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Synopsis
On April 28, 1973, eighteen cars loaded with bombs

exploded while standing on a track in the SP's yard at
Roseville, Calif., resulting in extensive property damage
and injury to approximately 350 employees and inhabitants

of the surrounding area.

The cause of the explosions was not determined.

Location and Method of Operation

The SP's Roseville Subdivision extends westward from
Sparks, Nevada, to Sacramento, Calif., a distance of

156.4 miles. This is a double-track line over which trains



moving with the current of traffic operate by signal indica-
tions of an automatic block-signal system, The main tracks

are designated as No. 1, westward, and No. 2, eastward,

At Roseville, 17.7 miles east of Sacramento, there are
three large systems of yard tracks totaling about four miles
in Iength. From the east, those systems form the 'departure
yard,"” the "classification (hump) yard," and the "receiving
yard.'" The main portion of the receiving yard has 21 vyard
tracks, approximately one mile in length (see Plate 1), From

the north, those tracks are numbered from 1 to 21.

A telegrapher's office is housed in a small structure
on the north side of the lead tracks at the west end of the
receiving yard tracks. About 150 feet east of the tele-
grapher's office is another small structure known as the
Antelope herders shanty. A "herder" is an SP yard-service
employee assigned to duties such as lining switches for
movements to and from yard tracks, accompanying locomotives

to or from trains, etc.

The explosions occurred on the west end of track No, 7
in the receiving vard, in an area of about 800 to 1,700 feet

east of the Antelope herders' shantf.

Time and Weather

The initial explosion occurred at approximately 8:03

a.m., in clear weather,



Environment

The explosion site is about 1% miles west of the
westerly environs of Roseville (pop. 20,000). It is

surrounded by generally open and level or slightly roll-

ing terrain.

Antelope, a small unincorporated community, is ad-
jacent to the nerth side of the railroad at the west end of
the receiving yard (see Plate 1), Prior to the explosions,
it had a population of about 100 persons. It consisted of a
post office-grocery store, a grange hall, and about 30

dwellings, some of which were of the mobile home type.

The area surrounding Antelope and the explosion site
is sparsely inhabited within a radius of 6,800 feet, except
for a few housing developments totaling about 400 to 500
residences. The nearest housing development is approximately
2,000 feet southeast of the explosion site., Within a radius
of three miles from the explosion site, there are several
thousand residences and numerous business structures,

including those in the westerly environs of Rosevilie.

Residences south of the explosion site are in the
community of Citrus Heights. An element of the Citrus

lieights fire department was stationed at Antelope, in



structures located a short distance from the lead tracks
at the west end of the yard tracks in the Roseville

receiving yard.

Hawthorne Naval Ammunition Depot

Thorne, is the timetable designation for a railroad
station serving the Hawthorne Naval Ammunition Depot in
Nevada. Local freight trains operating northward by
geographical directions stop at Thorne to pick up cars
loaded at the ammunition depot. Such trains terminate at

Sparks, 138.2 railroad miles from Thorne.

The Hawthorne Naval Ammunition Depot manufactures and
ships various types of munitions., Most rail shipments are
via DODX (Department of Defense) box cars. Each empty DODX
car arriving at the ammunition depot is inspected by both
an SP car inspector and a Navy inspecior in accordance with
49 CFR, Part 174. Defective DODX cars, including those with
defective brake shoes, are sent to a Navy shop in the ammunition
depot for repairs. When a DODX car is scheduled to be loaded
with Class A explosives, the two inspectors agaih inspect the
car to certify that it is in fit condition for such loading. After
the car is loaded, they inspect the lading and bracing, then
placard and seal the car, A loaded car may go to a storage

area before being dispatched for a railroad movement outside
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PLATE .NO. 2

250-pound tritonal bombs secured in DODX box car by Evans DF-1 equipment,.



the ammunition depot. When removed from the storage area
in preparation for a train movement, the two inspectors

again inspeci the car as well as its contents.

Circumstances Prior to Explosions

Loading of Bombs Involved

Between March 29 and April 2, 1973, the Hawthorne Naval
Amnunition Depot manufactured 7056 250-pound general purpose
(Mark 81) bombs and loaded them into 21 DODX cars, which were
subsequently sealed and stored at various security bunkers. On
April 26, a Navy switching crew assembled these 21 cars and
placed them on an outbound track for movement by train to

the Naval Weapons Station at Concord, California.

Bach car carried 336 unfuzed bombs loaded in 28 metal
pallets. EBach pallet contained 12 bombs, The pallets
were loaded in two longitudinal rows inside the car, with the
bomb noses facing the car centerline. The bombs were secured
to the pallets with steel strapping. Evans DE-1 equipment was
used to block and brace the load. Four bars were used to
secure each set of two pallets. Each bar extended across the
car, alongside a set of two pallets, and was secured at both
ends to metal belt rails fixed to the inner side walls of the
cars, See Plate 2 for method used to block and brace the

load of bombs.



After the 21 DODX cars loaded with bombs were placed on
the outbound track at the ammunition depot, an SP car inspec-
tor and a Navy inspector jointly inspected the cars. This
- included breaking of door seals and opening doors for an
inspection of the lading in each car, followed by closing
and resealing of car doors, The two inspectors took no
exception to the condition of the cars and their lading, and
signed the prescribed Car Certificates, certifying that the
cars were in suitable and safe condition for the transportation
of Class A expldsives.

Movement of Bombs to Sparks

During the afternoon of April 26, Extra 3369 West, a
local freight train operating northward by geographical direc-
tion, stopped at the Hawthorne Naval Ammunition Depot (Thorne)
and picked up the 21 DODX cars loaded with general purpose bombs.
The train departed from the ammunition depot (Thorne) at
4:10 p.m. It arrived at Sparks at 9:30 p.m., the same day.
Sparks

After Extra 3369 West arrived at Sparks, the
21 DODX cars loaded with bombs were inspected by SP security
officers, who observed that the car doors were closed and
sealed., The DODX cars remained on a yard track opposite
the Sparks yard office until approximately 7:45 a.m,, April
27, when they were moved to track No. 3 near the west end
of the Sparks Yard. Late in the evening of April 27, a yard
crew placed the 21 DODX cars in the train of Extra 9117

West.



Extra 9117 West

This train, a westbound freight train, originated at
Ogden, Utah. It left Ogden at 10:05 a.m., April 27, and
arrived at Sparks, a ¢rew-change point, about 10:10 p.m.
the same day. Yard crews at Sparks removed cars from the
rear of the train and added cars to the front end, in-
cluding the 21 DODX box cars loaded with bombs. After
the train was reassembled, its brake system was tested
by the engineer and car inspectors, and no exceptions were

taken,

Extra 9117 West, consisting of a 3-unit road loco-
motive, 71 cars, a 4-unit helper locomotive, 38 cars and
a caboose, in that order, left Sparks at 11:45 p.m.,
April 27. The road engineer and front brakeman were 1in
the cab of the first unit of the road locomotive; the
conductor and flagman were in the caboose. The helper

engineer was in the cab of the first helper-locomotive unit,

The 21 DODX box cars were the 17th through 37th cars

in the train,

After leaving Sparks, Extra 9117 West proceeded west-
ward on a heavy ascending grade to the railrecad summit in
the Sierra Nevada Mountains. Near Norden, Calif,, 84.8

miles cast of Roseville, the train moved off the summit



and began to descend a series of heavy and light grades
that extend westward to and beyond Roseville. The crew
members said that they made frequent observations of the
train while moving on the descending grades between Norden
and Roseville, 4nd that they observed no unusual condition.
The engineer controlled the speed on those grades by use
of the dynamic brake and occasional applications of the

automatic brake.

In the vicinity of Cisco, 73.0 miles east of Roseville,
undesired emexrgency brake applications stopped the train
as a result of separations between the 27th and 28th cars
(DODX box cars). These separations were caused by the
operating lever for the coupler at the front of the 28th
car being bent and thereby preventing the knuckle of the
coupler from being properly secured in closed position.
The cause of the separations was not determined by the
conductor and front brakeman until after the third
separation had occurred, They remedied the situation
by removing the operating lever from the front of the 28th
car and wiring it to the side of the car. The train
departed westward from the Cisco area at approximately
3:55 a.m., April 28, after experiencing a delay of 2 hours

5 minutes.
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Upon reaching Emigrant Gap, 64.1 miles east of Roseville,
Extra 9117 West moved onto a heavy descending grade and the
road engineer applied the automatic brake to supplement the
dynamic brake in controlling the speed. Some time later,
as it moved with the dynamic and automatic brakes still applied
in the vicinity of a point approximately 51 miles east of
Roseville, the train passed a 20-year old college student
camped approximétely 30 feet south of track No. 1. The
student, an engineering major, had camped at this site on
four or five previous occasions. He was highly interested
in railroading and, as a hobby, recorded train sounds on a
tape recorder. He watched the train pass and noticed the
block of 21 DODX box cars loaded with bombs near the

front end. According to his statements, he also noticed:

(a) Sparks flying from the wheels of the train as

a result of braking action;

{(b) The rim of the front wheel on the south side of
the leading truck of a DODX box car glowing red

throughout its circumference; and

(c) Small flames flickering intermittently on the

plate of the aforesaid wheel.
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The student did not hear a high pitched (squealing) sound
such as that normally produced by an overheated journal, or
consider the sparks mentioned in iten (a), or the flames
mentioned in item (c), to be unusual as he had observed such
sparks and flames when observing other trains during previous

stays at his camp site,

The automatic brake of Extra 9117 West was released
in the vicinity of Gold Run, 46.0 miles east of Roseville,
and was reapplied occasionally during the remainder of
the trip to Roseville, About three miles west of Gold Run,
the train passed a hot box detector without incident., At
Rocklin, 4.0 miles east of Roseville, it passed another
hot box detector, which also did not detect any hot boxes
on the cars. A station wagon occupied by several persons
was stopped short of a rail-highway grade crossing in
Rocklin as the train approached that crossing. The occu-
pants of the station wagon ohserved the north side of the
train as it moved over the crossing and took notice of
the 21 DODX box cars loaded with bombs. After the train
passed, the station wagon proceeded over the crossing and
westward on Interstate Highway 80 which parallels the

railroad on the north, As the station wagon neared Roseville,
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it overtook the train, which was stopped at the entrance to
the Roseville yard system. The occupants of the station
wagon observed the south side of the cars in the train and
again took particular notice of the Z1 DODX box cars load-

ed with bombs. According to the driver, the occupants of the
station wagon saw no smoke, fire or other unusual condition

of the train either at Rocklin or Roseville.

Extra 9117 West stopped at the entrance to the Roseville
yard system at 6:05 a.m., April 28, Approximately 25 minutes
later, it began to enter the Roseville yard system., The
train proceeded through the departure and classification yards,
and entered the east end of track No. 7 of the receiving vyard.
At approximately 7:00 a.m,, it stopped on track No. 7 with
the front end extending several car lengths beyond the west
switch of track No. 7, due to insufficient room on that track
to accommodate the entire train. The road locomotive, 1in
cooperation with two of the herders stationed at Antelope,
then doubled over the first 19 cars to yard track No. 3.

When this was accomplished, at approximately 7:10 a.m., the

road locomotive proceeded to the Roseville enginehouse.

Numerous employees observed Extra 9117 West as it moved

through the Roseville yard system to track No. 7 of the
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receiving yard. They saw no unusual condition. The Antelope
herders and the road engineer also saw nothing unusual while
they were engaged in doubling over the first 19 cars to yard
track No., 3., As a result of this double-over movement, three
of the 21 DODX box cars in the train of Extra 9117 ‘West were
placed on track No. 3, The other 18 DODX box cars remained

on the west end of track No. 7.

At approxfmately 7:30 a.m,, or about 30 minutes after
Extra 9117 West stopped on track No. 7, a car inspector
drove a small low-slung vehicle westward along the south side
of track No. 8, which was unoccupied in the area where the
18 DODX box cars loaded with bombs was standing on track
No. 7. Because of his low vantage point, the car inspector
had a good view of the running gear of cars occupying tracks
No. 9 and No, 7. The carman stated that he observed the 18
DODX box cars occupying the west end of track No. 7 as he
drove his vehicle to the west end of the receiving yard,

and that he observed no unusual condition of those cars.

Smoke, Fire and Explosions

About 7:40 or 7:45 a.m.,, as indicated by their state-
ments, a resident of Antelope and a switchman working in

the vicinity of the hump for the classification yard saw
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a light volume of smoke rising ih the vicinity of the west
end of track No, 7 in the receiving yard. Because of their
view being obstructed by cars, they did not know the

source of the smoke. The Antelope resident said the smoke
was black when he first observed it. After a short period,
according te his statements, he saw the smoke turn white,
watched it diminish, then saw flames rising from the end of
a box car. Immediately after observing the flames, he heard

the "poof" of an explosion,.

About 7:59 a.m.,, while working near track No. 1 of the
receiving yard, a car inspector heard the low order explosion
referred to immediately above. He described its sound as
being similar to that of the explosion of a mortar shell.
Looking in the direction of the sound, he saw smoke and fire
rising near the west end of the receiving yard. He immediately
reported this to a lead car inspector by radio and advised
him to call the fire department. The car inspector then
ran some distance wéstward alongside track No. 1, crossed
over to track No. 4 by climbing between cars, and ascended
a side ladder of a car located a relatively short distance
east of the scene of the explosion. On reaching the
top of the ladder, he saw a thick column of black smoke
mixed with orange-red flames rising into the atmosphere from a

rupture in the west end of the roof of one of the 18 DODX
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box cars loaded with bombs that had been left standing on

the west end of track No. 7. The cav inspector then descend-
ed the side ladder, reported what he had observed to a lead
car inspeclor by radio, and began to flee from the scene.

Soon thereafter, a high order explosion knocked him to the
ground, apparently with stunning force., A few minutes later,
he was assisted to safety by his supervisor and employees of a

nearby industrial plant.

Two herders were in the Antelope hevders’ shanty at the
time of the low order explosion mentioned above. They promptly
left the shanty and, on looking easiwaxd toward track No, 7,
observed smoke vising from what appeared to be approximately
the 10th DODX box car from the west end of that track, The
members of the Citrus Heights Fire Department stationed at
Antelope also heard the low order explosion and saw ithe smoke
and flames emanating from the DODX car. A fireman immedislely
veported this, at 7:59:50 a.m., to the Citrus Heights Fire
Department dispatcher, who promptly dispatched elements of
ithe {ire department to the scene. The firemen at Antelope
then proceeded to the Antelope herders shanty, arrviving there
within a few minutes after the time of the low order explosion.
At 8:03 a.m., while they were discussing the situation with
the Antelope herders, most, if not all, of the bombs in the
DODX car that was on fire exploded, causing a thick column of

black smoke mixed with orange-red flames to rise high into the
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atmosphere. This high order explosion cuused other cars at the
west end of the receiving yard to catch on fire. Thereafter, un-
til approximately 10:30 a.m., the other 17 DODX cars at the west
end of track No. 7 exploded at various intervals. These

high order explosions strewed unexploded bombs about the west

end of the receiving yard and the surrounding area. Bombs

strewn in burning debris exploded intermittently until 4:05 p.m.,

the following day.

Casualties

Approximately 15 SP employees and 335 residents in the
Roseville, Citrus Heights and Antelope area were injured.
For the most part the injuries were of a relatively minor

nature, such as that caused by broken glass.

Damages
Of the 32 structures in Antelope, 9 were destroyed, 11

heavily damaged, and 12 slightly damaged.

In all, approximately 5,500 buildings, mostly residential,
were damaged by the explosions. The area of heavy damage or
destruction was within a radius of 6,800 feet from the explo-
sion site (See Plate 3). Slight damage to structures occurred

Up to three miles from the site of the explosions.

As a result of the explosions and subsequent fire, 169
freight cars were destroyed; 98 other freight cars and one

locomotive unit were damaged.
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PLATE NO

Bomb explosion at Roseville
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According to the SP's estimate, the cost of damages to
on~-track equipment, track structures, and signal and communica-
tion equipment was about $3,490,000. The cost of all damages
and casualty claims resulting from the incident was estimated

to be $23 million.

Post~Accident Events

Investigatory Bodies

In addition to the FRA, the Federal Bureau of Investigation;
Alcohol, Tobacco and Firearms Division of the U. S, Treasury
Department; U. S. Navy, and SP conducted independent investiga-
tions of the explosions., None of these found evidence to indicate

the explosions occurred as a result of sabotage.

Evacuation

Approximately 18,000 persons were evacuated from the area
surrounding the scene of the explosions. Apparently a large
number of these persons were evacuated due to ill-founded
reports that the explosions had caused release of toxic fumes

into the atmosphere.

Emergency Response

The following agencies promptly responded to the emergency

situation caused by the explosions:
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California Highway Patrol
Placer County Sheriff's Department
Red Cross

548 Ordinance Detachment, U. 5. Army,
Presidio, San Francisco

Citrus Heights Fire Department
Salvation Army

Sacraménto County Sheriff's Department
California Office of Emergency Services

California National Guard

Representatives of the above listed agencies established
~a central command post about 1% miles from the site of the
explosions, and provided for the care of evacuees; security
of evacuated buildings; highway traffic control; food and
refreshments; protection of sightseers; extinguishment of
fires; disposal of unexploded bombs, etc., The prompt response
of these agencies to the emergency in the Roseville area played
and important role in alleviating the consequences of the bomb
explosions and subsequent fires.
sp
SP employees and officials minimized consequences of
the explosions by moving cars, including the three DODX box cars

that had been placed on track No. 3, away from fire areas.
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A check of all cars in the Roseville yard was made by the
SP, utilizing automated data processing techniques. It reveal-
ed that the 21 DODX box cars with bombs were the only cars in

the explosion area that were loaded with hazardous materials.

Bomb Clean-Up

About 1,200 unexploded or partially deflagrated bombs were
recovered by military personnel and returned to the Hawthorne
Naval Ammunition Depot.

Post-Explosion Examinations in Receiving Yard

The 18 DODX cars that were on the west end of track No. 7
were completely destroyed by the explosions. 1In the area where
they had been standing, there were eight craters, ranging from
12 to 18 feet in depth. Five were circular-shaped and 20 to 60
feet wide at the top. The other three were oval-shaped and were

40 to 65 feet wide and 80 feet to 100 feet long at the top.

