1000 feet nort!: and ncrthwest of the point of explosion,
The area in this direction is uninhabited and heavily wooded for distances of
approximately one-haif mile, Lighter weight missiles from the majority of the
buildings, which were of temporary wood construction, fell within a radius of
approximately 800 feet. Glass treakage was reported in three buildings at
7600 feet and one building at S400 feet.

Cause: “he cause of the explosion resulted from one or more of the unsafe
acts and/or unsafe conditions listed below, of which items 2 and 3
are considered to be the primary causes:

1. Using unapproved type portable electric power tools in an
explosive operating building,




2, Installation of unapproved electric outlets in Class II
hagardous areas.

E 3., Failure to dcs.. .unate the area before attempting to perform
maintenance or modification to the building.

4, Failure to remove bulk explosives and/cr completed axplosive
loaded items from the wrocessing building prior to performing work.

5. Failure to establish and maint>in explosive storage in accordance
with app}vpmto stardards,

6. Fallure to maintain suitable fire breaks around explosive
processing buildings and storage magazines,

Preventive Measures:

1. More frequent and thorough safety inspections by qualified
individuals,

2. Specific safe practices designed for the type of operations to
be performed.

3. Approved separation distances maintained between non-related
explosive storags locations and activities.

b, Suitable fire Lreaks maintained around explosice preccessing
and storzge buildings.
Reference Mumbter of this Incident: 1104

Duplicstion of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D. C. 20315

Explosive Incident Report No, 14s

Fire - Solid Propellant Mixer

Desoription: A confined deflagratior occurred within the bowl of a 300-

gallon Baker-Perkins multi-wing overlap blade mixer. The
installation, equipment and tooling were damaged extensively. No injuries
were sustained. The facility (air auturated batch weighing system) was
assigned to the mixing of a 4300-pound batch of composite solid propellant
vhen the incident occurred. The ingredients were weighed and fed into the
pixer automaticaily. The mix had been prepared in accordance with approved
standard operuting procedures, Thirty minutes of the mixing sycle had
elapsed when the incident occurred. .

Cause: The incident, as concluded by an investigation committee, most
probably was caused by propsllant ignition induced by entry into

the mixer of 4 foreign object. The most probable types of foreign object

ignition sources, in the order of selection, are as follows: Sweco screen

(tension mit and washer), tools, epoxy curing agent valve (clam shell), scale

weights, and persomsl items, i.,e., badges, pencils, pocket rulers, watoh

parts, etc.

Preventive Measures: The following corrective measures are being or have
been instituted:

1. A more positive tool control for all persomnel entering the
mixe> buildings.

2. A more positive personnel control in the mixing complex,

3. A thorough study of the Sweco separator for possible modification
to improve the integrity and reliability of the unit,

4, Modification of the ABM electric circuits to confine the opera-
tion of the Sweco separator to the addition of oxidizer only.
Reference Numbter of this Incident: L-81

Duplication of th*s report is authorized.
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ARMED SERVICES EXPLOSIVES SAYETY BOARD
Washington, D, C, 20315

Explosive Incident Report No. 146
Fire - Solid Propellant Mixer

Description: A fire and subsequent pressurs burst occurred in the Ko-

Kneader section of the composite solid propeliznt continuous
mixing facility. The fire prcpagated from the Xo-Kneader section o ik«
associated equipment in the mixing room and subsequently t. the analytical
roon and west exterior of the building to involve the propellant receiver
containers. The facility (a sompletely automated system) was engaged in
the qualification of composite solid propellant ard small (5-inch CP) bale
listie rocket motors., The ingredients were weighed and fed into the Ko-
Kneader automatically. The operaticn had been conducted in accordance with
approved written procedures. The incident occurred two hours and thirty-
seven minutes after the operation began. The building, equipment and tooling
were damaged. Mo injuries were sustained,

Cause: It was concluded that the most probable cause of the incident was
heat of friction created by the entrapment of a foreign object
betwsen the outer edge of mixer screw flight and mixer barrel.

Reference Muber of this Incident: L-82

Duplication of this report is authoriged.




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 20315

kglosive Incident Report No. 147

Reaction - Water and OCleunm

Deseription: Mononitro benzens was Leing sulfonated with oleum in a 750-
21lon cast iron reactor having an open manhole, A leak in
the internal cocling coil permitted water to enter the reactor. Reaction
between water and oleum raised the temperature from 110°C to above 150°C.
An explosion resulted damaging the top of the reactor. The reaction mass
ended up outside and was sainly foamed carbon. A samplie taken just before
the explosion analyzed 11% water; all other components were normal, ihe
rest of the sample was subjected to 165°C for cne-half hour and with the
same result as thé plant batch, A laboratory mix containing no water was

found to decompose at 190°C,
Cause: Water from the leaking cooling coil reactad vith the oleum,
Preventive Measures: Coil will be replaced in the future on indication of

serious reduction in wall thickness. An emergency
dump line 4is to be installed to an outside sewer,

Refayence Number of this Incident: L-83

Dupiication of this report is suthorized.
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ARMED SERVICES SXPLOSIVES SAFETY BOARD
Washington, D, C, 2031s

Explosives Incident Report No., 148

Explosion in Nitroglycerin Spent Acid Stoehouse

Description: An explosion occurred in a nitroglycerin spent acid storehouse

when denitration occurred in the standpipe of a blowcase. The
standpipe exploded 2nd killed a worker instantaneously. From evidence found
as to location and time, apparently the explosion occurred when the worker
began to open the vent valve for the blowcase. The blowcase was filled between
2 and 2 hours prior to the accident and the vent valve on the vessel was
opened and left in an open position. The blowcase was overly full, and the
acid rose in the standoipe which was used for the intake and expulsion of air
pressure. During its stay in the blowcase, some of the explosive oil must
have become separated from the acid as there was approximately 100 gr. ac-
cumulated in the standpipe. The weather was humid, with rain and drizzle, on
the day of the accident and the previous day. Although provided *-ith a con-
densate trap, apparently water condensation accumulated in the vent line of
the air pressure apparatus. It is likely that the water condenszation came in
contact with the acid and the acidic explosive oil which had accumulated in
the pipe, and that the heat of dilution resulted in an increase in temperature
which was sufficient to detonate the oil,

Prevenitive Measures: Improvements have been made in the piping arrangement

in order to prevent water condensate seeping into the
acid. The place of work has been changed from the orevious location and has
also been protected with a sheet steel protective wall, Separating instruc-
tions have been changed. Doors and windows in the spent acid storehouse must
be kept closed, if danger exists when the air temperature falls below the
temperature of after-separation. Transfer of spent acid to the blowcase is
permitted only immediately before the time acid is to be moved for denitration
and it is forbidden to overfill the blowcase.

(Foreign source)

Reference Number of this Incident: 1110

Duplication of this report is authorized.




ARMED SERVICES TXPLOSIVES SAFETY BOARD
Washington, D, C, 2031¢

Zxovlosive Incident Report No., 149

Explosion in Nitroglycerin Nitrator

Description: A small explesion criginated in a nitroglycerin nitrator. The
charge was iust in the initial stage and was turned on for
scarceiv 5 minutes when suddenly, with a dull noise, brown oxides of nitrogen
were discharged into the air from all the free openings of the nitration ap-
nmaratus. The feed of the glycerin-glycol mix was stopped immediately. The
initial temperature was 9°C; at the moment of explosion it was 17°C, Nermal
temperature of nitration is 26°C in vinter and 28°C in surmer. After the
switch-off, the temperature did not rise but instead went down, and the dis-
charge of brown vapors also stopped. Closer investigation showed that the
air-pressure control functioned nerfectly ard that the condensate trap of the
air-pressure gauge was emptied. Nething indicated any abnormality.

Cause: Apparently the feed control valve for the zlrcerin-glycol mixture was
opened too wide to permit quick return from initial temperature to

working tenperature, and as the excess quantity could not be handled, the

surface acid exploded. (Finishing of the p~ tess - activating the charge -

was c§rried out without incident and conseq.._nt separation took place norm-
ally.

Preventive Measures: TFersonnel were instructed not to foree induction at
the beginnir.z, but to permit the temperature to rise

slowly.
(Foreign source)

Reference Number of this Incident: 1113

Duplicatior of this report is authcrized,




ARMED SERVICES FXPLOSIVES SAFETY BOARD
Washington, D, C, 2031%

Explosive Incident Report. No, 150

Explosion During Repair of Thermometer

Description: An explosion occurred during repair of a thermometer which
came from a vat of explosive mixture. A mechanic experienced
a serious eye injury. The thermometer, surrounded by a stainless steel
casing, was screwed onto « vat of mixiure for the preparation of Trialene
(70” TNT, 15% hexogene, 157 aluminum)., The collar of the casing broke and
descended approximately 10 cm., filling with explosive. The thermometer was
unscreved and the explosive between the thermometer and casing was removed
with a mixture of water and steam, After this operation, the thermometer
was removed to the mechanical workshop in order to separate the casing from
it. During the sawing operation, an explosion occvrred. Material damage
was limited to the thermometer and to the metal saw manipulated by the worker,

Cause: Although not visible from the exterior, some of the explosive must
have remained between the thermometer and the casing.

Preventive Measures:

1, In a general vay, every passage wvith a double inner side should
be submerged ir acetone to dissolve any explosive possibly imprisoned between
the walls, before belng repaired.,

2. Such repairs should not be executed except when controlled by a
qualified persor.

(Foreign scurce)

Reference Number of this Incident: 1112

Duplication of this report is authorized.

LIRS




ARMED SERVICES ETPLOSIVES SAFETY BUARD
Wash’ngton, D, C, 2931¢

Explosive Incident Report No, 151

Explosion - Smoke Canister During Cleaning

Description: Excess paint was being removed from the outer surface of

105mm smoke canisters. The standing operating procedure required
paint to be removed by use of a solvent; however, a mechaniecal, metal-brush
buffer wheel was used to conduct this operation. While one of the canisters
was being cleaned, it exploded. The operator clecaning the canister sustained
maltiple fractures and lacerations on both hands and a second operator, stand-
ing nearby, received dust contamination in both eyes., Property damage result-
ing from the explosion was minor.

[
v

ause: Excessive heat from buffer brush caused contents of canister to

ignite and explode.

i zoventive Measures:

1. Mechanical buffer wheels (equinped with metal brushes) should not
be used to clean pyrotechnic-filled items,

2. Operations should be conducte? in accordance with standing
operating procedures and deviations from SOPs should not be permitted without
appropriate approval. (The standing operating procedure specified *hat a rag
satu—ated with a solvent would be used to remove excess paint from the canister.)

Reference Number of this Incident: 1113

Duplication of this repor: is authorized-




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, €, 20315

Explosire Incident Report No, 152

“xplosion and Fire - Curing Complex

Description: An explosion sccurved at approximately 12:43 PM in one build-
ing (Building 238) of a curing complex for an experimental
casting area. The explosion initiated fires in other dbuildings in the im-
mediate area, cauring a second explosion 8-10 minutes later which resulted
in the complete loss of the complex. Do one was in the immediate vicinity;
and there va23 nc 1085 of life or lost-time iniury, although 17 employees were
sent to the plant dispensa:ry and locai hespitals for ex-mination and treat-
ment of minor conditions attributable to the explosicn. The cure complex
consisted of & buildings in lire: No. 120 {1 bay), No. 121 (1 bay), No. 122
(2 bays, separated from each other by a reinforced concrete block fire w3lil,
and No, 232 (& reinforced concrete bays, Noc. 13, &, 15 and J£). Buildings
121 and 122 were separated from each other Ly a reinforeczi concrete block
fire wall. Building 265 (brine chiller, heating and :ir-conditioning units)
was located immediateiy behind the compliea. & Ary house for ingredients
(Building 31) was located 40 feet from ard in front of the cure complex and
was separated from it by a reinforced concrete block fire wall., It contained
6 bays. Ail pays in the cure complex vere equipped with single-pass air
blower heaters protected by Merccid limit switches waich, on override of the
bay temperature, would shut down the blower and turn on a flue warning light
on top of tke building., Bay 10 was equipped with a circulating reheater and
ali cure bays had deluge systems actuated by fusib’e link heads. Cure temper-
atures in the bays could be programmed between 70°F and 1%0°F, The curing
bays contained 3494 pounds of propellant in a tstal of 56 grains and assemblies,
& to 180 pounds of propellant each. The adiacent dry hcuse contained 1021
pounds of explosive ingredients in various states of drying. These weights
were well below the authorized limit for the arsa (<300 pounds for the cure
complex and 2000 pounds for the drv hoise - 7300 total), Only a small quan-
tity of the explosives contributed to the two explosions. The majority of the
oropellant, assemblies and ingredients either burned, were recoverad unburned,
cr wepre accou ted for during the ensuinsz investigation. There were nc active
operations in progress in the buildings at the time, other than normal curing
of experimental oropellant grains, casting solvent absorption studies, and
ingredient drying or storage. Fersonnel were in the area preceding the incident
1t the following times: (1) twc explosives operators removed two castings
from 2 grain cooling bay at 10:4% AM; (2) at 11:00 AX an experimental area
casting foreman made a routine check of the cure house; (3) at 12:30 PM, just
15 minutes before the first explosion, two powder service operators picked up
an emnty nitrccotton drum cutside of the dry housa (No, 2i). Nothing wmsual




>

vas observed by the overators at these times, The temperature log of the
bays was recovered after the incident and indicated no abnormalities. The
first exvlosion occurred withcut anyv forewarning. Examination cf the area after
the exvlosions and the subsequent investigation indicated that *he first of the
two explosions oceurred in one bay of Bullding 238. The second, initiated by
fire from the first, occurred in Building 121, Careful review of local work
orders, log books, quality assurance record sheets, propellant composition
records and casting records was made., Analyt:ical examinations and tests of
suspect : gredients, powder and liquid were conducted. Theze tests indicated
that casting powder Lot 96 contained no resorcincl, a propellant stabilizer,
Ore cast grain manufactured from this lot, was located in each of Bay 10
(Building 121) and Bay 14 (Building 23). Taliani tests were run on sarinlee
of propellant castings as well as casiing powder lots, There were no unusual
statility results with the casting powder; but, when mixed with casting
liquid, the samples from Lot 96 ignited spontaneously after 22.5 and 4% hours
respectively; castings with the same ingredients, except with resorcincl
added, showed no tendency toward deterioration. Examination and identifica-
tion of materials recovered after the explesion pave strong evidence that the
grain manufactured from casting powder Lot 96 (which was located in Bay 14

of Bullding 238) was the initiating source., Therefore 3t was concluded that:
the most probable cause of the incident was an exothermic reacticn in an un-
stabilized oropellant grain which wae heing subjected to curing temperatures,

Retsrence Number of this Incident: 1-84

Duplicatio: of this report is authcrized,




ARMED SERVICES EXPLOSIVES SAFETY BCARD
washington, D, C, 20316

Explosive Inc: lent Report No, 153

Pronellant Fip.

