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ABOUT ITRC

Established in 1995, the Interstate Technology & Regulatory Council (ITRC) is a state-led,
national coalition of personnel from the environmental regulatory agencies of some 40 states and
the District of Columbia; three federal agencies; tribes; and public and industry stakeholders. The
organization is devoted to reducing barriers to, and speeding interstate deployment of, better,
more cost-effective, innovative environmental techniques. ITRC operates as a committee of the
Environmental Research Institute of the States (ERIS), a Section 501(c)(3) public charity that
supports the Environmental Council of the States (ECOS) through its educational and research
activities aimed at improving the environment in the United States and providing a forum for
state environmental policy makers. More information about ITRC and its available products and
services can be found on the Internet at www.itrcweb.org.

DISCLAIMER

This document is designed to help regulators and others develop a consistent approach to their
evaluation, regulatory approval, and deployment of specific technologies at specific sites.
Although the information in this document is believed to be reliable and accurate, this document
and all material set forth herein are provided without warranties of any kind, either express or
implied, including but not limited to warranties of the accuracy or completeness of information
contained in the document. The technical implications of any information or guidance contained
in this document may vary widely based on the specific facts involved and should not be used as
a substitute for consultation with professional and competent advisors. Although this document
attempts to address what the authors believe to be all relevant points, it is not intended to be an
exhaustive treatise on the subject. Interested readers should do their own research, and a list of
references may be provided as a starting point. This document does not necessarily address all
applicable heath and safety risks and precautions with respect to particular materials, conditions,
or procedures in specific applications of any technology. Consequently, ITRC recommends also
consulting applicable standards, laws, regulations, suppliers of materials, and material safety data
sheets for information concerning safety and health risks and precautions and compliance with
then-applicable laws and regulations. The use of this document and the materials set forth herein
is at the user’s own risk. ECOS, ERIS, and ITRC shall not be liable for any direct, indirect,
incidental, special, consequential, or punitive damages arising out of the use of any information,
apparatus, method, or process discussed in this document. This document may be revised or
withdrawn at any time without prior notice.

ECOS, ERIS, and ITRC do not endorse the use of, nor do they attempt to determine the merits
of, any specific technology or technology provider through publication of this guidance
document or any other ITRC document. The type of work described in this document should be
performed by trained professionals, and federal, state, and municipal laws should be consulted.
ECOS, ERIS, and ITRC shall not be liable in the event of any conflict between this guidance
document and such laws, regulations, and/or ordinances. Mention of trade names or commercial
products does not constitute endorsement or recommendation of use by ECOS, ERIS, or ITRC.
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EXECUTIVE SUMMARY

Small arms firing ranges (SAFRs) include government, commercial, and recreational rifle, pistol,
trap, skeet, and sporting clay ranges. Small arms firing ranges are those ranges accepting 50
caliber or smaller ammunition. This definition is meant to include shotgun ammunition used on
trap- and skeet-type ranges. SAFRs may contain lead, antimony, copper, zinc, arsenic, and
polycyclic aromatic hydrocarbons (PAHs) from nonexploding (nonenergetic) bullets and
fragments, bullet jackets, and related sporting material (e.g., clay targets); however, lead is the
primary risk driver and is thereby the focus of this guidance.

Lead has documented impacts on human health, particularly for children. There are many
mechanisms for exposure to lead, including drinking lead-contaminated groundwater, ingesting
lead-contaminated soil or sediment, or inhaling airborne particles of lead. Lead dissolution and
migration to groundwater or through aerially (windblown) or hydraulically (erosion and
deposition) dispersed particles can cause exposure and result in elevated levels of lead in the
blood of humans and wildlife and may ultimately impact beneficial future land use.

The U.S. Department of Defense (DoD) oversees more than 3,000 active SAFRs as well as the
closure, or pending closure, of 200 more. In all, DoD expends more than 2 million pounds of
lead annually. In addition to DoD facilities, there are an estimated 9,000 nonmilitary outdoor
ranges in the United States (USEPA, January 2001). USEPA also estimates that 4% of the
80,000 tons of lead produced in the United States during the late 1990s was made into bullets
and shot.

