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I DISCLAIMER

I This Technology Identification Report represents our best effort to identify all commercially
available bullet traps, and traps capable of being manufactured locally, that can reasonably be
used on outdoor small arms ranges. Additionally, these traps must be able to handle US military
ammunition up to .50 caliber.

3Inclusion of a bullet trap in this report does not constitute an endorsement or approval of use of
that trap. Because live fire testing is not a part of this evaluation, performance data is that
supplied by the manufacturers. The views, opinions, and/or findings contained in this reportI should not be construed as an official Department of the Army position, policy, or decision,
unless so designated by other documentation. This report may not be cited for purposes of
advertisement.
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EXECUTIVE SUMMARY

TECHNOLOGY IDENTIFICATION REPORT
BULLET TRAP FEASIBILITY ASSESSMENT AND IMPLEMENTATION PLAN

I Numerous Department of Defense small arms ranges have the potential to build up lead and other
metals in soils. In some cases, those inorganic constituents may become mobile and migrate to
surface or groundwater. The U.S. Army Environmental Center (USAEC) is seeking ways to
reduce the potential of off-site migration of lead and other heavy metals thus reducing the
potential impact on the environment at these ranges.

Bullet traps may provide a means to recycle the projectile material and prevent the contamination
of the range and the environment. The bullet traps would also mitigate the excessive soil erosionI experienced on outdoor ranges caused by the impact of the projectiles. In addition, bullet traps
reduce or eliminate safety problems caused by ricochets off natural or other materials on current
ranges. Bullet traps, which are designed to capture bullets fired into limited cross-sectionalI areas, are currently being developed and marketed by independent commercial vendors and may
represent a feasible solution for some types of firing ranges. This Technology Identification

i Report (TIR) reviews the bullet trap technologies that are currently available.

A computerized literature search was conducted to identify potentially applicable bullet trap
technologies for use on outdoor ranges. Also, military installations were visited and nationally
recognized experts were contacted to identify sources and types of bullet traps. Table ES- 1
presents a summarized description of the identified bullet trap technologies.

Although most existing bullet trap designs are created for indoor applications, environmental

concerns and demands of the marketplace have encouraged several major manufacturers to
modify their traps for outdoor use. Bullet traps can be grouped into three broad categories,
"deceleration, impact, and friction, though there is some blurring of the dividing line.
Deceleration traps use a circular or helical chamber to allow the bullet to spin inside until it has3 shed sufficient velocity to drop through a recovery port in the bottom.

Impact traps include those such as the traditional steel or armor plate, concrete backstops, or
other materials whose function is to cause the bullet to fragment or to be directed into a
catchment area. Their advantages are that they are generally inexpensive to construct, low
technology, reasonably durable, and require little maintenance. The disadvantages are that they
cause bullet fragmentation, with the consequent lead recovery and disposal problems, are
essentially immobile, and can contribute to ricochets.

Friction traps include a variety of traps from the earthen berm, to some very esoteric designs.
These traps cause friction on the surface of the bullet, slowing its flight and bringing it to a stop
within a defined distance. Their methods and materials vary widely, as is shown in the following
descriptions. The advantages of friction traps are that they generally capture the bullet intact,
though with varying degrees of deformation and can be more easily tailored to the mission.
Disadvantages are that they generally require more maintenance, and are more expensive to
construct, though some types are promoted as being the lowest cost of all categories.

