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L
ead ammunition creates health risks to 
shooters and instructors at firing ranges 
because of the toxicity of lead and 
also creates environmental risks and 

cleanup costs. U.S. government agencies have 
explored ways of shifting to ammunition with 
reduced levels of lead or to completely lead-free 
ammunition, called reduced-hazard training 
ammunition (RHTA), as a way of mitigating 
these risks. As examples, U.S. Department of 
Energy training facilities explored switching to 
non-lead ammunition in 1999 to reduce health 
impacts and environmental impacts (Bogard 
et al., 1999). Because of concerns about envi-
ronmental risks, the U.S. Air Force started 
transitioning from outdoor firing ranges (with 
earth backstops) to indoor firing ranges in the 
mid-1990s (Moran and Ott, 2008). The indoor 
firing ranges, however, exposed instructors to 
high levels of lead, which led the Air Force to 
shift toward RHTA in the 2000s (Moran and 
Ott, 2008). In addition to mitigating health and 
environmental risks, agencies (including the 
Air Force) prefer frangible ammunition made 

KEY FINDINGS
	■ The choice between using reduced-hazard training 

ammunition (RHTA) only or primarily using lead ammuni-
tion is largely driven by trade-offs between higher near-
term costs of RHTA, which is about twice the price per 
round, and higher long-term environmental and health 
costs and risks of lead ammunition. 

	■ There are opportunities to mitigate the risks of lead 
through range cleaning practices and technological solu-
tions, such as rubber bullet traps.

	■ Users and trainers might be hesitant to adopt RHTA 
because of ballistic differences between it and lead 
ammunition that mean RHTA cannot match the perfor-
mance of lead ammunition precisely.

	■ Law enforcement organizations may need to use both 
RHTA for training that involves splash-back and ricochet 
risks and lead training ammunition for qualification.

	■ Organizations with multiple firing ranges may be able to 
minimize costs and risks by consolidating the use of lead 
ammunition in fewer ranges.

	■ Decisions about the use of RHTA or lead ammunition will 
vary based on local circumstances, such as firing range 
availability and training requirements, but, regardless of 
these decisions, organizations should prioritize proper 
maintenance of firing ranges.

	■ There may be opportunities for federal agencies and 
other law enforcement agencies to obtain better prices 
and a more secure supply of training ammunition, espe-
cially for RHTA.
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of copper that breaks into small pieces in indoor 
ranges and ranges with steel traps because they 
“reduce ricochet/splash back hazards, environmen-
tal/health lead hazards and significantly reduce wear 
and tear of range structures” (Department of the Air 
Force, 2025, pp. 51–52).

The Federal Law Enforcement Training Centers 
(FLETC), which is operated within the U.S. Depart-
ment of Homeland Security (DHS) and provides 
initial firearms training to most federal law enforce-
ment officers, adopted RHTA for the majority of its 
training in the 2000s. This change was motivated 
by “the long-term commitment of the Federal Law 
Enforcement Training Center (FLETC) to the health 
and safety of staff and students,” because RHTA 
reduces health and environmental risks, reduces 
range maintenance costs, and reduces injuries from 
bullet ricochets (Graves, 2013, p. 15). Decisions to 
shift to RHTA occurred during a time when price 
differences between RHTA and lead ammunition 
were “negligible” (Graves, 2013, p. 16). However, as 
we show later in this report, RHTA is now about 

twice as expensive as lead ammunition. Furthermore, 
supplies of RHTA have been less reliable, particu-
larly around the time of the coronavirus disease 2019 
(COVID-19) pandemic. DHS asked the Homeland 
Security Operational Analysis Center (HSOAC) to 
develop a comprehensive accounting of the benefits 
and costs of RHTA and lead training ammunition 
based on current market conditions and firing range 
maintenance practices.

This report presents HSOAC’s analysis of these 
benefits and costs. It is organized as follows: We 
first provide an overview of the differences between 
RHTA and lead training ammunition. We then look 
at the economic drivers of the price of ammunition, 
which led to RHTA being about twice the cost of lead 
training ammunition. We then compare the life-cycle 
costs of RHTA and lead training ammunition. Next, 
we look at the U.S. ammunition market, focusing on 
how supply and demand shocks have affected the 
market and how ammunition demand has evolved. 
We review the literature on strategic sourcing to 
identify potential strategies organizations can take to 
increase reliability of ammunition and lower prices. 
Finally, we draw conclusions intended to help DHS 
managers and firing range operators make informed 
choices about ammunition use.

Overview of Ammunition Types

RHTA is a type of lead-free, frangible ammunition. 
RHTA is named after a DHS Strategic Sourcing Vehi-
cle (SSV) that makes lead-free, frangible ammunition 
that meets minimum standards for accuracy and 
performance available for purchase across the U.S. 
government. RHTA is sometimes known as reduced-
hazard ammunition or by different product-line 
names across different manufacturers. 