Examination of the three DODX box cars that had been doubled
over to track No. 3 revealed they had sustained minor structural
damage. The bomb contents of each car were in place and appear-
ed to be well blocked and braced by the Evans DF-1 equipment
provided, Sparks shields were provided above every wheel of

each car., Each shield was 10 inches wide and 40 inches long and
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was fixed to floor stringers in such manner that it was
suspended about 3 inches below the wooden car floor. The

_ underside of each spark shield was co%ted with an accumulation
of grime and oil thrown up from the wheel and journal box
below, The trucks of the three cars were provided with low-
friction composition brake shoes, which were in good condi-
tion, The wheels of each truck showed no evidence of unusually
heavy braking action or flat spots. Stenciling on the three
cars indicated that the air brakes had last been in-date test-
ed between August 4, 1972 and March 30, 1973, at the Hawthorne
Naval Ammunition Depot, and that the journals had been repacked
with ABSCO pads at the same depot between January 1 and

August 4, 1972. |

Post-Explosion Examination of Hot Box Detectors

Examination of the hot-box detectors and associated equip-
ment at Rocklin and near Gold Run revealed they were function-
ing properly. Recordings made by associated equipment indicate
neither hot box detector detected a hot box in the train of
Extra 9117 West. These detectors are designed to scan only the
under side of journal boxes. Thus, they do not detect or re-

cord heat sources other than journals.
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18 DODX Box Cars Involved

These cars were built by Pullman-Standard, Inc., in 1952,
Each had a steel superstructure, a 20-inch travel cushion-
type steel underframe, and 50-ton capacity Chrysler 4-wheel
trucks with 5% inch plain bearing journals and low-friction
composition brake shoes. The swing hanger supported spring
plank was stabilized by a shock absorber to reduce lateral

impacts to the car and lading,

Each car was 53 feet long, 15 feet 1 inch high, and 10
feet 4 inches wide., It had a lightweight and load limit of

approximately 69,600 and 107,400 pounds, respectively,

The single floor of each car was constructed of 2%" by
54! pine, tongue and groove flooring. The sides and ends of
the interior were constructed of 25/32" by 3%" pine, tongue
and groove lining painted with non leafing aluminum paint.
The interior of the car was equipped with DF-1 adjustable belt
rails, and 4' by 4" DF-1 crossbars, to facilitate blocking and

bracing of lading.
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A metal spark shield was above each wheel as shown in

the following photo.

Nature of the Bombs

The bombs involved were 250-pound general purpose bombs load-
ed with tritonal, a composition containing 80% TNT and 20%
flaked aluminum. Tritonal was developed and standardized in
the United States during World War II. It is used in bombs
for its blas. e¢ffect. Impact tests indicate tritonal to be
slightly more sensitive to impact than TNT and much less sensi-
tive than tetryl., The rifle bullet impact test value for

tritonal is more similar to that of tetryl than that of TNT.
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The explosion temperature test value of tritomal is 470°C
(878°F), which is almost identical with that of TNT. Bombs
filled with tritonal have a nominal explosion temperature

of 400°F when involved in a liquid hydrocarbon fire. The
brisance of tritonal is similar to thét of TNT, The rate of
detonation of cast tritonal is approximately 97% that of
cast TNT. The heat of explosion of tritonal is 59% greater
than that of TNf, and tritonal is 124% as powerful as TNT,

as measured by the ballistic pendulum test.

A tritonal bomb is quite stable and can withstand
impacts of considerable magnitude, such as those experienced
as a result of a derailment or collision, Tests have revealed
that a Mark 81 tritonal bomb will explode within 2% to 4
minutes when suspended three feet above a fuel fire producing
a temperature of about 500°F. When exposed to a temperature
of about 405°F, & tritonal bomb will explode within 3% to

approximately 8 hours, depending on the heating rate.

Construction of Bombs

Bombs for the U. S. Armed Services are constructed at
the McAlester, Oklahoma, and Hawthorne, Nevada, Naval Ammunition
Depots. The bomb casings and explosives are supplied to the
aforesaid depots by various manufacturers. The bomb-making
procedure at McAlester is the same as that at Hawthorne. The
Navy procedure for the construction of 250-pound general

purpose bombs charged with tritonal is summarized as follows:
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Plastic plugs are removed from the nose and base of an
empty bomb casing., A metal plug is screwed into the

nose opening.

Molten asphaltic material is poured into the bomb casing
at the base opening until the bomb cavity is full, after
which the asphaltic material is poured out. Thus, the
inside of the bomb is coated with a tar-like substance

before the bomb casing is filled with explosive material.
The outside of the bomb casing is spray painted and dried.

The bomb casing, nose down, is placed under a large steam-

heated kettle equipped with a stirrer,

Approximately 125 pounds of steam heated tritonal in a
molten state is poured, via a flexible hose from the

kettle, into the empty bomb casing through the base opening.

The bomb casing is moved via a cart along the '"'assembly
line" to another station, where additional amount of
molten tritonal is poured into the casing to the proper

level (a topping off process).

Molten wax is poured on top of the tritonal, to seal the
tritonal in place and prevent it from coming in contact
with a metal shipping cap to be screwed into the base of

the bomb casing.
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Approximately five minutes after receiving the molten
wax, the bomb is placed in horizontal position, after which the
threads in the base opening are cleaned, "Lock-Tite" substance
is applied to the threads, and a metal plug is screwed into the
base opening. When this is completed, the bomb is placed on a
pallet for direct loading into a box car, At this stage, it is

still warm to the touch,

" Incident at Tully, Arizona

During the investigation of the Roseville incident, 12
cars loaded with 500-pound tritonal bombs exploded on May 24,
1973, while moving in an SP train in the vicinity of a
siding at Tully, Arizona (near Benson). The bombs involved

had been manufactured at the McAlester Naval Ammunitions Depot.

The Tully incident is being investigated by the National
Transportation Safety Board. A public report of its investi-

gation, including findings as to cause, will be published by

the Safety Board.

Outline of SP's Position as to Cause

As a result of the Roseville and Tully incidents, the
SP employed a well known explosive expert as consultant. The
SP expert consultant examined unexploded bombs involved in
the incidents and the procedures used to manufacture tritonal

bombs at the Hawthorne Naval Ammunition Depot. Upon the basis
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of reports furnished by its expert consultants, the SP considers

the Roseville incident was caused by a defective bomb in one of

the DODX box cars that were standing on track No. 7 of the

Roseville receiving yard.

According to reports of the SP expert consultants, the

procedure used by the Navy to assemble tritonal bombs at

McAlester and Hawthorne is extremely faulty and enhances

sensitivity of the bombs. The reports allege that:

1.

The procedure results in approximately 8% of the bomb
casing not being filled with tritonal, The void space
is partly uniformily distributed within the cast
tritonal, but mostly occurs in large voids toward the
upper side of the horizontally oriented bomb. Thus,
when the bomb is on its side there is a large layer of
fairly good, unsegregated tritonal next to the walls,
except near the base where the final tritonal topping
and wax buffer are placed. Cracks, voids, or column
break up in the explosive charge of a bomb is alleged
to cause that bomb to be more sensitive to shock, impact

and internal friction.

The cavitation in the tritonal bomb extends to the region
of the wax buffer and threaded base plate. This causes

tritonal to migrate on to the plate and into the threads,
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upon cooling. Tritonal remains in the threads of the
base plate creating pinchpoints which constitute a possible
source of ignition or impact. It is alleged that bombs
produced:with tritonal in threads of base plates are not

rejected as required by U. S. Navy specifications,

The wax buffer does not remain in proper place after the
bomb is put in horizontal position. This permits direct
contact of tritonal and/or TNT with iron over practically
all of the base plate. Consequently, TNT-on-iron corrosion
may take place in the bomb relatively unabated. The SP
expert consultant asserts that since the cavitation in the
bomb extends into the threaded base plate region, there
exists a very likely ignition source as well as a ready
channel for explosion buildup from the corrodible and

potentially friction-initiated base section of the bomb,

The bomb manufacturing procedure can permit moisture to be
introduced into the bomb., This produces a potential
hazard as aluminum can react slowly with moisture to
generate considerable quantities of heat, which could
conceivably lead to a runaway decomposition of the
tritonal and to a 'cook-off," An excessive amount of
water is used dufring the manufacturing process to wash

the floor cleap of spilied explogive muterind,
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The SP reports also cite six instances in which tritonal

bombs apparently detonated while being handled by personnel of

the armed services.

It is the SP's opinion that the explosions were not
caused by a heat source outside the body of one of the DODX
cars involved, and that no car of Extra 9117 West was on
fire when the train was yarded in the Roseville receiving
yard about one hour before the first explosion. This opinion,
the SP feels, is supported by (1) numerous employees and other
persons who observed the train after its arrival at Roseville
and observed no external sign of any car being on fire, and
(2) negative recordings of two hot box detectors passed by

Extra 9117 West while approaching Roseville.

For details relative to the SP's position as to cause,
see Appendix A.

OQutline of Navy's Position as to Cause

On the basis of reports of its explosive experts, the
Navy's opinion is that the Roseville incident was caused by
a heat source outside the body of one of the 18 DODX cars
involved. Thus, it considers that the external heat source
was most probably either a hot box on one of the DODX cars
involved, or sparks or fire directed to the underside of a
DODX car floor during an application of the brake shoes
against the car wheels. . The Navy states that long experience
and testing have proven that MK-80 series bombs are not sensitive

to mild impacts. Over seven million tritonal loaded MK-80 series
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bombs have been produced and shipped over land without incident
prior to the Roseville incident. There is no record of auto-

ignition of bombs of this type.

Likewise, the Navy believes that the presence of cavities,
segregation, crystalline material and migration of wax pads
is not unusual. Bombs possessing these characteristics have
passed several tests without problems. Similar bombs have
been dropped from aircraft and have been sawed in half with-
out exploding. The three surviving carloads of bombs did not
explode, nor did numerous bombs hurled out of DODX box cars by

the explosion of other bombs,

According to the Navy, testing has shown that the only way
MK-80 series, tritonal bombs, can be made to explode unfuzed

is through prolonged exposure to intense heat

See Appendix B for details of the Navy's position as

to cause.

Analxsis

We are unable to make a positive determination as to
the cause of the initial explosion. However, two possible
causes (a) a fire which exposed a bomb in one of the DODX
cars to a high temperature, or (b) an unstable bomb in one

of the DODX cars, must be considered.
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1. Possibility of Pire as Causal Factor

Inasmuch as our investigation, as well as those conduct-
ed by the other investigatory bodies involved, found no
evidence of sabotage, it appears most unlikely the explosions

were caused by fire due to an act of sabotage.

While en route in the train of Extra 9117 West, the
DODX cars passed two hot box detectors located within a
relatively short distance of Roseville. Neither detector
recorded a hot box on a DODX car or any other car in the
train. Because of this and also for the reason no one saw
or heard a hot box at any time, there is no evidence to
indicate the explosions were caused by a hot box fire on a DODX
car.

Two reported elements - the sighting of sparks by a
college student on a DODX car when the train was on a descend-
ing grade in the Sierra Nevada Mountains, and the smoke and
flame sighted shortly before the explosion in the Roseville

yard provide the framework for the following analysis:

At one stage of its descent on the western slope of the
Sierra Nevada Mountains, the air brakes of Extra 9117 West
were continuously applied for a distance in excess of 13

miles., A college student camped near the tracks saw the
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train while it was moving under this brake application. He
stated that he saw (a) sparks flying from the train wheels,

(b) the rim of a front wheel of a DODX car glowing red through-
out its circumference, and (c) small flames flickeriné inter-
mittently on the plate of the aforesaid wheel. The student's
observations of a glowing wheel of a DODX car would indicate
that a brake shoe had been applied heavily against that wheel
for a prolonged period and to a degree considerably heavier
than that of other brake shoes against their associated wheels.

This is not an uncommon event.

The heavy application of the brake shoe against the glow-
ing wheel of the DODX car could have caused very heavy sparks to
be thrown upward against the underside of the spark shield
above that wheel. All train braking causes some sparking,
which looks dangerous but is actually not unusual. Since tests
have revealed composition brake shoes infrequently catch on
fire when heavily applied against a rotating wheel for a pro-
longed period, there is a possibility that fire from a burning
brake shoe was also directed toward the aforesaid spark shield.
Assuming that braking action caused fire and/or sparks to be
thrown upward toward a spark shield on a DODX car in the train
of Extra 9117 West, there is a possibility such fire and/or
sparks was not blocked by the spark shield because of its loca-
tion and size. In this event, unblocked fire or sparks from

the brake shoe and wheel area would have been directed to the
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underside of the car floor and could have ignited the floor,
causing it to smolder. Thus, a possibility exists that the
wooden floor of a DODX car was smoldering when Extra 9117 West
entered the Roseville recéiving yard approximately one hour
before the initial explosion., A possibility also exists that
the smoldering floor produced little or no smoke. There is

a conflict in this theory between sparks cdusing a fire in an
0il and greased coated floor and no smoke. In such fires,
especially when smoldering, are usually very smoky. But, this
could account for the fact that no one observed smoke emanating
from the DODX car until approximately 1S5 or 20 minutes before the
initial explosion, or presumably, under this hypothesis, about
the time the smoldering portion of the car floor burst into

flames and produced readily visible quantities of smoke.

The foregoing analysis is based on the reported facts of
sparks flying from the wheel and smoke and flames before the
explosions. The possible chain of events in the time frame
between these two events are a plausible explanation of what
may have occurred. However, there is insufficient evidence to
support a conclusive finding that fire from sparking caused the

bombs to explode.

2. Possibility of Unstable Bomb as Causal Factor

To assist in its investigation of the explosions, the
SP employed explosive experts as consultants, In essence,

it is their opinion that:
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{(a} The explosions were caused Ey an unstable bomb

in one of the DODX cars involved.

(b) The bomb was unstable due to faulty procedures

used bf the Hawthorne Naval Ammunitions Depot.

Navy explosive experts disagree with the opinions express-
ed by the SP explosive experts. They maintain there is no
evidence of improper manufacturing and loading on the part of
the Navy which contributed to the initiation and proliferaticn

of the explosions at Roseville.

While the Navy maintains that the procedures at Hawthorne
are such as to prevent the manufacture of an unstable bomb,
there is a clear difference of épinion between SP and Navy
experts as to the stability of tritonal bombs produced at
Hawthorne. Inasmuch as it is the shipper's responsibility
to assure that commodities being offered for shipment meet
safety requirements and the allegation of an unstable bomb
or unsafe procedures has been made, it is necessary that the

possibility of unsafe bombs be fully investigated.

The evidence available is not sufficient to support a.
conclusion that an unstable bomb or bombs was the causal

factor of the accident. However, the critical need to
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examine all facets of the problem in order to prevent a re-
currence prompts us to recommend that the Navy reexamine its
manufacturing and loading procedures at Hawthorne and McAlester,

where the tritional bombs are produced.

Findings

1. The cause or causes of the explosions at Roseville cannot be

identified conclusively because of the widespread destruction

and nature of the accident,.

2, Lacking conclusive evidence, circumstances and events related

to the accident point toward two possible causes:

(a) Exposure of a bomb to heat, due to the wooden floor
of one of the DODX box cars having caught on fire as
a result of braking action which directed sparks

and/or flames to the underside of the car floor, or

(b) The presence of oné or more unstable bombs in one of

the DODX cars involved.

FRA Action

As a result of the incidents at Roseville and Tully
(Benson), the FRA issued Emergency Order No, 3 on August 9,
1973. This order provides that each car transporting Class A

explosives must be equipped with '"low-sparking” type of brake
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shoes and all brake shoes on the car must be of the same and
proper design, in safe and suitable condition for service, and
comply with prescribed wear limits. In addition, the order
provides that the car must be equipped with a continuous

steel sub-floor or metal spark shields of prescribed dimensions

or be subject to more frequent inspection requirements.

The FRA has increased its inspections and surveillance

of the cars selected for the loading and transportation of

Class A explosives.

The FRA is currently in the process of developing a
final rule (see Appendix C) covering these matters deemed
necessary for the safe transportation of Class A explosives

in railroad cars.

Dated at Washington, D. C., this 15th
day of March 1974.
By the Federal Railroad Administration

Mac E. Rogers
Associate Administrator
Office of Safety
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Southern Pacific

Transportation Company

One Market Streat « San Francisce, California 94105 « (415} 362 1212
OFFICE OF GENERAL CLAIMS MANAGER

BURTCM R, HOWARD
GTINERAL CLAIME NANAGKA-SYRTEN

#: G. CHAMBERLIN

H, L, HARDIN
ASAY, GENERAL CLAIMS MANAGRAS-SYSTEM

4.0 CALDWELL

M: J, RADER February 28, 1974

£, 8. MEADOWS
ASSTE, YO GRNERAL CLAIME MANAGER-SYBYEM

AIR MAIL -~ SPECIAL DELIVERY

Mr. M. E, Rogers

Federal Railroad Administration
Office of Safety

2100 Maryland Street S.VW.
Washington, D.C, 20590

Attention: Mr., W, H, McCarthy

Dear Mr. Rogers:
Herewith summary of investigation conducted by
Southern Pacific Transportation Company, and conclusions

reached in connection with the explosions of bombs in
DODX cars at Roseville, California, on April 28, 1973,

Very truly yours,

CEQiKZZfZCZEDélic(( e

H, L, HARDIN



SUMMARY OF INVESTIGATION BY
SOUTHERN PACIFIC TRANSPORTATION COMPANY
OF THE ROSEVILLE EXPLOSION, APRIL 28, 1973

A Chronological Sequence of Events Leading Up
to the kxplosion: ' '

Between 3:00 p,m, and 4:00 p.m, on April 26, 1973, the
Southern Paclfic Transportation Company received twenty-one
government-owned DODX cars loaded with 7,056 250-pound
fragmentation-type bombé, each containing about 125 pounds
of tritonal,

These cars were received on the interchange from the
United States Navy at Thorne, Nevada, The cars received a
joint inspection hy the Southern Pacific car inspector and
a civilian Naval Ordnance employee,

All twenty-one DODX cars departed Southern Pacific station
at Thorne, Nevada, at 4:30 p.m,, April) 26, 1973, and arrived
Sparks, Nevada, 9:30 p.m,, April 26, 1973, for placement in a
through train,

Between Hazen, Nevada, and Sparks, Nevada, the twenty-one
DODX cars passed hot box detectors at MP 255 and MP 265, and
the read~outs indicated all cars were running normally,

The caré remained at Sparks, Nevada, until 11:45 p.m.,
April 27, 1973, Prior to their departure from Sparks, all cars
were inspected by Southern Pacific railroad police, and the
ingpections indicated the door seals were the same as those
placed on the cars at the Navy plant at Hawthorne, Nevada, The

cars were held in a well~lighted area within the Sparks vard



ahd were observed at frequent intervals by approximately fifty
railroad employees, None of the employees who observed these
cargs noted any condition that would place the cars in jeopardy,
nor did they observe any trespassers or other unauthdrized
persons in the area,

The twenty~one DODX cars departed Sparks, Nevada, at
11:45 p.m,, April 27, 1973, and enroute passed hot box detectors
at MP 141.55.and MP 110,2, and the read-outs at both locations
indicated all cars running normally. These cars arrived
Rogeville, California, at 6:15 a.m,, April 28, 1973, and were
placed on Tracks 7 and 3 in the Antelope Receiving Yard at
7:00 a.m,

Between Sparks and Roseville, the DODX cars received at
least twelve visual inspections, which did not reveal any
condition which could contribute to any hazard to the shipment.