Description: A 2400-pound batch of solid propellant formulation was in the
early stages nf the mix cycle when [lames were seen coming

from the mixer., The burning inside the mixer evolved sufficient gas to force

open the counterbalanced mixer lid., When the deluge activated, the force of

the vater splashed most of the burning prcpellant out of the mixer onto the

station floor, where it was partially consumed. There were no perscnnel

injuries, and little damage to the interior ¢{ the mix room,

Cause: Propellant, and oxidizer residue was found in the crevice between

the metal floor plate and the mixer wall. The sealing material had
cracked, permitting contaminaied solvent from the cleaning operations to seep
inside, and the metal-to-metal ccn*act from the slight vibration of the mixer
ignited the residue. A split was also found in the gasket of the mixer 1lid.
The pressure differential caused by 5 inches of vacuum inside the mixer per-
rnitted the propagation of the flame through the split gzasket into the mixer
batch. Contaminmation was also found cn the mixer 1id hinges, the hinge pin,
and the bearings.

Preventive Measures:

1. That the standing operating procedure for mixing batches of
propellant be augmented by including a detalled inspection of the mixer 1id
gasket to insure its good condition.

2. That the mixer and the metal plates around it be tightly sealed

with a flexible material to prevent seepage of oxidizer and propellant
residues intc crevices.

3, That the mixer 1id hinges bz redesigned to move them to a posi~
tion where they cannct become contaminated.

Reference Number of this Incident: I-85

Duplicaticn of this report ie authorized,




ARMED SERVICES EXPLOSIVES SAFET: BOARD
Washington, D, C, 20315

Explosive Incident Report No, 1lsb

Explosion - Counter Current Extraction Column

Descriptidn: An explosion occurred near the base of a counter current

extraction column located in the west end of the process
building of a nitroplasticizer nroduction plant. The column was used to
purify an aqueocus solution of the potassium salt of 1,l-dinitroethane (K-DNE)
by extraction with ethylene chloride. The explesion resulted in rupture of
the column near the base and immediate discharge of the column contents into
the process area. There was no fire following the explosion, no personnel
injuries were sustained, and damage was confined almost exclusively to the
extraction column and its associated piping and instrumentation.

Cause: Possible Cause Factors:

1. The most probable cause of the incident was the explosion of
solid X-DNE {which was found to be present) in the extraction column with
initiation ozcurring as the result of friction in the footbearing assembly
at the bottom of the column.

2. The possibility of an unknown excthermic reaction involving the
K-DNE cannot be ruled out, though no direct evidence was found to support
this.

Significant Factors:

1. Crystalline K-DNE can get beyond the dissolver vessel during
certain conditlons of processing.

2. Dee;, recessed foot-bearing housings lend themselves to accumula-
tion of solid substances. The fluid purge of the bearing housing does not
guarantee adequate nor uniform flushing of the recess,

3. There was no positive device to prevert downstream flow of un-
dissolved K-DNE into the extraction column, An additional dissolving step
may have been helpful,

Preventive Measures:

1. The recessed footbearing assembly is to be eliminatel, The foot-
bearing is to be redesigned so that the housing will be elevated above the
column bottom by suitable brackets, In addition, the stainless steel set
screw vhich holds the teflon sleeve on the agitator shaft will be replaced by
a "Nylock" type teflon screw.




2. Install a filter ‘o prevent K-DNE ecrystals from entering the

extraction column, If this proves inadequate, an additional dissolver is
recommended.

3. 3arricade the dissolver pump and the recommended line filter.

4, Visurl inspection devices are recommended for strategic places
in the process equipment and the lines.

5, Modify the regularlv-s:.heduled eauirment washout procedure to
include the extraction column,

6. Conduct laboratory investigations directed toward the improvement
of process saflety,

Reference Number of this Incident: L-86

Duplicatior of this revort i: authorized.
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waShingwn, Do C- 20315

Exrlosive incident Report No, 155

Unintentional Burning of Solid Propellant Mctor

Description: Eight rejected and scrapoed solid propellant motor crates were

dumped into the burn pit of the inert burn area, They caught
fire immediately from the already burning trash in the pit. Approximately
five minutes later there was a bright flash from the pit, followed by a loud
explosion, Subsequent investigation disclosed that one of the crates had
contained a live motor. The motor case ruptured, and the motor burned in a
typical pattern for about five minutes. Seven men were in the immediate area
at the time of the incident, but there were no personnel injuries, and very
minor property damage. The motor did not become propulsive. Minor debris
and :averal pieces of vroovellant were found in a radius cof 200 feet from the
final position of the motor case.

Cause: The cause of this incident was failure to inspect the interior of

the crate before it was moved to the scrap crate holding area,
followed by another failure to inspect the inturior orior to loading it for
transportation to the inert burn area.

Preventive Measures:

1. That precise instructions and procedures regarding the inspection
and disposition of motor crates be written and enforced.

2. Additional motor storage facilities and space be obtained for the
production line involved in this incident,

Reference Number of this Incident: L-87

Duplication of this report is authorized,
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RMED SERVICLo EXPLOSIVES SAFETY BOARD
washington, D, C, 20313

Exrlosive Incident Report No, 156

Accidental Ignition af Booster ’ropellant Grain

Description: A booster propellant grain was positioned in a horizontal trim
stand, Employees had just finished scraping and trimaing off
the mold release material, which comes off with ribbons of propellant that
vary in length from a few inches to two or three feet, and in thickness from
.01C to .060 inches. After trimming, these propellant scraps are gathered
and olaced in containers for disposal. The grain itself rests on three sets
of aluminum rollers so it can be rotated for trimming and inspection. The
booster grain involved was about to be inspected, and as the inspector started
to rotate it, those vresent noticed flame coming from the middle set of rollers,
The deluge system was actuated and all persons ran to the safety shelters.
The grain was completely consumed, There were no personnel injuries.

Cause: The probable cause was a piece of propellant from the trimming copera-

tion becoming lodged between the roller and the roller support franme,
It probably ignited from the metal-to-metal contact when the booster was
rotated. An examination also disclosed that a bearing in the end of the
roller was missing, which would have provided a lodging space for a strip of
propellant,

Preventive Measures:

1. A new type of holding fixture be designed to eliminate the use of
rollers in the trimming operation,

2. In the interim, the ball bearings in the rollers of the present
fixture be replaced by pressed teflon inserts to prevent metal-to-metal
contact,

Refercnce Number of this Inecident: 1-88

Duplication of this report is authorised.




ARMED SERVINES EXPLOSIVES SAFETY BCARD
washington, D, C, 20315

Explosive Incident Report No, 157

Explosion Durinz Oxygen Cylinasr Refilling

Description: In the set-up in the safety department for refilling Pneclator
oxygen cvlincers (21 cubic foot capacity cylinders), the larger
oxygen cylinders from tie supplier are used. Such cylinders are located on
the outside of the building and connected LDy a 3000-pound tested stainless
steel tubing running through the wall and tc directly over a work bench, a
distance of approximately 15 feet to the valve, The regulator is attached to
the valve at this voin* and the regulator that had previously been used was
approxinately 63 years old. The gauges were not operating nroperly and it was
decided that a new repulator would replace the older one. A new regulator was
ordered from the manufacturer locally and vhen the same arrived was taken
directly from the packing box in which it arrived and placed on the valve,
One hour previous to installation of the new regulator, the entire line leading
from the large cylinder located outside the buiiding was blown out as a pre-
raution and to eliminate any foreign materials., This was done by opening the
valve on the large oxygzen cylinder and blowing out same, Vhen the new regulator
was tightened and in place, the gauge on the outside cylinder was opened slowly
and oxygen wac permitted to flow through the line and into the valve located
inside the building which was closed., The inside valve was opened slowly and
the gauge on the high pressure side of the regulator showed a pressure of be-
tween 2000 and 2100 pounds on the gauge. This was permitted to stand this way
for approximately one minute at which time the screw valve was turned to permit
oxygen to flow to the low pressure side of the regulator, When the screw valve
had been turned clockwise about 4 turn, a terrific explosion occurred and
belching flames and molten metal spewed over the immediate area. Mclten metal
from three holes in the regulator was found as far away as 20 feet. A pad of
unused matches with the cover .losed was lying on a table approximately 8 foeet
from the explosion. Investigation revealed that all had been ignited within
the pad and the cover was not even scorched. The safety director was turning
the screw valve on the regulator and standing approximately 5° to the left of
center of the regulator. The explosion blew one hole on the left side of the
bell housing, anoiher on the right and downward and another in the rear at the
bottom of the flange, He received second and third degree burns on the right
thumb and index fingers as this was the hand being used to turn the screw valve.
His clothing was burned from hot notal. i safety iaspector who had been outside
to turn the valve on the large oxvgen cylinder had just walked in the door ap-
proximately 15 feet away from the regulator when the explosion occurred. He
was blovn back out the door aporoximately 8 feet, (It might be well to note
that nothing was attached to the outlet line of the regulator at the tice of
the incident inasmuch as they were only checkliag to see if the regulator was
satisfactory,)
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Tause: It is probable that either grease or oll had been permitted to enter
the inside of the regulator accouniting for the explosion.

Preventive Measures: A testing program has bean introduced for all regulators,

new or old. They will be placed in position on the line
and oxygen will be fed from outside the building with no personncl permitted
inside while the test is oceurring,

{REPORTED BY MANUFACTURING CHRMISTS® ASS0CIATION, INC,)

Reference Number of this Inecident: 1L-89

Duplication of this report is authorized.




ARMED SERVICES EXPLOUSIVES SAFETY BOARD
“iashington, D, C. 20315

Explosive Incidernt Report No, 158

Gas Explosion

Description: The desired temperature of a sulfuric burnsr in a sulfuric acid
plant had been reachad (1800°F) by burning of a propane gas
mixture. The gas burning ecuipment then was shut down by push* g two elec-
trical control buittons which closed two 2§~1nch and two i-inch electrically
operated valves., Following the closing of the gas valves, the main air blower
that supplied crmbustion air for the gas was shut down. Approximately 10
minutes after the burner had been shut down, two men were requested to remove
a blind flange from a 4-inch nozzle on the vapcrizer cover. The vaporizer is
a tank 6 feet-0 inches in diameter x 8 feet nigh located adjacent to the sulfur
burner and connected by an 8-inch pipe. One employee was standing on top of the
vaporizer and the other employee (injured) was standing on a stepladder along-
side of the tank., His face was about level with the 4-inch nozzle. There was
a sudden explosion and a flash of flame came out 5f the nozz.e burning the
injured on the face, neck and upper chest. In trying to get away, he fell and
lacerated his knee.

Cause: Investigation revealed that failure to close the primary gas cocks was
the cause of the accident, It is believed the explosion was caused by

gas leaking past one or more cf the electrically operated shut-off vaives.

A hot brick surface was present and when sufficient gas accumulated to produce

a combustible mixture, it exploded,

Preventive Measures: A thorough review of operating techniques with all
operators, particularly infrequent start-up and shutdown

practices,
(REPORTED BY MANUFACTURING CHEMISTS! ASSOCIATION, INC,)

Refererce Numter of this Incident: 1.-90

Duplication of this report is authorized.
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ARMED SFRVICES EXPLOSLIVES SAFLTY BOARD
Washington, D, C, 20315

Explosive Incident Report No, 159

Explosion - Lead Styphnate

Description: An empicyze wae removing a beaker of lead styphnate (1ead 2, 4,

6-trinitroresorcinate) from a laboratory oven, He grasped the
beaker with his left hand and, as he turned, he apparently bumped the beaker
on the side or bottom of the oven opening and a de*onation occurred, The
detonation propagated to the other iwo teakers in the oven and all three
detonated. The man's injuries consisted of perforated color, laceraticns to
arms, abdomen and hands and perforated ear,

Cause: The causes of the arcident were:
1. Inadvertent mishandling of explosives,
?. Drying explosives in glass beakers.

3. Possibility of detonation from impact during handling while hot
anc dry,

4, Flaw in beaker from thermo effects.