Frangible ammunition is typically made of 
copper powder, which is held together with a com-
pressed tin or polymer binder. When frangible 
ammunition is shot and strikes something hard, it 
disintegrates. The requirements for the most recent 
RHTA SSV are for bullet fragments to measure at 
most 5 percent of the original bullet weight (FLETC, 
2020, p. 45). Frangible ammunition is often used in 
situations in which there are concerns about bullet 
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BLL blood lead level
CLTA commercial lead training ammunition
COVID-19 coronavirus disease 2019
DHS U.S. Department of Homeland Security
FBI Federal Bureau of Investigation
FLETC Federal Law Enforcement Training 

Centers 
HEPA high-efficiency particulate air
HSOAC Homeland Security Operational 

Analysis Center
NAICS North American Industry Classification 

System
NICS National Instant Criminal Background 

Check System
NIOSH National Institute for Occupational 

Safety and Health
OSHA Occupational Safety and Health 

Administration
PPE personal protective equipment
RCRA Resource Conservation and Recovery 

Act
RHTA reduced-hazard training ammunition
SSV Strategic Sourcing Vehicle
UFP ultrafine particle



3

splash back, such as when shooting at steel targets 
and shooting at ranges with steel traps at close range. 
Steel traps collect bullets that bounce back and forth 
in the trap and are gathered in a deceleration cham-
ber at the back of the trap and therefore can pulverize 
even lead bullets, potentially causing a contamination 
hazard. U.S. Air Force policy, for example, prefers 
frangible ammunition “for use on indoor, baffled 
(partially or fully contained) [i.e., ranges that are 
open to the outdoors but at least partially sheltered] 
and ranges with a steel trap of any type” because 
frangible rounds “reduce ricochet/splash back haz-
ards, environmental/health lead hazards and sig-
nificantly reduce wear and tear of range structures” 
(Department of the Air Force, 2025, pp. 51–52). Like 
lead ammunition, RHTA and other types of frangible 
ammunition are available in a variety of small-arms 
calibers for pistols, rifles, and shotguns, including 
options with copper-jacketed bullets.

Because frangible and lead bullets are composed 
of different materials and lead is denser than copper, 
frangible bullets are less dense than lead bullets. 
Figure 1 shows a comparison of two bullets of equal 
weight; the frangible bullet is clearly larger in volume. 
Because frangible bullets are physically different 
from lead bullets, they cannot perform identically. 
FLETC requirements for RHTA II SSV contracts 

establish performance envelopes for RHTA.1 Rounds 
that have successfully performed well enough to be 
included in RHTA II contracts exhibit a range of 
accuracies, though very few perform well enough to 
qualify under the more exacting requirements for 
duty ammunition.

Although RHTA rounds are completely lead free, 
frangible rounds are not necessarily lead free. Lead 
styphnate is an explosive typically used in ammu-
nition primers, which initiate the explosion in an 
ammunition round. This can release small amounts 
of lead into the air when the shooter fires the weapon. 
From our interviews with law enforcement officers 
and firing range instructors and managers through-
out the research, we found that many personnel 
were familiar with frangible ammunition that uses 
lead styphnate primers, and many of them there-
fore assumed that RHTA also uses lead styphnate 
primer. However, RHTA must be completely lead free 
because the requirements specify that “the ammuni-
tion and all of the component parts shall be free of 
lead and lead styphnate” and free of the “remaining 
RCRA [Resource Conservation and Recovery Act] 
seven (7) monitored metals to the maximum extent 
possible” (FLETC, 2020, p. 40). 

Figure 2 illustrates cross-sections of typical 
ammunition rounds and highlights the parts of the 

FIGURE 1

Comparison of Frangible and Lead .30 Caliber, 150-Grain Bullets

SOURCE: Reproduced from Thewellman, 2017 (CC0 1.0 Universal).
NOTE: The top bullet in the photo is frangible, and the bottom one is lead. Grains are a measure of weight 
equal to about 65 milligrams. 
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round that could contain lead. The bullet is typi-
cally made largely of lead (or, if frangible, a copper 
mixture). Bullets are often jacketed in a copper outer 
layer. Bullets in duty and training ammunition are 
usually made primarily of lead. The primer is usually 
made with lead styphnate, but completely lead-free 
rounds, such as RHTA, are composed of lead-free 
materials. However, commercially available frangible 
ammunition often includes lead styphnate primers 
unless otherwise specified. The branding of these 
rounds can sometimes be unclear, adding to users’ 
confusion. The propellant does not contain lead in 
any type of ammunition. The case (not labeled) is 
usually also lead free and composed of brass. 

Comparison of the Prices of 
Different Ammunition Types

Figure 3 shows the evolution of costs for the small-
arms ammunition-manufacturing industry between 
2018 and 2021. During this period, materials costs 
increased while labor-related costs and minor costs 
stayed relatively flat. However, the “surplus”—the dif-
ference between the industry output and its costs—
increased sharply in 2020 and 2021. This surplus is 
consistent with profit margins that were large and 
growing during this period.