This guidance is designed to display a logical and easy-to-follow decision diagram for
determining how best to remediate lead and lead-contaminated soils at closed small arms firing
ranges. A decision diagram is included to assist the practitioner in formulating a proper strategy
for removing the threat that metal, particularly lead, presents at small arms firing ranges. This
decision diagram and accompanying documentation is valuable for planning, evaluating, and
approving lead soil remediation systems. It defines site parameters and appropriate ranges of
criteria necessary for characterizing, testing, designing, and monitoring lead soil remediation
technologies. Contaminants, associated chemicals of concern, and contaminant distribution may
differ among small arms firing ranges; however, many characteristics of a site, necessary to
determine the efficacy of lead remediation technologies, are similar. Once a site has been
characterized and the postremediation land use of the site established, engineered approaches can
be designed, tested, and deployed. The decision diagram defines the primary decision points and
provides characteristics used to evaluate various lead soil remediation strategies. The flow
diagram references the sections where each element is more thoroughly discussed in the body of
the document. When viewing the flow diagram electronically, simply click on the box in the
flow diagram to proceed directly to that section for additional information. This approach is
useful to state and federal regulators, environmental consultants, responsible parties/owners, and
community stakeholders.

Site owners and operators have only recently become familiar with the environmental

consequences of their practice. Their industry has since developed Best Management Practices
(BMPs) for environmental management and maintenance of their range and, consequently,
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operators are incorporating these into their operating procedures. Federal agencies, specifically
DoD, and commercial sporting range operators are proactively developing a greater
understanding of lead management and remediation. There are a number of remediation
technologies as well as sampling and analysis techniques that, if appropriately applied, can
adequately characterize and remediate lead contamination at any SAFR.

Because of the increased scrutiny being paid to SAFRs, the U.S. Department of Navy, USEPA
Region 2, and the state of Florida have developed BMP documents to provide guidance on the
operation of active SAFRs. These documents closely follow the guidance provided by the
National Shooting Sports Foundation (www.rangeinfo.org).

While researching and compiling information for this guidance, the team identified a number of
regulatory and technical issues encountered while remediating a SAFR. Through this guidance,
the team seeks to clarify these issues and make recommendations, which in the team’s view
enhance the use of the techniques discussed in the guidance. Following are some of the more
significant issues identified by the team. See Section 6.0 of this guidance for further discussion:

* At some ranges, it may be possible and desirable to reuse the soil from the backstop of a
range that is being closed to construct a new berm or rebuild an existing berm located in
another area of the same property or facility. It is USEPA’s position that ranges that
reclaim and recycle lead bullets or lead shot may place the soil that is generated during the
reclamation process back onto an active range on the same property or facility or a
property adjacent to and under the same ownership as the property where the soils
originated without testing the soil for hazardous waste characteristics.

* It has been suggested that range soil from a former backstop may also be reused, following
lead reclamation, for constructing or rebuilding a backstop at a location that is not on the
range property. The same environmental benefits from berm reuse as described later in this
document could be realized, but extra oversight may be needed. Since individual states
may not permit this action, or may impose additional requirements for transportation,
documentation, and approvals, state regulations and regulatory agencies should be
consulted prior to transporting range soils to a property that is not the same as or adjacent
to and under the same ownership as the property where the soils originated.

*  While many current analytical methods rely on using only soil that has been passed
uncrushed through a 30-mesh sieve as the source for analytical tests, some controversy
exists in the field as to the best method(s). Other sample preparation protocols have been
proposed and approved by governing regulatory bodies. Differences in sample preparation
protocols include the designation of the size of sieve or whether to use a sieve at all and on
the degree of disaggregation prior to sieving. Therefore, to recommend a specific sample
preparation method may be misleading. No matter which method is selected, however, it
should result in a sample that is representative of the site and its environment and is
agreeable to the regulatory community and the other parties involved in the evaluation.

v


http://www.rangeinfo.org

Other recommendations on relevant issues can be found throughout this document. Please refer
to Section 6.0 for a comprehensive listing of all issues contained in this document.
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CHARACTERIZATION AND REMEDIATION OF SOILS
AT CLOSED SMALL ARMS FIRING RANGES

1.0 INTRODUCTION

Small arms firing ranges (SAFRs) include government, commercial, and recreational rifle, pistol,
trap, skeet, and sporting clay ranges. Small arms firing ranges are those ranges accepting 50
caliber or smaller nonexploding ammunition. This definition is meant to include shotgun
ammunition used on trap- and skeet-type ranges. Small arms firing ranges may contain lead,
antimony, copper, zinc, arsenic, and polycyclic aromatic hydrocarbons (PAHs) that may leach
from bullets and fragments, bullet jackets, and related sporting material (e.g., clay targets),
thereby contaminating soils and possibly surface and groundwater (NFESC, 1997). Table 1-1
lists components used to manufacture ammunition and clay targets.