Preventive Measures:

1. All ovens shall be equipped wi-h upper limit temperature control
and grounded,

2. Drying lead styphnate for the purpose of determining the averare
granulation size weight will be 2ccomplished by welghing in water using a
pycnometer,

3. Handling of dry explcsives will be eliminated whenever possible
and use of glassware will be minimized,

(REPORTED BY MANUFACTURING CHEMISTS® ASSOCIATICN, INC,)

Reference Number of £his Inciden.' L-91

Duplication of this report is authorized.,
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Waghington, D, C, 20315

Explosive Incident Report No, 160

Ignition - Flammable Vapors

Description: An employee was renewing the filter "heel" on the .creen of

a centrifuge. The old "heel” powder had been scraped off and
the screen flushed with a vehisle, The fresh powder was stored in a leverpak
with a polyethylene drum liner. 3ecause the drum was nearly empty, the
emvloyee dumped the powder directly from the liner into the centrifuge, It
was at this time that a flash occurred. The employee received minor and
moderate burns to ™“th arms, face, ears, and neck. Two maintenance employees
who were standing by to close up the centrifuge received moderate burns on
their armms as tney assisted the employee from the area.

Cause: 1, High level of fumes inherent in process,

2. Possible static charge created by vowder {lowving Irom the
polvethylene bag.

Preventive Measures:

1, Overator to vear aluminized jacket and hocd with air supply.
2. Flushing with vehicle will te discontinued.
3. A grounxed aluminum scoop will be uvsed to apply fresh powder,
L4, Additional grounding of centrifuge to be vrovided,
5. Use of polyethylene drum liners will be discontinued.
., £. Block valves tc be instziled on centrifuge to limit vehicle
nes.

(RFPORTED BY MANUFACTURING CHEMISTS® ASSGCIATION, INC,)

Reference Number of this Incident: L1-92

Duplication of this report is authorized.




AFRMF™ SERVICES FXPLOSIVES SAFETY ECARD
¥ashington, D, C, 20315

2osive Incident Rsport No, 151

Chemical Plant Explosion and Fire

Description: Trylng to repair a leaky sight glass on a vessel under pressare
was the primary cause for a chemical plant explosion and fire
that resulted in 7 deaths, 2 critical injuries an’ property damzge exceeding
$4,00C,000, The 85'x{5' building with drying and packaging area attached
contained 20 - 2,00C g»llon reactors used in the manufacture of polyvinyl
chloride (PVC), 411 elecirical equipment was explosion-proof and the build-
ing was ventilated at 20 air changes an hour, O9ne reactcr had trouble with
the 6-inch sight glass which had a light above it. The lead aad asbestos
gasket and sight glass were replaced and the vessel nut on stream. The fore-
nman noted that at 140°7F and 140 psig the system vas tight, but while the
maintenance men were in the building to revair a valve on another reaztcr, they
were asked tc check the sight glass. A small leak was observed and a mainten-
ance man tightened the nuts with an open end wrench (not a torque wrench),
On the second round of tightening, a cne-inch ribbon stream of water and vinyl
chloride suddenly shot out and knocked the man down. He was bleeding from the
face and escorted out of the building, Regular emergency procedures were
started immediately, e.g., windows and doors were opened, steam to reactor
shut, additions stopped, and the manual vent to the reactor opened. An
operator was cvercome by vapors and carrisd out, Five minutes later a tremen-
dous explosion cccurred, ripping the building to pieces, The zontents of 18
reactors were dumped but there was very little fire in the building. The
explosion wrecked the sprinkler system and the post :ndicator valve could not
be resched, Preasure dropped to zero in critical locations., There evidently
wasn't 3 sprinkler line lcop on this area, A warshouse, laboratery amd
office buildinz 150' x 800°', was 60 feet 4outh of the building. A wall was
blown down, several small fires started and propagated along the roof. The
roof caved in und the building burned several days, to complete destruction,
The spriniler pressure was zerc in this area. The boiler and maintenance
building 80 feet to the north, was extensively damaged and other surrounding
buildings 3lso were damaged to varying degreas. Windows in homes were
shattered 2nd some homes evacuated. Of the dead, one was found in the dryer
room attached to the bullding, Four bodies were found outside, between the
bullding and the warehouse, indicating that conditions had changed from emer-
gency to evacuation within a S-minute period. One fatality occurred in the
boller rcom, 80-100 feet away.

Cause: The investimitors feel that the 6-inch sght glass shattered completely,
causing a sudden build-up of flammable vinyl vapors which found an
unknown source of i#nition. Possibly gli.s fragments broke the ceiling lights.
(REPORTED 3Y MANUFACTURING CHEMISTS® ASSOCIATION, INC,)

Reference Numbe.: of this Incident: L-93

Dunlication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 20315

Explosivs Incident l.eport No, 162
Explosion and Fire - Lead Azide

Description: At approximately 8:35 AM an explosion and fire occurred in a
lead aside conditioning and storage magazine which resulted
in deatn of a chemical worker, The building was demolished, The chemical
worker and his co-workei- were checking magasine bunkers to determine if
heating systems were functioning satisfactorily, at the time the explosion
occurred. Both men proceeded separately, with the chemical worker checking
the lower level of huildings (which included the building in which the
explosion occurved), His co-worker completed a check of a similar set of
buildings and was waiting for the chemical worker at the time of the explo-
sion. Two explosions were heard, one imzmediately followed by another louder
»sport. The building was 8'24" x 13'-2/12", with 10’ ceiling and a 3'6"
addition to the northsast cormer fur housing the steam reduction unit., The
building was of semi-permanent type construction with concrete foundations
and floors. I{ was not sprinklered or fire resistant. The exterior walis
were of corrugated asbestos siding over a wood frame. The roof was of tar
and gravel built up over wood decking., All interior walls and ceiling were
of fibervoard. The building had a conductive floor, static electric grounding
facilities, and steam and electric utility connections. lighting was ac-
complished by a spark proof light mounted in the wall over the docr. A
ventilator was installed in the roof. The door was equipped with ground
cables attached to the building ground system. A static discharge bar was
installed just ingide to the left of the door. 2-inch blanket irsulation
covered with aluninum fcil vapor barrier was installed in the walls ard
ceiling., The hot water heating system and humidirication control systeam
located in the bduilding were demolished, with the exception of the fin-type
hot wvater radiators vhich remained largaly intact, Other equipment in the
building consisted only of a small metal table and metal shelves, all of
which were completely demolished., A total 5f 20 pounds of leerd aside was
located in the building -~ 15 pounds in conductive rubber drying tubes and
§ pounds in ple cups, Interior teperature of the Huilding was approximately
80°F, with relative humidity leas than 10%. An inspaction conducted approxi-
mately 3 months prior to date of the incident found all squipment to be
properly grounded, The barricades effectively contained the explosion and
were damaged only as a result of the fire. The barricade’s wooden retaining
wvall wvas ignited along the top edges and fire spread down the wooden retain-
ing walls before being extinguished. Debris was blown to a distance of
approximately 490°', with most of the debris (including wood and corrugated
transite) confined within a distance of approximately J40°' from the point
of explosion,



Mk cassat §

Cause: Probable Cause -

1. Accumulated static electricity discharged from the body of
the deceased to the lead azide, causing the explosion. (The deceased was
vwearing non-conductive rubber ovarshoes over conductive shoes.)

2. Lack of adequate supervision, through a system of positive
controls, definitive instructions, and approved SOP's, allowed viclations
of safety regulations to exist and was a contributing factor tc the
explosion,

3. Condition of walkways leading to the building, which were not
cleared of snow and which contained locse gravel, may have been a con-
tributing factor to the explosion.

Preventive Measures:

1. The practice of wearing non-conductive footwear in and around
buildinrgs containing explosives be discontinued imvediately.

2. A positive system of safety checks by supervision be established,
to insure that employees arec properly attired and equipped when entering
explosive areas, and that these safety checks be made a matter of rocord.

3. Approved SOP's be established for all phases of explosive
materisrl processes, to include monitoring and conditioning operat?-ns,

L, Wslkways in areas containing explosives be conditicned to

elininate the presence of loose abrasive materials, and be kept clear ol any
hazards such as ice, snow, or water,

Reference Number of this Incideant: 1132

Duplication of this report is authorized.
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ARMED SERVICES EXPIOSIVES SAFETY BOARD
Washington, D, C, 20315

Explosive Incident. Report No, 163

Tank Explosion

Description: An explosion and fire occurred at a research cembustioi

and heat transfer labcratory, resulting in fatal injuries
to an engineering test technician., Prevarations were being made to test
an oxygen propane torch intended for later use in the evalualion of flame
resistant materials, Liquid oxygen at a pressure of 200 psig was to be
run through a throttle valve and heat exchanger to furnish gaseous oxygen
to this torch. The set-up utilized a nitrogen gas pressurized liquid
oxygen tank facility constructed some tvo years ago for heat transfer
testing, but which was not so used, The system had been secured against
contamination during the idle period. On the day prior to the accident,
the oxygen aystem was checked out with liquid nitrogen and the throttle
valve was adjusted ic give the proper flow rate to the torch. On the day
of the accident, the propane system was flow checked srnd adjusted to flow
rate. Then the 1OX system was loaded, and at the time of the accident,
nitrogen pressurization of the tank was in process. Tae crew was increas-
ing nitrogen gas pressure in the tank in small increments to the intended
level of 200 psig. The technician was viewing a tank pressure gage from a
distance of about 10 feet and h'4 ;:st called out "150 psig” when the
explosion and fire cccurred. fco:.-ive evidence showed that the system was
mechanically sourd and that the tank was nct over-pressurized with nitrogen,
The deliberation and care with which the pressurizing operation was pro-
ceeding indlcates that the nitrogen pressurization was only slightly above
150 psig. The tank was protected with a relief valve and burst dlaphragm
set to 1200 psig. After the incident, 2 loosely fitted dust cap on the
relief valve discharge port was still in place, indicating that the valve
had not cpened, Subsequent testing of the valve showed it to be still in
good ronditlon and operating properly at its setting of 1150 psig. The
burst diaphragm also was tested and burst at 1200 psig.

Cause: Prohtable cause of the explosion was the sudden generation of
press:re due to reaction of the liguid oxygen in the tank with the

material of the tank. This tank was made of titanium allecy. Examination

of the dehris showed extensive burning of the lower halif of the tank;

some fragments burned to a feather edge, and a portion of the tank bottom

was apparently completely consumed by fire,

Comments: Literature search his not revealed any definite prohibition
against the use of titanium for oxygen services; however,
several references question such use and indicate that titanium is more
sersitive to reaction with oxygen than with other common materials of
construction, such as stainless steel or aluminum, Oxygen/titanium
reactions have been noted on a number of occasions, usially as a result




of some triggering action, It was assumed the tank was suitable for liquid
oxygen service because the specification nnder which it was purchasad cslled
for pressure cycle testing at -32C°F and ‘o 5000 psig pressure, a value
several time: rhe pressure at which the tank was to be used. It had been
given a pressure te:% at 4500 psig and cleaned for LOX service just prior

to incorporation in the facility. Contamination of the system may have
been a factor in the triggering of the reaction between LOX and titanium
because most such reactions ncted have been the result of some triggering
action, Careful analysis of the components of the pressurizing system,

the tank remains, the downstream LOX flow system, the liquid nitrogen supply
tank, the liquid oxygen supply tank, and the transfer hose do not show
presence of contamination., Whether or not contamination played a role in
the accident is unknown.

Preventive Measures:

| Skt dais Janh AR AR AR

1. Eliminate use of titanium in service with oxygen - liquid cr
gaseous.

2. Additional chemical and metallurgical tests are proceeding on
.ne tank and certain of the LOX flow syvstem components,

Reference Number of this Incident: L-94

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
waShington' Do Cc 20315

Explosive Incident Report No, 164

Fire During Waste Disposal Operations

Description: A 250-pound metal drum of waste ammonium perchlorate was
delivered to the burningz ground in a #-ton pickup truck for
disposal, The material had been rejected due to the top section of the
drum rusting, allowing the material to cake from moisture. The truck was
parked alongside a designated pit which contained a quantity of dry solid
propellant trimmings and approximately 200 pounds of wet propellant waste,
Two employees tossed the drum over the side of the truck bed and allowed
it to fall into the pi%, a height of approximately 9 feet. When the drum
contacted the bottom of the pit, ignition of the propellant trimmings
occurred. The two employees evacuated the area, receiving only minor burns
from the radiant heat. Damages to the pickup truck amounted to $700.

Cause: The most probable cause is impact of the propellant trimmings
between the ammonium perchlorate drum and rocks or other objects
in the pit bed.

Preventive Measures: More rigid handling and disposal procedures have
been implemented and are being enforced,

Reference Number of this Incident: L-cg

Duplication of this report is authorized,
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 20315

Explosive Incident Report No, 168

Fire - Propane

Description: A tractor-semitrailer transporting 7000 gallons of propane
saught fire after an external hose broke or ruptured while
in transit. The drivers were attempting to shut off the escaping gas when
it ignited. The accident resulted in the death of one driver and injuries
to three other persons. In addition to the vehicle, fire damage extended
to a two-story frame house and four other motor vehicles parked nearby.
The accident occurred in a mixed residential ana business district, At the
time of thz accident, the weather was clear and traffic was moderate. The
cargo iank .as 33 feet iong and seven feet, four and three-eighths inches
in diameter, of frareless construction, with tank capacity 9526 gallons,
The driver was acecmipanied by a driver-trainee, Yhile a2t the shipper's
plant, the driver attached the rubber hose from the propane cargo tank to the
tractor fuel tank for the purvose of fueling the vehicle en route, He stated
that the hose appeared tc have sufficient length to permit the vehicle to
turn without damaging the hose or connections, Excess slack in the hose was
taken up by looping a piece of wire around the hose and t“ough a hule in
the fiberglass fender over the forward dual wheels of the tractsr. The
driver thousht the vire wouid keep the hose from dropping tc th:: wieels or
binding, and ‘he hose could move within the loop as necessary. Chortly
after making a left turn (approaching the accident scene) there was a noise
of escaping propane vapor. The driver stoppred the vehicle, cut off the
engine, and told the driver-trainee to shut the valve at the right fuel
tank, The driver then attempted to reach under the cargo tank to shut off
the hand control valve at the discharge line, When the driver-trainee
touched the valve on the fuel tank, the vapors ignited, engalfing him in
flames, He died five days later as a result of burns. The driver suffered
serious, but less sevsre, burns and survived. The escaping gas continued
to burn for approximately one hour and a half despite efforts of the city
fire department, until the valve was finally shut off by an employee of
the carrier, using protective clothing. Two bystanders were hcospitalized
from possible inhalation of fumes and shock.