Between 6:15 a.m., and 8:00 a.m,, April 28, 1973, while
being doubled over or standing in the Antelope Yard, the
twenty-one DODX cars received in excess of thirty inspections
by experienced railroad personnel, who again did not observe
any unusual condition and, specifically, observed no fire or
smoke that would alert anyone to the first explosion, which
took place at approximately 8:00 a.m, on April 28, 1973.

A Chronological Seaquence of Events During and

After the Explosion of Eighteen DODX Cars at

Antelope Yard, Roseville, California, April 28,
1973

Shortly before 8:00 a.m, on April 28, 1973, a brief,
muffled explosion was hoeard by civilian fire department emplovees

and railroad employees at the Antelope Yard, At approximately
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8:04 a.m,, the first majdr explosion occurred, It was followed
by other explosions during the balance of the day which eventually
destroyed eighteen of the original twenty-one DODX cars in this
shipment, causing extensive property damage and personal injuries,
Explosions of varying magnitude continued at frequent intervals
until approximately 11:00 a.m,, April 28, 1973, and at less
frequent intervals thereafter until about 1:00 p.m,, April 29,
1973,

Southern Pacific Transportation Company has concluded that
the explosion in the government-owned DODX cars was caused by
the negligence of the U,S, Navy, Southern Pacific cited
defective design, defective manufacture and testing of the bombs,
improper loading and bracing of bombs in cars, and defective
design, manufacture and maintenance of the government-owned DODX
cars used for transportation of the bombs involved, In this
connection we are attaching an affidavit of Dr. M, A, Cook which
was filed with the Court in connection with a pending matter and
explains in detail why we have arrived at the above conclusion,

Until the Roseville explosions, Southern Pacific had safely
moved thousands of ammunition shipments to many military installa-
tions through'World War II, the Korean War and the Vietnam War,
The Company has not only complied with but has exceeded all
governmental regulations for the movement of bombs and other

hazardous shipments,:
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MELVIN A, COOK June 38, 1973

Mr. H. J. Hardin

Assistant General Claims Manager —System
Southern Pacific Transportation Company
One Market Street, Room 942

San Francisco, California 94105

Dear Mr. Hardin:

I am sure you will be most interested in a preliminary report of our
examination yesterday of three Mark 81 bombs from Hawthorn sectioned at
Tocele Army Depot (TAD) under the direction of Mr. Howard Stonebraker of
the Ammunition Command at TAD. It amply confirms our suspicions that these
bombs are defective and extremely hazardous by reason of a grossly improper
filling procedure.

Those present with me (besides Mr. Stonebraker and the two technicians
of TAD who seciiovned the buiibs) were Col. W. Caierun III, M. N. L. Duni,
Dr. R. Scott, and Mr, N. D, Bachtell, DOD Explosives Safety Board, and
Dr. H. J. Matsuguna, explosives physicist, Picatinny Arsenal.

Qur examination revealed that the filling procedure we saw at McAlester
and you also saw at Hawthorn is extremely faulty such as to cause to occur
a most hazardous condition in these bombs.

The final wax "buffer" we saw being poured into the Mark £2 bombs
at McAlester simply does not perform its intended purpose. Instead of
providing an inert buffer to preveni tritonal (and TNT) from coming into
contact with the iron end plate, iron base fuse housing, and from penetra-
ting the (iron on iron) threads, this wax was nowhere to be found in the
sectioned portions of one bomb, only traces of i1t were found in the second,
and, while mostly present in the immediate vicinity of the end plate in
the third bomb, was not serving adequately its intended purpose even in
this most favorable case. In other words, the wax supposed Lo be serving
as a buffer had migrated entirely away from the base plate, the fuse housing
and their threaded portions at some stage while still molten and had disap-
peared completely (or almost completely) into the large cavities in iwo
of the three bombs.

As a matter of fact, tritonal, at least partly aluminum depleted (or,
alternately stated, TNT enriched), had partially penetrated the ihreads of
the base plate and base fuse housing. Col. Cameron suggested careful
microscopic examination of the threads in all cases to assess the magnitude
of this penetration. We all agreed that such an examination would be most
appropriate,




Mr, H. J. Hardin
Page'2. .
June 8, }973

. Theryg was yood evidence for the situation I suggested at ¥r. Lenner
meéting ldst Tuesday that uncensolidation of HE would occur in and surauun—
ding the . 1arge cavities especially near Lhe base of the charge, i.e., the
threaded base end of the bombs. Moreover, the cavities were Vined with
pure, honeycombed recrystallized TNT obviously in a much more sensitive
condition than in a proper cast by reason of the porosity and partial
unconsoi1dat1on of the TNT in these regions. The volume of pure, recrys-
tallized TNT was comparable to thal of the cavities which theoretically
should amount io around 8% of the inside volume of the bomb.

To summarize the meaning of these deplorable condilions:

I. As you know, the Navy goes to great length to make sure there is

no TNT-iron contact by coating the inside surface of the bomb with 8.5
pounds of tar. The final wax charge is added to provide the same protec-
tion to the base plate, base fuse housing, and Lhreaded sections. All of
this 1s negated by the grossly improper handling of these bombs after the
final end plate has been secured onto the bomb. Because the wax does not
remain in its proper place in the bomb, there is created a direct contact
“of tritonal and/or TNT with iron over practically all of the base plate.
Thus the potentially dangerous THT-on~iron corrosion may take place in
these bombs relatively unabated.

2. Besides the corrosion propensity of the Mark 81 bombs, the steel
threads of the base plate and fuse housiny are, no doubt, easily pcretrated
by HE. Therefore, in jostling about (aggravated by the faulty staying
and bracing methods revealed in the car unloaded at McAlester last Tuesday)
there is clearly a most hazardods friction hazard of tritonal and/or TNT
(as well as potentially mork dangerous corrosion products) between iron
surfaces in these threads.

3. Since the cavitation in the bomb extended right into this most
hazardous threaded end plate region, there exists a potential, in fact
very likely, ignition source ds well as a ready channel for explosion
buildup right from the region of this corrodible and potentially friction-
initiated section of the bomb.

4, Adding to the problem.is Lhe distinct possibility that the aluminum-
water reaction may take place, most likely right in thi: same dangerous
region, towever, while this remains a very likely occurrence 10 add to
the hazard, it is nowhere near as great a potential hazard as the other
conditions described above suggested by our questioning of Havy personnel
in the meeting and confirmed by our examination of the three bombs yester-
day at TAD.

. The remaining bouwbs are scheduled to arrive al TAD this weekend. Mr
Stonebraker promised to call me when they have finished sectioning them so



Mr. H. J. Hardin
Page 3
June 8, 1973

that I nay compiete my exeninniion of the Mark B1 bombs (from Hawthorn)
and Mark €2 bumbs {frum Mehluster), This should be either next fonday
or Tuesday. I will give you a report promptly following this examination.

Sincerely yours,

A 7 Gk

M, A. Cook
MAC/as
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MELVIN A, COOK
Chairman of the Board June 15, 1973

Mr. H. J. Hardin

Assistant General Claims Manager —System
Southern Pacific Transportation Company
One Market Street, Room 942

San Francisco; California 94105

Dear Mr. Hardin:

Having not heard from Mr. Stonebraker, I called him yesterday myself
and asked about the progress on the sectioning of the Mark 82 bombs from
McAlester. Several hours later he called me back and invited me to come
to TAD to examine them. 1 did so in his presence and that of three TAD
technicians, two being the same men present on my first inspection the
week before.

Again the resuits of my examination were most significant revealing
in every case the same hazardous condition wherein the wax buffer was not
serving its purpese to protect the base end of the bombs. Clearly the
loading procedure used at both Hawthorn and McAlester is defective creating
the hazardous condition primarily responsible, no doubt, for the Roseville
and Benson accidents.

I made quite a pbint last week of the hazard involved in permitting
tritonal to penetrate the threads of the base plate and booster housing.
As a result Mr. Stonebraker had directed his men to section one of the
base sections longitudinally into quarters instead of halves in order to
permit one to lift off these threads and examine them with a min{rwum dis-
turbance to any tritonal penetration. This was done in this case in my
presence and revealed that tritonal had indeed pengtrated the threaded
sections.

As a matter of fact, the penelration of the threads by tritonal was
so extensive that chunks of cast tritonal, definitely enriched in TNT
by segregation, had accumuiated in the groove ail the base belween the
outer and inner threads. We asked for careful photographing in color
of this most hazardous situation.

A highly significant factor seen so far only in this quartered base
sample was the presence of a good deal of white powder, clearly the reac-
tion product of aluminum, i.e., aluminum oxide (AT,03). Going hand in



Mr. H. J. Hardin
Page 2
June 15, 1973

hand with Lhis extensive white powder accumulation were actual cindors
of burned tritonal. Mr. Stonebraker insisted that this was caused by
the sawing of the bombs. I tend to agrce with him on this matter, but
if this is the proper explanation, their sawing process itself had the
potential of exbloding these bombs. Since it had not occurred in any of
the other sawings, there remains a distinct possibility, on the other
hand, that this is an example of the 2A1 + 3H,0 - A1,03 + 3H, reaction

I talked about in McAlester.

A1l the McAlester bombs had been cut through radially at least once
near the base, but only about a fourth of them had been sectioned longi-
tudinally such as to permit me to examine the crucial threaded base
section. In every such case the wax had moved out of this section leaving
tritonal in direct contact with bare metal with the good possibility of
penetrating into the threads exactly as I described in my June 10 Tetter.
In other words, there was not a single exception to the fact that the
wax had failed to accomplish its purpose in any of the Mark 81 and Mark
82 bombs I examined. Thus this extremely hazardous condition is the rule
rather than the exception in both the McAlester and the Hawthorn bombs.

The rest of the program suggested to Mr. Benner by Dr. Scott, Dr.
Matsuguma and myself will apparently be carried out elsewhere. Photo-
graphs and the results of this entire study will apparently not he fur-
nished to me. Therefore, I think you should take whatever steps are
necessary with Mr. Benner to obtain the final report by the Explosives
Safety Board on this most significant investigation.

Kind regards.

Sincerely yours,
M. A. Cook

MAC/as
Encl.
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JAMES DIEPENBROCK

DIEPENBROCK, WULFF, PLANT & HANNEGAN
455 Capitol Mall, Suite 800
Sacramento, California 95814
Telephone: 444-3910

Attorneys for Defendant
SOUTHERN PACIFIC TRANSPORTATION COMPANY

IN THE UNITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF CALIFORNIA

m=m=00000--~~

JOSEPH M. PUJALS, et al.,

| NO. Civ. 8-2911
Plaintiffs,
V. AFFIDAVIT BY DR. MELVIN A,
COOK IN OPPOSITION TO
SOQUTHERN PACIFIC TRANSPORTATION MOTION FOR SUMMARY JUDGMENT

COMPANY,

L N e N A

Defendant.

STATE OF UTAH )
}  ss.

COUNTY OF SALT LAKE )

I, MELVIN A. COOK, being sworn, say:

I wasiborn on October 10, 1911, and presently reside at
631 - l6th Avenue, Salt Lake City, Utah. After completing my high
gschool education, I attended the following universities and obtains
the following degrees:

B.A.: University of Utah, 1933 - Chemistry

M.A.: University of Utah, 1934 - Physical Chemistry

Ph.D: Yale University, 1937 - Physical Chemistry

I am the founder of IRECO Chemicals and served as its
President and Chairman of its Board from 1962 to March, 1972; from
March, 1972, to the present time I have served as Chairman of the
Board of IRECO Chemicals. My office address is Suite 726 Kennecott
Building, Salt Lake City, Utah.

A brief summary of my career is as follows:

Research chemist, Explosives Department, Eastern

~]l-
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Laboratory, E. I. duPont de Nemours & Co., Gibbstown, New Jersey,
June 1937 to April 1947.

Frofessor of Metallurgy, University of Utah, April 1947 f
to 1970. |

Director, Explosives Research Group, University of Utah,
1951 to 1958.

Director, Institute of Metals and Explosives Research,
Uriversity of Utah, 1958 tc 1965.

President and Chairman of the Board of Directors, Inter-
mountain Research and Engineering Company, Inc., 1958 to 1970,

President and Chairman of the Board of Directors, Mesabi
Blasting Agents, Inc,, Biwabik, Minnesota, 1960 to 1970,

President and Chairman of the Board, IRECO Chemicals,
1962 to March 1972.

Chairman of the Board, IRECQ Chemicals, March 1872 to
present.

Attached hereto as Exhibit A is a resume of my career,
consulting activities, publications, and qualifications.

Officials of Southern Pacific Transportation Company
asked me to inwestigate the explosions which oc¢curred on Southern
Pacific Transportation Company trains on April 28, 1973, at
Roseville, California, and on May 24, 1973, at Tully, Arizona., My
information on these two catastrophes stems from the following:

.

(L) discussions with officiqls of Southern Pacific Transportation

Company, members of the armed services, and otliers; (2) a visit to

the Roseville explosion site on May 2; (3) attendance at a conferencc

convened under the direction of Mr. Ludwig Benner, National Trans-
portation Safety Board, and inspections at McAlester Naval Depot
on June 5 and 6; {(4) examinations of sectioned Mk 81 {250 1b.) and
Mk 82 (500 lb.) tritonal bombs at Tooele Army Depot on June 7 and
14; (5) attendance at meetinygs and inspections directed by Mr., L.
Benner and Capt. M. B, Lechleiter, Ordnance Systems Command, at
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Hawthorne Naval Depot on August 21 and at Naval Oxdnance Test

Station at China Lake on August 22; and (6} a re-examination of

sectioned bombs at Tooele Army Depot along with Mr. Benner and sevT
eral military and Southern Pacific investigators on August 23, 197'

The Mk 81 and 82 Bombs. The Mk 81 and 82 bombs are fille

with "tritonal" in a single pour followed by a top off with a small
dipper of molten tritonal and a final pour of a wax buffer through
the bage section of the bomb with the nose section down. The
topping-off operation is conducted some distance from and roughly
ten to fifteen minutes after the main pour operation,. éhortly afte
the bombs are sealed and washed clean, operations requiring two or
three minutes, they are laid on their sides after which much (but
not all) of the solidification of the tritonal takes place.

The density of molten TNT at its melting point is 1,465
g/cc, while its crystal density at ambient temperature is 1.654

g/co. Thus there iz an 11% shrinkage in TNT upen solidification ar

i

cooling to ambient. The topping process employed by the Navy

at McAlester (I did not observe that used at Hawthorne but understa
it is essentially the same) can account for £illing of probably
less than 10% ¢f this void space in the bomb. This means that the
void space in the tritonal bombs (80% TNT) is about 8%. This void
space is partly uniformly distributed within the cast tritonal,
but most of it occurs in very large voids toward the upper side of

~

the horizontally oriented bombs. Thus, with bombs laid on their

sides, there is always a layer of fairly good, unsegregated triton
next to the walls of the bomb except near the base where the final
tritonal topping and wax buffer are poured. The latter part of &h
filling may not (and often does not) solidify in the short intervaT
prior to laying the bombs on théir sides, Thus, when the bombs are
laid on their sideé, both the wax buffer and the top layer of

!
|
tritonal may (and often do} flow away from their intended positioni
depending on the time interxrval and other factors involved. |

,-,,_3_.
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Because the density of aluminum (2.7 g/cc) is much
higher than that of TNT, tritonal tends to segregate rapidly while
it i3 still in the fluid state. Therefore there is a tendency for
the aluminum to concentrate in the nose section during filling and
topping. On the other hand, TNT tends to concentrate in the region
of final cavities of the bomb. In fact, the lower sides of the
cavities generally comprise pure TNT in porous, sometimes highly
dentritic form.

I visualized this situation apparently much more clearly
than any of the Navy technicians who described it at the McAlester
meeting on the morning of June 6, 1973, because they claimed they
knew with high precision the exact nature of the cavities in the
tritonal bombs and that the cavities occurred on the side of the
bomb in a safe position. When they claimed such knowledge of the
size, shape, and position of the bomb "cavity," I expressed
ill-humored disbelief and suggested that the bombs should be
sectioned and examined Lo ascertain the real nature of the cast
tritonal in them, especially with respect to the base section. I
claimed that this section of the bombs would bhe where the greatest
abnormalities would be found and that it would be here to look for
the hazards which I considered inherent in the procedures used by
the Navy in filling the Mk 81 and 82 bombs. One must certainly
assume at this point in time, bearing in mind our discussions at
MeAlester, that the Navy personnel in attendance at that meeting
did not actually know the actual conditions that existed in these
bombs., WNevertheless, I see no excuse for this deplorable state
of affairs.

1 have been present on four occasions when visual
examinations were made of sectioned bombs, three times (June 7,
14, and Augqust 23) at Tooele Army Depot and once (August 21) at
Hawthorne MNaval Depot. From my examinations, the following !
gsignificant conclusions c¢an be drawn:

Sy
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1. The wax "buffer" which comprises the £inal addition

to the bombs {(to provide a safety buffer between the tritonal and i

the base section with its complex thread and therefore "pinch-poiné"

structure} seldom remains in its intended position. Instead, it

flows irreqularly away from this position permitting tritonal and/?r
pure TNT to enter this section {alst irregularly). As a result, tﬁe
sectioned base revealed conditions varying almost continuously
hetween a situation in which the wax buffer was found almost in its
intended place, through conditions in which the wax buffer was
heteroge;eoualy mixed with tritonal and/or TNT, finally to that
condition in which the buffer had disappeared altogether from this:
section of the bomb and became lost apparently somewhere in the
main cavities of the bomb.