Constituent Comment

Lead Primary constituent of a projectile

Lead Styphnate/Lead Azide Primary constituent

Antimony Increases hardness

Arsenic Present in lead. A small amount is necessary in the

production of small shot since it increases the surface
tension of dropped lead, thereby improving lead shot

roundness.

Copper bullet core alloy Increases hardness

Tin Increases hardness

Copper Jacket alloy metal

Zinc Jacket alloy metal

Iron Iron tips on penetrator rounds

PAHs (Polycyclic Aromatic Concentration of PAHs in clay targets varies from one
Hydrocarbons) manufacturer to the next but may be as high as

1000mg/kg. Existing studies show that PAHs are
bound within the limestone matrix of the target and
are, therefore, not bioavailable.

Table 1-1. Contaminants Potentially Found at Small Arms Firing Ranges
(Information obtained from Tables 2-1 & 2-2 in NFESC, 1997)

Lead accounts for more than 85% of the weight of the projectile and constitutes the greatest
environmental concern. If the projectile fragments upon impact, it creates lead dust, which can
be carried off site by either wind or water erosion. The heat of firing bullet projectiles can also
atomize lead in a sort of lead vapor, which can precipitate or condense on soil particles at the
firing line.
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Lead has documented impacts on human health, particularly for children. There are many
mechanisms for exposure to lead, including drinking lead-contaminated groundwater, ingesting
lead-contaminated soil or sediment, or inhaling airborne particles of lead. Lead dissolution and
migration to groundwater or through aerially (windblown) or hydraulically (erosion and
deposition) dispersed particles can cause exposure to lead and result in elevated levels of lead in
the blood of humans and wildlife and may ultimately impact future land use. Remediation of
soils at small arms firing ranges presents unique challenges because lead and associated co-
contaminants (see Table 1-1) exist as both discrete particles and as sorbed compounds dispersed
within the soil matrix. The form and distribution of particulate lead varies based on range use,
size and impact velocity of the round, soil characteristics, and past range maintenance practices.

For rifle and pistol ranges, most training is done with fixed or stationary targets at known
distances, resulting in the formation of “bullet pockets™ on the face of the berm. The high-impact
energy of these high-speed rounds with the rounds accumulated in the bullet pockets results in
significant fragmentation and ricochet. To mitigate ricochet, standard range maintenance
practices include “refacing” and/or turning the berm soil over to bury the projectiles below the
impact depths of incoming rounds. As a result, particulate lead can be found at depths below
traditional impact depths; and the particles range from whole, relatively intact projectiles to
microscopic metal particles. This heavy accumulation of lead in a relatively small soil volume
coupled with the fine lead present results in range soils high in total lead, which can fail standard
leachability tests such as the RCRA Toxicity Characteristic Leaching Procedure (TCLP) and the
Synthetic Precipitation Leaching Procedure (SPLP).

Shotgun ranges (skeet, trap, and sporting clays), on the other hand, typically involve widely
dispersed lead particles that fall to the ground with little impact energy. Remediation of these
ranges involves large soil volumes with relatively low particulate lead concentrations. However,
based on the age of the range and soil chemistry, lead shot can corrode into a wide range of
various particle sizes. Since the pellets have little impact energy, fragmentation is not an issue.
However, Craig, et al. (2002) reports evidence of fragmentation associated with short-range,
low-angle shotgun shots.

The disk-like, flying targets used at shotgun ranges contain PAHs. However, Baer (1995) found
that the targets did not exhibit the characteristics of toxicity as determined by an USEPA toxicity
test even though they contained high levels of PAHs. The state of Connecticut accepted these
findings and treated the targets at the site as solid rather than hazardous wastes.