Cause: Examination of the vehicle after the accident disclosed no defective
mechanical condition with regard to the tractor which might have

contributed to the occurrence; however, a modificaticn in the external piping
arrangement. cn the cargo tank definitely contributed to the accident. The
tank was originally equipned with a three-inch discharge line located just

ATt of the landing gear, projecting from the center of the tank toward the
curb side, This discharze line included an excess-flow valve at the other

oni of the line, The modification included the insertion of a T-joint between




nwee

the excess-flow valve and the manual control valve in the discharge line,
Into this joint was fitted a 14-inech pipe and hand cut-off valve which
provided for a hose connection, A 3/4-inch rubber hose had been connected
Letween this fiiting and a fitting on the right fuel tank of the tractor.
This arrangement, which bypassed the main discharge valve, permitted fuel-
ing of the tractor directly from the cargo tank, The excess-flow valve in
the cargo tank, which had a rated capacity of 250 gallons-per-minute,
provided the required protection for the three-inch discharge line. The
liquid flow capacity of the auxiliary fuel line, restricted by valve and
conaections, was much lower, rendering the excess-flow valve ineffeciive,
Thus, in the event of failure of the hose between the carzo and fuel tanks,
the only means for controlling the flow of pronane was the single manually-
operated valve off the main discharge line. No secondary excess-flow
protection was provided. Pressure relief valves located at the top of the
cargc tank functionad properly during the fire,

Preventive Measures: A number of accidents, some with extremely serious

consequences, have occurred in recent months in the
transportation of liquefied petroleum gases by cargo tank vehicles. The
nature and severity of these accidents have shown beyond question the
hazardous nature of this commodity if not properly handled. This accident
demonstrates the prime necessity for more adequate measures for instruction
and supervision of drivers who are entrusted with the operation of vehicles
transporting these materials., Proper control of the practices of drivers
is an essentlal element in the responsibility of carriers.

Reference Number of this Incident: 1133

Duplication of this report is authorized.
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ARMFAD SERVICES EXPLOSIVES SAFETY BOARD
Washington, D. C, 20315%

Explosive Incident Report No. 165

Fxplosion During Preparing Rocket Motor for Shipment

Description: Part of the handling harness for a particular type of solid
propellant rocket motor consists of a handling ring which is
fastened by eight #-inch x 13-inch bolts, four on each side of the ring.
These bolts are directly opposite each other, and are point-to-point when
drawn down tight., A motor was being prepared for shipment, and the employee
was fastening the handling harness to the transport dolly by inserting these
bolts. The back four were in position, and he was tighteriing one of the
front bolts when there was a loud explosion, and the bolt was blown at the
man's head, It struck the crown of his hard hat with sufficient force to
penetrate the hard hat. Otherwise there was no damage or injuries,

Cause: Propellant residue trapped in the screw threads, despite precautions
to prevent this from occurring. The rings are cleaned prior to

each use, The process consists of scrubbing the bolt holes with trichloro-

ethylene applied by an air-driven wire brush. This is followed by chasing

the threads witi: a tap under water, Next is another cleaning with triclo

and 1 stiffer bottle brush, After this the threads are inspected with the

aid of a flashlight, The ring in the incident had gone through this process
of cleaning.

Preventive Measures: The front and back bolts have been discontinued, and

3/8-inch through bolts are being used, thus eliminating
the threads inside the ring,

Reference Number of this Incident: L-96

Duplication of this report is authorized.
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ARMED SIRVICES EXPLOS1VES SAFETY BOARD
Washington, D. C, 20315

Explosive Incident Report No, 167

Ignition of Flammable Solvent

Description: An employee was pouring methanol into a five-hundred gallon

reaction kettle thre:gh an open manholz to neutralize the
drying agent of a drying operation. As he was climbing down the stepladder
to get more methanol, the vapors in the kettle ignited, blew out the man-
hole and hit him in the face. The employee received flash burns to his
face and upper chest,

Causes: Pouring flammable solvent into an open kettle with a possible

ignition source. (NOTE: This procedure had been followed in
small polyethylene jugs without incident., Adequate planning for transitlon
to the larger vessel did not take place.)

Preventive Measures:

1. The general procedure will be reviewerd and revised.

?. All future neutralization will be carried out by pumping the
methanol into a closed vessel with oxygen excluded.

Refavence Number of this Incident: L-97

Duplication of this report is authorized.

(REPORTED BY THE MANUFACTUPRING CHEMISTS® ASSOCIATION, INC,)
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 20715 .

¥xplosives Incident Report No. 168

Ignition of Solid Propellant Grain, Outdoors

Description: Ignition occurred during a special study involving the

attendant drilling of flame passages (artificial voids)
through the phenolic restrictor pad sleeve of a 91-pound uncased grain of
cast ammonium perchlorate propellant, "wo process engineers performed the
operation. The flame passages were made with a Dremel high speed electric
drill with a 1/32-inch diameter dril) bit, The grain was positioned on a
wooden cradle atop a flat aluminum cart, This assembly and the cart were
secured against movement, in the event of ignition. One engineer was using
the drill and the other engineer assisted in the operation. Upon drilling
through the phenolic pad, the drill bit contacted propellant and ignition
occurred. Both engineers immediately evacuated the location. The engineer
ueing the electric drill sustained first degree bur:s on his left arm and
right hand when the propellant grain ignited and suffered a hemo-arthosis
of the right knee while evaciating the site. The other engineer was not
injursd, The burninz grain remained in place and turned entirely.

Cause: The Dremel high speed drill bit penetrated the high densitv
phenolic restrictor pad and was deflected into the propellant,
Propellant ignition was probably caused by resultant friction.

Preventive “easiures: The creation of the flame passages in grains is now

accomplished by drillinz holes i the phenclic
restrictor nad sleeve and vositioning wire mandrels in these holes nrior to
casting. These vire mandrels are easilv removed, leaving the ~esired flame
passages, after grain cure,

Refarence Number of this Incident: L-100

Duplication of this report is authorized,




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 2031¢ i

Fxplosive Incident Repert No, 169

Fire - Powder Buggies

Descrintion: Fire destroved three powder buggies and floor of a tram track,

The wiattended truck carrving three empty btuggies was standing
in ceight sunlight on track away from anv process building when flames were
woticed, The fire was allowed to bumn out with no further damage,

Cause: Tha truckers had placed threc one-gallon glass containers, partially

filled with alcohol, in one of the buggies to be used later in
routine "clean-up” procedure on Gelatin machinery. They left the truck
standing in bright sunlight, We believe the conditions were such that the
position of sun and bottles were just right for a lens effect through the
glass to concentrate sufficient heat on the surface of the buggy to start a
fire,

Preventive Measures: Immediate removal of all glass containers from not only
the explosive area but from the entire plant area, and
prohibiting the use of class containers for any purpose,

Reference Mumber of this Incident: 1136

Duplicaticn of this report is authorized.




ARMED SFRVICES EXPLOSIVES SAFETY BCARD

Explosives Incident Report No, 170

Static Ignition of Sodium iydiride

Deseription: A hydrogen explosion occurred in a chemical viocess while
s0lid sodium hydride was being charged to the still from a
nolye<-hviene bag., The still contained 750 pounds of reactant at 40°C and
6} pounds of 505 oil-coated sodium hydride catalvst. The normal procecdure
used on the previous fifteen runs was to charge the reactant under vacuunm,
break vacuum with nitrocen to a positive oressure and maintain a ritrogen
vleed on the stil! while the manhole was oren and at all times while pro-
cessing also, Air had not entered the still for the past month., In this
instance, the operator (or this job only three davs) attempted tc pry open
the manhole cover before the vacuum had becn completely relieved and permitted
air to be drawn into the still, ile was immediatelv stopped and tcld to
pressure the vessel with nitrogen before attemptinz to open the cover, and
also told why this w_s recessary. After further ovressuring with nitrogen,
the operator ooened the cover and a2 chemical enginecr Jdumped the 6.5 pounds
sodium hvdride intc *he vessel from a volvethvlene bag, As the chemican
engineer vas shakine out the last of the hydride, an exnlosion occurred
shootinz flames into the air, knocking off his face shield, and driving him
and the operator back from the kettle., The flames continued to issue from
the kettle and the chemical engineer told the overator to close the cover
to prevent the fire from striking back into the kettle., He turned up the
nitrogen flov to the kettle. Flames continued to spurt several feet from
the cover. Uy this time, two other technical men arrived with fire extin-
guishers and took over. They used dry powder extinguishers until the flames
ceased and then ooened the cover, replaced the pasket, bolted the cover down
and spplied vacuun., The hatch was then processed in the normal rashica.

Cause: The three ingredients of explosion were present. The hvirogen from
the reaction, the oxvgen apparentlv from a3 pocket cf air drawm in
during the premiture attempt to open the manhole, and the spark vrobably
from a static charge on the volyethylene baz. The chemical engineer was
wearing rubber gloves, shoe rubbers and dacron znd wool clothing at the time,

Preventiv> Measures: The succeeding batches wvere run with sodium methyl:te
as a catalvst replacing the sodium hydride. However,
if it becomes desirable to use hydride again, several chinges mav “e made.
Firgt, the sodium hydride will be handled in static-proof bags. Second,
the order of addine first and third constituents was reversed as catalyst
doee not react with the third unless first is present, YVessel is then closed
after adding catalvst (second constituent) and the reactive constituent
(oripinally first) is dravn into the closed sti1l by evacuatine it. This
change may have some effect on product auality which will have tc be investigated.

(REPORT FD XY MANUFACTURING CHEMISTS® ASSOCTATION, INC,)

Refervnrce Number of this Trncident: [.-1M

" 1nlication of this report is autnoriezd,




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D. C, 20315

Explosives Incident Report No, 171

Explosion - Chemicals

Descrictiont An emplcyee vas attempting to mix liquid chlorine and carbon
bisulfide for use witn infrared ecuipment to determine
chlorine impurities, The eauiprment in use consisted of one cylinder con-
taining liouid chlorine (30 cubic feet size), one 1700 ML metal oressure
cylinder (BOC psi test) containing "0 ML of carbon bisulfide and %-inch
copper tubing with fittinge to connect the two cyvlinders., The squioment
was assemblied in a ventilated laboratory hood. In addition, a portable
3/8-inch plastic shield with a lead base had been positioned in front of
the equipment as srlash pretection against any liquid chlorine spill.
Ap explosion occurred iaside the 1700 ML cylinder as liaquid chlorine was
intrduned, The emplovee received cuts across the back of his left hand
and a possible broken jone in his hand near the index f{inger,

Cause: Employee failed to recognize the potantial hazard of mixing liquid

chlorine and carbon bisulfije in the presence of an ircn catalyst
(1700 ML cylinder)., NOTE: The operation had previously been performed
using glass-lined containers,

Preventive Measures:

1. CTheck lists and availatle “echnical dataz should be consulted
before attempting experiments ani/or routine laboratory onerations,

2, The necessity of considering all safety asvects involved
before proceeding with any operation +ill be stressed.