Figure 4 shows an estimated cost breakdown 
of average 9mm rounds of commercial lead train-
ing ammunition (CLTA)—henceforth called CLTA
after the DHS SSV for purchasing lead training 
ammunition—and RHTA.2 Figure 4 is indexed so 
that the total cost of an RHTA round is 100 percent 
and the total cost of a CLTA round is 50 percent, 
because we observed that 9mm RHTA prices are 
typically about twice as high as CLTA prices. Some 
degree of the price difference between the two bars 
is explained by the higher cost of copper (yellow 
bars on left), which is several times higher than that 
of lead. However, the value of the copper in RHTA 
bullets is just a small fraction of the overall cost of 
a round. We assumed that the other material and 
labor costs are similar for CLTA and RHTA, though 
it is possible that costs for different types of rounds 
could differ from the industry averages. Profits and 
any unaccounted differences in costs are captured in 
the remainder term, “surplus,” shown as orange in 
Figure 4. The much larger remainder term for RHTA 
suggests that there could be more opportunities to 
reduce RHTA costs. Firing ranges often receive pay-
ments for recycled bullets, which somewhat reduces 
the price premium for RHTA, though the differences 
in the cost of lead and copper explain relatively little 
of the difference in overall price, and the recycling 
revenue only yields about a third of the market price 
of lead and copper. 

FIGURE 2

Cross-Section of an Ammunition Round 
Illustrating Different Components That 
May Contain Lead

SOURCE: Adapted from Glrx, 2021 (CC BY-SA 3.0).
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FIGURE 3

Small-Arms Ammunition-Manufacturing Cost Breakdown
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SOURCE: Features data from North American Industry Classi�cation System (NAICS) 332992 (“Small Arms Ammunition 
Manufacturing”) in U.S. Census Bureau, undated.
NOTE: Surplus is the difference between industry output (sales, value of shipments, or revenue plus the increase in 
inventories) minus the sum of the costs.

FIGURE 4

Estimated Cost Breakdown in Average 9mm CLTA and RHTA Rounds (RHTA Cost 
Indexed to 100 Percent and CLTA Cost to 50 Percent) 

SOURCE: “Lead or copper costs” is based on our estimates of the average weight of CLTA and RHTA bullets multiplied by the 2023 average 
price of lead from Statista, 2024a ($2,300 per ton) and 2023 average price of copper from Statista, 2024b ($7,700 per ton). “Other material 
costs,” “labor costs,” and “minor costs” are based on data from U.S. Census Bureau, undated.
NOTE: “Lead or copper costs” includes only the copper or lead in the RHTA or CLTA bullet and excludes any other copper (for example, 
in the brass case, which we assume is comparable for the two types of rounds). 
a The costs were estimated based on industry average shares in 2021, as shown in Figure 3. “Minor costs” includes capital expenditures, 
lease and rental costs, and other operating costs. We assumed that these averages apply to RHTA because of the similarities in materials 
and manufacturing processes. “Surplus” is the difference between the average price and measured costs. “Surplus” includes pro�t and other 
undocumented costs, such as interest payments. 
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Comparison of Firing Range 
Life-Cycle Costs for Different 
Ammunition Types

In the life cycle of firing ranges (including day-to-
day operations and long-term considerations), costs 
vary depending on the type of training ammunition 
used. Regulatory requirements, ammunition costs, 
and recycling revenue can all affect the cost of using 
a specific type of ammunition on a firing range. To 
determine the life-cycle cost of RHTA ranges versus 
CLTA ranges, we first outlined general firing range 
life-cycle costs by reviewing a previous life-cycle 
analysis of ammunition types (Bogard et al., 1999) 
(Figure 5). Then, we gathered qualitative and quan-
titative evidence from a thorough review of existing 
peer-reviewed and gray literature to determine the 
potential differences in life-cycle costs between CLTA 
and RHTA ranges. We split these into two categories: 
(1) quantifiable costs and benefits that can be mea-
sured by the organization that owns and operates the 
firing range and (2) nonmonetized costs and benefits 
that cannot be easily quantified by the organization 
that owns and operates the firing range but are still 
necessary to consider in the range life cycle.

Quantifiable Costs and Benefits

In this section, we provide a general overview of 
quantifiable life-cycle costs for RHTA and CLTA 
firing ranges (Table 1).

Choosing RHTA or CLTA affects the various 
costs associated with each part of the life cycle of 
a range. RHTA is more expensive per round than 
CLTA but gains more recycling revenue and has 
fewer environmental, filtration, health monitoring, 
and waste requirements and lower environmental 
and health effects. Ammunition storage, PPE, and 
weapon maintenance have similar costs between 
CLTA and RHTA (Figure 5 and Table 1). Overall, 
operating ranges well can help manage environmen-
tal and health risks for both ammunition types. This 
includes regular range cleaning, following proper air 
filtration and movement protocols, and switching 
from steel to rubber traps to minimize dust. 