2. 1In many cases explosive (TNT or tritonal [no doubt
of various aluminum contents]) was found not only in contact with )
bare metal parts but 2lao in the threads of the base parts of the
bomb. 1In a discussion at Hawthorne Naval Depot, the military
personnel pregent agreed that explosive had come into direct contact
with the outer edge of these threads where the male and female:
threads make thqir initial contact. In my opinion, that same
explosive had actually penetrated the steel threads and constitute
extremely dangerous pinch peints, During our examination at Tooele
Mrmy Depot on August 25, averyone present agreed that explosive
had indeed penetrated Letween the threads in some bombs. As a
matter of fact, there had been penetration clear through the

threads in at least one case.

Water in Mk 81 and B2 Bombs. In my judgment there is a

distinct possibility that water can get into these bombs during ;
their manufacture and cause self-heating upon prolonged storage.

Mr. Frank Crist, in charge of munitions at Tooele Army Depot, has

the same respect as I do for the hazard of water in tritonal; -he

{

l

mentioned an incident in which a mixture of TNT-Al-water exploded !
3

i
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spontaneously when exposed to strong sunlight and described the

dangers of sawing aluminumized explosives under a water spray.
(lie said he could not saw into aluminized explosives safely when

the humidity was above a certain critical value.)

I examined a water hose at McAlester Naval Depot that
was used to wash down Mk 82 bombs while they are still open to |

the oxterior and standing base end up and open (before the final

topping off and sealing had taken place). I did not see the

|
Hawthorne Naval Depot lines, but am informed that the possibility!
of watey getting into bombs there was even greater than at ’
McAlester Naval Depot. \

t

If water gets into these bombs it would tend primarily f

to migrate into the cavities of the bombs, but some moisture would!
spread uniformly throughout the tritonal. The precautions necessaéy
to keep water from getting into open bombs before the topping
operations, or from getting into the ingredients before the meltiné
process, were entirely inadequate at McAlester Naval Depot, I !
tanderstand there was also ample opportunity for moisture to get
into the bombs by these processes at Hawthorne Naval Depot as well.
Aluminum and water can react at first slowly but at an ever-
increasing rat; (due to increasing alkalinity) and can eventually
cause ignition. The rate of the Al-H,0 reaction is increased by
alkalinity (as is no doubt present in the desert area surrounding
Hawthorne) so that if.alkaline water gets into the bombs the

reaction may proceed rather rapidly.

Illustrations. Exhibit B attached hereto illustrates

a condition that exists all too prominently in the Mk 81 and 82

bombs. Here is sketched illustratively the approximate positions

of the cavities in these bombs relative to the nose, center, and
bage sections of the bombs. Exhibit C attached herceto presents
{only qualitatively, of course) the sort of composition changes
one expects from visual observations to find across the bombs at

-6~ i
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positions AA' and BD' of Exhibit B. The situation at CC' is
similar to that at BB', but that at DD' is appreciably different.
At DD' the domposition and cavity situations are almost random in

character.

As tritonal is poured into the bomb, a thin layer guickly

solidifies on the cold bomb walls and other steel surfaces. Thus
the composition near the extreme cuter edges at AA', BB' and CC'
is probably nearly always normal tritonal (80/20 TNT/Al). In the
approximately ten to fifteen minute interval from the initial
filling 'until the bombs are laid on their side, there has no doubt
been considerable aluminum enrichment by segregation into the nose
section (i.e., at AAR' of Exhibit B) with corresponding concentra-
tion of TNT towarda the base section. This condition enhances the
hazards froﬁ pinch points and cannot be appreciably alterxed later
on by léying the hombg on their sides after the filling is
gomplete. This condition is illustrated by the AA' curves of
Exhibit C.

As toc the BB' cross-section, tritonal should ke (nearly)
proper (at 80/20) at and near the walls of the homb. Then as one
moves into the bomb along BB' he encounters the cavities where, of
course, neithergTNT nor aluminum exists., Beneath the cavities

there is a layex of TNT, i.e¢., the last TNT to solidify. (This

material contains no aluminum at all.) Going deeper along BB', one

arrives at a layer where aluminum suddenly appears and increases
rapidly probably to near 20% {the normal value) below this point.
This continues until one approaches the bottom of the horizontal
bomb, At this point some aluminum enrichment may be encountered
before reaching the bomb sidewall where the composition will again
be nearly normal due to the initial sudden solidification at the
beginning of the primary filling. Conditions at CC' should be
essentially the same as at BB' except that here one might more
often encounter some of the wax buffer that has migrated away from

-7-
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the hase section and disappeared into the cavities,
Along the line DD' the composition ocbviously differs

widely from one bomb to another. Some bombs have no cavities at

'
i

this position, but others have cavities that extend right into the

base. Furthermore, those with cavities at DD' may also have either

wax or TNT {(or tritecnal of various compositions) at this position.

It is thome bombs with gavities that extend right up to the |
threaded parts of the base section and in which the buffer has lar#

, i
gely disappeared that are most hazardous, Unfortunately such bomh4d

are not'at all exceptional.

Threads in the Base Section. Normally the threads of thT

base section are coated with a protective layer of carbonaceous |

material, but this is not always the case, I saw several examples

of bare threads and other base metal parts lacking this carbonaceous
coating. Moreover, the threads were not entirely regular as to thl
depth of thread in all cases, thus permitting contamination by
liquids to entér them irregularly. In any case such threaded
sections are not proper seals for liquids; the type of molten
liquids involved ih Mk 81 and 82 can penetrate these threads
fairly easily, even under relatively slight positive pressure. I
saw many sectioned Mk 81 and 82 tritonal bombs that were defective
by reason of contamination of the TNT or tritonal of such a nature
as to produce hazardous "pinch peints" and corrosion peints not
only in the threads but elsewhere in the other base sections of
these bombs.

Military Specifications and Standards. A military

standard entitled "Sampling Procedures and Tables for Inspection
by Attributes" (Mil-Std-105D, 29 April 1963) defines a "critical
defect" in Paragraph 2.1.1 as follows:

CRITICAL DEFECT. A critical defect is a
defect that judament and experience indicate is i
likely to result in hazardous or unsafe condi-
tions for individuals using, maintaining, or
depending upon the product; or a defect that

-8




£-N

-~ &

10
11
12
13
14
15
i6
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3t
kP

judgment and experience indicate is likely to
prevent performance of the tactical function
of a major end item such as a ship, aircraft,
tank, missile or space vehicle, NOTE: Por a
special provision relating to critical defects,
see 6.3.

That same standard contains special provisions relating to eritical
defects as follows:

6.3 SPECIAL RESERVATICH FOR CRITICAL
DEFECTS. The supplier may be required at the
discretion of the responsible authority te
inspect every unit of the lot or batch for
critical defects. The right is reserved to
inspect every unit submitted by the supplier
for critical defects, and to reject the lot
or batch immediately, when a critical defect
is found. The right is reserved also to
sample, for critical defects, every lot or
batch submitted by the supplier and to reject
any lot or batch if a sample drawn therefrom
is found to contain one or more critical
defects.

A copy of the military specification for "Bomb, General Purpase,
Mark 8l, 250 Pound Explosive Loading, Assembling and Packing,"

| (Mil~B~82547, 28 February 1969) is marked Exhibit D and attached
hereto. Paragraph 3.6 specifies:

Radiographic examination of the explosive
charge ~ The loaded bomb shall be subjected to
radiographic examination in accordance with
4.4 and 4.6.2. A shrinkage cavity will only be

ermitted when located 1B0 degrees opposite
Erom the suspension lug holes, and more than 6
inches from the nose fuze liner, and when not
in contact with the base fuze liner. ~ (Under-
lining added)

Paragraph 4.6.2 specifiaes:

Radiographic examination of the explesive
charge - Each bomb selected shall be radiographed
i two planes in accoxdance with the requirements

of MIL~S5TD-~746. One planc shall be through the
lug and bomb centérs and the other at 90 degrees
to it. Shrinkage cavities if any, shall be
checked for conformance to 3.6. (Underlining
added)

Identical provisions appear in the military specification for

"Bomb, Ceneral Purpose, Mark 82, 500 Pound, Explosive Loading,
Agsembling, and Packing" (1Mil-B-82548, 28 February 1969). I have

reviewed some of the pertinent drawings for these bombs. Drawing

1350946 for the Mark 81 bomb lists as "critical':
=0
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Drawing 1380901 for the Mark 82 bomb lists as "critical":

explésive in the threaded area of the base sections. Therefore,
they did' not meet all the requirements of the specifications and
contained "hazardous or unsafe conditions for individuals using,
maintaining, or depending" upon those bombs; they contained
"critical defects" and should have been rejected prior to

shipment,

June 8, 1973; attached hereto as Exhibit F is a copy of my report
of June 15, 1973. These reports provide further details of my
observations of the hazardous bombs produced at lawthorne Naval

Ammunitions Depot ané McAlester Naval Ammunition Depot.

wax buffer pads€was convincingly established by a series of tests
performed by Picatinny Arsenal in 1944 at the Southwest Proving
Ground (Reference SPG Report No. 45)., The bombs tested were 500
1b. A/NM64 Comp B filled without wax buffer pads; they were dropped
from heights of 15' to 50' onto a steel plate., Detcnations occurred
in bombs dropped onto their tails., The report from that series of

tests concludes in part as follows:

Explosive shall be kept out of charging tubes,
fuze liners, off all threads and exterior
surfaces of bomb case,” (Underlining added)

Explosive shall be kept out of charging tubes,
fuze liners, off aft fuze liner flange and
off all theeads and exterior surfaces of bomb
case., (Underlining added)

Some of the sectioned bombs I examined revealed shrinkagq

cavities in contact with the base fuze liner and/o¥ the presence of

Attached hereto as Exhibit E is a copy of my report of

The necessity for the proper installation of adequate

In general unfuzed 500 1b. bombs, filled with
TNT ox Comp B (with or without TNT nose and tail
surrcunds), will detonate when dropped onto a hard
surface once or successively from heights up to i
50 £t. ©Such detonation may be caused by heat of '

~10-
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compression generated by shifting of the filler
into cavities or more probably from shock caused
by "pinching" of explosive between the surface of
incipient, interior shell cracks, or of threads.
The efficacy of inert tail seals {wax buffer pads)
in reducing sensitivity lends credence to the f
later theory, but it may also be argued that this
seal (wax buffer pad) simply acts as a cushion,
thereby decreasing the heat of compression.

TNT and Composition B (with TNT nose and tail ;
surrounds) fillers, with inert tail seals, show i
marked insensitivity upon being dropped ontoc hard f
surfaces but exhibit normal high order detonations
when tested statically.

Notwithstanding the knowledge that the presence of a wax
buffer pad {(inert sealer) makes a tritonal bomb less sensitive to

impact and rough handling, the Navy has failed to utilize time-

honored techniques to ensure the existence of an adequate wax buffer
pad. Further, the Navy has admitted some knowledge of prior

accidental explosions of triteonal~filled bombs, In a "Test Plan

for Evaluation of Safety of CGeneral Purpose Bombs MK-82 Involved i

Explosive Incldenl at Benson, Arizonu, onh 24 May 1973" issucd by

]

the Naval Ordnance Systems Command, the following statements are

made:

There have been . . . six handling accidents
with tritonal-loaded M~1l7 series {750 1b.)
bombg;: these accidents were subsequertly
attributed to lack of hot-melt coating and
possible "pinch points” in the base section
of these bombs,

Except for size, which is not a factor, this is precisely the
situation we have found in the Mk 81 and 82 bombs, After such a

discovery on the M-117 bombs, ohe would reasonably expect the Navy

to discontinue the production of these bombs until their hazardous
"pinch points" and their deplorable, hazardous palletizing and !
staying practices have been rectified. Instead of adopting this !
logical approach, they are willing to ignore safety in favor of
production. 5

Other Accidental Tritonal Bomb Explosions. I agrece that

tritonal is one of the least sensitive explosives in use, and if

“w=ll-



e ot oh

10
1i
iz
13
i4
15
16
17
18
19
20
21
22
23
24
235
26
27
28
29
30
k)|
32

tritonal bombs are properly made, they can be transported sately.
However, failure to strictly adhere to prbper guality control and
manufacturing techniques can cause undesirable sensitivity in
tritonal bombs. The limited information published suggests that
undesirable and unnecessary sensitivity contributed to the follow-
ing explosions of tritonal hombs:

(a) May 27, 1967, explosicn of a 750-1b. tritonal bomb
at Naval Weapons Station, Concord, California.

{b) The "recent accidents" referred to in an August 1967V
message)y a copy of which is marked Exhibit G and attached hereto,
wherein the following statements are made:

Recent accidents of tritonal-loaded bombs during
loading and unloading operations indicate need
for special handling regquirements.

Although the bombs are unfused and unboostered

they have demonstrated a sensitivity to shock

and rough handling far above that expected.

All addresses involved with any phase of the

handiing of trltonal bombs will assure that the
I RPN, uveh handli

o e MV H 3 o
utmost cars is excrocised GUYLIng Such andii ng

operations.

(c} fThe tnree incidents or accidents referred to in
Technical Memorandum 1863 dated October 1968 and authored by Louis
Avrami, entitled "Results of Laboratory Studies on the Investiga-
tion of Mll?Al‘?Spround Incidents," wherein the introduction to
this report contains the following statement:

Three incidents or accidents have occurred at }
different installations in southeast Asia (SEA)
and one in the United States involving unfuzed
M117A1 750 pound bombs. The circumstances

under which these events occcurred indicate

that unexplainable explosions had occurred with
unarmed bombs during handling or while in a
storage area.

This report deals directly with the explosive
material from one of the bombs which was
involved with the Korat to. 2 incident on 12
May 1968. The details describing this accident
can be found clsewhere {Reference 1).

{d) The "explosive incidents" referred to in the [Final |
|
Report dated November 1968, published by Ammunition Lguipment .

Qffice, AMATE-AEO, Toocle Army Depot, authored by Allan Parkinson,

17—
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entitled, "Impact and Drop Test of Bombs GP 750 Lb. M117A1 and 500
Lb, MK82." The preface to this report states in part as follows:

Explosive incidents occurring during bomb handling
operations at Korat and "U"-tapao, Thailand
storage and revetment locations mandated that the
explosive hazard associated with bumping or
dropping of M117Al1 Tritonal filled GP bombs be
definitely established. Investigation of these
incidents concluded that bombs involved in the
incidents dropped vertical distances of as

little as 19 inches to not more than 48 inches
to impact either on other bombs or aircraft
landing matt (Perfcorated Steel Plank-PSP} laid
directly on cleared ground,

{(e) The December 26, 1969 explosion which occurred
aboard the Badger State, which vessel was loaded with a cargo of
2,000~-pound bombs loaded with tritonal. During a very severe
storm the bowb stowage and packagirig system proved inadequate to
restrain the cargo, and bombs rolled loose. Some bombs even
punched small holes in the side of the vessel. A low-order
explecion occurred in one of those homha causing severe structural
damage, following which the vessgel sank,

(f} The detonations referred to in Technical Report
3830, dated December 1968, concerning Impact Sensitivity (Sled

Tests) at the Naval Ordnance Test. Station in China Lake, wherein

the following statements are made.

Sled tests were conducted at the Naval
Ordnance Test Station in China Lake, California
to determine the effeclt of impact on the 750-1b.
M117Al1 GP Bombk loaded with MINOL-2 and 80/20
Tritonal. The targets were concrete blocks
three feet thick by five feet sguare reinforced
with one~inch diameter steel rods located 11
inches from center to center. The targets were
oriented perpendicular {90°} to the line of fire
and 75° and 45° from perpendicular, Two bombs
aach loaded with MINOL-2 and 80/20 Tritonal
were tested at each impact angle. Results of
the tests are in Table 6. Photographs of the
tests with MINOL~2 showing the condition of
the bomibs and targets after impact are shown
in Figure 1-16. No action occurred with the
MINOL=~2, whereas four of the six bombs with
Tritonal detonated lovw order.

{g) The "six handling accidents” referred to in the
July 2, 1973 “Test Plan for Evaluation of Safety of General

.13~
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Purpose Bombs MK~82 Involved in Explosive Incident at Benson,
Arizona, on 24 May 1%73"--Promulgated by Naval QOrdnance Systems
Command. The foll&wing statements are made in Paragraph 2 of
the general plan an Page 1 of said Test Plan:

Tritonal has been used as a military explosgive
since appraximately 1943; it was first loaded in
bombs in the United States in 1945 (reference
{a} refers). ' #ntil the Roseville, California
explosion on 28 April 1973 there had been no
recorded ineidents involving Tritonal-loaded
MKB80 sories GP bombs. There had been, however,
s1x% handling accidents with Tritonal-loaded
M-117 series (750 1b.) bombs; these accldents
were subgsequently attributed to lack of a hot~
melt coating and possible "pinch points” in the
base sectiol.ef these bombs. No further inci-
dents havé been reported since the base section
was redesigned and the Ailr Force authorized the
use of the Navy hot-melt procedure for coating
the interior of these bombs,

(h) The acéidént referred to in an article published
in the September 1B, 1968, issue of AEROSPACE MAINTENANCE SAFETY,
entitled, "Manhandled Bombs React," wherein the following
statements are made on Page 18 concerning a liow=-ordel accidental
explosion of a tritonal‘bomb in Thailand:

Over the years we have learned the hard

way that, every so often, rough handling
causes an overly sensitive bomb to explode.

* % *

The reascon anyone survived is because the
initial explosion was low order, and the
survivors had time to reach a safe area before
the rest of the works exploded high order,

(i) The accidents referred to in an article published
in the September 1968 issue of AERJOSPACE MAINTENANCE SAFETY,
Pages 10-13, entitled, "Selected Statistics," wherein the followin
gtatements are made:

« » ., there has been a dangerous rise

in bomb~handling accidents since January (1968)

this year., Twe accidents during the period

were catastrophic and produced 6 fatalities,

numerous injurics, and property loss.

e « » during the first half of 1968
there were 27 reported occurrences compared

-14-
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with 8 for the entire preceding year.

|
.« « « during the first 6 months of this
year (1968) some 232 bombs exploded and some
of our people aren't here any more. Munitions
handlers intentionally shoved bombs from
gtacks.