(REPORTED BY MANUFATTURING CHEMISTS' ASSOCIATION, ING,)D

Reference Number of this Incident: I1~102

Duplication of this report is authnriced,




ARMED SERVICES EXPLOSIVES SAFETY BOAKRD
Washington, D, C, 20315

Expiosives Incident Report No, 172

Silver Complex Detonation

Description: Recentlv an employee received chemical burns to both eyes

when the reaction he was conducting detonated throwing a
silver ammoniacal complex over the laboratory. The emnlovee was not wearing
safety glasses ever. though thev were vrcvided. The reaction he was conduct-
ing was to prepare a silver ammoniacal comclex as a part of his research
assignnent. He had added sodium hvdroxide to a silver nitrate water mixture
until the silver nitrate had precinitated as silver oxide, then he proceeded
to add ammonium hydroxide, While adding the ammonium hydroxide the reaction
heated, and a detonation occurred, Literature references on this reaction
state that the reaction of ammonium hvdroxide on silver oxide can cause the
formation of fulminate of silver and the records show frequent detonations,
The emplovee should have used the established alternative method which re-
quires the addition of ammonium hvdroxide to the silver nitrate water solu-
tion vhich can be perfrrmed with safetv,

Preventive Msasures:

1, Sarfety glasses must be worn ty everyone in all chemical
laboratories,

2. New emplovees should be advised of hazards which migh' ve
encoulstered in their werk,

(REPORTED 3Y MANUFACTURING CHEMISTS3' ASSOCIATION, iNC,)

Reference Number of this Incident: L-103

Dupnlication of this report is authorized,




ARMED SERVICES EXPLOSIVES SAFE1Y BOARD
Washington, D, C., 20718

Explosives Incident Report No, 173

Fire - Black Powder

Description: A fire occ:rred invoiving 80 pounds of black pewder which

was distributed in dirferent vooms (§-pound maximum in any
one pl.=e) drring regular operation of safety fuse spinning machines,
The fire apparently started in the batement 5f one rocm amd quickly spread
to the other basements fed by powder that sifted down through the floor
around the machines onto the basement floor, ledges and underfloor machinery.
It came up through these holes and around the edges of the floors. The raw
ccre being made is very ‘nflammable and wos ignited. The fire traveled up
the wooden powder tubes and ignited the black powder in the lofts. There
were a series of muffled explosions before fire came into the fuse rooms and
after it reached the lafts, Powder cans lef* by the powder carrier exvloded
in the lofts of the rooms where the larrest nercentage of windows were broken,
A1l ocerating perscanel wera ahle to leave the area vithout injury, except
one pei3on who was slivhtlv burned aromnd the ankles. The building consists
ol semaraie rooms in a line. There is a s-foot high hasement below each
room which contains the drive motor, shafting and belting for driving the
machines in the room absve, Yach fuse spinnine room contains two rows of
soinning machines. ctach machine has its separate saopiv of black powder
stored in separate placstered huts in the loft above the spinning room. &
funnel %olds the black powcer (aporoximately 3 pounds when full) and is
fed through a tube that extends throusgh the fioor to feed the machine below.
There are two louvered doors with screening on the inside of each door on
the huts., The funnels are filled from the back side of the hut through a
tube leading tc the funnel and fi*fed +ith a cam-locked cover. Access %o
each loft is from a runvay in front of the buildinr. Access to tha spirning
rooms is from a rinwa: in front of the buildineg alsc., The »nly opening to
all rooms is in the basement. {(Years azo one motor ron all rooms with long
belts. The openings between the rooms are bricked up except for a 3-inch
overing across the top for steam and vater pipes and conduits,) The build-
ing constrmection vas ?-foot thich stone walls, wooden roof, wood floors
covered with lincleum and ample windows., The sprinkler svstem functioned
normally. Damage consisted of broken vindows (171 npanes replaced ocut of
a total of 42L), blistering of pa...! in parts of rcoms and water damage to
machines, [mmage was confined to ‘he Huildine involved and missiles were
corfined in lofts. ‘eather conditions were fair - temnerature §8° and rela-
tive numidits 47,

Cause: ‘Inknown - possipilitv tnat black nowder waste vas ienited from
falling metal ohiect in hasement or from friction on a machine,

Reference Number cf 15 incident: 1137

et gt of this repart is attharized

-




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 20315

Explosive Incident Report No, /74

Solid Composite Propellant Fire in laboratory Mixer

Description: A 15-pound batch of ammonium perchlorate castable propellant

was being mixed in a Zf-gallon horizontal mixer. Upon charging
the 1ast propellant ingredient to the mixer, the operator left a 6"x3" stain-
less steel spatula in the mixer bowl, Propellant ignition occuirred shortly
after restarting the mixer, There were no injuries. The delugs system
fanctioned efficiently. Damage was slight, the cell was lightly soiled and
a sheet plastic burn-out panel in the weak wall burned out,

Cause: The propellant was ignited by the friction and force generated by a
metal spatula entering.into the mixing actici.

Preventive Measures: Laboratory operating personnel must now certify in
vwriting that a mixing cell is free of extraneous items
prior to starting a mix, They must list the tools taken into a mixer cell

and must account by signature for each of these tools prior to each starting
of the mixer.

Refersnce Number of this Incident: L-1l04

Duplication of this report 1% authorized.

gt




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C, 2031¢

Explosive Incident Report No, 176

Explosion - HNF Manufacture

Description: Twe violent decompositions (fume-off) of nitrogen foliowed
by explosions occurred during manufacture of hydrazine
nitroformate, No personnel were injured. Loss of eauipment was limited to
one ice chest. Approximately 20 pounds of NF were involved in the incident,
The initial decomposition occurred near the crystallization shed and in-
volved one polyethylene bottle containing approximately 11 pounds of a
90% NF - 10 isopropanol solution, After the first explosion, the remain-
ing € bottles of NF, one of which contained 10¢ isopropanol, were placed
in the ice chest located near the operating area. The second explosion
is believed to have been caused by the one bottle containing the NF -
isopropanol solution., All of the nitroform involved had been previously
Trozen and was being thawed for an HNF reaction. The material was stored
frozen and considered to be safe based on samples of frozen NF stored for
approximstely 1-1/2 years with periodic thawing, This material showed no
signs of deterioration,

Cause: Subsequent invesiigation and testis revealed the following:

i. V¥hen nitroform is dissolved in isopropanol forming solutions
vherein the concentration by weight of nitroform is »0% or greater, an
exotherm is observed, This exotherm increases directly with the concentra-
tion of nitroform above 50€ by weight.

2. Nitroform is very reactive with HNO, and its constituents some

of which may have been present in the nitroform used at ihe time of the
incident,

3. Nitroform is more stable when frozen and is stored for short
periods in this stzte. The nitroform that was reacted the day of the
incident with iscprepansl was still partially frozen. In addition to the
exotherm that is k:own to occur under the conditions of varagraph 1 above,

nitroform goes into solution exothermically which ms; also have contributed
40 the incident,

Preventivs Moasures?

1, Prior to further reaction, all of the nitroform will be
completely thawed.

2. The pH of the nitroform will be more closely controlled to
nininise the possibility of HN03 or its products being present,




Explosive Incident Report No., 175 - Cont'd

3. The mixin~ of nitroforn and isooropanol will be done remotely
with small amounts of nitroform beinp added to cooled, agitated isopropanol,
The concentration of isopropanol-nitroform will not exceed 50-50 by weight,

Refsrence Number of this Incident: 1142

Duplication of this report is authorized.




ARMED SERVICES ZXPLOSIVES SAFETY BOARD
Washington, D, C, 2031¢

Fxplosive Incident Report No, 176

Fire - Propellant Line Operating Building

Description: Propellant samples were being cut on a No, 4 Cincinnati nmill

by remote control, When a sample has been cut, the mill
operator enters the bay, unloads the specimen from the jig, cleans the chips
from the mill table with a vacuum, runs the table back, and reloads the jig
for the next cut. FEipghteen such samples had been cut, and as the mill was
started for the nineteenth cut, a fire was discovered at the machine. The
deluge functioned and the operators ran to the safety shelter,

Cause: The exact cause could not be determined, Possible causes were:

1. Friction heat caused by the propellant holder rubbing against
son¢: brass spacing shims next to the propellant,

2. A foreign object in the sample holder,
3. Static discharge.

Investipation indicated that the cannister and hose of the wet vacuum col-
lector pressurized to the point of rupture; in fact, the filter bag supnort
and cannister 1id were eijected during the fire, Unconsumed oxidizer found
upon disassembly of the rotor housing indicated the fire did not originate
within the moving parts of the cleaner. It may have started in the carnister
where many metal parts were subiected to contact and minor vibraticn. A
vacuum distribution plate had been scorched by flame, leaving various amounts
of residue,

Preventive Measures:

1. Strengthen maintenance and housekeeping activities.
?. Take more care in the adiusiment of the mill.
3, Locate the va:uum cleaner outside the building.

Refe-ence Number of this Incident: L-10%

Duplication of this report is authorized,
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ARMED SERVICFS EXPLOSIVES SAFETY BOARD
Washington, D, C, 20315

Fxplosive Incident Report No, 177

'~<plosion of Contaminated Equipment, Machine Shop (Inert Area}

Description: An emplovee in the inert area machine shop was assimned to
repair an air cylinder from a casting vibrating fixture,

which had been received from one of the operating lines. It bore a properly

sipned "DECONTAMINATED" tag. He had some difficulty in removing a U4-inch

bolt, so he mave it a tao with a hammer. There was an explosion which bl.w

the bolt out, severely lacerating the emplovee's left index finger. He had

to have plastic surgery on the finger, and lost a week of work.

Cause: Although the equipment had been decontaminated, it had not been

disassembled before shipment to the inert area, Dry propellant
residue had remained under the nut and in the th.eads of the bolt, which
detonated upon immact,

There was considerable rust on the znuipment, which made it difficult to
recognize the residual propellant. FExisting regulations require that
equipment be completely decontaminated - including disassembly, if neces-
sary - before shipment out of the explosive area. The regulations also
require the receiving department to make a thorough inspect.ion of such
equipment to assure complete decontamination before attempting any work on
i1t. Neither of these precautions had been followed.

Preventive Measures:

1. More stringent control and enforcement of the regulatiors.

2. No atfempt should be made to repuir such cylinders, since it
is probably easier, cheaper, and definitely safer to replace them with new
ones, and scrap the old ores for salvage.

Reference Number of this Incident: 1-106

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVFS SAFETY BOARD
Washington, D, C, 20315%

Explnsive Incident Report No. 173

Accidental Ignition of Propellant

Descrintion: An employee was just completiny the job of fastening a grain

of very fast burning prorellant into the chuck of a lathe
located in a machining bay of an ooerating line. The actu2l machin.ung was
performed b remote control, but the premaration and the removal after
machining was done attendantly by the operator. At the time of the incident,
his foreman was standine behind, and slightly to one side of thre operator,
watching him complete machiniug preparations., Two grains had been previously
machined on this lathe, and the propellant shavings were contained in an
aluminum scrap pan that was positioned under and between the ways of the lathe,
The operator had tightened the jaws of the chuck with a specially-fabricated
T-wrench weighing approximately & pounds, He accidentally dropped the wrench
into the scrap pan (a distance of 3B") and the scrap ignited, the flame
propagating to the grain in the chuck, totally consuming it. DBoth men received
serious first ana second degree burmns,

Cause: The impact of the falling wrench against the thin laver of p.opel-

lant scraps in the metal pan ignited the propellant, This particular
propellant has an impact sensitivity of 17 centimeters in the standard 2kg.
drop test., The deflagration was so rapid that the deluge system heat sensor
never reached activation temperature, although the system was manually
activated from the contirol room,

Preventive Measures:

1. Devise a method of suspending the chuck wrench so that it cannot
fall or strike an area cortaminated with vropellant fines, or the graln
itself,

?. Install a2 scrap collection system to remove propellant fines to
a safe location,

Reference Number of this Incident: 1-107

Duplication of this report is authorized,




ARMED SERVICES EXPIOSIVES SAFETY BOARD
Washington, D, C, 20318

Explosive Incident Report No, 179

Ethyl Acetate Tank Truck Explosion

Desc.4iption: At about 1:4 PM, a tank truck being loaded with 99% ethyl
acetate, exploded, The tank truck loader had started to load

the truck at aporoximately 1:41 PM, Just before the explosion occurred,

the loader heard what he described as a sizzling sound, He peered into the

tank but could see nothing., He moved away but held an arm over the dome

opening holding a wooden gaupe stick. An explosion occurred and flames shot

out of the dome opening. The loader's right arm and hand received second

depree burns, HFe jumred from the top of the truck to the ground. Torn

ankle ligaments and “nner thigh muscle strain resulted., Investigation at

the scene of the accident showed all zrounding equipment to be in excellent

condition. The hose used in loading was checked and found to have a resist-

ance of less than S0 ohms from end-to-end, Questioning of personnel

disclosed that regular grounding procedure had been followed by the tank truck

loader. However, it was disclosed that static discharge had been heard before

but not recognized as such, Static discharge had been seen jumping betveen

the copper cup used to hold the thermometer and the loading pipe, at the

start of loading. In all cases, 99% ethyl acetate had been involved.

Practice of lowering the thermometer into the truck had been discontinued at

the time the discharge was seen,

Cause: All evidence shows this explcsicn to have been due to free charge
on the surface of the linuid. Discharge of sufficient energy re-
sulted in ignition of flammable mixture,

Preventive Measures:

1. The vumpirg rate is to be slowed dcwn so as to de~rease turbuleice
and thereby cut down static build-up.

?. Bare No., &4 flexible stranded cconer cable is to be used on the
outside cf the cloth filter to discharce r- v, Six to eight cables shall

run from upper two-inch fitting to lower .. .nch cap and extend six inches
beyond bottom fitting.

3. No unprounded metal objects are to be inserted into tank truck
during loau-operationrs,

L, After loading has heer completed, a three to five minute
relaxatica time shall be allowed before proceeding with taking of readings,
Relsxation time should ailow dissipation of any static charge.

Reference Number of this Incident: 1-108

Duplication of this report is authorized.
(REPORTED BY MANUFACTURING CHEMISTS® ASSOCIATION, INC,)




ARMED SERVICFS EXPLOSTVES SAFETY BOARD
Washington, D, C, 2031¢

Explosive Incident Report No. 180

Fire - 3enzoyl Peroxide

Deseription: An operator was oreparirg to make a swecial mix., He was
weighing out 1,6 vounds of henzoyl peroxide into a large stain-
less steel heiker. As he picked up the beaker and turned away from the weizh
station with it, the peroxide belched forth fire. The operator threw the
beaker to the floor and quickly ran for a dry chemical extinguisher. Vith
the help of the foreman who was close by, he manarsed to extinsuish the blaze,
By the ‘ime the operator reached the extinguisher, the veroxide had oroha™ly
burnt itself up, but there vas a small amount of metinyl methacrylate in a pan
underneath one of the pumps +hich was blazing. An investiration showed that
the cperator had rinsed out his heaker with methyl methacrylate prior to
velghing out the benzovl neroxide. Z=ven thoush he shook the beaker out, no
doubt there vas a small amount left ia it vhich volymerized rapidly in contact
vith the peroxide resulting in a “ocal build-up of heat a2nd ignition of the
catalyst. In the past the laboratory has weighed cut practically all the
benzoyl peroxide for the depariment. The overator had not received svecific
instructions on hov tc veiph uo and add the catalyst to this mix vhich was a
comparativeiy nev overation for him. However, supervision had assumed that
14 would he done in the vay that the master mixes were made., The operator
was astute enoush to revlize that the benzoyl peroxide should rot be added
to tt 2 mix in the dry forn and vas plarning to slurry it with another
ingredient. However, he Aid not understana the danger of rinsing the beaker
out vith methvl methacrylate orior to use, This is a standard zleaning
procedure. This was the third time this particular operator had weighed up
this mix., The first two times he had not beer rushed, and presumably the
methyl methacrylate had had a chance to evaporate from the beaker prior to
velighing up the benzoyl peroxide., The third time he was running late, and
by his ovn admission, there was practically no delay between the time he
cleanad out the beaker and weighed up the catalyst.