Every range may be subject to unique costs 
attributable to range-specific characteristics and 
requirements, local economic factors, and costs that 
change over time. Therefore, an organization con-
sidering the choice between a range that allows only 
RHTA and one that permits CLTA needs to be made 
based on up-to-date market research. We found some 

FIGURE 5

Potential Differences of RHTA and CLTA on a Firing Range Life Cycle

NOTE: The coloring of the words represents the relative cost differences between CLTA and RHTA: orange = RHTA is costlier, 
blue = CLTA is costlier, black = RHTA and CLTA have similar costs. PPE = personal protective equipment.
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TABLE 1

Quantifiable Firing Range Life-Cycle Costs and Benefits of CLTA and RHTA

Category CLTA RHTA

Ammunition cost Lower cost per round Higher cost per round (about twice the cost of 
a round of CLTA; see Figure 4)

Recycling revenue Lower revenue Higher revenue (about 3.3 times the revenue of 
CLTA, commensurate with the higher cost of 
copper versus lead; see Figure 4)

Range cleaning Range cleaning activities occur at similar frequencies. 

Occupational 
safety and 
health

The waste produced is categorized as 
hazardous. The cleaning staff needs skin 
and eye protection and respirators. NIOSH 
recommends specific cleaning practices to 
minimize lead exposure.a

The cleaning staff might wear Tyvek suits, 
but federal regulations do not require full 
protection.a

Waste disposal Subject to hazardous-waste disposal rules 
under RCRA, which governs lead waste 
generators. Hazardous-waste disposal 
costs about four times non-hazardous waste 
disposal.b

Copper waste from RHTA is not governed 
by RCRA, so it is not considered hazardous 
waste.

Operations and 
maintenance

General operations and maintenance on filtration and collection systems are conducted. 
Rubber backstops produce less dust than steel backstops do, so they are recommended to 
minimize dust particulates. NIOSH sets filtration speed guidelines.

Filters HEPA filters, disposed of as hazardous waste, 
are required for indoor ranges, which doubles 
the cost. Filtration is required on inflow and 
exhaust.c 

HEPA filters are not required, and filters are 
required only for inflow.c

Health monitoring OSHA requires that employees who are 
exposed to lead ammunition dust hazards 
receive physical examinations and blood 
sampling to ensure that their BLLs are below 
15 μg/100 g.d The cost of health monitoring is 
slightly higher than that for RHTA because of 
the inclusion of blood work testing for lead.

No health monitoring for lead is required, 
but some ranges still conduct medical 
surveillance. 

Environmental 
monitoring and 
remediation

Initial air monitoring is required; if the results 
are above OSHA permissible exposure limits 
or action levels, follow-up monitoring is 
required.e 

Air monitoring is not required, but some ranges 
still opt to conduct monitoring. 

Mining Periodically conducted on outdoor dirt berms. Not currently requiredf

Remediation Extensive environmental remediation is 
required when lead ranges close. Remediation 
can cost millions of dollars across large 
facilities. 

Not currently requiredf

Ammunition  
storage

Generally, ammunition should be stored in a cool, dry, and well-ventilated location and away 
from other chemicals, combustible materials, or corrosives and should never be exposed to 
extreme heat or ultraviolet light.g The typical recurring storage costs for CLTA and RHTA are 
not likely to differ.

Weapon 
maintenance

Regardless of ammunition type, regular cleaning of weapons enhances weapon maintenance 
outcomes: Cleaning prevents the accumulation of debris and ensures a weapon’s long-term 
reliability. Users of weapons firing RHTA and CLTA should adhere to recommendations for 
cleaning and maintenance of their firearms.
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qualitative patterns at DHS ranges that are likely to 
apply to all firing ranges:

•	 For ranges with very low firing throughput, 
RHTA-only ranges are less expensive because 
they do not require lead-specific maintenance 
and remediation.

•	 For ranges with high firing through-
put, RHTA-only ranges are more expen-
sive because of the higher price of RHTA 
ammunition.

•	 There is a crossover point where the through-
put of a firing range becomes high enough 
that the costs of an RHTA-only range become 
more expensive. For the DHS ranges we 
analyzed, this crossover point was around 
300,000 rounds per year, which means that 
RHTA is more cost-effective for ranges that 
use below about 300,000 rounds per year. The 
exact crossover point will be unique for each 
range and may change as other costs, such as 
for ammunition, change.

Nonmonetized Costs and Benefits

Table 2 shows the author-identified nonmonetized 
costs for the life-cycle of firing ranges. The first two 
categories, health effects and environmental effects, 
favor RHTA since it is free of lead, which is toxic at 
all levels of exposure. 

The human health effects of lead have been 
well documented and include high blood pressure, 
difficulties with memory, and reproductive issues 
(Mayo Clinic, 2025). Symptoms of lead overexposure 
generally do not appear until dangerous levels have 
accumulated (Mayo Clinic, 2025). Lead is a cumula-
tive toxicant that can damage the nervous system, 
renal function, cardiovascular function, gastroin-
testinal system, and reproductive system (Tiwari, 
Tripathi, and Tiwari, 2014). Excessive lead exposure 
can cause reproductive problems for both men and 
women, high blood pressure, digestive problems, 
neurological disorders, memory and concentration 
problems, muscle and joint pain, and kidney disfunc-
tion (RCRA Compliance Branch, 2005). In general, 
there is no safe level of lead in the human system: 
Any amount can cause a negative biological reaction 
(Rasheed, 2021). 