Bombs look rugged so some people think
they are insensitive whan not fuzed or
boostered. The fact is that a bomb is a
container of high explosive . . . and can he
detonated more ways than one.

(j) The accidents referred to in an article published i

the November 1968 issue of AEROSPACE MATINENANCE SAFETY MAGAZINE,
entitled, "Explosives Safety," wherein the following statements
are made on Page 18:

It's happened again. In March (1968) 155
bombs exploded accidentally. In may, 40 of
these big ones biew, This time there were 288
of the 750-pounders stacked . . . and most of
them exploded shortly after a pallet toppled
from a stack. This was the biggest of the
three blasts but, lackily, there was only one
cashalty. It was one of those rare occasions
when the troops had time to evacuate before a
series of low-order explosions set off a high-
,order detonation. . . .

s+ « o as in the other two explosions the
loaders were removing unfuzed and unboostered
:M117 pbombs from a nodule at the storage area
and placing them on a flat bed trailer, using
a “"rough terrain" forklift. The pallets had
been nudged back a little by the heavy tines
each time the operation was repeated and
eventually this caused a pallet to fall off
the rear of the stack . . . two unbanded bombs
struck together and caused an initially low-
order explosion, followed by several low orders
that culminated in a very high-order detonatien.

Since the 3 seriousd accidents occurred
there has been a lot of testing and theorizing
going on with considerable discussion and
debate concerning the possibility of SOME OF
THESE BIG BOMBS BEING MORE SENSITIVE THAN OTHERS.

(k) The three accidents referred to in Technical
Hemorandum 1873, dated November 1968 and authored by John R.
liendrickson, Sr., Plcatinny Arsenal, Dover, New Jersey, entitled,

"The Tritonal-Water Reaction as a Possible Explanation of M117Al

I

750-Pound Domb Incidents.®” 1In the introduction to the report on |
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Page 2, the following statement is made:

During the past vear (1968) thexre have been
three serious accidents involving tritonal-
loaded M117 750-pound bombs expleding in
storage areas. 1In all three accidents (Ref,
1,2} unfuzed and unboostered hombs were
dropped while operators were removing them
from a stack of bombs on pallets.

I have read Title 49, Code of Fedexal Redulations, Part
173.51, which provides:

Forbidden explosives (a) The offering of
the following explosives for transportation by
common c¢arriers by rail, rail express, highway,
ror water is forbidden. (h) Explosive composi-
tiong that ignite spontaneously. . . .

In my opinion, this regulation was violated by the U. 8. Navy's
shipment of the Mk 8) and 82 bombs involved in the explosions at
Roseville, California, and Tully, Arizona, because of critiecal
defects and conditions which existed in those bhombs that I have
described in this affidavit. Further, I am informed that 49 U.S.
C. 1{4) obligatcs a commen carrier to "provide and furnish
transportation upon reasonable request therefor." In my opinion,
the U. 8, Navy made an unreasonablas regquest when it asked Southern
Pacific Transportation Company to transport the hazardous and
sensitive bombsg %hat blew up at Roseville, California, and Tully,
Arizona.

Lastly, the condition of DODX cars similar to those
involved in éhe explosion at Roseville, Callfornia, and the
condition of the railroad car that survived the Tully, Arizona,
explosion eloquently evidences the need for improvements in the
guality of the lumber utilized for interior bracing and the
bracing techniques themselves. Current loading and bracing
practices followed by the U. S. Navy permit excessive movement of
the bombs within railroad cars causing the bombs to collide with
each other, permit the bombs to impact with the car walls and
sides with force and thus expdse the public to the unnecessary
hazard of a detonation of a sensitive bomb. Further, the friction
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generated by excessive movement of bombs loaded in cars can

injtiate fires which can in turn cause a sensitive bomb to detonate

I am informed that the Commander, Military Traffic

Management and Terminal Service, an officer of the United States

Government, sent a telegraﬁ dated July 4, 1973 to Southern Pacific

Transportation Company stating:
i It has been determined by the Department
of Defense that Mark 81 and Mark 82 tritonal
bombs being produced at McAlester MNaval
_ Ammunition Depot and Hawthorne Naval Ammunition
i Depot are safe for transportation.
This télegram implies that corrective action has been taken to
improve the manufacturing techniques utilized in the production
of Mk 81 and 82 bombs. If the corrective action necessary to
eliminate the causes of the defects and hazards I have described
has been taken, these bombs are indeed safe for transportation.
However, if the necessary changes have not been made in those

production techniques; then these bombs are not safe for trans-

portation by rail, truck or any other mode of transportation,

Subscribed and ‘sworn to before me this |7’hday of January, 1974.

(st ol B i

pE
Notary Public in and for the County
of Salt Lake, State of Utah
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Diametrical Cross-Section Showing Cavities of a Tritonal Bomb.
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APPENDIX B

DEPARTMENT OF THE NAVY
NAVAL ORDNANCE SYSTEMS COMMAND
WASHINGTON. D. C 20360 iIN REPLY REFER TO
ORD~04M/15:JEE
8150
H=tch 1, 1974

Mr, William H. McCarthy

Department of Transportation
Fedaral Railroad Administration
Operations Branch, 0ffice of Safety
2100 2nd Street, N.W,

Washington, D.C. 20591

Dear Mr., McCarthy:

In response to your oral request of February 20, 1974, the following
information concerning Mk 80 series Tritonmal-loaded bombs is forwarded
for your information and possible use:

Following the explosive incidents at Roseville, California and
Benson, Arizona, Southern Pacific Transportation Company retained as a
consultant, Mr., Melvin A, Cook, Chairman of the Board of TRECO Chemicals,
Salt Lake City, Utah. Dr., Cook attended NTSB (National Transportation
Safety Board) open hearings at the Naval Ammunition Depot, McAlester,
Oklahoma, and observed the bomb loading operations there. Subsequently
he examined Mk 81 and Mk 82 bombs produced by the Naval Ammunition
Depot, Hawthorne, Nevada and the Naval Ammuniti on Depot, McAlester, that
had been sectioned at Tooele Army Depot, Utah., His observations and
evaluations were reported to the Southern Pacific Transportation Company
in two letters dated 8 and 15 June 1973, enclosures (1) and (2). The
letters allege that the bombs as produced by the Navy are defective and
extremely hazardous due to grossly improper loading procedures. The
letters have been given wide circulation by Southern Pacific, including
the NTSB and numerous citizens organizations in the central California
area,

Comments concerning Dr, Cook's allegations were requested from
recognized experts in the bomb and explosives flelds at the Naval
Ordnance Laboratory, White Oak, Maryland, the Naval Weapons Center,
China lake, California, Picatinny Arsenal, Plcatinny, New Jersey and
the Naval Ordnance Systems Command. The comments received are
remarkable in their uniformity and have been used to prepare the
response to each of Dr. Cook's allegations provided in enclosure (3).

Long experience and extensive teating have proved that Mk BO series
bombs are not sensitive to mild impacts; in fact, they will sustain
amazing abuse, Over seven million Tritonal-loaded Mk 80 series bombs
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have been ﬁroduced and shipped overland without incident prior to
the Roseville incident. (Tritonal is 80 percent TNT and 20 percent
aluminum.) There is no record of auto-ignition of bombs of this

type.

The presence of cavities, segregation, crystalline material and
migration of wax pads as reported by Dr. Cook is not unusual and is
the result of the loading process in use, The quality of the bombs
examined by Dr. Cook at Tooele, Hill Air Force Base, Utah, was
completely normal for the process in use and is no different from
that of millions 'of bombs previously produced. Further, these and
similar bombg have passed numerous severe tests without problems,
Thus, it seems reasonable to assume that the presence of cavities and
voids, aluminum-rich and aluminum-poor areas and lack of proper wax
pads do not really give rise to hazards in handling the bombs as
alleged by Dr. Cook; otherwise there would have been numerous
previous explosive incidents.

It is possible that Dr., Cook's lack of familiarity with the actual
appearance of bombs as loaded at the present time has lead him to
erroneous conclusions regarding the safety of the bombs and the hazards
involved in their handling,

The foregoing leads to the following conclusions:

a., 'There is no foundation in fact that the conditions observed
by Dr. Cook cause the bombs to be unduly hazardous.

b. That the bombs sectioned at Tooele are no more hazardous
than over seven million bombs previously loaded by the same process,

1t should be clearly recognized that the alleged deficiencies are
based upon hypotheses which have not been supported by past experience;
nor can they otherwise be justified., None of the alleged 'deficiencies"
could occur and present safety hazards so long as existing standard
operating procedures are followed. It ig further our opinion that the
incidents at Roseville and Benson could only have been caused by a
transportation related event, e,g., hot box and subsequent fire, The
regponsibility for eliminating further such accidents must be placed
upon those who have responsibility and authority for transportation,
To presume that addressing production related "deficiencies'" will
eliminate explosions, may well divert attention from the real cause
with no measurable effect other than to raise costs and reduce production
rates, The result will be less rather than greater safety.
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Additional documents have been included with this letter which expand
upon and further substantiate the information in the preceeding
paragraphs.,

Sincerely,

;2;5?7EDMUNDSON

Captain, USN

Special Assistant for Gun Ammunition
By direction of Conmander,

Naval Ordnance Systems Command

Encl:

(1) Copy of IRECO Chemicals
{(Dr, M. A. Cook) ltr of
Jun 8, 1973

(2) Copy of IRECO Chemicals
{Dr. M. A, Cook) ltr of
Jun 15, 1973

(3) Document prepared by
J. E. Edmundson (Naval
Ordnance Systems Command) of
Aug 14, 1973 entitled: :

"Comments on Allegations
Concerning Bomb Safety"

(4) Copy of Dr, Taylor B, Joyner
(Naval Weapons Center, China Lake)
ltr 6056/TBJ:mtd of Aug 15, 1973
£0 Mr, Raymond L. Beauregatd (03324),
Naval Ordnance Systems Command,
Washington, D.C.

{5) Document prepared by Dr. Wm. S, McEwan
and Dr, Taylor B. Joyner (Naval Weapons
Center, China Lake) of Feb 19, 1974
entitled: "Evidence of Shaped Charge
Action in Bombs Recovered from Roseville
and Benson'

(6) Copy of Naval Ordnance Systems Command
1tr, ORD-048D:EAD, ORD-0332A:RLB ser 03157
of Aug 21, 1973 (UNCLASSIFIED) (w/o enclosures)



DEPARTMENT OF THE NAVY
NAVAL WEAPONS CENTER

CHINA LAKE. CALIFORNIA 93555 IN REPLY REFER TO:

6056/TBJ :mtd
15 August 1973

Mr. Raywmond L. Beauregard (0332A)
Waval Ovdnance Systems Command
Washington, D. G. 20360

Dear Ray,

The following im & copy of the comments I made in support of Dr.
McEwan's response to Dr., Cobk's letters to Mr. Haxdin. It differs from
the less formal notes you recelved earller only in that a reference to a
Picatinny Arsenal report has been corrected. I have not otherwise altered
the text. The reference in paragraph 1 is, of course, to Dr. McEwan's
letter of 16 July 1973,

COMMENTS ON DR. COOK'S LETTERS

i, The truly important point is that made by Dr. McEwan. There
is a gross inconsistency in Dr. Cook's arguments. An allegedly "extremely
hazardous condition” is "the rule rather than the exception." It may be
sensibly argued thet if this condition is common, it is certainly not
extremely hazardous. Long experience has Indicated that our bombs are not
sensitive to mild impacts. In fact, they can take amazing abuse. The most
recent demonstraticns are provided by the surviving bombs from Roseville
and Benson. They endured the severe conditions of the catastrophes;
handling by EOD and other recovery personnel (including commercial wreckers
&t Benson); and were subsequently trucked to various locations around the
country. They have given no trouble. Miliions of other bombs have been
equally well behaved. This clearly indicates that they are not possessed
of an "extremely hazardous condition.”

2. A further example of the reliability of our ordnance and the
inconsistency of the attacks upon it 1s provided by the Toelle sawlng. Iin
& somewhat confusing paragraph in the June. 15 letter Cook says, "their
sawing process itself had the potential of exploding these bombs."
Certainly it is reasonable to assume that driving a saw through steel and
explosive might be a hair-ralsing activity. That is why, treating the
potentialities with due respect, we do our sawing remotely. (The Viet
Cong, having great faith 1n our ordnance did it by hand.) The point of
present importance is simply that we used a dry suaw (confirmed by Mr. H.
Rantala of Toelle, July 11, 1973) to saw through (several times) the
precise areas which in Cook's estimation are extremely sensitive. There
were no explosions. Surely, this 1s a telling experiment. It once again
provides evidence that cur ordnance is inert to very severe attacks--far
more severe than would be anticipated on "jostling about" in a boxcar--
@ven when those attacks are directed specifically at the area of the
allegedly "extremely hazardqus conditfon.”

ENCLOSTIREG)



3. The above reinforces--under extreme, applied conditions--what
standard sensitivity tests (impact, friction, etc.) have already told us.
Pritonal and the TNT upon which it is based are not sensitive explosives.
Rather, they are among our most insensitive £ills. We simply do not
expect them to go off under mild conditions such as "jostling about."”

The standard sensitivity tests and the far more drastic evehts of Roseville,
Benson, and the Toelle sawing station clearly demonstrate that we are
dealing with very insensitive explosives.

4. None o6f the above should be taken as suggesting that manufactur-
ing defects are a good idea. They arean't. In particular, they may
reduce the bomb's resigtance to cook-off in a fire and, also, introduce
the poseibility of umexpected hazards during long-term storage. Cook's
comment that "the Navy goes to great length to make sure that there is no
TNT-iron contact'" is pertinent to both of these. Clearly, we hope that
the insulative value of the liner will postpone the onset of violent
reaction-—and thus give time for fire-fighting~-in the event the bomb is
exposed to a fire. If the coating is inadequate, we may sacrifice this
added measure of protection. Thus there is good reason to go to "great
lengths" to avoid direct‘exposure of the TRT to the metal.

5. There also is a reported reaction of irom and INT. Urbansky
(Vel. 1, page 305) indicates that heat and 13% HN03 will produce a
reaction between iron and INT to yield sensitive compounds. These are
obviously far more drastic conditions than would be anticipated in a
bomb., Our general knowledge of chemical reaction kinetics makes it
entirely reasonable to expect thet such a reaction--if it took place at
all-would be very slow under the mild conditions of bombs stored at
anbient temperatures. It seems unlikely indeed that it would proceed to
.any significant extent in the sghort interval of thirty days. On the
other hand, in the event of long~term storage--for 25 years or so--there
may be reason to worry about the results of very slow reactions. This
being so, it is sensible to isolate the iron and TNT. Again, then, there
4s good Teason for the asphalt coating. It's failure, even if it should
occur, is unlikely to produce a hazardous condition in thirty days.

6. There appears to be a considerable de-emphasis on the Tritonal-
water reaction in the present letters, This is sensible. That reaction
wvas a matter of early concern (for instance OSRD Report No. 5406, July
1945). It was found to be of negligible importance. The resistance of
Tritonal to water was one reason for loading it in preference to Minol in
4000 1b. British boibs (Ordnaice Committee Minutes—24163, June 1944). The
reaction was recently reinvestigated by Hendrickson (Picatinny Arsenal,
Technical Memorandum 1873, Nov. 1968) with results which again indicated
that it would be entitely negligible under any reasomable conditions that
bombs might encounter. Surely, there would seem to be enough stakes in
the heart of this particular problem. Undoubtedly, however, research could
drive one more if it were really deemed necessary.
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7. The Tritonal-in-the-threads argument is really well answered
by the arguments of paragraphs 1 and 2. 1If it is necessary to go further;
neither Tritonal nor TNT is a sensitive explosive. We really don't
eéxpect them to go off even if they are in the threads. Certainly, if
friction fnitiation is envisioned, it would occur when the plate was
screwed in, not after it was locked in place. TNT is even less sensi-
tive than Tritonal; hence, arguments that TRT enrichment near the base
plate would lead to a hazardous condition have no merit. Even in the
highly unlikely evént that initiation occurred, it would have to sustain
itself and reach the main charge to do harm. It seems unlikely that a
thin thread of Tritonal could sustain reaction in the presence of the
massive heat sink provided by the surrounding metal. Finally, in the
case of Roseville, the unlikely event of initiation would have to be
followed by the unlikely event of propagatfon through the threads which,
in turn, would have to be followed by the unlikely event of a smoldering
reaction (of some sort) which would occupy the 30 to 50 minute interval,
between the time the train was halted and left motionless and the time
that serious evidence of fire was observed. Such a piling up of improba-
bilities 18 not convincing. Nevertheless, i1f it becomes necessary,
Tritonal can be introduced into threads and a bomb hammered on. Para-
graph 2 and the. above arguments léhd considerable confidence to predic-
tions of non-reaction.

8. The letters contain confident, undocumented statements., For
instance, "The cavities were lined with pure honeycombed, recrystallized
TNT obviously in a much more sensitive condition than In a proper cast."
It is fair enough to ask: Is it really? How much more sensitive? To
what stimuli? What's so obvious about 1t? For one thing, TINT is less
sensitive to impact than Tritonal. Certainly we know that cavities can
play a role in the initiation of explosion. 1In fact, they presumably
cdontribute to the normal, known, rather sluggish sensitivity of TNT and
Tritonal. However, is there really any reason to believe a cavity in a
bomb in some way increases its sensitivity? In any case, we've been
making bombs with cavities and TNT crystals for years and, as discussed
in paragraph 1, these have not been showing up as unduly sensitive
ordnance.

9. In & eimilar vein, there are comments on “jostling about",
“"eorrosion propensity', "most hazardous end plate region”, easy penetra-
tion of HE into threads, "potential, in fact very likely, ignition source”,
etc. These are highly suggestive phrases. However, they are really only
possibilities--and very poor ones at that--rather than the dead-sure
certainties that the phraseology implies.