Preventive Yeasures:

1. A special beaker shall be used for weighing catalyst only.
?. Yore trainineg will te given on the hazards of benzoyl peroxide,

32, The benzoyl veroxide sheet in the Hazardous Chemical Manual will
be revised to refiect more accurately the nature of this material,

4, All other places in the olant which handle benzoyl peroxide will
be studied 0 see that safe handling procedures are used at all times and that
personnel are properly instructed in the hazards,




Explosive Incident Report No. 180 - Cont'd

. f>once Number of this Incident: L-109

Juplication of this report is authorized,

(REPORTFD BY MANUFACTURING CHEWISTS® ASSOCIATION, INC,)
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
vashington. D, C, 2031s%

Explosive Incident Report No. 181

Fire - Solvent Storage

Description: A fire cccurred in a drum storage yard in which 8CN steel
drums {§< gallon) zontaining solvents and adhesives and three
underground storage tanks containing some 36,500 zallons of snlvents were
housed, Most of the drums were stored in a horizontal position, The under-
ground tanks were dual compartmented, horizontal steel t.nks, The rumps to
these tanks were located in pits (below ground level) adjacent to the tanks.
The pits had interconnecting drains to a concrete covered sump at the south
end of the pump pits, The switches to the pumns were loca.ed on an adjacent
building wull., The source of ignition has not heen determined. Stories of
eye witnesses concerning the point of origin differ between a drum or ¢wuus
several feet from the pump houses., There was nc¢ activity in the yard at the
time cf the fire nor was there any electrical energy to the purms, There
vwere no transfers being made at the time, This heirg shift change time would
substantiate the above conditions. A remote possibility of vardalism was
discussed; hovever, no cne was observed ‘nside or outside the fenced area at
the tixe, Approximately 450 of the drums plus three pump houses and equip-
menit were destroyed. The throe undergrcund storage tanks containing solvents
were also affecisd and may be alandoned from further use. The estimated
property loss, including the buik solvents, was in excess of $100,000.

Cause: 1, Excessive storage of flammable solvents and adhesives,

?. Pump piis were kmown to have accumulations of solvent vavors
due *¢ leakage of the pumps.

3. Drums stored horizontally lost their entire contents vhen

ruptured, vhich added to the spread of the fire. Close stacking of the drums
dlsc contributed.

4, Underground storage tanks vere not enuioved with approved flame
arrestors., Vavors flashed and blew off 111 caps and vossivly contaminated
the material,

Freventive Measures:

1. A clear space distance from drum storage to hu:ldings of at least
50 feet should be maintained, This clear space should also %e frees of other
coxustible material accwmulations.

2. Reductisn of present inventory levels arnd controls on maximum
levels to b2 permitted.




P
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2. A method of ccolirz drums during high temperature veather
cond{‘_ons should be provided,

4, Horizontal versus vertical drum nlacement in aceord vith cooling
and handling practicss should be inves:izated,

5. Enuipmen. shonuld be provided for the application of mechanical
air foam extinguishment for this class of fire,

6. Approved type flame arrestors and vents should be provided in
bulk flammable ligquid storage tanks.

Reference Number of this Incident: 1-110

Duplication of this report is authorized.

(REPORTED BY MANUFACTURING CHEMISTS® ASSOCIATION, INQ)
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ARMED SERVICES EXPLOSIVZS SAFETY BOARD
Washington, D, C, 20315

Explosive Incident Repori No, 182

Explosion - RDX

Description: At approximately 1:17 PH, an cxplosion oceurred 11 Bay C

in a single action pelleting press containing approximately
$-pound RDX, There were no persomnel injuries, The prociuetion operator
activated the peileting presses in Bays G, H and I by remote electrical
control at approximately 1:10 PM, and observed the starting of each press
through viewing port of mirrors in 12-inch reinforced concrete dividing
wall, At approximately 1:17 PM, the operator turned off the pelletinsg
press in Bay I and then entered the bay to obtain RDX pellets for check
weizhing. The operator had fust entered Bay I when the explosion occurred.
Immediately alier the explosion, the cperator turned off electrical
cortrols to presses in Bays G and H, tedephoned alam to fire departaent
and orocesded to perimeter gate of Line to meet fire demartment.
Corstructicn of the building involved consists of 12-inch reinforced
dividing walls, hollow tile walls, and wood frame roof construction. Damage
to :he building was confined to wood frame roof of Bay G, celloglass enclo-
survs opposite Bay G, the press, and the 12-inch reinforced concrets wall
vas pitted, There uis no stractursl damsge to the hollow tile walls or other
puoidor~ of the building. FNost cf the missiles from the prees were confined
in Eyy G and the celloglass enclosure opposite Bay G, Missiles from the
wocd frame celloglass enclosure were confiuned to a 30-foot radius oatside
the 1muilding involved. One piece of the shoe from the press was foand ap-
prox: mately 96 feet to the south and east of Bay G. Four othcr pieces of
the liopper, shelf and table were found 20 to 42 feet south of Bay G,

Causs: Cause of the explosion is unknown, and no abnormel conditions
yTevious to detonation were noted by operator in the press building
or :urrcunding 2rea. The press wvas retullt bafcre inetallation. The baze
of ‘he press was substantially instalie? with four anchor bolts, lower
znd upper ram, and powder shoe were adjurtad. Punches and dicr were magna-
slaxed and otherwise completely checked before installation four days prior
to date incident occurred. Operatiomal tryout -f machiue was conducted.
The press is thoroughly cleansd and adjusted every day of operation.
Investigation reveals the press operations were being conducted in the normal
marner and there wvas no depsrture from zpproved current standing operating
procedures. Continuing effort will be made to determine cause of explosion,

Reference Jhmber of this Incident: 1146

Duplication of this repcrt is authorised.
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Washington N, C, 20319

Explosive Tncidenr Report Vo, 183

“team Pot U -4 as Flask MHolder Speils Fire Hatard

Description: A chemist set a 22 liter flask containing 12 liters of 2
filirate on a steam pot as a holder for the flask and left
the laboratory. The filtrate contained diethyl ether and bensgene,
Although the chemist did not wish to heat the filtrate, the steam valve
connected to the steam pot was in nerd »f mainternance and was leaking.

A second chemist, shortly afterward walked past the flask
and also lefi th: ‘ab, He claims he did not smell ether or Leniene when
he passed the set-up and no orie else was in the laboratory.

"A ‘winute or sc later™ an explosion and fire occurred openi:g
the explosion vents and 10 sprinkler hsads.

Cause: It is believed that the 3team vaporized some of the ether a.d
bentene releasing the vapors into the room vhere they resched a

source of ignition such as an arching Powerstat or 2n electric mantle,

A Powerstat was located 41 feet above the floor and about § feet from the

flask.

Preventive Measures:

1.° Defective equipment and services should be reported and repaired
{mmediately.

2, Hand rubber flask holders should be used ingtead of steam pots,

3. Sparking devices should not be used ir the vicinity where
flammable solvents are handled unless they are suitably protected ts
prevent the sparks fivm becoming a source of ignition.

Reference Rumber of this Incident: L.111

Duplicstion of this report is authorised.
(REPORTED BY MANUFACTURING CHEMISTS® ASSCCIATION, InC,)
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Fxplosive Incident Rercat o, 184

Functioning of Propellins Charge Irimer

Description: In a Demilitarization Building in the Ammunition Area, at
approximately U949 hours, a propelling charge for L.7" gun
M) was accidently dropped which, in turn, caused the cartridge case in the
fiber container to strike a protruding counling on the conveyor. Ais 3
resulit, the primer functioued, resulting in serious injury to one employee
and minor injuries to four others. Structural damage in the amount of
approximately $200.00 resulted therefrci. The exolosion was directly
contributable to the coucling cf the conveyor wnica acted upon the propelling
charge primer as a large firing pin, Iad this conveyor couvling been
adequately covered by some protective device, it is extremely doubtful if
the cartridge case or primer thercof would have functioned. Approximately
18,600 rounds of the same item had previously been handled on this line with
no difficulty. Jt is ironic to note that this particular demilitarization
cperation would have been completed on the day the accident occurred,

Two individuals, at a great risk %o their own pcrsonal safety,
returned to the building following the accident and extingulshed a fire
which covld have spread and involved additional quantities of the same
material.

A1l rersonnel had been diligently following good safety
practices as reflected in SC” changes wade as difficulties had been
encountered.

Cause: The prctruding coupling on the conveyor acted as a large firing
pin when struck by the propelling charge primer,

Preventive Measures:

1. That all sharp edges and protruding devices be protected
during 21l explosives operations with specific emphasis on the courlers
of roller conveyors and like items which can act as a firing pin on amwni-
tion primers.

2. That cluser observations be made when setting up operations to
include, where appropriate, adequate safeguards.

Reference Number of this Ir-cident: 1148

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D, C. 20315

Explosive Incident Report No. 185

Explosion - Composite Propellant

Descrintion: At approximately 1600 hours, a composite propellant physical

properties test slab under laboratory cure exploded. The
samples are slabs six (6) inches x six (6) inches x sixty-eight/thousands
(0.068), containing eighty (80) grams of propellant, The samples.are pre-
pared by placing the propellunt between two stainless steel plates and
putting the plates into a press under one hundred ten (110) psi at three
hundred sixty-five (365) °F for twelve minutes. The press used for this
work is an RDX pscss modified to protect the operator by the addition of
boilier plate around thnree-<ourths of the perimeter of the press. To
activate the press, the oprrator controls pressure with a jJack inserted
through the "face®™ of the lLoiler plate shielding. Once the desired pressure
and temperature (controiled by a valve adjacent to the press) have been
reached, the opverator is free Lo perfo:rm other duties for the twelve minute
curing period. On the day of the inci.ient the slzb haa been placed in the
press and the operator was attending to paper work at an adjacent desk when
an approximately thirty (30) gram seciion of the slab exploded. The
concussion blew the operator off his chair but did not injure him. The
operatioa was shut down and authorities were notified.

Frobable Cause: The mix was a more viscous batch than normal due to a

micro-atomized Ammonium Perchlorate (AP) grind. It seems
probable that the AP was not homogeneously distributed throughout the
sample and being sensitive to pressure; it exploded.

Preventive Measures:

1. The operation is being relocated. The controls are being remoted
from the press and placed behind an existing bulkhead and the press vented
to the outside atmosphere. The existing press shield will be retalned in
addition to the remcting of controls and operator,

2. The remaining prop<liant from the malperforming slab wili be
suhjected to viscosity determinations, SPG, differential thermal analysis,
drop test, microscopic analysis and comparison in all the foregving tests
with propellant from the same mix,

Reference Number of this Iacident: I1-112

Duplication of this report is authorized.




FETY BOARD
Washington, D. C. 20315

Explosive Incident Report No. 186

Laboratory Fraction Cslleclor Explosion

Description: A commercial laboratory column chromatography apparatus was

being used to collect automatically frections from a column,
The developing solvent was cyclohexane, wnich contained a small amount of
ethyl acetate. The system had been in operation overnight, and 2,500 ml,
of the solvent had been collected, lcaving approximstely 200 ml. in the
reservoir at 8:30 a.m. wher L:'0 explosions occurred. Fortunately, no one
was in the laboratory. People: in rooms 60 feet across the courtyard from
the laboratory reported sceins il.e room enveloped in a ball of flame which
quickly subsidcd, A staflf member from an office conrected to the laboratory
quickly extinguished several small rem:iining fires with a carbon dioxide
extinguisher, Only a small amcunt of plassware (the chromatographic
assembly) was broken. Glass shrapncel from the solvent reservoir was
scattered throupghout the labo-atory. ther damage was slight.

‘ ARXED SERVICES EXPLOSTVES OA

GCause: The explosior was attributed to the ignition of flammable vapors
by a spark from the electrical contrels on the sampling device.

The evidence in this case, did not indicate any liklihood of sclvent over-
r flow or spillage in the apparatus, but rather that solvent vapor accumu.

lated to an explosion level in the cnclosed portion of the fraction
colleztor and an explcsion was 5.t off by a spark from the open electrical
equipment. The second expiosion presumably was thkat of the solvent
reservoir.

Preventive Measures: All chromatographic operations using atomatic frac-
tion collection in conjunction with flammaole

solvents were immediately suspended until ccorrective measures had been

~ taken. Although a small outlet through the wall of the fraction coliector
bace had been provided by the manufacturer to remove solvent fumes, this
seemed inadequate. An exhaust system was devi<ed using a small squirrel
cage blower driven by a shaded pole motor., Solvent vapor is vented into
the hood by means of a [iexible hose attached to the outlet of the blower,
One-inch holes wera cut through the walls of the collector box at locatlions
which would aliow a sweep of air through otherwise dead spaces and across
open electrical switches. For ¢fficient air [low, the metal dust cover
whicn protects the colleciing tubes should be in place. This equipment
modification serves to remove not only flammable vapors, but also non-
flammable though toxic vapors.