The primary exposure pathway of lead at firing 
ranges is through inhalation of lead particulates 
(Laidlaw et al., 2017). When a firearm is fired, the 
lead primer ignites the propellant in the barrel of 
the firearm and provides the force for the projectile 
(Laidlaw et al., 2017). Parts of the lead bullet break 
down into lead particles while passing through the 
barrel and, along with dust and fumes from the 
primer, are ejected at high pressures upon firing 
(Laidlaw et al., 2017; Tripathi and Llewellyn, 1990). 
Although projectiles contain several sources of lead, 

Category CLTA RHTA

PPE Eye and ear protection are the primary types of PPE necessary for reducing risk when handling 
ammunition, and remain the same regardless of whether the range shoots CLTA or RHTA. 
However, a lead range should provide sticky mats at exit doors and disposable shoe coverings 
for personnel who might have to walk down the ranges, thereby creating a potential increase in 
PPE costs for CLTA.h

SOURCE: In addition to the sources noted in the table, we conducted interviews with firing range managers across DHS and visits to 
two facilities with firing ranges.

NOTE: HEPA = high-efficiency particulate air; NIOSH = National Institute for Occupational Safety and Health; OSHA = Occupational 
Safety and Health Administration; BLL = blood lead level. 
a NIOSH, 2009.
b RCRA Compliance Branch, 2005; Barthel, 2018.
c Provencher, 2017; Navy and Marine Corps Public Health Center, 2022.
d 29 C.F.R. § 1910.1025.
e Facility Development Division, 2005.
f Rehman et al., 2019.
g Sporting Arms and Ammunition Manufacturers’ Institute, 2018; U.S. Army Combat Readiness Center, undated.
h Navy and Marine Corps Public Health Center, 2022.

Table 1—Continued
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the primary source for airborne lead comes from the 
primer (Laidlaw et al., 2017). At the time of firing, 
lead particulates in the air can be inhaled by the 
shooter and instructor, particularly if the range lacks 
proper ventilation. Lead particulates and fragments 
can also land on hands and clothing; without proper 
hand washing and changing of clothes after shooting, 
the shooter could ingest lead particulates (Laidlaw 
et al., 2017; Tripathi and Llewellyn, 1990). During 
cleaning and maintenance, workers can recirculate 
lead particulates and inhale them or accumulate par-
ticulates on their clothing without proper measures, 
such as PPE (OSHA, 2018).

Copper is the primary component of RHTA 
bullets and therefore the primary metal that shooters 
and personnel are exposed to. Copper is a required 
element in the body, but overexposure is associated 
with short-term health effects, including headache, 
chills, nausea, metallic taste, cough, and shortness of 
breath (McNeilly et al., 2022; Methner, Gibbins, and 
Niemeier, 2013). Symptoms of copper overexposure 

usually exhibit quickly and resolve within one to two 
days (Brenner and Keyes, 2023).

Some studies of RHTA firing ranges have 
identified health symptoms even when copper did 
not exceed occupational exposure limits (Grabin-
ski, 2018; Methner, Gibbins, and Niemeier, 2013; 
Moran and Ott, 2008). Ultrafine particles (UFPs), 
not copper, could be causing the symptoms experi-
enced at RHTA ranges (Kwon, Ryu, and Carlsten, 
2020; Grabinski et al., 2017; Hussain et al., 2015). 
UFPs are easily taken up by lung cells, affect organs, 
and cause issues that include cancer, respiratory 
disease, and cardiovascular disease (Strauch et al., 
2017; Fahmy and Cormier, 2009; Pizzino et al., 2017). 
McNeilly et al. (2022) suggests that UFP exposure 
might be a factor in the symptoms being experienced 
and reported by instructors and students shooting 
RHTA. RHTA also contains smaller amounts of 
other metals. After copper, the most abundant metal 
identified in firing emissions when shooting RHTA 
is zinc. Zinc is an element that the human body uses 
and ingests, but overexposure to zinc is known to 

TABLE 2

Nonmonetized Firing Range Life-Cycle Costs and Benefits of CLTA and RHTA

Category CLTA RHTA

Health effects Lead exposure can cause reproductive 
problems, high blood pressure, digestive 
problems, neurological disorders, memory 
and concentration problems, muscle and joint 
pain, and kidney disfunction. There is no safe 
level of lead in the human body.a

Short-term health effects include headache, 
sore throat, metallic taste, and nausea. Studies 
of occupational exposure to copper have not 
found long-term effects.b

Onset of  
symptoms

Symptoms of lead overexposure do not 
appear until dangerous levels have already 
accumulated.a

Symptoms of copper overexposure exhibit 
quickly and usually resolve within 1–2 days.b 

Environmental 
effects

Excess lead in water and soil can cause 
a loss of biodiversity, lower reproductive 
rates in plants and animals, and adverse 
neurological effects in vertebrates.c

Excess environmental copper from RHTA 
in firing ranges could cause a reduction in 
biodiversity and negative effects on aquatic 
organisms. 

