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SUMMARY

The Manufacturing Technology Directorate of Picatinny Arsenal is
carrying out a broad-based, comprehensive program of safety engineering
and protective technology under the sponsorship of the U. S. Army Arma-
ment Command. The purpose for this is to provide technology development
support to the design of new munitions manufacturing and load, assemble
pack-out facilities. Construction of these modernized Army facilities is
under the cognizance of the Army Materiel Command Project Manager for
Production Base Modernization and Expansion.

This report is a compilation of Picatinny sponsored papers presented
at the DOD 16th Annual Explosives Safety Board Seminar. It is by no means
a complete review of the total technology development program. However,
the topics covered here were selected as advanced studies of specific interest
to the Safety Echelon scientific community. They vary broadly in scope from
the more basic work in explosive output, sensitivity and explosion propa-
gation investigations to discussions of the use of pre-engineered buildings
and procedures or data for the design of steel structures or to predict the
blast environment for vented laced reinforced concrete cubicles. Finally,
two papers oriented to final design applications are presented. One focuses
attention on a typical major facility project emphasizing safety features em-
bodying recently developed concepts; and the other describes development
of incineration systems that are acceptable from a pollution standpoint for
the disposal of waste explosives and propellants.

The work was performed both in-house government and by contract
to industry. Authors are from Picatinny Arsenal, Ammann and Whitney
Consulting Engineers, Research Institute of Illinois Institute of Technology,
Civil Engineering Laboratory of the Naval Construction Battalion Center,
and Arthur D. Little, Inc.




APPLICATION OF LATEST SAFETY ENGINEERING
CONCEPTS TO MUNITION PLANT MODERNIZATION

Irving Forsten

ABSTRACT

A brief review of the magnitude of the Army Plant Modernization Program
planned through 1992 is presented. Attention is focused on a typical major
facilitization project at Lone Star Army Ammunition Plant entailing modern-
ization of the 105 mm load, assemble and pack line. Emphasis is placed on
safety features embodying recently developed concepts. The paper dis-
cusses and contains some examples of wall design for close-in blast effects,
optimum quantity distance building layouts, safe separation distances of
explosive items, buildings designed for far-out blast effects, explosive
waste collection, building-access designs to avoid direct line of sight of
flying projectiles, and protection afforded by low cost innovations such as
earth mounded structures.

Picatinny Arsenal
Dover, New Jersey




INTRODUCTION

The U. S. Army has underway a multi-billion dollar munitions plant
modernization program destined to continue beyond the next decade. Al-
though cost effectiveness through automation and advanced process tech-
nology are major considerations in the program, the area of personnel
safety as affected by an explosive incident or through environmental pollu-
tion is receiving primary attention.

The Army's program deals with both explosive and propellant manu-
facturing facilities as well as load assemble and pack plants. There are
17 plants serving Picatinny Arsenal mission item needs.

In consonance with the subject of this paper, a specific example of a
major facility to be built will be presented with attention drawn to major
safety considerations using latest technology.

DISCUSSION
GENERAL
The facility to be discussed is the advanced load, assemble
and pack facility dealing with the 105 mm HE, M1 projectile to be produced

at Lone Star Army Ammunition Plant (LSAAP), Texarkana, Texas. General
production characteristics of the round are described by Figure 1, The

planned modernized 105 mm projectile LAP facility, Area E at LSAAP is shown

in Figure 2. The identity of the building numbers is shown on Figure 3.
PROPACATION PREVENTION

The one million rounds per month production rate of the Lone
Star 105 mm projectile melt/pour facility requires the use of minimum spac-
ing between explosive items to achieve full production. The following is a
brief discussion of safe spacing, shielding and/or other means utilized to
prevent propagation of an explosion.