1.1 Problem Statement

The U.S. Department of Defense (DoD) oversees more than 3,000 active SAFRs as well as the
closure, or pending closure, of 200 more. In all, DoD expends more than 2 million pounds of
lead annually. In addition to DoD facilities, there are an estimated 9,000 nonmilitary outdoor
ranges in the United States (USEPA, January 2001). USEPA also estimates that 4% of the
80,000 tons of lead produced in the United States in the late 1990s was made into bullets and
shot. Several existing environmental regulations can apply to shooting ranges. Developing and
implementing an Environmental Stewardship Plan or Best Management Practices as outlined by
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the firearms industry (www.rangeinfo.org), USEPA, or the Florida Department of Environmental
Protection is an important range management activity to prevent environmental and/or regulatory
problems. Federal agencies, specifically DoD, and commercial sporting range operators are
proactively developing a greater understanding of lead management and remediation. There are a
number of remediation technologies as well as sampling and analysis techniques that, if
appropriately applied, can adequately characterize and remediate lead contamination at any
SAFR.

1.2 Purpose

This guidance is designed to display a logical and easy-to-follow decision diagram for
determining the best remediation alternative for lead at closed small arms firing ranges (SAFRs).
The decision diagram, Figure 1-1, contains the general decision points when considering soils
remediation at closed SAFRs. How to best manage lead at active and inactive small arms firing
ranges is the subject of a follow-on ITRC project scheduled for completion in 2003.

The decision diagram (Figure 1-1) is included to assist the practitioner while formulating a
proper strategy for removing the threat that metal, particularly lead, presents at small arms firing
ranges. This decision diagram and accompanying documentation is valuable for planning,
evaluating, and approving lead soil remediation systems. It defines site parameters and
appropriate ranges of criteria necessary for characterizing, testing, designing, and monitoring
lead soil remediation technologies. Contaminants, associated chemicals of concern (CoCs), and
contaminant distribution may differ among small arms firing ranges; however, many
characteristics of a site necessary to determine the efficacy of lead remediation technologies are
similar. Once a site has been characterized and the postremediation land use of the site
established, engineered approaches can be designed, tested, and deployed. The decision diagram
defines the primary decision points and provides characteristics used to evaluate various lead soil
remediation strategies. The flow diagram references sections where each element is more
thoroughly discussed in the body of the document. When viewing the flow diagram
electronically, simply click on the box in the flow diagram to proceed directly to that section for
additional information. This approach is useful to state and federal regulators, environmental
consultants, responsible parties/owners, and community stakeholders.
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Overview of Characterization & Remediation of Small Arms Firing Ranges

Determine the post-remediation land use
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Figure 1-1. Decision Tree: Characterization and Remediation of Closed
Small Arms Firing Range Soils
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2.0 SITE CHARACTERIZATION

Site characterization assesses the extent and nature of the contaminants of concern as an initial
step in the cleanup of a small arms firing range. The general approach for a small arms firing
range site characterization is identical to that used in the assessment of any site where metals or
other regulated hazardous chemical constituents have been released to the environment. Site
characterization should answer the following questions:
* What are the contaminants of concern (CoCs) in addition to lead at the subject ranges?
*  What is the vertical and horizontal extent of the lead and other CoCs in the environment?
* What are the concentrations of these contaminants across the affected area?
*  What environmental media are impacted (i.e., soil, surface water, groundwater, air,
sediment)?
* Are the impacted areas limited to locations where bullets and shot were initially deposited
or has there been vertical/horizontal migration of the contaminants of concern?
* If migration has occurred, what are the likely routes of migration?
*  What are existing or potential human or environmental exposure pathways?
* Is there a potential UXO present?

Before any actual sampling is conducted at a range to answer these questions, one should gather
available records and accounts of the range history, use, and layout. These aspects of the site
characterization are discussed below.

2.1 Range History and Records

To determine where lead and any other contaminants associated with the deposition of bullets
and/or lead shot pellets are present in the environment, information should be gathered regarding
the location of all current ranges that are subject to cleanup, as well as any abandoned ranges.
This information can be obtained from written records, plans, photographs, etc. kept by the
facility and/or through interviews with persons familiar with past operations. Current and
historical aerial photographs are often excellent sources of information on range layout.

Information should also be gathered on the period of time during which each range was in use,
the estimated amount of shooting done during that time, the type of ammunition used, and the
reclaiming and recycling history of the site. For trap and skeet ranges, the amount of lead shot
pellets deposited at a range may be estimated based on the number of targets used annually by
the facility. Additionally, information should be obtained regarding any removal and relocation
of soils from ranges to other locations at the range or off site. Areas that received soil that was
likely contaminated with lead should be included in the site characterization.