I
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A number of indoor designs, such as the Passive Bullet Trap at the new National Rifle
Association indoor range in their headquarters in Virginia, are quite innovative, but also quiteI expensive. Most companies who list themselves in trade publications or compendia such as the
Thomas Register, are really assemblers of other companies' materials or are target not bullet trap
manufacturers. Those who are true bullet trap manufacturers are few and do not advertiseI widely. Consequently, they are hard to discover. To date the market had been rather limited and
not able to support large numbers of manufacturers. In the past, the dominant designs were of the
deflection type and therefore easy to manufacture locally. Due to an abundance of land, mostI shooters could travel a short distance from home to fire on an outdoor facility backed by a
earthen berm; therefore, demand was limited. A worldwide search was conducted to include
Canada, Scandinavia, western and eastern Europe, Japan, Korea, Australia and New Zealand. Of
the foreign countries investigated, only Germany, Italy and Switzerland had manufacturers.
Some of the traps that have been investigated appear to be viable candidates for some
applications on Army outdoor small arms ranges. However, manufacturer's performance claims
should be verified by demonstration under operational conditions to provide objective data on the
traps ability to contain or prevent the spread of heavy metals on the range as well as the
durability, maintenance requirements, effects on training, life-cycle cost, and utility of these
traps.

3
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Table ES-1. BULLET TRAP DESIGNS

Trap Manufacturer Type Design Ballistics
GranTrap Caswell Friction Recycled tire .50 cal. and

granules smaller

TEC Range Masters Friction Shredded tire 7.62 NATO
bonded in blocks and smaller

Thunder Ranch Action Target Impact Armor back with Handgun
Linatex front

Lamella Caswell Friction Conveyor belt .50 cal. and
strips smaller

Passive Bullet Savage Range Deceleration Helical chamber .50 cal. and
Trap - OP96 Systems smaller

TCT Action Target Deceleration Helical chamber 7.62 NATO
and smaller

SGranular Trap Capito & Friction Rubber granules .50 cal. and
Assenmacher smaller

SLogs or Railroad None Friction Piles of ties or .50 cal. and
Ties logs smaller
Sand Trap Various Impact Angled plate w/ 7.62 NATO

sand box and smaller
Water Trap Various Impact Angled plate w/ 7.62 NATO

water trough and smaller
I Rubber Blocks Various Friction Solid rubber 7.62 NATO

blocks and smaller
Wax/Plastic Various Friction Wax or 7.62 NATO
Blocks polyurethane and smaller

blocks
Escalator Various Impact Multiple angled 7.62 NATO

plates and smaller

Steel Louver Various Impact Steel louvers and 7.62 NATO3 sand box and smaller
Tires None Friction Stacked tires 7.62 NATO

and smaller
SACON Waterways Friction Shock 7.62 NATO

Experiment Station attenuating and smaller
n_ _ concrete

REGUPOL Berleburger Friction Polymer elastic Handgun
Schaumstoffwerk

R493 Shooting Ranges Deceleration Helical chamber 7.62 NATO
International and smaller

Elastomeric Societa FRA.SA Friction Stable granular 7.62 NATO3 Granular Screen mound and smaller

5 ES-3
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SECTION 13TINTRODUCTION

1- 1.1 Background

I_ Numerous Department of Defense (DOD) small arms ranges have the potential to build up lead
and other metals in soils In some cases, those inorganics may become mobile and migrate to
surface or ground water. The Army currently operates approximately 1400 outdoor small armsI ranges in the Continental United States (CONUS). The Navy operates approximately 270
outdoor small arms ranges (including Marine Corps ranges) and the Air Force operates
approximately 200 outdoor small arms ranges. The U.S. Army Environmental Center (USAEC)
is seeking ways to reduce the potential for off-site migration of lead and other heavy metals thus
reducing the potential impacts on the environment at these ranges.

An effective technology for destroying lead and other heavy metals deposited in soil does not
exist. Techniques that limit the volume of heavy metals deposited in the soil will provide
significant cost avoidance if these sites require some type of response action. The
implementation of bullet traps will limit or prevent the build-up of heavy metals in soils.