10. There is an important point that can be all too easily lost.
We certainly should consider the 5.P. arguments and any others that we
can think of., That is part of finding out what happened. WNevertheless,
we should remember that there are two general theoriles of initiation:
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the bad-bomb theory and the bad-boxcar theory. We have very good reason
(re-emphasized iIn paragraphs 1 and 2) to believe the bad bomb hypothesis
is improbable indeed. On the other hand, over the period of the last
seven months we have learned of four incldents and five fires involving
munitions trains (Hughson, Roseville, Benson, and Rocklin-Davis). Three
fires (Hughson and Rocklin-Davis) were unquestionably exterior fires. In
addition, we know of a fifth munitions car that underwent wheel repairs,
vheel replacements, and brake repairs during a single journey; and then
required the attention of the Los Angeles Bomb Squad due to a defective
door. Finally, we are becoming increasingly aware that fires on railroad
rolling stock carrying civilian cargoes are by no means uncommon.

11, 1In countering S.P.'s case, we should not neglect to build our
own. It 1is certainly to be recommended that we learn as much as we can
about these other events. Ideally, we should know as much about the
Hughson and Rocklyn-Davis trains as we know about the Roseville and
Benson trains. (The fact that the alertness of two citizens and the
expertise and heroism--and that is not too strong a word for it~-of the
Hughson Fire Department prevented the destruction of a munitions train
and a heavy loss of 1life 1s no reason to regard this as an event of little
consequence.) We should also like to know a good deal more about the
frequency and causes of rolling stock fires--whether they are on munitions
trains or not. We know from the NFPA Fire Protection Handbook that hot-
boxes and sparks from brake shoes are the first and third most common
sources of rolling stock fires. (Transients are the second.) If we are
to counter the obviously serious threat of boxcar fires, we need to know
a8 much as possible about these fires. There is very good reason to
believe that raillroad fires that have already happened may provide a
veritable mine of information. The trick will be to successfully work it.

12, Needless to say, there {s already enough evidence to make some
guesses as to the relative probabilities of the bad-bowb and bad-boxcar
theory. The latter is clearly far more likely. What 1s needed now is to
80 develop the information on hand and plan our own research so as to add
to our knowledge of boxcar fires., This will increase the chances of
making useful recommendations for their prevention. It seems very probable
indeed, that such efforts will make the bad-bomb theory segm even more

unlikely. .
() /f%ﬁ%/

DR. TAYLOR B.Y JOYNER
_ Research Chemist

ENCLOSURE(Y
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COMMENTS'bN ALLEGATIONS CONCERNING BOMB SAFETY

The allegations contained in the following paragraphs have been extracted from
Dr. Cgak's letters, enclosures (1) and (2). The comments represent a consensus of
opinion of experts in the explosives technical community.

‘1., ALLEGATION: The wax pad was not serving its purpose, to protect the base end
of the bomb, thus, creating an extremely hazardous condition that is the rule rathor
than the exception,

COMMENTS

“a, The primary purpose of the wax pad is to add an ¢éxtra margin of safely
during the assembly of the bombs, Secondary purposes arc to act as a buffer duriung
rough handling and to prevent exudation of explosive material during long-term
storage.

b, Many millions of Mk 80 series bombs in the same cbndition as observed by
br, Cook have been loaded, shipped and deployed withoui incident, Navy bombs
produced by this procedure have been subjected to extremely severe testing and no
accidental initiation or incidenls have been experienced, These tests consisted of a
borb being soaked at 150°F, for seven hours and then dropping it on its base from
heights of fifteen, thirty and fifty feet. Recent tests conducted at Tooele Army
Depot involved ‘impacting the base end of a bomb with the nose end of another bowb
dropped from forty~one feet, The results of all these tests indicated that the bombs
as produced are not extremely hazardous, as alleged, but quite insensitive to cven
severf fnpacts,

2. ALLEGATION: That the absence of a wax pad permits direct contact of Tritonal
and/or TNT with iron over the entire base plate and allows a potentially dangerous
TNI~on~fron corrosion reaction to take place unabated,

COMMENTS

a, In the absence of a wax pad explosive will not comec in direct contact
with the iron of the base plate because the base plates are coated with an asphaltic
type coating compound, or "cavity paint'.

b, It is known that iron and TNT will react at elevated temperatures in a
13 percent nitrie acid solution; however, these are obviously more drastic conditions
than would be encountered inside a bomb, Farthermore, under normal conditions found
inside & bomb, the reaction rate of iron and TNT would be extremely slow (several
years under normal storage conditions) and the reaction products would be in general
no more sensitive than TNT itself. There would be no heat problem since the extirene]
slow reaction rate found inside a bomb would allow the minute quantities of heat
generated by the iron~TINT reaction to be dissipated over the years through the metal
gkin of the bowmb,
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3. ALLEGATION: Steel threads at the base end are easily penetrated by
Tritonal which creates an extremely hazardous condition,

COMMENTS

a, Many attempts in the past to demomstrate this danger have failed,
However, 1if Tritonal did penetrate and did initiate in the small quantities that
might be found in a thread, the explosive reaction would quench long before it could
build up to anything like a detonation., This is because the heat of burning would be
transmitted into the large mass of steel rather than to more explosive,

b, MNAVORD has conducted tests where Comp A-3, an explosive much more
sensitive than Tritonal, was placed In the thrcads in the base plugs of 5" projectiles
and the projectiles were fired at proof pressure, All attempls to fnjifate a reaction
of any type by this mechanism were unsuccessful. Tests were conducticd by Picatinny
Arsenal in 1968 which demonstrated that exzplosive in threads 1s not a sensitive or
hazardous condition., In these tests Tritonal was purposely loaded into the threads
of the base end and other potentially hazardous joints, Extrusion from some of the
bombs was obtained by heat soaking them for & perlod of time. The bombs were then
subjected to a series of four, seven and forLy foot drop tests, Since no definitive
explosion reaction occurred fn these tests, it was concluded that bombs with
explosive in the threads were essentially not sensitive to impact.

_ 4, ALLEGATION: Sectioning of the bombs at Tooele revealed that Tritonal had
penetrated the threaded sections of the base end and that chunks of cast Tritonal had
accumulated in the grooves at the base,

- COMMENTS

a, Other observers at Tooele, Dr. H, J. Matsuguma of Picatinny Arsenal and
Mr. A, E, Gilmore of NAPEC (Naval Ammunition Production Engineering Center) Cranc,
Indiana examined the bombs and did not observe that Tritonal had penetrated the
threaded areas at the base end.

b. Chunks of cast Tritonal and "cinders" observed by Dr. Cook were products
of the rather crude dry-sawing process employed at Teoele. In sawving these bombs
without water cooling, the temperature of the metal at and near the cutting surface
is more than high enough to melt the TNT (176°F). Molten TNT is very fluid and is
free to migrate into cracks, seams, threads, ete,

5. ALLEGATION: That shrinkage cavities in Tritonal-loaded bombs contain TNT
erystals that are excessively sensitive to shock and which could cause the boubs to
be more sensitive to rough handling, particularly if the crystals become loose,

COMMENTS
a. Shrinkage cavities are a standard occurrence in Tritonal-loaded bombs,
Such cavities are apt to be lined with Jarge TNT crystals because the cooling rate

i{s slower inside the charge than it is near the surface, Hence the solidification
is slower which leads to the formation of large crystals of pure TNI., TNT produced
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by slow cooling of a melt is much less shock sensitive than that produced by rapid
cooling or quenching. For this reason, the INT crystals in the cavity are less
shock sensitive thar the rest of the INT in the bomb casing.

b, Particles of loose TNT or Tritonal in these cavities are not hazardous
nor do they make the bomb more semsitive to rough handling as evidenced by results
of numerous drop, bump and drop, and sled tests conducted on Tritonal-loaded bombs
with the type of cavities observed by Dr. Cook.

6. ALLEGATION: There is a distinct possibility that the aluminum-water
reaction may take place in the dangerous region of the bomb and white pouder
observed In one or more bombs was the product of this reaction,

COMMENTS

a, The aluminum-water reaction is well known, It is a relatively slov
reaction even at 194°F, and the rate depends upon the fineness of the aluminum and
the activation of the surface, The aluminum in Tritonal is fairly fine but it is
coated with TNT which is not soluble in water.,' Unless the TNT is molten, only the
aluminum in direct contact with the water can react, This reaction was studied as
early as 1944 and was reported at that time to be of negligible importance, More
recently, in 1968, this reaction was thoroughly investigated at Picatinny Arsecnal
vhich confirmed that the water-aluminum reactlon in Tritonal at room temperature
is negligible,

b, The white powder observed by Dr. Cook was not analyzed; therefore,
Dr, Cook cannot be certain of its composition., As stated by Mr, Stonebraker of
Tooele Army Depot, the white powder was actually aluminum oxide caused by the heat
of the saw decomposing sone of the Tritonal during the cutting process. Tooele Army
Depot uses a dry saw with no coolant or lubricant.,
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19 February 1974

EVIDENCE OF SHAPED CHARGE ACTION IN BOMBS
RECOVERED FROM ROSEVILLE AND BENSON

William S. McEwan and Tafior B. Joyner

Inspection of bombs recovered from Roseville and Benson 14 and 15
February 1974 at Hawthorne, Nevada:

Bombs from Roseville, Mk-81's, showed, 1) extensive exposure to fire,

2) subjugation to severe side pressures as evidenced by crushed aft end
assemblies, elliptical closure rings and heavily dented bomb bodies,

3) extensive scarificdtion by fragments was seen on some bombeg as well as
a few that were partially or completely burned out.

Bombs from Benson, Mk~82's, showed éom; of the types of damage noted
for the Roseville bombs, but not nearly as large a fraction of the recovered
population poseessed those types of damage.

The principal type of damage seen here, and it 1s very striking considering
the high fracE}oQ of bombs in which it appeared, was a severe pitting and
scarification to the base plates of the bombe with an occasional example of
where the base ring was pushed completegy into the bomb interior, stripping
the threads and deéorming the case. This damage was combined with an impact
damage to the nose and fuze well. In a number of cases the impression of a
bomb nose could be seen in the base plate of another bomb and vice versa -
base plate marks in the nose. Few of these bombs had burned out.

Conclusions: It eeems quite clear that the damage seen in the Benson
bombs was eassentially "éhaped charge" type jetting coupled with severe nose

into tail type impacts. One was struck with the scarcity of bombs with
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fragment scars on the side or bombs with bashed in sides. One wonders where
are the bombs that were alongside or over and under the bombs which jetted
and caused the damage to the bases and noses of the bomb in the rank ahead
of them. One is-driven to the conclusion that either all these bombs in a
single rank of pallets detonated or if not all, those remaining were so
severely damaged that they were destroyed at Benson by EOD and were not
shipped to Hawthorne.

Because of this characteristic type of damage found in the Benson bombs
at Hawthorne, it was decided to reexamine the photographe and sectioned bombs
of two bombs of this type which had been members of the group which was
sectioned and analyzed by Hawthorne and the Naval Weapone Center. This was
done for bombs X-3, X~6, and X~1. In bomb X-6, there was evidence of its
having been melted at least twice wath about a 45° rotation between melts.
(Evidenced by lines of demarcation where aluminum had settled into the lower
eighth of the bomb.} Hot melt (Flintkote) had been melted and had filled
the normal void occurring in the bomb. The fuze well cap had begun to recurve
inwards and the charging tube was partially flattened and showed the intrusion
of molten Tritonal from where the tube had pulled loose from the fuze well.
In bombs X-1 and X~3, there did not appear to be:evidence of pre-melting, but
they had been hit very hard in the aft end, enough to strip all the threads
in the aft end closure ring. 1In one‘case, the ring had been forced back into
the wax,in the other the ring had been pushed right into the Tritonal filline.
Cracks were seen in the Tritonal £illing in the bomb body.

In neithex of these two cases was there any evidence of ignition. It
seems hard to imagine a more severe test for "pinching" or TNT in the threads

ENCLOSURE(%)

than these bombs have already gone through.



Numerous color photographs wete taken and a partial 8 x 10 set of the
Hawthorne photbs of the sectjoned X-6 and X—%ﬁbombs were obtained, These

photos will be included as goon as they have been processed.

W, S. McEWAN

T. B. JOYNER

ENCLOSURE(>)
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' of Ordnance issued instructions for bomb loading requiring the coating
of the interior of the cavity with projectile cavity paint and authorizing
loading by either the pelleting or single pour technique. Horizontal
cooling of bombs that were both base and nose fuzed was required regardless
of the loading method to assure proper fuze action in Initiating the
main charge.

3. From that time to the mid 1960's the cholce of loading procedures
was the perogative of the loading plant. During the mid 1950's the

. low drag series of bombs Mk 81 thru 84 were developed. The bombs were
loaded using straight pour with crust venting, and several pellet
loading techniques, and were cooled in the horizontal position to
reduce the cavities around the base fuzes. Safety tests performed to
establish the safe handling characteristics of these bombs are reported
in many documents and are listed in enclosurxe (2). They included such
severe impact tests as plate penetration, gun firing against reinforced
concrete, alr drops on concrete, 40' drop, bullet sensitivity, and
survelllance tests. Results are not included in this documentation
package; however a high degree of safety in loading, shipment and use
of the bombs was established for H-6 and tritonal.

4. During the mid 60's the usage rate of the bombs increased consider-
ably as did the dud rate. The Naval Weapons Laboratory, Dahlgren
reported, reference (b), on static test series where 23% of the bombs
tested either detonated low order or were duds. Poor quality explosive
charges were blamed for low reliability of the bombs. In 1965, a team
of loading experts was organized by BUWEPS to review means of standaxd-
izing the loading processes used by the Ammunition Depots to load bombs,
and to improve main charge quality around the base fuze cavity to ensure
proper initiation on fuze functioning. Various loading techniques were
evaluated; however’ the straight pour - horizontal cool method used in
previous years was selected as the best process for providing bombs
meeting performance and safety standards and at the same time allowing
production requirements to be met. (See enclosure (3) and (4). -

5. The Mk 80 series bombs as now used are loaded with either H-6
(a mixture of TNT/RDX/Aluminum and desensitizer) for the Navy and
Tritonal (a mixture of TNT and aluminum) fox the Air Force., Tritonal
has been in use by the services since 1943 and was adopted as the
standard filler for bombs by both the Army and the Navy in 1945,
enclosure (5). It is presently the Air Force preferred fill for
general purpose bombs. The Navy prefers to use H—fH;dn :

ENCLOSURE(G)




DEPARTMENT OF THE NAVY ’%ﬂ Ag(‘ rlﬂ'\

NAVAL ORDNANCE SYSTEMS COMMAND
WASHINGTON, D. € 20360

IN REPLY REFER TO

ORD-048D :EAD
ORD-0332A:RLB
SER }
m—— — o lof RUG £
From: Commander, Naval Ordnance Systema Command
To: Chairman, Department of Defense Explosives Safety Board

Subi: Low Drég Bomb, Mk 80 Series, information concerning

Ref: (a) DDESB memo of 5 July 1973

(b) NWL, Dahlgren memo report TEF:VP:ah of 22 Oct 1962

(c) OSED National Defense Research Committee Report A~337

(d) Office Chief of Ordmance, Wash., D. €. to HQ Army
Alr Force of 8 Jan 1945 .

(e} Ordnance Committee Item 31926 (memo to ORD Tech.
Com.) of 18 Dec 1947

(f) Picatinny Arsenal TR 2531 the T54E3 (m 117) New

- Serdies 750 1lbs. FB Bomb Aug 1958

(g) AMCP Pamphlet 706-177, "Englheering DPesign Handbook,
Properties of Explosives:of Military Interest”

(h) Hill AFB 1ltr to NWL, Dahlgren SER 8150 of 17 June 1965

Encl: (1) NOSC memo ORD-033ZA:RLB of 16 July 1973

(2) NOLTR 73~92 (Advanced Copy), A Survey of Tritonal and
16 as Explosive Bomb fills

(3) BUWEPS ltr RMMO-6:EAD of 17 Jan 1966

(4) NOSC ltr ORD-0332:RIB of 1 Aug 1966

(5) NAVORD OCL AV23-45 of 14 June 1945

(6) AIR Proving Ground Center, Eglin AFB, APG-TR-65-68,
Suppl. 1 of June 1966

(7) NOTS China Lake TN 4032~3~67 of May 1967

(8) NOL White Oak NOLTR 72~64 of 2 Mar 1972

(9) NWL, Dahlgren 1tr TEX:DW:REB 8150 of 6 Mar 1968

(10) Tooele Army Depot Final Report of Nov 1968

(11) NAD Crane 1ltr X1-2 (3):WRM:REB of 14 Aug 1956

(12) Exerpt from NWL, Dahlgren TR-2869 of Dec 1972

(13) Train/Truck accidents with bombs

1. Reference (a) requested that test data on Mk 81 ~ 82 LD bombs generated
subsequent to the inaugration of the straight pour horizontal cooling
Process be submitted for your comment and forwarding to the Deputy Assistant
Secretary of Defense (Production Engineering and Material Acquisition).

2._ The straight pour with horizontal cooling technique for loading
munitions is not new and has been used with cast INT based systems for
almost 50 years, commencing in 1926, (See Encl (3)). In 1934 the Bureau

NCLISSFE) i
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because it has proven to be more effective than Tritonal. The
sensitivities and cook-off times for #H+~6 and Tritonal are quitn similar.
Tritomal is still considered an acceptable alternate filler for Navy
bombs when H-6 1s not available.

6. Generally, two types of sensitivity tests are required to evaluate
the safe handling characteristics of.an explosive; small-sc#le tests
to assess the sensitivity of the explosive itself and weapons handling
safety tests to obtain data on the sensitivity of the explosive as
used in the weapon. Table (1) presents some of the small-scale test
data on Tritonal, TNT, H-6 and Composition B. Tritonal and H-6 are
showh so that relative sensitivities of these two explosives can be
examined in view of their use'in Navy and Air Force bombs and the
number of tests conducted on H-6 loaded bombs in the past. TNT and
Composition B are listed since these were the loads in the A/N M64

old style boubs tested in 1944 which according to some souxces led

to the use of a wax base pad in bombs.