Safe Spacing between Boxes and Buckets of Flake Explosive

In the case of bulk explosives, recent separation tests have
indicated that when cardboard boxes and/or plastic buckets (with covers)
containing 60 pounds of Composition "B" are separated by 12 feet, propa-
gation of an explosion between adjacent items is negated. However, spread




of fire is not prevented. Movement of box explosives in the Lone Star
facility is required between the Bulk Explosive Distribution Building
(Bldg. E-161) and the Box Opening Building (Bldg. E-174) (Fig 4). In
this latter building (Fig 5), the flake explosive is removed from the boxes
and placed in 60-pound plastic buckets for movement to the Automatic Ex-
plosive Inspection Building (E-125). Passage of the boxes through the
ramp connecting Buildings E-161 and E-174 is by means of a belt type con-
veyor, whereas the plastic buckets are transported on two overhead, power-
free conveyors from the Box Opening Building to the Inspection Building.
As mentioned, each box on the belt conveyor is separated by 12 feet from a
box in front of it and to the rear of it. The two conveyors carrying the
plastic buckets are separated by 12 feet. The dual conveyors permit spac-
ing between adjoining buckets on any one conveyor to be greater than 12
feet. This increased spacing can be reduced to 12 feet in the event future
expansion (increased production rate) of the facility warrants it. Both
ramps connecting the three buildings are furnished with fire retardant
systems (water curtains) to prevent the spread of fire in the event of an
explosion in one of the ramps or the buildings.

Bucket conveyors containing 60 pounds of explosive are used in other
parts of the facility, namely, (1) where the explosive risers are transported
between the Funnel Pulling Building and the Riser Melter Building and
(2) where the riser flake is transported from the Riser Melter Building to
the Inspection Building; however, the spacing between adjoining buckets
is larger than the minimum 12-foot in the ramp between the buildings; and
therefore, protection against the spread of fire is not required.

Screen Flake on Belt Conveyors

Uncontaminated flake explosive, which has already been in-
spected for foreign material, is transferred to one of the two melt buildings
using a belt conveyor. Here, the flake is spread on the belt approximately
one inch thick. By limiting the depth of the explosive to one inch, propaga-
tion of an explosion along the conveyor is prevented. Tests demonstrating
this retardation of propagation were performed as a part of the Navy's
Modernization Program and are reported in the minutes of the 13th Safety
Seminar.

Shielding between Explosives
After the empty projectiles are filled, they are transported to

the Projectile Cooling Buildings from the Melt/Pour Facility by means of a
high speed power-free conveyance system carrying 16 projectiles on each

. ~




carrier. Initially, it was planned to separate these carriers by 109 inches
which is the separation distance specified for pallets of 32 Composition "B"
loaded 105 mm projectiles by AMCR 385-100. However, a series of tests
performed by Picatinny Arsenal has indicated that at separation distances
as large as 170 inches, propagation of explosion will occur between pallets
of 16-105 mm projectiles. Therefore, in order to determine another means
to prevent propagation, tests will be made to establish whether structural
steel or aluminum shields will be effective substitutes for safe spacing.

If the shields are found effective in negating the propagation
of an explosion, then they will be made a part of the conveyance system.
Rather than mounting the shields on the carriers, they will be attached to
turntables which are used to change direction of the carrier flow.

Figure 6 illustrates the method of utilizing shielding. Here,
two aluminum or structural steel plate shields are mounted on a turntable
with the stationary shields positioned between the turntable and the protec-
tive structure. As a carrier reaches the turntable, it is in an unprotected
position. Once the turntable rotates 90 degrees, the shields attached to the
table will protect the carrier from the effects of an explosion in an adjoining
unprotected carrier and, thereby, eliminate the propagation from one car-
rier to another all the way down the line. In the illustrative example, after
the turntable is in the closed position, the protected carrier can move into
the building through the stationary shields and the concrete mazes. This
operation is continuously performed with alternately shielded turntables
in the open and closed position.

Protective Barriers

If the above shielding is not effective, then an alternate method
will be considered in the facility design (Fig 7). The spacing between ex-
plosive items in a ramp connecting two buildings need not be limited if, (a)
both buildings are protected from an explosion within the ramp with separ-
ating protective barriers, and (b) adjoining buildings are separated from
the ramp by intra-line distances based upon the larger of the explosive
quantities in the ramp or the building.

For the Lone Star AAP, the above principles can be incorporated
without significantly modifying the facility.