Operational utility Accuracy and recoil are well documented. RHTA can be lighter than CLTA, which has the 
potential to cause differences in recoil and 
accuracy. Initial research found that RHTA is 
comparable to CLTA, but further research is 
needed.d 

SOURCE: In addition to the sources noted here, we conducted interviews with firing range managers across DHS and visits to two facili-
ties with firing ranges.
a Mayo Clinic, 2025; RCRA Compliance Branch, 2005.
b Brenner and Keyes, 2023; Grabinski, 2018; McNeilly et al., 2022; Methner, Gibbins, and Niemeier, 2013; Moran and Ott, 2008.
c California Air Resources Board, undated; Eisler, 1988; Sorvari, 2007; Yablon, 2016.
d Graves, 2013.
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cause anemia, stomach cramps, and changes in cho-
lesterol levels. 

Firing range instructors reported experienc-
ing acute symptoms related to exposure regardless 
of whether ammunition contained lead or copper 
(Moran and Ott, 2008). Without taking proper pre-
cautionary measures, shooting either ammunition 
type can cause acute health effects. Using rubber 
traps, having proper ventilation, and regular cleaning 
can help mitigate exposure to particulates, thereby 
lessening some of their health effects. 

Environmental effects of CLTA are also higher 
than those of RHTA because of the higher toxicity of 
lead compared with copper. Environmental impacts 
of CLTA are greatest at outdoor ranges, with critical 
long-term effects not localized to the site (California 
Air Resources Board, undated). Lead accumulates 
over time in outdoor berms, leaching into surface 
water and groundwater and potentially leaving the 
site (Bai and Zhao, 2020). Similarly, lead at semi-
covered ranges can accumulate in adjacent water and 
soil because of particulates from the semi-open roof 
and walls, causing moderate effects localized at the 
site (Bai and Zhao, 2020). This effect would be worse 
with a steel backstop rather than a rubber backstop, 
as steel backstops shatter and deform bullets whereas 
rubber backstops catch bullets whole, which results 
in less particulate matter in the surrounding environ-
ment. Indoor ranges have minor effects localized at 
the site. For RHTA, unlike lead, copper is a macronu-
trient and part of the metabolism of living organisms 
(Rehman et al., 2019). However, in excess, copper can 
reduce biodiversity, decrease growth and enzymatic 
organism activity, and inhibit plant growth (Perlatti 
et al., 2021; Agency for Toxic Substances and Disease 

Registry, 2004; Medina et al., 2005; Stauber et al., 
2005; Rehman et al., 2019). 

The third category of nonmonetized costs and 
benefits in Table 2, operational utility, favors CLTA. 
RHTA is physically different from lead ammunition, 
because copper is lighter than lead. This physical 
difference raises concerns that RHTA may not be 
able to simulate the behavior of lead when used as the 
primary component of training ammunition. The 
primary differences in operational utility, when com-
paring RHTA and CLTA, are accuracy, recoil, and 
ricochet. 

Because of physical differences between lead and 
copper bullets, the accuracy of RHTA can differ from 
lead ammunition. Previous FLETC reports suggest 
that the accuracy of RHTA is largely “comparable 
to [that of] lead duty ammunition—6˝ [spread] at 
25 yards with a mean center not more than 2˝ from 
that of duty ammunition” (Graves, 2013, p. 15). Simi-
larly, there are possible reductions in recoil energy 
because RHTA rounds can be lighter than CLTA 
rounds. However, Graves (2013) reported that fewer 
than 10 percent of experienced shooters noticed a 
recoil difference when shooting RHTA and CLTA. 
Additionally, RHTA reduces the risk of ricochet and 
the resulting damage (Bogard et al., 1999).

Published and documented research on the 
short- or long-term effects of RHTA usage on train-
ing outcomes is limited; additional research on dif-
ferences in accuracy, recoil, and ricochet between 
RHTA and CLTA could help inform institutions 
interested in RHTA usage. Institutions would be 
able to better understand the scope of costs associ-
ated with training adjustments that might be needed 
when using RHTA. This is particularly important 
because trainees generally qualify with CLTA rather 
than RHTA, so trainees might need to adjust their 
firing practices to account for differences in the per-
formance of rounds. 

The choice between the two ammunition types 
ultimately depends on an organization’s priorities. 
Because of variability in components’ needs, priori-
ties, constraints, geographical differences, access 
to resources, and other factors, it is imperative to 
research local circumstances to tailor specific recom-
mendations. Still, stakeholders can use this frame-

The choice between 
the two ammunition 
types ultimately 
depends on an 
organization’s priorities.
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work to help evaluate the costs and benefits of differ-
ent range alternatives.

Characterizing Disruptive 
Events in the U.S. Ammunition 
Market 

Publicly available data on the U.S. ammunition 
market are scarce. However, we can gain some insight 
into this market through analysis of firearm sales 
data (as a proxy for ammunition demand), indus-
trial base reports, and publicly available datasets on 
federal spending. We use these datasets to derive the 
following characteristics of the U.S. ammunition 
market: 

•	 Disruptive events could increase demand for 
ammunition.