3 This report identifies and describes commercially available outdoor bullet traps that capture and
"contain small arms projectiles.. These devices may provide a means to recycle the projectile
material and prevent the build-up of heavy metals in the soil on the range. Bullet traps may alsoI mitigate the excessive soil erosion experienced on outdoor ranges caused by the impact of the
rounds. Erosion control and soil stabilization on the ranges may help prevent the migration of
existing heavy metals off range and may help alleviate the recurring costs of land rehabilitation
on the ranges. In addition, bullet traps may reduce or eliminate safety problems caused by
ricochets on existing ranges. Bullet traps may represent a feasible solution for some types ofI firing ranges.

1.2 Objectives

The overall objectives of this project are to assess the feasibility of using bullet traps on Army
outdoor small arms ranges and to develop an implementation guidance document for the use of
bullet traps on various types of outdoor training ranges.

To meet this objective the following principal technical tasks were performed:

I
I
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£ Identify and describe existing, commercially available bullet trap designs.

1 Study the various types of training missions and their associated range designs and develop

functional and mission specific operational evaluation criteria for various range designs.

0 Assess the feasibility of using each of the bullet trap designs previously identified. The bullet
trap designs will be evaluated using the functional and mission specific operational criteria.
Once the bullet trap designs have been evaluated, those that are considered to be the most
applicable for use on outdoor ranges will be identified. Only the bullet traps that can be used
on a range without compromising the conditions necessary for effective training will be
recommended for use. Possible modifications to existing bullet trap designs will be
identified which will permit the bullet traps to be used on outdoor ranges without impacting
training objectives. The specific range types for which there are no feasible commercial
bullet traps available will be identified. Possible methods of capturing the rounds forj recycling in these cases will be identified and discussed for possible future study.

* Develop an implementation guidance document that integrates feasible bullet trap technology
with training doctrine.

This report identifies and describes existing, commercially available bullet trap designs for
outdoor small arms range use. This report will serve as a compendium of currently available
bullet trap technologies for evaluation for use on Army outdoor small arms ranges. Section 2 of
this report describes the investigation process used by TRW, Inc. to identify available bullet trap
technologies. Section 3 describes and discusses the identified bullet trap technologies.
Conclusions and recommendations are presented in Section 4.

I
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SECTION 2

LITERATURE SEARCH

Section 2 contains a listing of databases and keywords used to conduct the literature search for
available bullet trap technologies. Preliminary screening criteria and the identified technologies3 are included. The results of site visits to Army installations are included. These visits yielded
insights into factors to be considered in bullet trap use on Army ranges.

i 2.1 Methodology

In order to identify the available technologies for capturing bullets, a search of the research and
technical literature was conducted through the following electronic databases:

TRW's Electronic Collateral Support System (ELCSS)
-- DataTimes

Knight-Ridder
Defense Technical Information Center
Computer Select
National Technical Information Service (NTIS)
Thomas RegisterI Dun's Identifier
Trade and Industry Index

-= Dialog

These sources also included foreign publications. Some of the services, such as DataTimes,3 Dialog, and ELCSS were a compendium of numerous publication databases. ELCSS, for
example, searches more than 300 databases and Dialog more than 450. Numerous searches of
the Internet were made and the National Rifle Association Range Technical Operations Team3_ was contacted for information. Several Jane's volumes were referenced also. Boolean logic was
used in the searches so that hits would be obtained even if only a part of a key word or term was
found. For example, if bullet and trap were used, hits would be generated if bullet, bullets, trap,

-- traps, or bullet trap were found. It was felt this provided greater coverage even though manual
"review of each citation was needed. Key words used in the electronic searches were:

a bullet trap
small arms range
firing range

i shooting range
training range
rifle range
berm
outdoor range
"small arms" plus environment cleanup
stopping bullets
lead trap

i
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The results of each set of searches were compared with previous ones to eliminate duplicates.
Little was found on the subject of bullet traps or bullet trap design even though numerous "hits"
were obtained in the searches. For example, a search on "bullet trap" yielded 85 hits, but with
the exception of several articles on the purchase of Passive Bullet Trap by Challenger

I International, the articles dealt with an Israeli-developed rifle grenade called the bullet trap rifle
grenade. This is illustrative of the problems encountered with the literature search. The hits had
to be manually reviewed and most contained little useful information. Almost all information'I was obtained via personal connections or referrals. There is very little in the published literature
on bullet traps, either indoor or outdoor, and virtually nothing on bullet traps for military
applications.