Reference Number of this Incident: L-113

Duplication of this report is authorized.

{REPORTED BY THE MANUFACTURING CHIMISTS® ASSOCIATION, INC.)




ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washingron, D, C. 20315

losive Incident Report No. 187

Explosion While Introducing Chlorine Intc Vaporizer

Descripticn: The injured was working in the building that houses th»

chlorine vaporizer., He was intrcducing chlorine intc the
vroorizer., Assisting him was the First Assistant, and a new employee who
was currently undergoing trairing. As the chlorine was being inducted
into the vaporizer. the inlet iine in the itop ruptured violertly.

The chlorination procedure corcists of routing 20 1bs. of chlorine
from a chlorine cylinder-within-a--ylinder type with the chlorine iniected
into the inner section. The annulus space between the inner and outer
cylinders contai-s a steam coil (15 psig steanr) immersed in continuous
flowirg water for vaporizing purposes, vuring vaporization the chlorine
pressure normally reaches a maximum of 100 psig. The chlorine vapor is
pressured into the Reactor catalyst bed using nitrogen, then tle complete
sy-tem is purged with nitrogen. At the time cf the iniet rupiire,
chlorine was being introduced intc the vapcrizer. The chlorine cylinder
had been used for previous chlorinations and was nearing depletion. A
weight measurement taken after the ruptuve showed 13.5 lbs. of chlorine
had been removed ifrom the chlorine cylimger. Water had been opened to
the vaporizer but the steam to the coil had not been commissioned.
Seconds before the rupture it was noted that the chlorine oressure vas
60 psig.

When the ruptuce occurred the injured was in a kneeling positioa on
.he floor. He was adjusting the flow valve in the inlet line which is
iocated just above the floor. At the same time, the First Assistant was
standing clcse to the injured with his back at a 45° angle to the
vaporizer, but with his left side closest to it. He was checking the
balance of the scales and the new employee was standing close to the ~est
doorw .y observing the procedure.

when the irlet ruptured, a part cf the elbow in the small secticn of
the lire sirulk the First Assistant on the inside of his right arm just
under the arm pit, to inflict z slight laceration and a bruise. The
fragmentation after striking the arm caromed off and entered the right
side cf his coveralls to travel across his chest and emerge out at the
front of his coveralls. This 2-~tion caused him to fali to the floor, he
then crawled out through the west door.

The injured, who was kneeling at the time, suffered a ringing sensa-
ticn in his ears, as did the other two men. This sensation lasted for
more than 48 hours. A peculiar aspect of the incidert was that all three
persens indicated they cobserved no odor or effect from escaping chlorine.
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auss: Jmmediately foliowing ‘he alcident, a sample of Lhe pipe Iragment,

along with samples of black deposits which were ejected «hen the
ine ivptured, weic analysed and i€ following resulis noted:
L. A metallurigical examination indicated that the physical condition
of the pipe would not account for the rupture,

2. Analyses of the pipe fragment and ejected vaporizer deposits
were as follows:

a. Metal Frament - inside coated with Ferric Oxide (normal
cor-ssion product) - scme organic material - some carbon,

b. Bla~k Solid Deposit Ejected - carbon - finely divided . 20% -
organic material - polymer ci some sort - long chain - 50% - water + HCL
Ferric Chloride - 30%

c¢. Black Liquid Deposit Ejected - Xyvlene + Finely suspended carbon

3. On the basis of these analyses, it was concluded that the rupture
was the result of a spontaneous reaction betiween clicrine and hydrocarbon,
This reaction, which does not require the presence of oxygen, is accompanied
by a rapid rise in temperature and pressure. In this reiction carbon is
forred similar to the deposit found after the rupture. The nossibility
also exists that some hydrogen could have been present which reacts
violently with chiorine to give 3 temperature and pressure rise. There was
no evidence of leakage from the water/steam side of the vaporizer to the
E chlorine side under pressure testing.

L, A possible reason for the absence of free chlorine could be that
it was all consumed in the chemical reaction,

Preventive Measures: In order to obtain a mixture of hydrocarbon or
hydrogen and chlorine in the vaporizer it is

] necessary to have a leak back from the reactors. At present the chlorine

3 vent and purge iines tie into the reactor vent system, and although it

would be necessary to have leakage through several valves, the possivility

exists, To eliminate this possibility, the chlorination vent and purge

lines are to be routed separately to the vent scrubber drum.

At present after chlorination is completed, the vaporization ard
injecticn systzam is purged with ritrogen and then bottled up by clusing
valves, It is recommended that, in the future, this system be blocked
off from the reaztors after each chlorination Ly bianking. Also the
system will be purged with nitrogen befcre and after each chlorinatiomn,

oLy

(REPCRTED BY THE MANUFACTURTNG CHEMISTS® ASSOCIATION, INC.)

Reference Number cf this Incident: L-114

Duplication of this report is authorized.
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ARNED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D. C. 20315

Explosives Incident Report No. 138
Acoldental Firing of Third.Stage X-248 Twcket Motor

Description: On April 14, 1964, at approximately 9:30 a.m., the third-

stage solid propellant motor of the NASA DELTA space
retearch vehicle inadvertently ignited in Building L.154OF in area 39,
known as the Spin Test Facility.

The third-stage motor (X.2i48 Rocket) had been mated *o the orbiting §
solar obssrvatory (S-17) spacecraft, and preparations were made throughout .
the morning for a spin talance tesi. Present at the time of ignition were
eleven persornel.

A polyethylene protective dust cover, which encased the spacecraft,
had just been rolled down over the spacecraft and thiri-atage motor.
Shortly after this covering, motor ignition occurred. The assemblew
motor and spacecraft broke free and struck the ceiling, breaking off the
spacecraft. The motor traversed across the ceiling and came to rest in
the nortiwest corner of the building. Three personnel sustained fatal
injuries, three were seriocusly injured, requiring extensive hospitalisa.
tion, four others received minor injuries, and one other was uninjured,

Cause: It wvas concluded that the most probable cause of the accident

' was electrostatics. The discharge path for the electrostatic
charge was found to be spacecraft, attach fittings, suppressor paddles,
squidb case and spark to squib bridgewires which were grounded. It was
found that potentials up to five thousari volts, with an average from a
thousand to two thousand volis could be generated by the polyethelene
bag covering the spacecraft, and that a man could conceivably induce
three thousand wol's upon touching the spacecraft. Actual squib firings.
in the accident configuration were produced with one thousand volts,

ST
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Reference Number of this Incident: 1156
Duplication of this Report is Authorized.
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ADDITICNAL INFORMATION - ASESH EXPLOSIVES INULIDENT REPORT NO. 188

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Wasuingron 25, D.C.

April 23, 1965

1 REFLY REFER YO:

Colonel Leland S. McCants, USAF, Chairman
Armed Services Explosives Safety Board
Waghingtoa, D. C. 20315

Dear Colonel McCants:

This is to confirm our recent conversation vegarding general distribu-
tion of a report of investigation of the X-248 rocket motor accident
at Cape Kennedy on April 14, 1964,

The NASA investigation of the inadvertent ignition of X-243 motors

has been completed., A review of the data assembled as a result of
this investigation indicates that the electrostatic test program con-
ducted iy the Cornell Aeronautical Laboratories uncovered some facts
of broad general interests, It explained the cause for both the Tulsa
and the Eastern Test Range incide-~ts, proposed a solution, and demon-
strated the adequacy of such a solution, A written and a film report
have been prepared summarizing this activity.

In the interest of assuring adequate distribution of the information
uncovered pertinent to safe design and handling of explosive ordnance,
NASA is making the Cornell written and film reports available to
departments and agencies of the Federal Govermment and to those in
industry who may be interested in the data developed as a result of
the investigation,

To assure general distribution of the report and film it is requested
that the ASESB assist in this by informing the military and those shown
on the ASESB Distribution List for summaries of explosive accidents and
incidents, of the availability and procedure for obtaining a copy of
the Cornell Technical Report, “Electrostatic Ignition of X-248 Rocket
Motors," and the film report of the activity,

The report or the film or both way be obtained by submitting a request
to the NASA Safety Director, Cole BY, National Aeronautics and Space
Administration, Washington, D. C. 20546, The report may be retained

by the requesting activity--the film is available on loan, Due to the
limited number of copies of the film available (8) there may be some
delay experienced by the v-questing activity in receiving the film.

In view of this it is urged that the requesting activity arrange for
immediate showing on receipt ot che film and that it not be retained
for more than one week. Requests will be honor:d-in the order received,

Sincerely yours,

AH.Mm M]

G, D, McCauley
* Safety Director
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ARMED SERVICES EXPIOSIVES SAFETY BOARD
Washington, D. C. 20315

Expiosives Incident Report No. Qg
Expiosion .~ Experimental Fluorination

Description: An experimental fluorination was being cciducted in a 304
stainless steel one liter round-bottom flask. The flask was
fitted with a paddle.type agitator, a straight-tube reflux condenser, a
thermocouple well and a ias inlet tube. The system was placed in a laboratory
hood and protected by a $-inch plastic shield. After cooling the reactor to
=50°C and the condenser cooling medium to .70°C., introduction of the fluori-
natio" mixture was commenced. Progress of the reaction was checked every
half hour by a technician trained in handling experimental fiuworinations. The
addition of about 160 g. of fluorine proceeded over a 10-hour period uneveni.
fully. At the end of tals period there was a sudden explosion without any
warning as the technician reached into the hood to test for excess fluorine
at the top of the condenser tube. Although his hand was protected by gloves
and the starch.iodide test paper was held with a 10-inch forceps, the fcrce of
the explosion caused a severe hand injury. Subsequent examination of the
remmants of the apparatus hy explosives experts indicated tha' ‘._: explosion
occurred in the vapor phase.

Cause: A new route to the preparation of perfluoropropyl hypofluorite was
being investigated. The reaction was expected to proceed through
cesiur perfluoropropoxide. This had been prepared the previous day, the
apparatus cleared with argon, blanketed with nitrogen and cooled. The
fluorination mixture was approximately 50/50 fluorine and nitrogen. Litera.
ture studies had indicated that the reactions could be handled without undue
hazard, but quantities were kept low and the apparatus was shielded.
Investigations subsequent to the explosion indicated the poss:bility of a
srall amount of water being introduced due to the low temperature. Water
could be expected to convert some of the perfluoropropionyl fluoride (used
in primary reaction) to the propionic acid, a precursor for an acyl hypo-
fluorite., (It is well krown that perfluoroacyl hypoiluorites are explosive).

From the structures that may have been present in the reaction mixi:i e
it is possible that the following potentially-explosive types of compcunis
could have been formed: bis (perfluorcalkyl) reroxides, bis (perfluorcazyl)
peroxides and perfluoroacyl peresters. The explosicn may have been initiated
by the grinding effect of the agitator paddle on nearly dry solids in the
flask, following extended sweeping with nitrogen.

Preventive Measures: Scouting experizgnis involving flnorine should be kept
" 1o Z5 grams maximm, and should be cruducisd in blaat.
resistant hoods. Manipulations should be done with extension davices fron
the outside of the barricade. Fluorinations on a larger scale than 25 g.
should be carried out by remote control behind an appropriate steel barricade
in buildings constructed for this type work, outside the laboratory building.

(REPORTED BY THE MANUFACTURING CHEMISTS' ASSOCIATION, INC.)
Reference Number of this Incident: 1.115

Duplication of this Report is Authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Vashington, D, C. 2031§

Explosives incident Report No., 190
Explosion.Silver Oxide

Description: A chemist attempted to dissolve 3 moles of silver oxide, pre-

pared 24 hours earlier and held in a sealed flask as a water
slurry, by addition of ammonium hydroxide. Dissolution did not occur as
expected and addition of hydroxide was continued, necessitating transfer of
the slurry fr.m a one-liter flask to a five.liter stainless steel can. As
manual stirring continued a muffled explosion sufficiently violent to distort
the bottom of the can occurred, blowing the slurry throughout the room and
spattering the four workers rresent. The wearing of safety glasses by all
of these employees and of rubber gloves by the chemist, plus prompt use of
the nearby safety shower and eye-wash fountain, avoided a major injury,
although all suffered chemical burns. Continued "oops® and "bangs* from the
area indicated a persistent hazard, and personnel experienced with explosives
were called upon for assistance. Spraying with slightly acid sodium chloride
solution from behind a heavy steel shield successfully decontaminated the
room and equipment by converting the silver oxide to chloride.

Cause: Although it is known that certain silver complexes present explosion

hazards the reaction which here occurred is not understood. Similar
procedures, without the 24 hour holding period, had been carried out without
incident. No formation of hazardous compounds was expected, and holding in
water was regarded as extra protection. Possible reactions leading ‘o explo-
sive compounds are formation of silver fulminate from reaction of catalytic
action of the metal can, or silver imide formation.

Preventive Messuros:

. not attempt similar non-standard siiver compound reactions until
better understanding has been achieved and/or better protect.ve arrangements
established.

2. Broadly review the literature on hazardous silver compounds, and
supplement with experiments if feasible, to establish betto:r guides for
undertaking reactions in this field. Make sure that the technical staff is
filly informed of the conclusions.

3. When reacting more than one mole of ammoniacal silver nitrate vse a
metal container, and wear face mask, rubber gloves and rubber apron. Do not
hold such a solution more than one hour.

{REPORTED BY THE MANUFACTURING C: "™S* ASSOCIATION, INC.)
Reference Number of this Incident: I-1.