Maze Concept

For a protective barrier to be effective, it must be provided
with a maze or other means to prevent a line of sight between the ramp and
the interior of the building. There are two types of mazes, namely, (1)
line of sight, and (2) safe zone mazes. Line of sight type of maze is used
when the building is located at the end of a ramp where the items within
the ramp are spaced at safe separation distances and protection is required
primarily from an explosion in an adjoining building. Safe zone maze is
used when the ramp having safe separation between ramp items passes in
front of the protective barrier or when the building is at the end of the ramp
and the ramp items are spaced at less than minimum safe separations. In
the latter case, a turntable shield may be used in combination with a line of
sight maze to achieve the same protection afforded by a safe zone maze.

For the Lone Star facility, the use of line of sight type of mazes
was originally contemplated. However, when safe separation distances
could not be established for palletized projectiles, then all mazes were re-
vised to conform to the safe zone arrangement. Here, when an item passes
through the maze, it must enter a "safe zone'" where it will be shielded from
items located at the exterior and interior of the building.

Figure 8 illustrates the passage of explosive items through a
"safe zone" maze. Here, in stage No. 1, lot numbers 1, 2 and 3 are located
in the interior of the building, within the safe zone and exterior of the build-
ing, respectively. In stage No. 2, lot No. 1 will move further into the build-
ing with lot No. 2 leaving the safe zone and entering the building. While
the first two lots move into the building, the third lot will begin to enter the
maze. However, the speeds of the second and the third lots will be adjusted
as such to insure that the line of sight between the two lots will not occur.
In the third or the final stage, lot No. 2 enters the building, the third lot
passes through the safe zone and the first lot enters the maze to repeat the
operation.

FACILITY PROTECTION

Overall safety for the facility is provided by various means, such as
(1) safe separations between buildings, (2) use of protective construction
using barricade walls, strengthened frangible construction and igloo con-
struction, (3) separation of hazardous operations from less hazardous oper-
ations, and (4) the use of remote operating procedures for hazardous opera-
tions. In general, full protection has been provided for personnel and equip-
ment in buildings with conveyors and ramps, which are assumed to be ex-
pendable in the event of an explosion.
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Building Separation

The buildings of the bulk explosive receiving and processing
portion of the facility are separated as shown in Figure 9. Here, both the
Box Opening and the Automatic Inspection Buildings are separated from the
Bulk Explosive Receiving Building based on unbarricaded distances corres-
ponding to the explosives in the two former buildings. Also, protective
barricades are placed at these two structures. The separations of these
buildings differ from the criteria of AMCR 385-100 which require that all
separations be based upon the largest quantity of explosive in either build-
ing. In this particular case, even though the explosive quantity in the Re-
ceiving Building is much larger than that of the other two buildings, the
potential hazard is much less.

In order to reduce the length of conveyors and, therefore, the
overall operating costs of the facility, a minimum (barricaded intraline)
distance is used to separate the Melter Buildings from the adjoining Inspec-
tion and Cooling Buildings. The latter two buildings, as well as the Melter
Buildings, are remotely operated; and minimizing the building separations
does not create a hazard for personnel.

Other hazardous operations, such as cooling, funnel pulling,
and facing operations, are performed remotely in earth covered steel arch
igloos. Separations between igloo structures conform to earth covered
steel arch separation distances of Safety Manual AMCR 385-100.

Protective Structures

As mentioned, where separation distances are barricaded
intraline distances, protective barriers are provided to protect the acceptor
structures from low flying debris and relatively high reflected pressures
associated with the blast pressure output. Because these barriers are re-
quired to remain intact in the event the structures containing barriers be-
come donor structures, the protective walls are constructed utilizing laced
reinforced concrete as detailed in DA Tech Manual TM5-1300. The process
equipment within some of the buildings has laced walls and is relatively
tall. In order to limit the thicknesses of the protective barriers, several
of the taller buildings, including the Automatic Inspection, Melt/Pour and
Riser Melt Buildings, are positioned partly below the ground (Fig 9). In
these cases, only the above ground portions of the barriers require laced
reinforcement.




At lower pressures, such as those corresponding to unbarri-
caded intraline distances, protection for personnel and equipment is furn-
ished with use of "Strengthened Frangible Construction." The structural
steel buildings provide the necessary strength to afford full protection for
personnel from the effects of blast pressures while debris protection is
afforded by the distances associated with this type of construction. For
distances less than unbarricaded intraline distance, protective barriers,
as described above, are used for debris protection.