Available surveys and property maps of the facility and ranges should be obtained. An
examination of property boundaries with respect to range layout and areas where ammunition is
deposited should be performed to determine whether any off-property impacts exist.
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2.2 Range Design Considerations

The design and use of a shooting range will have a direct impact on where the lead will be
deposited. Researching the range design(s) and past use(s) will help you identify where the lead
will be found and help focus the remediation efforts. There are four different types of outdoor
ranges: shotgun ranges, static ranges, dynamic ranges, and interactive ranges. Confusing the
issue is the possibility that over the years a range may actually consist of several different
ranges—one overlaid on top of another.

Users of a shotgun range shoot at airborne discs using ammunition that typically consists of
between 1 ounce and 1-1/8 ounces of lead pellets. The pellets are very small in diameter (from
.08 to .095 inches), which means the ammunition contains a large number of pellets (from 350 to
650 pellets per cartridge). These pellets have a maximum distance of between 660 feet and 770
feet from the shooter. Shotgun ranges are primarily used for recreation; however, the Army Air
Corps used shotgun ranges for initial training in the skills needed to shoot down enemy
airplanes. These ranges are not always over dry land. The impact areas for some of these ranges
may be over wetlands or even open water. The National Association of Shooting Ranges, a
division of the National Sports Shooting Foundation (NSSF), has published Environmental
Aspects of Construction and Management of Outdoor Shooting Ranges, which describes the
standard designs of trap (Figure 4-2), skeet (Figure 4-3), and conceptual design of sporting clays
(Figure 4-4) www.rangeinfo.org.

Static ranges, dynamic ranges, and interactive ranges are used with rifles and handguns but can
also include shotguns using large projectiles (known as “buckshot” and “slugs™). The static
range is one where a stationary shooter fires at a known target located at a known distance. Most
military basic training as well as recreational shooting is static. The dynamic range is one where
there is movement on the part of the shooter firing at a known target. Finally, the interactive
range is where there is movement on the part of the shooter, who is firing at targets that may also
be moving, are randomly located, or are a surprise to the shooter. Interactive ranges are used
primarily in law enforcement and military training but can also be part of advanced self-defense
training.

There are different site characterization and environmental management implications for each of
these four types of ranges. The shotgun range will have a widely scattered deposition of very
small pellets (of a consistent size and shape) within an area no more than 770 feet from the
shooting position, with the majority of the lead being deposited at a distance between 375 feet
and 600 feet from the shooter. The shape and size of the area of shot deposition, or “shotfall
zone,” depends on the kind of recreational shooting done at the range (i.e., trap, skeet, or
sporting clays) and the number of fields (single or multiple) (NSSF, 1997, pp. 4.1-4.7). The
pellets will typically be found within inches of the surface, unless tilling or digging has
physically disturbed the area.

The static range has lead very concentrated in a very small area directly behind each target. The
lead may be found up to two feet into a primary impact berm. Lead from static ranges can also
migrate due to erosion from the berm material, through surface water runon and runoff. The
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targets are typically set between 5 feet and 8 feet apart in a straight line parallel to the firing line.
Dynamic ranges also have small and identifiable lead deposits behind each target, but the targets
are more randomly and widely dispersed. This layout results in specific areas of lead deposition
in moderate concentration dispersed over a larger area.

2.3 Rifle/Handgun Firing Range Layouts

To effectively characterize the soil in each area for various range layouts, it is necessary to
understand how the depth and aerial extent of particulate lead distribution varies with each type
of range layout. The traditional layout of training areas can involve a central impact area for
large munitions, ringed by SAFRs on the perimeter for firing toward the center. As a result, the
safety fans and projectile flight paths can overlap, resulting in unexploded ordnance (UXO)
unexpectedly turning up in SAFR soils and small arms projectiles in impact area soil. In addition
to the safety issues associated with UXO (www.itrcweb.org, see the ITRC UXO guidance
document), there are also contaminant issues with unburned propellants and explosives, which
are present as microscopic discrete particles dispersed over a wide area, not unlike the dispersion
of lead shot at a skeet range.