A number of Training and Doctrine Command (TRADOC) and Forces Command (FORSCOM)
installations were visited to understand the types of ranges used, the training requirements, rangeI operation, and maintenance approaches. These visits were performed to develop evaluation
criteria for the second principal task outlined in Section 1.2. However, two of the installations,
Fort Drum and Fort Knox, were experimenting with bullet traps and were able to provide
valuable leads for identifying bullet trap technologies. Fort Drum has installed a Caswell lamella
trap on a 25 meter range (Fig. 3.2.4) primarily to prevent rounds from leaving the range and to
prevent erosion. Fort Knox installed a series of log walls on a field fire range that had no berm
to prevent rounds from escaping the range (Fig. 3.2.8). Thunder Ranch, a commercial firearms
training school, was also visited to look at their innovative bullet trap design and to discuss the
problems of using bullet traps without impacting training effectiveness or realism. Thunder
Ranch needed a target/trap combination that was portable, but needed only to stop handgun
calibers (Fig. 3.2.3).

Every source found to offer information on bullet traps was further pursued. The rather limited
results of the literature search were digested and any leads followed. All personal or professionalI referrals were followed up with phone calls to potential manufacturers and designers. Contacts
were made with the Marine Corps, FBI, and local law enforcement for names of known
manufacturers. Several nationally recognized experts, such as Russell Friedline of the National

I Rifle Association Range Technical Team were consulted. Additionally, Loren Kramer, Larry
Tilton, and Craig Copious donated their time to answer questions, offer suggestions, and point to
yet more sources. The military attaches at U.S. embassies in the United Kingdom, Italy, France,U Germany, Switzerland, Sweden, Canada, and Israel were contacted for assistance in identifying
foreign manufacturers of bullet traps. These efforts were combined with the results of literature
searches and personal and phone interviews to produce the list of traps contained in this
document.

I
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5 2.2 Preliminary Screening Criteria

General Army requirements were discussed in general terms with the bullet trap manufacturers to
aid in identifying prospective bullet traps for use on outdoor military ranges. The requirements
were used for bullet trap identification and data collection only. Bullet traps were not eliminated
from further consideration in this report based on the preliminary screening. Evaluation criteria
for the bullet traps will be fully developed and discussed in a separate report.

Preliminary screening criteria were driven by the Army's requirements and other factors, such as
installation and life cycle cost, maintenance requirements, effectiveness in both trapping bullets
and preventing lead migration into the environment, and impact on training effectiveness and
realism. The bullet traps must be useable outdoors under inclement weather conditions. A
number of innovative bullet traps are currently available for indoor range use. The manufacturers
of these traps have developed modified versions of their indoor traps for outdoor use. However,,
performance data from outdoor use of these traps is limited in most cases. In these cases,
available data from the bullet traps indoor use will be used to help evaluate the traps.

i
I
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2.3 Identification of Technologies

Based upon the literature and technology searches described in Section 2.1, the bullet trapsI identified were:

S * GranTrap

I * Total Entrapment Composite (TEC)

S* Thunder Ranch

I- * Lamella

S* Passive Bullet Trap - OP96

I * Total Containment Trap (TCT)

_* Granular Trap

I * Railroad Ties or Log Piles

S* Sand Trap

I * Water Trap

S* Rubber Blocks

* Wax/ Plastic Blocks

S* Escalator Trap

I* Steel Louvers with Sand Bed

S* Tires

I* Shock Attenuating Concrete

S* REGUPOL

I* SRI R493

S* Elastomeric Granular Trap

USAEC wanted no traps eliminated from consideration based on this report. All of the traps will
be evaluated after evaluation criteria have been developed. A description of each of the traps is
included in Section 3.