To illustrate this type of protective structure, let us consider
the X-ray Building (Bldg. E-138) . As shown in Figure 10, only the west
wall of the building is barricaded from an explosion in Building E-168
(X-ray Hold) . Here the shortest distance between Building E-138 and
E-168 which could be maintained without violating unbarricaded intraline
distance based upon the 15,000 pounds of explosive in Building E-132 is
intermediate of unbarricaded and barricaded intraline distances based upon
the 8,000 pounds of explosive in Building E-168.

To provide the necessary protection, the wall of Building E-138
facing Building E-168 is constructed of laced reinforced concrete; whereas,
all other portions of the building are constructed of structural steel (Fig 11).
The laced concrete wall was designed to resist the effects of 4,000 pounds
of explosive which was distributed at various locations between the X-ray
cells and walls. For the charge distribution, as shown in Figure 11, a
5-foot wall thickness is required to sustain structural response for incip-
ient failure. It may be noted that if this same wall were subjected to a
single explosive, the capacity of the wall would be such as to resist 9,300
pounds of TNT or a factor 2.3 times the explosive weight of the distributed
charge.

Minimized operational space requirements necessitate the use

of earth covered steel arch magazine larger than the standard type magazine.

Here, the required interior height and the floor width of the structure are
20 feet and 30 feet, respectively. To accommodate these space requirements,
a corrugated steel semi-circular arch having a radius of 16 feet is used.
The bottom of each end of the arch (spring line) is mounted on a 2-foot
thick and 4-foot high concrete side wall. Both end walls of each arch are
constructed of laced reinforced concrete. Use of this igloo construction was
authorized by cognizant safety officers with the stipulation that the steel
plate for the arch will be 3/8-inch thick and that the arch will have a full
180-degree cross-section (Fig 12). The end walls of the arch are designed
to resist the effects of an explosion within a ramp exterior of the walls. On
the other hand, in the event of an explosion within the igloo, the structure
will fail, relieving the explosive effects to the atmosphere.
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Separation and Remote Operation of Hazardous Processes

The separation of hazardous operations from other operations,
and remote operation of these hazardous processes are interrelated. For
Hazard Category II operations, prevention of a propagation is required;
whereas complete protection for both the personnel and the equipment
must be afforded for Hazard Category III operations. In general, all
Hazard Category II and III operations involving large quantities of ex-
plosives (greater than approximately 30 pounds) should be located in
separated structures. This has been achieved in the Lone Star facility by
utilizing igloos and other types of protective construction and by perform-
ing high hazard operations (Category II and III) remotely. As may be ex-
pected, remote operating of processes will require a surveillance system.
This is achieved with the use of complete telemetering and remote visual
monitoring (television) systems. All monitoring equipment is located
in a centralized control facility, the construction of which provides full
protection for operating personnel.

EXPLOSIVE WASTE COLLECTION SYSTEM

The explosive waste collection system used in the proposed 105 mm
projectile melt/load facility at LSAAP essentially mixes the waste explosive
in water and then transports the mixture to a treatment building where the
explosive is removed from the water prior to being sent to an incinerator.

The waste is either passed directly into process scrubbers within
the process building where it is generated when the quantity of waste is
relatively small. For larger explosive quantities, the waste is transported
by pneumatic lines to a wet collector building situated adjacent to the pro-
cess building (Fig 13). Within the collector building, the waste also enters
an air scrubber. When the explosive enters these scrubbers, it passes
through a water spray and forms an explosive/water mixture.

The waste in water suspension passes out of the bottom of the scrub-
bers where the mixture is pumped to a settling-basin reservoir where the
explosive waste is initially concentrated. Each building containing an ex-
plosive dust generating operation is equipped with both process or equip-
ment air scrubbers and environmental air scrubbers. The latter serve
to collect that explosive dust, which leaks past the process air scrubber,
and is subsequently distributed thoughout the building. The environmental
air scrubbers are sized to reduce the explosive contamination of the air dis-
charged from the buildings to a safe level for personnel, as specified by




the design criteria. As for the process scrubbers, the explosive/water
mixture collected in the environmental scrubbers is pumped to the settling
basin reservoirs.