A rifle/handgun firing range has the following major areas (see Figure 2-1):
* Primary Impact Berm
* Range Floor
* Lateral or Side Berms
» Safety Fan, or Fallout Area

Primary Impact Berm

Range Floor

Concentrated M.u‘l\ 1
in Impact Area D

Dllplr.lﬂ Metal in
Impact

= Residues From — F a
Muzzie Discharge S

Figure 2-1. Cross Section of a Typical Static Rifle and Handgun Range
(Modified from Figure 1.1 in AFCEE, 2000)
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2.3.1 Primary Impact Berm

The primary impact berm faces the shooter and takes the bullet head on. As such, the full force
of impact is absorbed by the berm. Two mechanisms at work to scrub energy and stop the bullet
are displacement of soil particles and fragmentation of the lead projectile. In sandier soils,
displacement of the soil particles allows the bullet to penetrate a foot or more into the berm, with
soil resistance increasing with depth. Eventually, all of the energy is scrubbed, and the bullet
comes to rest basically intact and buried within the soil matrix. Hard-packed berm soil, surfacial
lead buildup, or the presence of rocks causes the lead to fragment upon impact. Fragmentation
also scrubs energy but creates undesirable byproducts—the generation of lead dust and
fragments that increase the aerial extent of remedial efforts. Ricochet, which can present serious
threats to shooters, bystanders, and neighboring properties, further expands the area that needs to
be addressed by cleanup efforts.

2.3.2 Range Floor

The range floor is defined as the ground between the firing line and the primary impact berm,
with a width equal to the width of the range lanes. This surface rarely receives direct fire and as
such the particulates are shallow as compared to the primary impact berm. Rounds that impact
the range floor are typically a flat trajectory that fell short of the berm or those that result from
ricochet. The resulting projectiles/fragments are typically found lying on the surface or
embedded in the root mass of the range floor vegetation, usually within the top 6 inches of soil.
Live rounds are also found on a regular basis in this area, as there are misfires that were ejected
and lost or dropped rounds that were not picked up. Empty brass is also common in this area, and
casings also represent a potential source of lead because the initiators, or primers, use shock-
sensitive lead compounds with residuals left in the casing after firing. The muzzle blast deposits
these same lead compounds, as well as lead dust resulting from the rifling on the barrel of the
weapon cutting into the projectile as it leaves the barrel. Typical depths of penetration on the
range floor are 1 foot or less.

2.3.3 Lateral, or Side, Berms

Lateral berms separate contiguous ranges within a complex or provide containment at the
perimeter. Like the range floor, they rarely receive direct fire and typically collect ricochets and
the occasional stray round, which results from cross fire across lanes. The typical penetration
depth is 1 foot. These berms may also be used on shotgun ranges.

2.3.4 Safety Fan/Fallout Area

On most range types, the rounds/fragments found in the safety fan/fallout area are almost
exclusively the result of ricochet. Unless earthmoving is performed, the fragments lie on the
surface. The exception to this rule is trap and skeet ranges, where distance is used to collect
projectiles and the fallout area is the part of the range receiving most impact. If sampling is
required, it should be conducted on the range floor, where most times fragments can be
vacuumed up without any excavation.
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Schematic Cross Sectional View
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Figure 2-2. Cross Section and Plan View of Shotgun Range Layout and
General Shotfall Zone (Modified from Figure 2-1 in AFCEE, 2000)



ITRC — Characterization and Remediation of Soils January 2003
at Closed Small Arms Firing Ranges

2.4 Shotgun Range Layouts

The primary characteristic of all shotgun ranges from an environmental perspective is the wide
distribution of shot. This results in a relatively large area in which there might be a concern. The
full extent of the total shotfall zone must be known before effective lead management practices
can be implemented. Because clay targets are thrown at different angles for each of the different
shotgun shooting venues, the type of venue will determine the dispersion of the spent shot.

2.4.1 Trap Range Layout (NSF, 1997)

The positions of the shooters and the angles at which trap targets are thrown result in a funnel-
shaped shotfall zone. Depending on the load, the angle at which the shot was fired, and wind
direction, typical lead trap loads can reach nearly 770 feet from the shooter. The theoretical
shotfall zone and the area of maximum shotfall are illustrated in Figure 2-3. Note the overlap of
the shotfall zone from adjacent fields, resulting in areas with increased amounts of lead.

> 375 ft

Area of Maximum
Shotfall

Figure 2-3. Schematic Drawing of Trap Range Layout (Modified from NSSF, 1997)
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