I
I
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SECTION 3I- BULLET TRAP DESCRIPTIONS

U Bullet traps are intended to perform one major function, stop bullets from traveling any further
downrange. They do this by a variety of methods and designs, most of which will be described3 in categorical terms in the balance of this section. In the past, the only consideration was to find
the lowest cost solution that would stop the bullet. For this reason, most were earthen berms.
With the advent of specialized training, indoor ranges, and environmental awareness, the quest

ii for other methods gathered momentum. Factors in choosing bullet traps include its utility for
restricted space, safety, environmental impact, and disposal requirements. This document does
not provide an analysis of the various bullet trap designs, but it does provide a technical

ii description and manufacturer's data to permit the reader to make a choice based upon their
unique requirements. Costs are not included at the request of the manufacturers. A number of
bullet traps and bullet trap manufacturers were identified. Many of the bullet trap designs wereI very similar. For example, one rubber composite block bullet trap offered by a British firm
appears to be basically the same as that of a US manufacturer, Range Masters, with the exception5 of the presence of recovery channels in the Range Masters trap

Bullet traps can be grouped into three broad categories, deceleration, impact, and friction, though
there is some blurring of the dividing line. Deceleration traps use a circular or helical chamber to
allow the bullet to spin inside until it has shed sufficient velocity to drop through a recovery port
in the bottom.

Impact traps include those such as the traditional steel or armor plate, concrete backstops, or
other materials whose function is to cause the bullet to fragment or to be directed into a
catchment area. Their advantages are that they are generally inexpensive to construct, low
technology, reasonably durable, and require little maintenance. The disadvantages are they cause
bullet fragmentation, with the consequent lead recovery and disposal problems, are essentially
immobile, and can contribute to ricochets.

3 Friction traps include a variety of traps from the lowest, yet probably the most effective,
technology, the earthen berm, to some very esoteric designs. These traps cause friction on the
surface of the bullet, slowing its flight and bringing it to a stop within a defined distance. Their
methods and materials vary widely, as is shown in the following descriptions. The advantages of
friction traps are that they generally capture the bullet intact, though with varying degrees of
deformation and can be more easily tailored to the mission. Disadvantages are that they
generally require more maintenance, and are more expensive to construct, though some types are
promoted as being the lowest cost of all categories.

I
i
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* 3.1 Bullet Trap Technology Descriptions

5 Bullet Trap: GranTrap

Manufacturer: Caswell International Corp.I 1221 Marshall St. NE
Minneapolis, MN 55413

* Method: Friction

3 Ballistics: .50 cal. and smaller

Construction: The GranTrap is a large vertical box comprised of a steel frame with aU steel backplate and steel or plywood sides. The front is a sheet of material
that is identical to the large conveyor belts used in mines. The interior of
the trap is filled with a clean, granulated, recycled tire material. There is a5 containment tray at the bottom front of the trap to collect bullets.

Capacity: Manufacturer claims 50,000+ rounds

Installation: 2 days, exclusive of site preparation. A level concrete pad is typicallyS required for installation of the trap.

Maintenance: Monthly is recommended. Caswell uses a two stage vacuum/blower to
separate the GranTex from the bullets in the collection trough at the frontI of the trap, recycling the GranTex material back in the top of the trap.
Bullets are generally intact. Frequent patching of the rubber facing
material with sheets of rubber is required. The sheet rubber patch is
installed with small screws.

Description: The bullet penetrates the front sheet and is halted, generally within the first
12 inches, by the granulated material. As succeeding bullets impact the
trap, the preceding bullets are shaken down the column of granulatedI_ rubber and gather at the bottom in a trough where they can be collected
and recycled. There is leakage of GranTex from several locations on the
trap, but it is most noticeable at the point where bullet impact has chewed
through the front strap. Even though a patch is placed over the hole,
leakage still occurs. This is a licensed technology from Germany.