A settling basin reservoir (Fig 14) is provided for each building or
group of buildings generating explosive waste. Each reservoir is designed
to provide a minimum retention time of one hour for the contaminated "pink
water" from the scrubbers. Solids carried in the water are collected in
"sump pits" which are periodically emptied by pumping a water/solid mix-
ture (approximately 5 to 10 percent solids) to the pink water treatment
building storage reservoir where it is held prior to treatment in the treat-
ment building. Clear water overflows a weir to a clear water chamber from
which the scrubbers within the process buildings draw their water supply.
This recirculation of water between the reservoir and the process building
will minimize the amount of pink water that must be treated in the treatment
buildings. Sufficient capacity is provided in the settling basins to accommo-
date the potable water used for washdown of the process buildings during
non-production hours. This water is pumped by sump pumps from the
building being washed to the treatment building where it is filtered and
then transferred to the settling reservoir. This accumulated washdown
water serves to "make-up" for a major portion of the evaporation that takes
place in the air scrubbing equipment.

For each pneumatic line leading from the process building, two scrub-
bers are provided in the wet collector building; namely, primary and sec-
ondary collector scrubbers. The explosive dust first enters the primary
collector where it passes through a water spray similar to the process and
environmental scrubbers. Because of the large quantity of explosive waste
handled by the wet collection system, a portion of the dust entering the
primary collector may escape the water. The "non-captured" dust is ex-
hausted to the secondary collector where the collection process is repeated.
The air passing through the secondary collector is exhausted to the atmos-
phere. The explosive/water mixture from both collectors is pumped di-
rectly to the treatment building storage reservoir without passing through
a local settling basin reservoir. Water supply for each wet collector build-
ing is furnished from the treatment building reservoir.

Piping for the pink water treatment system is divided into four units.
Three of these units connect the local collection systems (wet collector
buildings and settling reservoirs) to the three treatment buildings. The
fourth unit interconnects the three treatment buildings to provide opera-

tional flexibility in the event one of the treatment buildings is non-functioning.
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The three treatment plants are essentially identical. The water
treatment process (Fig 15) is based on the system in use at the lowa AAP.
Contaminated water enters the process through a rotary filter within the
building that continuously removes solids in suspension. Explosive waste
removed by the filter is discharged into a collection bin where it is retained
for disposal in a wetted condition. The maximum quantity of explosive
waste accumulated is approximately 600 pounds before it is removed to the
incinerator. The filtered water is directed to a storage reservoir immedi-
ately adjacent to the treatment building. This reservoir is designed in a
manner similar to a local settling reservoir. Explosive waste collected in
the reservoir is periodically pumped to the rotary filter for removal.

Water containing dissolved nitro-bodies and solid matter of minute
size is drawn from the clear water chamber of the storage reservoir of each
treatment building and directed to one of two sets of water purification equip-
ment. The two sets of equipment are arranged in parallel with one another.
This will permit dual operation at any one time. Each set of equipment has
a treating capacity of 20 gallons per minute for a total capacity of 120 gallons
in all three buildings. The treatment requirement is estimated at 90 gallons
per minute. This arrangement will permit any one of the six sets of equip-
ment to be inoperable without compromising the facility needs.

Each set of equipment consists of a pair of diatomaceous earth filters
arranged in parallel, two "up-flow" carbon adsorption columns, a pre-
coat tank and a body feed tank. The water with the nitro-bodies first
passes through the diatomaceous earth filters. Prior to being placed into
operation, a cleaned filter must be pre-coated with a mixture of diatoma-
ceous earth fibers and water. A small amount of diatomaceous earth (mixed
in water) contained in the "body feed" tank must be added to the main
stream of the process flow ahead of the filters. The discharge from the
earth filters, which essentially contains only dissolved TNT, is directed
to the inlet of the first of the two adsorption columns. The second column,
which is in series with the first column, may be considered as a "polishing"
column. After leaving the polishing column, the clean water can either be
discharged from the facility as overflow or returned to the collection system.