Duplicaticn of this Report is Authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D. C., 20315

Explosives Incident Report No. 191

Explosion Within Glovetox Disperses Contamination

Description: Ignition by unknowm sources of a methanol-air mixture led to

an explosion within a glovebox line in which 17 grams of
plutonium 238 were being processed. No one was injured; howevar, the
explosion pressurized the btoxes and caused a total of six gloves to be
torn from the ports,

Plutonium oxide discharged from the open glovepcrts and sprexd
throughout operating areas of the building. Swipe specimens (40 sq. in,)
indicated loose contamination ranging up to & x 106 d/m. Contamination
cleanup costs approximated $33,000.

A1l employees in the room were wearing half.mask respirators at the
time of the explosion. Three of these men had completed a glcve change
on a box on the other side cf the room just before the explosion occurred.
During glovebox changes, it ir stardard procedure for all personnel in the
room to wear respiraiors.

The clothing and external body surfaces of three employees were
contaminated. Body surface contamination readings (using commercial
alpha survey meters with 55 ca® windows) varied from 100 to 1,300,000 c/m.
Decontamination of these individuals was effected with little difficulty.
These same three men also had initial nuse swipes ranging frem il to
10,000 d/m indicating internal contamination. The three were trested with
DTPA. On the basis of previcus experience and an analysis of blood, fecal
and urine samples, it is roughly estinated that the plutonium body burden
for two of these men is less than 10% of the permissible amount and less
than 50-75% of the permissible amount for the third individual,

Preventive Mcasures: Stleps taken to prevent recurrence of similar in.
cidents include the following actions:
1. Use of flammable solvents within gloveboxes has been prohibited.
2. A complete reevaluation is being made of the 2rea ventii ion
system with respect ‘o control of airborne plutonium.
3. Self-closing hardware will be installed on emurgency exit doors.
(NOTE: It is thought that doors 1:ft open by evacuating employees contri-

buted to contamirztion spread.) A program Las been initiated to reinstruct

existing employees as to standard operating and emergency procedure
requirements,

4. A permanent "Hazardous Chemicals Committee® has been formed to
maintain a continuing review cn the use of chemicals within the building.
Glovetoxes afford a commonly uced means for working with hazardous
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materials under conditions preventing their escape to external areas. Fire
and explosion constitute the most common serious threat to glovebox
integrity. A Chizago Operations Office contractor is currently making an
intensive study of the most effective methods for detecting and suppressing

glovebor fire and explosion hazards. Results of this study will be
published in the fall of 1965.

U, S. Atomic Fnergy Cormission Case History
(REPORTED BY THE MANUFACTURING CHEMISTS' ASSOCIATION, INC.)

Heference Number of this Incident: 1-117

Duplication of this Report is Authorized
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ARMED SERVICES EYPINSTVES SAFETY ROARD
Washington, D. C. 2C315

Explosives Ircident Report No. 192

Nitrogen Compressor Explosion

Description: A four-stage reciprocating compressor was used to recycle
high-purity nitrogen gas from the low.pressure dist'llation
column to the high-pressure distillation column of a nitrogen lig .ifaction
facility. The Ceilulube 550 lubricated coupressor normally took suction
at 15 psig and developed a maxim= discharyz pressure of 3,000 psig. The
compressor was equipped with appropriate ~ressure relief safeguards,

Prior to the explosion, 1lhe operator nioted that the third.stage
safety relief vaive was "blowing.® The entire plant was shut down to permit
the removal, inspection and replacement of the third-stage inlet and
discharge valves., When restarted, the second.stage relief valve began to
"blow* immediately. After again shuiting down the compressor, the third.
stage suction valve was "inspected for the correct direction of flow and
found to be reversed.® It was shortly after this error was corrected and
the compressor restarted that the explasion took place. Subsequent
investigation estatlished that the third.stage suction valve had indeed
been installea properly but that the discharge valve had been installed in
a reversed position.

The explosion ruptured the compression jacket and projected metal
fragments up to 160 feet from the building. Witnesses reported seeing a
*briiliant flash® a*+ tne compressor. There were no injuries. Property
damage is estimated a: $16,000.

Cause: With the third-stage discharge valve in a reversed position,

compressiocrn of gas within a closed volume would, theoretically,
have permitted attainment, during a single cycle, of a gas temperature
approximating 1310°F and a pressure of about 16,800 psig. These
conditions in the presence of some oxygen from air introduced during
compressor maintenance, exceeded the autoignition temperature of the
compressor lubricant and resulted irn the expiosion.

Recommendations and Conclusions: Priocr to the accident, no standard

procedures were in effect to substan.
tiate that a compressor was in operable condition following conduct of
maintenance work necessitatirg exposure of the 2r mpressor interior to th:
atmosphere. Tc prevent recurrence of similar incidents, the investiga-
ting cummitltee recormmended:

1. Operations Test: A 20-psig, high.purity gaseous nitrogen purge
1ine should be ins ed tc the suction 1%7e of the nitrogen compressor.
The suctiion and discharge valves in the pii’ng o the compressor, and the
first, second, and third-stage discharge blow.down valves should all be
closed. With the 20-psig purge valve opea, the fourth.stage discharge

PPy
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blow.down valve should be checked for positive flow to indiccte that the
compressor valves are in the correct position. Should a valve be inadver-
tently installed in the reverse position, there will be no flow from the
fourth.stage discharge blow-down. After this test has been completed, the
purge flow can be closed by a valve and the compre: or made ready for
startup.

2, Maintenance Test: After maintenance has been completed, the
compressor Ily-wheel should be turned by hand a minimum of two revolu-
tions to be assured that no obstructions exist in the machine. All
compreasor discharge blow.down valves should be opened durin; this test.

3. A similar tesi gmcedure should be established for the air
compressor. However, instrument air should be used as a purge gas in lieu
of high.purity nitrogen.

4. An oxygen analyzer should be installed on the suction line from
the lom.pressure column to the nitrogen compressor. Should the oxygen
concentration in this gas streeza »xceed a pre-set level, the compressor
suction should be automatically valved to an independent high.purity
nitrogen supply until this condition no longer exists. A pre-set level
should be determined to allow for automatic operation and yet prevent an
enriched oxygen stream (greater than 214) from being pumped by this
cOompressor.

(REPORTED BY THE MANUFACTURING CHEMISTS®' ASSOCIATION, INC.)
Reference Number of this Incident: 1-118
Duplication of this Report is Authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
washington, D. C. 20315

Explosives Incident keport No, 193
Leaking Natural Gas Follows Water Main

Description: While mechanic was in an enclosed wacer-meter pit to make
routine readings and inspection, an explosiorn occurred. The
source of the explosion was natural gas which had followed the water main
some 50' from a leak in a gas main. The source of ignition has not been
determined -- possibilities include smoking (employee's pipe and lighter
were found on the pit floor), the open contacts of the float switch on

the water siphon pump, and the heat lamp which was found broken after the
incident.,

Preventive Measures: Standard practice for vessel entering has been

revised to require gas testing before entering any
size or type of vessel regardless of use or location.

(REPORTED BY THE MANUFACTURING CHEMISTS' ASSOCIATION, INC.)

Reference Number of this Incident: CH-1061

Duplication of this Report is Authorized.
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ARMED SERVICES EXPLOSTVES SAFETY BOARD
Washington, D. C. 20315

P4 g

ggglosives Incident Report No, 123

Explosicen - Hydrogen Gas
F small beams, and cabinets in the vicinity.
minutes at which time the process is completed.

source, creating the expiosicrn.

E Preventive Measures:

gases.

wind velccities Wwill bz continced.

Reference Number of ttas Inciderts 114%

Duplication of *his Repcr: i Authorized.

Description: Following the termination of a process utilizing hydrogen,
an open air explosion occcurred in the vicinity of the

hydrogen gas vent stack. The explosion caused severe damage to Several

buildings in the proximity of the facility and slight damage to walkways,

Cause: During the normal process, ccld gaseous hydrogen is vented through
a ven: stack into the atmosphere. Normally hydrogen is bled
? through a piping system and into the atmosphere for approximately 45

During this particular occasion, an unusually calm weather condition {no
wind) prevailed. It is theorized that this calm weather condition failed
to disperse the hydrogen gas as rapidiy as usual, This gas accumulated
in the atmosphere overhead and was then ignited by an unknown ignition

1. Venting or b_e=ding of hydrogen gas will be accomplished only
when 2 safficient amcunt of turbulence exists to disperse the

2. Studies io dztermire the rslative advantages of burning vent.
gases versus reieasing gas only during conditions of predetermined
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APMED SERVICES EXPLOSIVES SAFETY BOARD

. ” NDANY »
Wachingten, . €., 20315

mlosives Incident Report No. 195
Explosion and Fire - Hydrogen Gas

Description: While several technicians were working in a test cell, a

violent explosion occurred above an adjacent test cell. Some

of these techniiians working in the vicinity of the blast received minor
cuts, bruises, and burns, The explosion caused major shock damage to
surrounding buildings, fixtures, cabinets, equipment, etc. Th- bellows
in an overpressurized hydroger system were severely damaged.

gause: Liquid hydrogen was unknowingly admitted into a suction line

during checkouts of the system. Vaporization of the liquid
hydrogen in the warm suction line generated a pressure greater than the
burst pressure of a bellows section in the line, The bellows ruptured
and hydrogen gas was expelled into the atmosphere and ignited in an open
air explosion.

Recommendations:
1. Modify procedures to effect better control of all vents.

2. Re-side and install vent and relief valves of adequate capacity
to accommodate such a situnation,

3. Provide electrical interlocks to prevent flow of cryogenic fluids
into any system prior to opening the system vent valves.

Preventive Action: Recommendations listed above were complied with prior
to the reactivation of the test cells.

Reference Number of th-s Report: 1150

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD
Washington, D. C, 20315

Explosives Inciden: Report No, lﬁ

Explosicn of Nitroglycerin-Ethylene Glycol Dinitrate
{NG-BGIN) duvring Bmlsification

Description: An unexpected initiation of 50/50 nitroglycerin-ethylene glycol
dinitrate (NG.BGDN) occurred during an attempted preparation of
an emulsion of glycerol in NG.BGDN using ultrasonic irradiatior with Branson
S5-150 Sonifier. The amount of explocive involved was 135 grams, The
Sonifier, remotely controlled, hal been in cperation about 7 seconds when the
explosior occurred. This operation had bheen performed for approximately 3
months during which time about Z(; tatches orf liquid explosive mixtures,
consisting mostly of NG-EGDN, rad teen emuisified without incident, althcugh
this is the first time glycerol wis used for the dispersed phase. Damage
was slight except to the transducer head and viewing periscope that had been
built into ihe vall. The operation was being conducted in 2 harardous
operations bay with l2.inch reinforced concrete walls on three sides with the
fourth side formed by two large doors which were open at the time of the
incident. The seai of the explcsion was about 12 inches from one wall
adjacent to a 6 x 8 x l-inch safety glass window of a viewing periscope.
Although no damage at all occurred to the concrsie or steel, the window was
completely destroyed as well as the lower mirrcr of the periscope. There
was additional slight damage to lighting fixtures and the glass panels in
the doors in the rear of the bay, There were no injuries to personnei.

Cause: The precise cause 13 not known., In the process of cavitation by
ultrasonic irradiation the liquid is sulLjected to severe agitation
ard to rapid and localited temperature rises. Under these conditions the
explosion of nitroglycerin is not entirely unexpected, although more
violent treatments in the past, even with pure NG-EGDN, have not resulted
in explosion and rough calculations of stress levels and temperature rises
based on the assumed toi2l energy input preced’ng the explosion (200
calories), and peak power flux density (120 watts/cm®), indicate that
explosion threshold levels (assumed to be of the order of 1 kilobar peak
pressure or 200°C temperature rise) should not have been attained. It is
possible that the glycerol, having a high viscosity, absorbed all the
eneryy in a small volume, permittirg a large local temperature rise,

Preventive Meca.ures: Smaller samples and more effective protection of
equipment will be employed in the future.

(REPORTED BY THE EXPLOSIVES RESEARCH CENTER, BUREAU OF MINES)
Reference Number of this Report: I-119

Duplication of this report is authorized.
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ARMED SERVICES EXPLOSIVES SAFETY BOARD

Washinglon, D. C, 20315

Explosives Incident Report No. 197
Explosion - Explosive Bridgewire Detonator (Approx. 0.518 grams PETN)

Description: Normal operations for the 130 volt no fire test of the
explosive bridgewire detonator are as follows; The detonator
is plugged into the test circuit and placed into a partially plywood lined
armor plate box for the test. The door to the box is secured, and the test
voltage is applied to the detonator for five seconds. A timer sutomatically
cuts off the power after five seconds. The operator waits thirty seconds,
then opens the door, removes the detonator from the box, and unplugs it
from the test circuit.

The operation as described above had been performed in a different
cell; however, due to special equipment installed in this cell it was
required for other tests, so the detonator tes. was moved to cell Nc. 1.
The only difference in the set.up was an extensior cord into which the
test set was plugged. Six hundred sixty-four detonators were tested
without incident. After completioa of the test cycle on the six hundred
sixty~fifth detonator the operator opened the door to the box and as he
attempted to unplug the detonator an explosion occurred.

The operator performing the test lost the distal phalanx of the
rignt ring finger, has unknown injury to the remainder of the right hand,
and shrapnel wounrds in the left thigh.

Investiggtion:

1, The test equipment used incorporates the use of a polarized
circuit (one side grounded) and only the hot wire is switched.

2. The extension cord into which the test set wa