I
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I
Bullet Trap: Total Entrapment Composite (TEC)

Manufacturer: Range Masters, Inc.
199 Coon Rapids Blvd.
Suite 304
Coon Rapids, MN 55433

Method: Friction

I Ballistics: 7.62 NATO and smaller

"Construction: The TEC system consists of a set of large blocks molded from shredded,
-- recycled tires in a matrix of Kevlar® reinforced bonding mixture. The

blocks weigh approximately 60 pounds each and measure about 30 x 12 x3 9 inches. The trap consists of a block matrix held in place by use of
jacking straps tightened to prevent any movement under impact. The
blocks are elevated on a platform which has an inclined plane underneath
to cause trapped bullets to roll into a collection tray. The platform is
protected from stray rounds by ground baffles made of the same blocks as
the bullet trap. The appearance of the block is similar to an oversizedU. cinder block. Because of its modular construction, this trap is flexible in
design, and can be arranged in various height, width, and depth

* combinations to provide a larger backstop if desired.

Capacity: The manufacturer claims 10,000 to 20,000 round before the block needs to3_ be rotated, depending upon the type of ammunition used.

Installation: 4 hours, exclusive of site preparation. A level concrete pad is typically3 required for installation of the trap.

Maintenance: Inspect weekly and recover bullet from recovery tray. Rotate block
positions within the trap as wear becomes evident, probably monthly, to
maximize life of the trap.

I Description: The interior of each block has recovery channels molded into it, allowing
spent bullets to drop to the recovery area. The positioning of the recovery
channels can be customized for the type of ammunition used. PlasticI channel strips are inserted between blocks to more effectively channel
spent rounds into the collection tray. The fired round penetrates the front
of the block, shedding velocity until it hits one of the recovery channels,
where it falls into the collection tray. Particulates of the rubber compound
also fall out the recovery channels, but not in great quantities. Recovery3 and recycle of the bullets is a matter of emptying the recovery tray. Bullets
are generally intact.

I
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3 Bullet Trap: Thunder Ranch portable trap

Manufacturer: Action Target (assembled on-site)
I P.O. Box 636

Provo, UT 84603

i Method: Impact

3 Ballistics: Handgun ammunition

Construction: The Thunder Ranch trap is an evolution of a design that, in one form or3 another, has been at a variety of training sites. The trap consists of 2 x 4
lumber legs, approximately 6 ft. in height. The back is a 14 inch armor
plate, 30 in. wide by 48 in. high, held in place by lag screws. On the front3 of the trap is a sheet of Linatex, a self sealing material similar to that in
military fuel tanks. On top of the Linatex is a plywood sheet on which the
target is mounted. A piece of cardboard could also be used, as the

I plywood is primarily for cosmetics and insurance against fragments
penetrating the Linatex near the end of its useful life. Around the interior

* perimeter is angle iron to deflect bullet fragments.

Capacity: Approximately 3,000 rounds before recommended emptying of bullet
fragments. Life of the Linatex barrier will depend on the type of
ammunition used, but is expected to be at least 10,000 rounds.

Installation: Minutes, exclusive of trap construction. The trap can be moved by two
people.

Maintenance: Thunder Ranch inspects all traps weekly, cleaning as needed, generally
monthly.

Description: The bullet pierces the target and trap facing and hits the Linatex. The
Linatex stretches but is not penetrated until the bullet contacts the armor
plate and fragments. The Linatex snaps back and seals, forming a barrier3to the bullet fragments. The fragments fall to the bottom of the trap for
collection. It is believed that by replacing the 2 x 4 legs with 2 x 6's, the
life of the Linatex barrier could be extended by up to 50 percent.
Ammunition other than standard ball ammunition, such as hollowpoint,
wadcutter, or frangible rounds, tends to cause accelerated wear of the
Linatex.

I
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