Before recharging the carbon columns, the carbon is removed through
a drain and then is passed through the rotary filter. The columns are
charged hydraulically from a carbon charging vessel. This vessel charges
all four columns in any one building.
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CONCLUDING REMARKS

The future Lone Star Army Ammunition Plant 105 mm projectile melt/
pour modernized facility will encompass many new safety innovations which
have stemmed from recent developments.

To achieve full production requirements within allocated land areas,
minimum spacing between explosive items is a necessity. In the course of
acquiring pre-design safety information, a safe spacing between 60 1b quan-
tities of Comp B for boxes and buckets of 12 feet was established. By lim-
iting the depth of explosive spread on a belt conveyor to one inch, propa-
gation along the length of the conveyor is eliminated.

A problem area has been surfaced in which the AMCR 385-100 speci-
fication of 109 inches for 32-105 mm projectiles, loaded with Comp B, was
inadequate when applied to a 16 projectile carrier configuration. Further
tests with suitable shielding will be made to achieve separation without
propagation at reduced distances.

Buildings containing explosive are separated based upon barricaded
or unbarricaded interline distances as specified by the safety manual AMCR
385-100. The use of earth-covered igloos for cooling, funnel pulling, and
facing operations affords cost saving approaches.

Technical Manual, Army designation TM5-1300, employing proven
structural techniques, should be employed for such applications as protect-
ing acceptor structures from low flying debris and high reflective pressures
stemming from explosive blast effects. Where applicable, low cost, frangi-
ble construction should be employed at the lower pressure environments
which would exist at unbarricaded interline distance.

Other safety considerations must include analysis and separation of
hazardous processes and use of such aids as TV monitoring systems for
remote operations. Collecting explosive waste should stress capturing of
explosive or propellant waste particles through filtration and scrubbing
systems which can later be recycled into the basic process or destroyed
by specially designed incinerators. Explosive wastes in water solution can
subjected .
to regeneration.
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MUNITION

© 105MM HE, M1 PROJECTILE
EXPLOSIVE

© COMPOSITION B
PRODUCTION RATE

© 1,000,000 SHELL / MONTH
SHIFT SCHEDULE

© 500 HOURS PER MONTH
EFFECTIVE TIME PER SHIFT

© 350 MINUTES
SHELL PER SHIFT

© PRESENT — 9524

© PROPOSED — 15,876
BULK EXPLOSIVE

© 175,000 LBS
MELT/POUR CAPACITY (PER UNIT)

O 9000 LBS/HR

Fig 1 General production characteristics
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AREA "E”
LONE STAR ARMY ANIMUNITION PLANT

A

LEGEND
EXISTING BLDG (105MM)

NEW BLDG (105MM) : ]

Fig 2 Modernized 105 mm projectile LAP facility




ST

BLDG NO

161
174
125
120
123
129
130
131
132
133
134

LONESTAR AAP - 105MM HE, M1 LAP LINE
PROJECT NO 5752626

TITLE

BULK EXPLOSIVE RECEIVING
BOX OPENING

AUTOMATIC EXPLOSIVE INSPECTION
MELT POUR

MELT POUR

COOLING IGLOO

COOLING IGLOO

COOLING HOLD

COOLING HOLD

FUNNEL PULLING

FUNNEL PULLING

Fig 3 Major building nomenclature

FLOOR SPACE
SQ FT

6100
3200
5210
4680
4680
2700
2700
2190
2190
1200
1200




LONESTAR AAP - 105MM HE, M1 LAP LINE
PROJECT NO 5752626

FLOOR SPACE

BLDG NO TITLE SQ FT

138 PROCESS ASSEMBLY (X-RAY) 14676

168 PROCESS X-RAY HOLD 2190

166 FACING AND THREAD CLEANING 1800

167 FACING AND THREAD CLEANING 1800

- 160 LINER INSERTION 4800
15 ASSEMBLY AND PACKOUT 25400

119 PROCESS RISER MELT 11100

163 RISER FLAKE EXPLOSIVE DISTRIBUTION 1500

2 METAL PARTS PREPARATION (INERT WAREHOUSE) 20000

Fig 3 (cont'd)
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