•	 Disruptive events could interrupt manufac-
turing and ammunition supply. 

•	 RHTA is exceptionally vulnerable to disrup-
tive events compared with lead ammunition. 

Analysis of U.S. Firearm and 
Ammunition Data

Academic literature has found that disruptive 
events—such as mass shootings (Liu and Wiebe, 
2019; Iwama and McDevitt, 2021; LaPlant, Lee, and 
LaPlant, 2021), anticipation of federal policy changes 
to firearm regulations after presidential elections 
(Depetris-Chauvin, 2015; Pak, 2022; Rostron, 2009), 
and the COVID-19 pandemic (Jacobs, 2020)—
increase demand for firearms immediately after the 
event. In the academic literature, firearm sales are 
often used as a proxy measure for gun ownership.3 

Firearm sales data from Federal Bureau of Inves-
tigation’s (FBI’s) National Instant Criminal Back-
ground Check System (NICS) show that the effects of 
COVID-19 lasted for years and led to historic levels 
of demand for firearms. We looked at the days and 
weeks from November 1998 to December 2020 with 
the highest volume of background checks recorded in 
NICS. Data from 2020 accounted for nine of the top 
ten highest individual weekly totals for the number 
of NICS background checks recorded since the NICS 
program was implemented in November 1998 (FBI, 

2021). The ten highest-volume days were Black Fri-
days after Thanksgiving except for four days between 
March 17 and March 21, 2020, shortly after COVID-
19-related stay-at-home orders were instituted (FBI, 
2021).

Although the NICS dataset does not directly 
reference ammunition sales, because a federal back-
ground check is not necessary for purchasing ammu-
nition, we find it likely that the increases in firearm 
sales demand represented by the NICS data correlate 
positively with increased demand for ammunition 
during the same periods. This inference is consis-
tent with data from industrial base reports from the 
same period. Continuing our COVID-19 example, 
Kentley Insight’s 2024 market research report on the 
small-arms ammunition manufacturing industry 
also captured a sharp increase in monthly sales and 
inventory value around the time of the COVID-19 
pandemic (Kentley Insights, 2024). Vista Outdoor’s 
annual Security and Exchange Commission filings 
from 2018 to 2024 offer a firm-level confirmation of 
the aggregate data in the Kentley report, as shown 
in Figure 6.4 The sales figures increased in the after-
math of market instability brought about by both the 
COVID-19 pandemic and U.S. Department of State 
sanctions banning imports of Russian ammunition 
in 2021 (Vista Outdoor, undated). 

In addition to increasing demand, disruptive 
events can cause supply chain interruptions, such 
as those caused by material or labor shortages, 
which affect the availability of firearms and, by 
proxy, ammunition. Around the same time as the 
COVID-19 pandemic, manufacturers such as Vista 
Outdoor reported impacts to availability and supply 
caused by changes to prices of raw materials, such as 
copper, zinc, and lead, as well as changes to prices of 
oil and energy (Vista Outdoor, 2024). We conclude 
that disruptive events have the potential to create 
market conditions that both increase demand and 
competition for limited ammunition inventory and 
reduce manufacturers’ abilities to meet the increasing 
demand. 

So far, the data we have discussed have not dif-
ferentiated by ammunition product type—this dif-
ferentiation is not possible at the level of granularity 
of the NICS and industrial report datasets. Figure 7 
shows how U.S. government purchases of frangible 
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ammunition have trended since 2008. The use of 
frangible ammunition across the federal government 
appears to have more than doubled since 2008. 

Despite this increase, frangible ammunition, 
including RHTA, is a niche product with limited 
demand in the small-arms ammunition manufactur-
ing industry. By comparison, total U.S. small-arms 
manufacturing was $5.7 billion in 2021, while total 
federal spending on small-arms manufacturing was 
$730 million in 2021 (see Figure 8). Therefore, overall 
government spending on frangible ammunition is 
small compared with total federal government spend-

ing on small-arms ammunition and especially com-
pared with the total manufacturing output of the U.S. 
small-arms ammunition manufacturing industry. 
Because supply disruptions affect suppliers of special-
ized goods more than suppliers of nonspecialized 
goods (Barrot and Sauvagnat, 2016), we find it likely 
that frangible training ammunition is exceptionally 
vulnerable to disruptive events compared with lead 
ammunition. 