TABLE I
TNT Comp B H-6 Tritonzl

Impact Sensitivity (em) NOL/WO 157 60 111 100

(IN) PICATINNY 14-15 14 14 13

(CM) BUREAU OF MINES 95-100 75 - 85
Density (g/cc) 1.61 1.70 1.75 1.72
Large Scale GAP Sensitivity (CARDS) 133 201 166 181
Friction Pendulum (Steel Shoe) Unaffected Unaffected Unaffected Unaffect:
Rifle Bullet (% affected) L0% 20% 807 607%
Slow Cook-off (°F) 419 338 311 428
Susan Test (ft/sec) 425 300 196 258

. The sensitivity of Tritonal is not markedly different from that of the
other TNT-based explésives used by the services.

+ 7. VFull-scale weapons test data available subsequent to use of the
current Navy loading method is contained in enclosures (6), (7) and (8).

ENCLOSURE®)




LT oy

ORD-048D:FAD
ORD-0332A:RIB
SER 03157
Aug 21, 1973

|‘.. . {UNCLASSIFIED upon removal of énclosures)

Subj: Low Drag Bomb; Mk 80 Series, information concerning

Enclosure (6) repoirts test results from Eglin Afx Force Base comparing
H~6, Tritonal and Desensitized Tritonal (Tritonal + D-2 wax). Bombs
were loaded by two techniques, one being the current Navy method. The
other, controlled cooling technique. No attempt was made to correlate
the effect on sensitivity as a function of loading technique; however
as seen in Table 2 which was prepared from the data in enclosure (6),
loading technique had no effect or impact sensitivity.

TABLE 2
B-6
3 foot concrete target 5 foot céoncrete target
6-test bombs* 2 high order 3 test bombs 2 low order

. 787-832 ft/sec 1 no reaction
velocities 526-797 ft/sec 1 Partial high order

3 no reaction

» 3 pllot bopbs¥% 1 low order » 3 pilot bombs 1 low order

R : 825-981 ft/sec 4 no reaction
melocities 836-841 ft/sec 1 no reaction

Desengitized Tritonal#®*#%

3 Foot Target 5 Foot Target
7_test bombs 4 low oxder 2 test bowbs - 2 low order
514-810 ft/sec 3 no reaction 835-849 ft/sec
X pilot bomb 1 no reaction 6 pilot bombs ~ 2 low order
2814 ft/sec 814~965 ft/sec.4 no reaction
“Fritonal
3 Foot Target 3 Foot Target
7 test bombs 2 low order 1l test bomb - 1 no reaction
534-838 ft/sec 5 no reaction 829 ft/sec

1 pilot bomb 1 low oxder 6 pilot bowhs - 2 low order
17 ft/sec C _t/sec 4 no reaction

NG ASSIFIEN .
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; *Test Bombs - Controlled cooling loading technique
; #% Pilot Bombs - Current Navy méthod
: #%%Tritonal to which 5% D~2 wax desenitizer has been added

i
Enclosure (7) reports similar rocket sled tests conducted on H-6 and
desensitized Tritonal. The H-6 bombs were loaded by five techniques
including the current Navy method and all the desensitized Tritonal by
the current Navy method. A table indicating the results as a function
of explosive filler and loading technique is presented in the summary
of that report. Enclosure (8) presents a summary of enclosures {(6) and
(7) as well as some tests conducted prior to 1966.

8. Enclosure (9) reports the results of 40' drop tests conducted on
bombs loaded subsequent to the time the Navy standardized its bomb
loading process at all plants. This report indicates no reaction on

12 drops of Mk 81 and 82 bombs loaded with both H-6 and Tritonal. Drops
were conducted in 3 attitudes nose down, base down and horizontal.

9. In regard to the use of wax pads in the tall of the LD bombs the
following comments are pertinent. The OSRD National Defense Research
Committee Report #A-337, reference (c) prepared by the committee on
 f£i1lings for aerial bombs states "the use of nose and tail pads of TNT
and inert sealer at the tall varies with the bemb." The only tests
indicating a possible safety benefit to impact sensitivity of bombs

from base inert pads are reported as part of erclosure (10). These
tests were conducted in 1944 on the thin walled TNT and Comp B loaded
AN-M 64 bombs which had auxillary boosters cast integral to the explosive
charge in the tail, 1In all test data regarding drop testing of Tritonal
loaded bombs regardless of type there have been no explosive reactions.
For example in reference (d) it was reported that drop test on 500 pound
GP bombs Tritonal loaded with nose and tail pads gave no reaction in 12
drops from 50 ft. Comparative data is presented indicating 1 low order
detonation out of 6 drops occurred with TNT loaded bombs with the same
Inert pads. Reference (e) presents additional 50 foot drop test data

on TNT, Tritonal and Comp R bombs with inert nose and tail pads. These

results are summarized in table 3.

"ENCLOSURE(e)
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TABLE 3
Number ;f Bombs Tested Number of reactions on tail
Explosive
TNT 16 2
Tritonal 18 _ 0
Comp B 34 i |

‘Reference '(f) reports the dropping of 5 Tritonal loaded M117 GP bombs
with inert pads from heights of 5, 20, 35 and 50 feet on base, nose and
side with no explosive reaction.

10. In the straight pour ~ horizontal cooling loading process used by
the Navy, the wax is expected to migrate away from the base section.
The melting point of the wax is about 819C which is only 4°C higher
than the pouring temperature of the explosive. The specific gravity

of the wax is somewhat lower then the specific gravity of the explosive.
Thus the migration of the wax on turning a hot bomb the vertical
position for cooling is not new or unexpected. Documents concerning
discussions of this migration date back to 1950. These bombs were
designed to be assembled while the explosive is still liquld otherwise,
the anti-withdrawal pins built in the base plate would "plow" through
solid explosive on the base assembly, The primary putpose for the
sealer in these Mk 80 series bombs was to add an extra margin of

safety in assembly in the loading plants. Enclosure (11) illustrates
.the problems encountered. The requirements for anti-withdrawal pins
was eliminated some two years ago. The loading process was not changed
however.

11. The presence of the wax sealer is listed as a critical defect in
loading the Mk BO series bombs and is required prior to final closure
of the bomb. Since it is known that after closure on laydown, the
wax pad migrates, no requirement, and thus no erfort has ever been
made to inspect for the wax pads after final assembly of the bomb.

12, Bombs loaded utilizing the current Navy process wherein the wax
pad migration is known to have occurred have been subjected to 40'
drop tests and sled impact tests. Enclosure (9) reports of such tests
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results on H-6 and Tritonal loaded Mk 81 and 82 bombs in nose, base

and horizontal drops. Futhermore enclosure (10) reports the results

of rough handling tests on bombs which Included two Mk 82 bombs loaded
by the current technique with Tritonal. One bomb was heat soaked at
150°F for 7 hours and dropped on its base 3 times each from heights of
15, 30 and 50 feet. The bomb was cooled overnight and dropped once again
from 50 feet. After the third and fourth 50' drop metal parts failures
occurred, The second bomb was dropped 3 times each from heights of 15,
30 and 50 feet. No heat soaking was given this bomb. In no instance

was there any reaction. The tests conducted on these bombs and the M117
are described in enclosure (10) as being a more severe torture test than
could be imagined for munitions and that it is inconcelvable that any
normal or even careless handling of these fteus could even fractionally
equal the impact values or the repetition of these impacts. Additional
drop tests have recently been performed for the Department of Defense
Explosives Safety Board by Toole Army Ammunition Plant. Bombs from

lots involved in the recent train explosions were dropped 41 feet onto
inert bomb nose sections. Eight tests have been conducted and no explosive
reactions have occurred. ’

13. As indicated by the small scale tests mentioned above, Tritonal, like
all other explosives, is sensitive to heat. Hill Air Force Base in
reference (h) provided the following data on the cook-off characteristics
of Tritonal test .

Test Number Item ‘Reaction Time
1 M-117Al1 Low Order 12 Min.
2 ¥-117A1 High Order 5 Min., 35 Sec.
3 M-117A1 High Order 5 Min., 16 Sec.

For these tests, each bomb was placed on a steel stand 3 feet off thé
ground, with lumber placed beneath and around the stand and saturated
with JP-4 fuel. Navy tests with Tritonal loaded bombs suspended 3 feet
over JP-4 fuel fires gave cook-off times of 2~1/2 to 4 minutes with
temperatures at the ekplosive/hot melt interface averaging 500°F.

(See Enclosure (12). In a recent test at the Naval Weapons Center,
China Lake one Tritonal loaded Mk 81 bomb exploded violently after
being exposed to a temperature of 405°F for 7.8 hours. In a second
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3.5 houra of exposure to & temperature of 405 to 410°F. It has been
demonstrated in wany tests, that cook-off of bombs in fire is a
certainty, given a fire of sufficient temperature and duratiou.

14. Enclosure (13) is a list of truck/train accidents, which subjected
bombs to extremely severe environments. These accldents provide us
with a group of impromptu, wnscheduled, rough handling tests. No
explosive reactions were experienced in the bomba involved in any

of these accidents. '

R, E. SPREEN

Copy to: CNM (MAT-09) CNO (OR-04) OP-41)
{ QRD-03

ORD-0332

ORD-04

ORD-04M

ORD~-00N

Prep: E. A. Daugherty, R. L. Beauregard, 8/10/73
Ext: 28250 Ext: 28358
Typed: C. F. Spigone
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UNITED STATES DISTRICT COURT

EASTERN DISTRICT COURT OF CALIFORNIA

JOSEPH M. PUJALS, et al.,
Plaintiff CIVIL ACTION NO. S-2911
V.

SOUTHERN PACIFIC TRANSPQRTATION
COMPANY

AFFIDAVIT OF

DOCTOR ALBERT LIGHTRODY
Defendant

ALBERT LIGHTBODY being first duly sworn deposes that:

T was, until 3] December 1973, the head of the Chemistry
Research Department at the Naval Ordnance Laboratory, White
Oak, Silver Spring, Maryland. I had occupied that position
since May 19%7. As head of the Chemistry Research Department,

I had the responsibility of initiating, approving and directing

of materials, of importance to the U.S5. Navys research and
development programs. Two of these divisions are involved
completely with explosives. The Advanced Chemistry Division's
work is concerned with the synthesis, decomposition, analysis
and general chemical behavior of explosive materials, both as
ingredients and as mixtures of matérials in use or proposed for
possible use as military explosivesl Another phase of this
division's work involves the study of initiation an; the growth

from burning into detonation. The other division, The Chemical

Engineering Division, whose work is in explosives, carries on

the work performance of five divisions involved in the chemistry




research and developnent in the formulation of new explosives,
the fabrication of small quantities (up to 100 1lbs) of
explosives, and the testing and qualification of explosives
for use by the U.S. Navy. This includeg all types of tests,
such as impact, thHermal behavior, exposures to different
environments of practical value, and gimulatéd accident
conditions as drops, fire, alternate fyeezing and heating,
skids, etc.

buring the period of my occupancy: of this position, I
have had to initiate and approve actionsion explosives which
have resulted in their approval as Navy’ accepted explosives.

I have investigated accidental initiafiions of explosiong which
have caused physical damage to properﬁf and personnel, I have
isupervised personnel who have ‘similatie#’ accident conditiOns
with all types of explosives being used by the Uu.s. Navy, as
well as many explosives which have been proposed and either
rejected or placéd in abeyance for further evaluation.

Since 1 January 1974, I have been'engaged as a consultant
by the U.S8. Naval Ordnance Laboratory primarily to prepare
plans for future work in advancing the technology of explosives.

Four things that Dr. Cook mentions which could be
considered faulty bomb construction, filling or handling are
!(1) absence of the wax "buffer" near the closures in the bombs,
i(z) presence of explosive in the threéas, {3) reaction of TNT
Jwith bare iron, and (4) "honeycombed” or low density bombs. We
will attempt to discuss each of these separately.

1. fThe wax "buffer" which is poured on top of the
explosive load was provided to assure no inteference with the

'closing plug and is thus a spacer. This is accomplished under




the present system. It has been shown by the Army that a "pad"
of wax in a bomb will make initiation by impact less frequent
during attack on a target. However, the many tests conducted
by the Air Force using Tritonal filled bombs show that the
present bombs filled with Tritonal do not initiate, even when
dropped onto lava beds though the cases deformed on impact.
Consequently, for these bombs, the fact that the wax has
"migrated" appears unimportant, as a possible cause of
initiation.

2. It is guite likely that a microscopic examination may
find some explosive in the threads of the closure, even though
care is taken to prevent this. Many attempts in the past to
demonstrate the danger in this have failed, although primary
explosives will initiate in the same small guantities in the
threads when impacted. If the TNT did initiate in the small
‘guantities that might be found in a thread, the explosive

rould guench long before it could build up to anything like a
detonation because the heat of burning would be transmitted
into the large mass of steel rather Fhan to more explosive.

3. We know of no evidence of a "dangerous" TNT reaction

7

ith iron. Iron with an acid can reduce TNT but the reduction

roducts are no more and usually less snsitive than TNT itself.

e

o if a reaction did occur, such an occurrence would result in
safer, not more unsafe, condition within the bomb. There
+

ave been thousands of instances of TNT on bare steel and to

[T ThE

4. 'The other item pointed out by Dr. Cook was the
'honeycombing" which was observed in the sdctioned bomb., The
answer to this is well expressed in the Naval Message

(DTG 2618502 Jun 73) from the Naval Ordnance Laboratory to the

ate I can f£ind no records of a "dangerous corrosion”" conditicn,




Naval Ordnance Systems Command. It states that "internal
shrinkage cavities are found in most castings of TNT~pased
explosives such as Tritonal. Suchzcavities are apt to be
lined with large TNT crystals because the cooling is slower
there than at exterior locations on the charge; hence, the
solidification is also slower leading to the formation of
large crystals., TNT produced by slow cooling of a melt is very
much less shock sensitive than that produced by fast cooling
or quenching. For this reason the TNT lining the cavity would
be less shock sensitive than that lining the casing. There is,
furthermore, nao reason to expect any detached TNT crystals

to show excessive sensitivity to rough handling." This
condition of "honeycombing" can hardly be considered a hazard.
For an aluminum-water reaction having the possibility of
taking place in the threads seems an impossibility as a cause
of starting a major reaction. Even if the reaction did occur
{(which I gnestion) the heat dgenerated would be quickly
dissipated into the massive surrounding steel,

It certainly seems that the he;ting of the bombs by an
external fire is far more probable as the cause of the
detonations than any of the items mentioned herein. The fact
that fires have occurred in railroad cars, that fuel (Butane)
:fires in tank cars have been initiated due to railway
difficulties with Qisastrous results and that effects with
bombs similar to those obscrved have been produced with

icontrolled "slow cook-offs" make this conclusion most tenable.

et iy . i b £
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UNITED STATES DISTRICT COURT

EASTERN DISTRICT COURT OF CALIFORNIA

JOSEPH M. PDJALS, et al.,

Plaintiff CIVIL ACTION NO. 5-2911

v'
SOUTHERN PACIFIC TRANSPORTATION AFPIDAVIT OF
COMPANY

DGCTOR JAMES E. ABLARD
Defendant

B N . i

JAMES E. ABLARD being first duly sworn deposes that:

My experience with explosive materials started in
February 1942 at the Explosives Research Laboratory of the
ational Defense Research Committee housed on the property of
he Bureau of Mines at Bruceton, Pennsylvania., I left there
in December 1545 tu gu ©o the research laboratory of General
Tire, Akron, Ohio. In March_1949, Y was appointed to the

Fxplosives Research Department of the U.3. Naval Ordnance

Laboratory, Silver Spring, Maryland. Since 194% my experience
with explosives has been continuous. I occupied various
nositions in explosives research work ending with Associate
birector for Research in Chemistry and Explosives. R retired
from full time work on March 31, 1973 and am now a part time
rmployee of the Naval Ordnance Laboratory doing consultiné

vOrk in explosives. I have examined two letters signed by

)r. Melvin A. Cook, dated Junc 8, 1973 and June 15, 1973, and

nake the following comments thereon.

——————




Dr. Cook has claimed in his letters that the Navy "goes
to great length to make sure there is no TNT-iron contact...
thus the potentially dangerous TNT on iron corrosion may take
place..." Compatibility tests with TNT and many metals have
been run many times for many years without evidence of any
substantial reaction.

To the best of my recollection, hot melt to line warhead
avities was introduced by the Navy to cover up cracks between
fittings and cases to prevent explﬁsives from seeping into
the cracks and being pinched when the weapon was rough handled.
This practice was started for mines and spread to all weapon
warheads.

The fact that the wax migrates from its position on top

bf the £ill at the end of the‘bouring has been discovered in
nany instances before. The reason for the migration is well
tnown. If the wax is too low melting, it stays fluid geyond

he time that the bombs are held on their noscs on the loadiag
arts and simply floats away when the bombs are tipped on their
ides during inspection and after loading into the railroad
rars. However, no one has been able to prove by tests that
bombs in such condition are more hazardous to handle., Many
drop tests have been run with tritonal loaded bombs without
pxplosions although x~rays have shown that migration of the wax
had occurred in similiar bombs.

A hot spot caused by either friction or pinching as Dr.
Cook postulates must grow in millscconds to an explosion or
plse it will die out. In this connection, it must be noted
l.Lhat the Roseville explosion occurred while the train was at

rest in the railroad yard.




The possibility of an aluminulm~water reaction is also
advanced. Again, it would be difficult (I believe impossible}
to prove that enough water and enough aluminum could get
together to react to cause enough heat t0 start an explosion
a month after the 1oading‘took place. The water-aluminum
reaction is not very fast at room temperature and also not
at 90°C, Its rate at these temperatures depends on the fineness
of the aluminum and the activiation or deactivation of the
surface. While the aluminum in tritonal is fairly fine, it is
surrounded by TNT which is insoluble in water, and unless
the tritonal was molpen, only that part of the aluminum
in contact with the water could react with it. The rest would
be protected hy a layer of TNT. Thus, while one might expect
a small reaction while the bombs were still hot, when they
cooled off, and certainly after a month, no rapid reaction could
occur.

This reaction has been proposed in the past as the
source of "gassing" in mines filled with aluminized explosive
and stored. But the rate of this reaction is much too slow
to gencrate a hot spot.

DPr. Cook states that a "good deal of white powder" was
found in a quartcred base which is "clearly the reaction
product of aluminum, i.e., aluminum oxide (Al;03)." Even
if, on analysis, the white powder proved to be AIZO;, what is
not realized (or is ignored) is that a large amount of heat
is required to start a spontaneous expleosion. The one
involved here presumably cocked awa} slowly for a month which

vould pormit much of the heat to be lost to the surroundings.




Although the aluminum-water reaction produces 3600 cal
per gram of aluminum reacting, it can be readily shown that
heat losses over periods as long as a month would make it
necessary to usé up nearly all of the aluminum available in
tritonal to even keep the bomb warm, let alone heat a portion
of it to ignition temperatures. It must be remembered that
over such a lung period of time, the usual concepts of hot
spots a millimeter or so in diameter which reach 500°C or
higher cannot be considered here. The long time permits heat
flow to large distances, i.e., to the external surfaces of
the bomb. I do not believe it can be shown that any chemical
reaction can continue for a month slowly building up to
ignition temperatures. The material supporting the reaction

would all be used up.

7 -
Q(z o, 2, M(,«:f,,»é_

DOCTOR /JAHES E. ABLARD
o

State of Virginia
Country of Arlington

.
Subscribed and sworn to before me this;gzzzday Off@%j/ﬁﬁ;;fﬁgf

1974,
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IN THE UMITED STATES DISTRICT COURT
FOR THE EASTERN DISTRICT OF CALIFORNIA

e

JOSEPH M. PUJALS, et al.,
Plaintiffs, i NO. Civ. S-2911
v %
SOUTHERN PACIFIC TRANSPORTATIO!N % AFFIDAVIT OF
|

COMPANY , RADHM. THOMAS J. CHRISTHAN

Defendant.

1 20t Ayt

THOMAS J. CHRISTHMAN, Rear Admiral, USN, being first duly sworn,
deposes as follows:

1. That I am the Vice Commander of the Naval QOrdnance Systems
Command;

2. That the Naval Ammunition Depot, Hawthorne, Mevada, (herein-
after called "Hawthorne") is a field activity of the Naval Ordnance
Systems Command and is under direction and control of this Command;

3. That, according to records of this Command, Hawthorne
produced the following quantities of (K 81 and MK 82 tritonal-loaded
bombs during the calendar months after April 1973 to February 1974

MK 81 MK 32

1973 4616 May 27,360
9738 June 21,574

744 July 34,384

1,421 August 30,955

-0- September 23,586

6000 October 24,148

2727 November 23,667

-0- December 15,660

1974 -0- January 25,39

4 That, according to records of this Command, Hawthorhe
currently has on hand unfilled orders for production of MK 81 and MK 82
tritonal-loaded bombs as follows:

MK 81 - 67,400
MK 82 - 194,900
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[ 49 CFR Part 174]
| Docket No HM-114} Notice No T4-1]

RAL CARS USED TO TRANSPORT CLASS
A EXPLOSIVES

Selection, Preparation, Inspection,
Cartification, and Loading

The Hazardous Materials Regulations
Board is considering smendment of
$ 174 525 which prescribes the require-
ments for selection, preparation, inspeg-
tion, certification and loading of rallroad
cars used to transport Class A explosives

As n regult of recent rail accidents and
incidents invoiving Class A explosives,
the Federal Railroad Administration
{FRA) issued Emergency Order No. 3 an
August 9, 1073, to supplement the Haz-
ardous Materials Regulations (38 FR
21952). Thizx Emergency Order provides
that each car trensporting Class A ex-
ploaives must be equipped with certaln
“Jow-sparking” type of breke shoes and
all brake shoes on the car must be of the
same and proper type and design, in safe
and sultable condition for service, end
comply with prescribed weer limits In
gddition, the Order provides that the
car must be equipped with a continuous
steel sub-flooy or metal spark shields of
prescribed dimensions However, if the
ear is not equipped with preseribed steel
pub-floor or metal shields, the car may
be used to carry Class A explosives only
if it 15 inspected at intervals and in the
manner set forth in the Emergency
Order

On November 2, 1973, the Association
of American Rallroads (AAR) filed a re-
quest for modification of Emergency Or-
tder No. 3 or, in the alternative, for review
as provided in section 203 of the Federal
Railroad Safety Act of 1970 (46 UA.C.
432y Some of the modifications re-
quested by the AAR deal with matters
that are included in this Notice of Pro-
posed Rule Making They are included in
this notice to aftord an opportunity for
public participation in thelr resolution.
Upon completion of the rule-making pro-
cecding inltiated by this notice, FRA in-
tends to terminate Emergency Order
No 3

Althouph the accidents involving Class
A ecxplosives which occurred on the
Southern Pacific Transportation Com-
pany at Roseville, Talifornia on April 28,
1873, and at Benson, Arizona on May 24,
1973, are stiil under investigation, the
FRA belldves that § 174526 must be
amended 0 eliminate potential fire haz-
ards on rall cars used to transport Class
A explosives These hazards result from
overheated friction jecurnal bearings,
overheated and “sparking'’ brake shoes,
and the presence of combustible material
on the undersides of care

Interested persong are invited to give
thelr views on these proposals, Commu-
nications should lidentity the docket
number and he submitted in duplicate
to the Secretary, Hazardous Materlals
Regpulations  Board, Department of
Transgportation, Washington, D C 20500,

WASHINGTON, D C. 20390

Communications rccelved on or hefore
March 31, 1974, will be considered before
final action i taken on these proposals,
All comments received will be available
for examination by interested persons
at the Office of the Secretary, Hazardous
Materials Regulations Board, Room 8215,
Buzzards Point Building, Second and V
Streets 5 W, Washington, D C, both be-
fore and after the closing date for com-~
ments ‘The proposals contained in this
notice may be changed in light of the
comments received

in addition to assure that all inter-
ested persons have an opportunity for
oral presentation, the FRA will conduct &
public hearing commencing at 10a m , an
March 21, 1974, in Room 2645, Federal
Building, 650 Capitol Mall, Bacramento,
Callfornia

The purpose of Lhis public hearing is to
obtain Information to assist the FRA in
developing a final rule in thig proceeding,
not to deiermine the ceus¢ or clreum-
stances surtounding sny of the recent
rail accldents or incidenis involving haz-
ardous materiels which are still under
investigation

The hearing will be an informal not a
judiclal or evidentiary type of hearing
There will be no cross-examoination of
persons making statements An FRA stafl
member wiil make an opening statement
outiining the matter set for hearing. In~
terested persons wiil then have an cppor-
tunity to present their oral statements.
At the completion of all oral statements
those persons who wish to make rebuttal
statements will be given the opportunity
to dao so in the order in which they made
their initial statement Additlonal pro-
cedures for conducting the hearing will
be announced at the hearing. Interested
persans may present oral or written
statements at the hearing All statements
wil he made a part of the record of the
hearing and be a matter of pubilc record,
Persons who wish to make oral state-
ments at the hearing should notify the
Office of the Chief Counsel, Federal Rall-
road Administration, Room 5101, Nassif
Buildlng, 400 Heventh Btreet 18W,,
Washington, D C 20590, beéfore March 14,
1974 stating the dmount of time re-
quested for thelr jnitial statement

The proposed changes in Paragraph
(b) of § 174525 are described below.

Subparagreph (1) It 1s propoged to de~
lete the words “when avallable” and “on
other”. The first deletion would make ab-
solute the preserit conditlonal specifica-
tions contained in the subparagraph The
second 1s clarifying in nature

Subparagraph (3), It is proposed to
substitute “holes” for “loose boards”, add
“doors” and substitute “which may hold
fire from sparks” for “liable to hold
sparks and start a fire" The flrst two
changes aré merely clarifying in nature
while the third change is broposed both
for clarification’and to conform with the
language of subparagraph (4)

Subparagraph (4} It 18 proposed to
delete “or broken boards” to conform
with similar changes in other gubpara-
grapha.
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Subparagraph {6) ¥ is pioposed to
amend this Subpdragraph to require that
after December 31, 1875, each car used to
transport Class A explosives must be
equipped with roller bearings, and to
amend the present flrst sentence of this
subparagraph to reflect this proposal by
substituting *"Thie roller béarings or jour-
nal boxes, and the trucks" for “The jour-
nal boxes and trucks

Overheating of friction journal bear-
ings often resulting in open flames from
burming oil and pads, is recoguized as a
major hazard in rallroad operations
Since roller hearings are much less likely
to overheat and even less likely to gen~
erate open flames i they should over-
hent, virtually all of the new freight cara
placed in service es well as older cars
rebuilt in recent years are equlpped with
roller bearings At present, approximate-
ly one-half of the natlonal freight car
fleet is equipped with roller bearings In
these clreumstances, FRA beljeves that
cars carrying Class A explosives should
be required to be equipped with roller
bearings

Subparagraph (1{}. The FRA proposes
to redeslgnate existing subparagraph
{11) as subparagraph (13) and to add
a new subparagraph (11} The proposed
new subparagraph provides that after
December 31, 1874, each car carrying
Class A explosives must be equipped with
high-triction c¢omposition brake shoes
and biake rigging designed for these
shoes and that until then the car must
be equipped with either high-friction
composition brake shoes or high-phos-
phorous brake shoes and brake rigging
designed for the type of brake shoe used
Proposed subparagraph (11) would also
require all brake shoes on the car to be
of the same type and in safe and suitable
condition for service High-friction com-
position brake shoex wonld be required
to have a minimum thickness of three-
eighths inch and hjgh-phosphorus brake
shoes, of one-half inch

Bparks generated by contact between
brake shoes and wheels during braking
of trains present a sericus fire potential
which assumes criticnl dimensions when
a car Is cartying Class A explosives Cast
iron brake shoes produce a heavy shower
of sparks during braking which could ig-
nite any comhustible material under the
car High-phosphorus brake shoes are
much less susceptibie to this sparking ef-
Tect but since they are made of metallic
matertal, they do produce some sparks
during heavy braking High-friction com-
position shoees narmally generate almost
no sparks Low-friction composition
brake shoes also generate practically ho
sparks However, because only a very
small portion of the nation’s freight car
fleet 13 equipped with low-friction com-
position brake shoey, this type of brake
shoe is virtually unknown to many rail-
road maintenance employees and Is not
carried fn stock by many railronds Con-
sequently, there Is a strong possibility
that worn or missing low-friction com-
position brake shoes may be improperiy
replaced with high-fricti>n composition
brake shoes thereby eresting serlous five

LW
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and safety hazards Mixed types of brike
shoes on a car and worn-out brake shbes
argalso hazardous

ubparagraph (12). The FRA proposes
to redesignate exlsting subparagraph
(12) as subparagraph (14) and to add a
new subparagraph (12), The proposed
new subparagraph provides that a car
carrying Class A explosives must have
elther a meta] suk-floor with no combus-
tible materlal exposed beneath the car
or have metal spprk shields extending
from the center sifl to the side sllls and
from each end sill to at least iwelve
inches beyond the exireme treads of the
Inside wheels of each truck. The spark
shields must be tightly fitted agalnst the
sub-floor 8o that no vacant space to catch
eparks or combustible material is ex-
posed. The new subparagraph also pro-
vides that the metad s}lb-noor_ or spark
shields may not have 'an accumulation
of ofl, grease or other debrll which could
support combustion.

In recent demonstrations using & statlo

wheel dynamometer ab speeds up to 46
m.ph, and Blowets to slmulate the actual
rallroad environment, slivers of brake
shoe materlal became 'embedded In
eracks In wood placed at car sub-floor
height above the test wheel, at diatances
of more than thirty-dix inches beyond
the center of the axle in the direction of
rotation. In these demonstrations, radi-
ant heat equivalent to that radiated by
an overheated wheel, charred wood sub~
flooring protected by a tightly-fitted
metal shield but did not cause the wood
to burn, Particles of brake shoes de-
posited In a catchpan at baliast level
continued to glow for minutes Accord-
ingly, metal sniediing of the area nbove
each truck is nepessary to prevent fire
caused by heat tadiated from an over-
heated wheel or by burning fragments of
brake shoe material becoming lodged In
wood sub-flooring, This shielding i still
necessary even when a car la equipped
with high-friction composition brake
shoes because in the event of “sticking
brakes” or sustained heavy braking, the
resin in the composition material may ig-
nite and burn freely causing the broke
shoo to disintegtate and freely-burning
frogments to be propelled and lodeged
agalnst the bottom of the car This
shielding will also minimize fire hazards
resulting from high-friction composition
brake shoes being mistakenly replaced
with cast iron brake shoes, a not un-
common cecurrence.

Subparagraphs (13) and (14, In these
subparagraphs which presently are num-
bered (11) and (13}, the term “qunlified
inspector” is proposed to be substituted
for “competent employea.” This change
is proposed to describe more precisely the
person required to examine, inspect and
certify cars used to trunsport Class A
explosivens, .

In addition, a number of changes are
proposed In parpgraph (o) of § 174825,

Subparagranh (1), The term “qualified
inapector” 1s proposed to be substituted
for “competent employee” to conform
with proposed subparagraphs (13) and
(14) of paragraph (h}.

Subparcgranh (3}, The FRA proposcs
to deleta “or to the side of wooden cars
betwsen chr initials and the car door”.
As o rosult, )l car certificates would be
required to ba attached to the fixed plac-
ard boards which Are now standard
equipment on freight cars, Also, the text

of Certificate No 1 would be changed to
become & general certification that the
ear complles with the requirements of
the recently issued FRA Freight Car
Safety Standerds (38 FR 32224) as well
a8 those of this part pertaining to cars
used to transport Clasg A explosives.

Pursuant to the provisions of Section
102(2) (¢) of the National Environmentsl
Policy Act (42 US.C 4321 e} seq), the
FRA has considered the requirements of
that Act concerning Environmental Im-<
pact Statements and has determined that
the amendments proposed In this nottce
would not have a significant impact upon
the environment Accordingly, an En-
vironmental Impact BStatement 15 not
necessary and wil not be issued with
respect to the proposed amendments

Thia notice 5 1ssued under the author-
ity of zebtions 831-835 of Title 18, Unitea
Btates Code, and section 9 of the Depart-
:iré%t??i; of Transportation Act (49 UBC,

In consideration of the foregolng it in
gr;mosed to amend § 174 625 as get forth
elow.

Issued in Washington, D€, on Janu-
ary 28,1074 ’
JoEN W. Incram,
Federal Ratflrond Administrator,
Member, Hazardous Materinls
Regulations Board.

1. It is proposed to amend § 174.525 as
follows: _

§ 174.525 Loading packages of explo-
sives in rars, selection, preparation,
inspection and certification,

* L ] L] - L)

(h) Certified closed cars must be In-
spected inside and outside, other cars
must be inspected ms applicable to the
type of car, and must conlorm to the fol-
lowing specifications: .

(1) Closed cars of not tess than 80,000
pounds cepacity, with steel underframes
and friction drait gear, must be used ox-
cept that on narrow-gage ratlroad ex-
plosives may be transported in cars of
less than that capacity provided the
svailable cars of greetest capacity and
strength are used for this purpose

» L] » L L

(3) Must have no holes or cracks in
the roof, sldes, ends, or doors through
which sparks may enter, or unprotected
decayed spots which may hold sparks
and start a fire,

(4) The roof of the car must ba care-
fully inspected from the outside for de-
cayed spots, especlally under or hear the
running hoard, and such apots tust be
covered or repalred to prevent their hold-
ing fira froms sparks A ear with s roof
generally decayed, even if tight, must not
be used.

* -« [} L] ]

(8) The roller hearings or journal
boxes, and the trucks must be carefully
examined and pul in such condition as
to reduce to & minimum the danger of
hotboxes or other fallure necessitaling
the setting out of the car before reach-
ing destination. The lida or covars of
journal boxes must be in place. After De-
camber 31, 1973, the car must be equip-
ped with roller bearings.

L]
{11} After (effective date}, the car
must be equipped with high-friction
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composition or high-phosphorous brake
shoes and the brake rigging designed for
the type, of brake shoe used After De-
cember 31, 1974, the car nfust be equipped
with high-fiietioh brake shoes and brake
rigging designed this type of brake shoe
After (effective date) all brake shoes on
the car must be of the same type, in safe
and suitable conditton for service, and in
compliance with the [following wear
Hmits: High-friction composition brake
shoes must be at least three-elghthis inph
thick and high-phosphorous brake shoes
must be at least one-half Inch thick }

(123 The car niust have elther o metail
sub-floor with no combustible materia,
exposed beneath the car, or metal spark
shields extending from center sill to side
sills and from end sills to at least 12
inches beyond the extreme treads of the
ingide wheels of each truck, which are
tightly fitted against the sub-floor so
that there is no vacant space or combus-
tible material exposed The metal sub-
fiper or spark shields may not have gn
accumation of ofl, grease oy other de-
bris which could support combustion

(13) The carrler must have the car
examined by a quelified inspector to see

that 1t is propeily prepared, and must
have a "Car Certificate” gigned in tripli-
cate upon the preseribed form (see para-
graph (¢} (2) and (3) of thig section) be-
fore permitiing the car to be loaded

(14) Except as provided In § 174 584
{h), & car must not be loaded with any
explosives, Class A, until It shall have
been thoroughly inspected by a qualifled
Inspector of the carrier who ghall certify
as to its proper condition under this sec-
tion and shall sign Certificate No 1 pie-
scribed in paragraph (¢)(2) and (3) of
this section

(c) * B ¥

(1) For ail shipments loaded by the
shipper, a gualified inspector of the car-
rier must inspect the finished load and
certify to its compllance with this part
before the car shall be aceepted for trans-

portation; and Certificate Mo 2 as pre-
scribed by subparagiaphs (2) and (3) of
this paragraph shall be signed before the
car is permitted to go forward When a
car is loaded by the carrler, Certificate
No 2 must be signed only by the repre-
sentative of the carrier

* L - L] »

(3) Car certificate The following cer-
tificnte, piinted on strong tag hoard
measuring 7 by 7 inches, or 8 by 8 inches,
must be duly executed In triplicate by
the carrier, and by the shipper, if he
loads the shipment; the original must be
filed by the carrier at the forwarding
station on a separate file; and the other
two must be attached, one to each cuter
side of car to the fixed placaid board or
as otherwise provided

________________________________ Rallroad
Canr CERTIFICATE

No 1 . Statiorn, —ce-ee.__ , 190

I herehy certify that I have this day per~

gonally examined Car Number ____ and that

the c¢ar complles with the FRA Freight Car
Bafety Btendards (4% CFR Part 215) and with
the requirements for freight cara used to
transport explosives prescribed-by the DOT
Hazardous Materlals Regulations Board (49
CFE Part 174)

{Qualified Inspector)

1] * - % *
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