FIGURE 6

Descriptive Patterns in Vista Outdoor’s Sales Performance Suggest 
Responsiveness to the COVID-19 Pandemic and Sanctions Against 
Russian Ammunition Manufacturers

SOURCE: Features data from quarterly and annual filings (Vista Outdoor, undated).
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FIGURE 7

U.S. Government Estimated Purchases of Frangible Ammunition

SOURCE: Authors’ analysis of data from USAspending.gov as of July 10, 2025. 
NOTE: Other is largely orders with empty funding-agency fields. We identified frangible ammunition transactions in a two-step process: 
(1) We searched USAspending.gov to identify any Indefinite Delivery Vehicles or orders with a relevant keyword: reduced haz, frangible, lead free, 
lead-free, reduced lead, no lead, rhta, rht, toxfree, tox-free, leadfree, reducedhazard, reduced hazard, reducedlead.
(2) We reviewed the contract and order descriptions to identify contracts and orders in which nonfrangible ammunition might have been purchased, 
which were especially prevalent in Department of Justice contracts. Using these descriptions and other information, such as similar orders around 
the same date, we made judgments about which transactions to exclude because they were unlikely to be for frangible ammunition.
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FIGURE 8

Comparison of Small-Arms Ammunition Manufacturing and Federal 
Spending, 2008–2021

SOURCES: Features data from U.S. Census Bureau, undated; U.S. Census Bureau, 2012; and U.S. Census Bureau, 
2017, on total U.S. small-arms manufacturing, NCAIS 332922, total value of shipments (“RHTA I/II Spending”). In cases 
in which values were reported in multiple years’ tables, we used the value in the most recently reported table. Federal 
spending data were pulled from USAspending (undated), filtered by Product or Service Code 1305 (“Ammunition, 
Through 30mm”), January 5, 2024. 
NOTE: Manufacturing is grouped by calendar year, while spending is grouped by fiscal year. The Annual Survey of 
Manufactures was discontinued after 2021.
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Sourcing Strategies Potentially 
Mitigate Ammunition Availability 
and Price Risks

Earlier in this report, we showed that RHTA is sub-
stantially more expensive than CLTA for reasons 
unexplained by the increased cost of copper. In the 
previous section, we showed that RHTA is a niche 
product, with relatively low demand relative to CLTA, 
and we argued that this is likely to make RHTA at 
greater risk of supply shortages. In this section, we 
identify several strategies that law enforcement orga-
nizations could implement to reduce the risks and 
costs associated with RHTA. Although these strate-
gies also could be used for CLTA procurement, they 
would likely have smaller benefits because of rela-
tively greater commercial availability of CLTA, which 
increases CLTA’s availability and reduces its prices.

There are several possible strategic sourcing 
methods law enforcement organizations can use to 
secure a reliable supply of training ammunition at 
optimal prices and quantities. One approach is to 
use market research to seek better pricing for train-
ing ammunition. For example, law enforcement 
organizations could, in theory, study the prices that 
manufacturers offer for state-level ammunition 
procurement contracts and, if those prices are lower 
than what they are paying, seek to negotiate a lower 
price. Literature supports the idea that buyer infor-
mation can improve buyers’ negotiating positions 
and enhance “the ability of the enterprise to meet 
its strategic goals” (Nicosia and Moore, 2006, p. 2). 
However, different factors could limit the viability of 
this method. For instance, states with small demands 
for ammunition might be able to secure lower prices 
by using existing production capacity, while the cost 
of initially establishing production capacity might 
be passed on to larger buyers. And the use of most-
favored-customer clauses might have the unintended 
consequence of raising prices on average (Scott 
Morton, 1997).

Other options include consignment and consoli-
dation of purchases. Consignment involves the stor-
age of goods at a facility on the buyer’s premises, the 
supplier managing these inventories, and the buyer 
paying only when it withdraws goods from storage 
(Nicosia and Moore, 2006). This method would theo-

retically reduce delivery times for the buyer because 
an inventory is already present on-site. However, it 
requires that the buyer have the capacity to store said 
inventory. Consolidation creates “a single point of 
interaction between the enterprise and the supplier” 
enabling the “enterprise to leverage its buying power” 
through fewer, larger orders (Nicosia and Moore, 
2006, p. 78).

Strategically varying the number of suppliers 
and the nature of supplier relationships presents 
another sourcing strategy. One option is using a 
single supplier. This is often done when a purchaser 
cannot foster competition for the good it is sourc-
ing or to satisfy unique capability requirements 
(Grilli and Webb, 2023). Another justification for 
using a single supplier—even when multiple suppli-
ers are available—is to source goods with low overall 
demand. Limiting the number of suppliers can result 
in the buyer’s demand making up a larger proportion 
of each supplier’s business, which could result in sup-
pliers being more responsive to the buyer’s requests 
(Nicosia and Moore, 2006).

Relationships with suppliers can also vary, 
ranging from close partnership relationships to dis-
tant, transactional arrangements. Dyer, Cho, and 
Chu (1998) detail two types of relationships. The 
first, durable arm’s-length relationships, is rela-
tively distant and best suited for commodities and 
price benchmarking (Dyer, Cho, and Chu, 1998, 
p. 69). These relationships are characterized by less 
information-sharing and fewer dedicated pieces of 
equipment or other investments intended only to 
fulfill a given buyer’s orders. The second, a strategic 
partnership, is a closer relationship with a greater 
level of coordination and is more appropriate for 
custom goods and capability benchmarking (i.e., 
evaluating goods mainly by how well they fulfill 
requirements rather than by price alone) (Dyer, Cho, 
and Chu, 1998, p. 71).

Procurement of commonly used CLTA involves 
a relatively large market that includes civilian, as well 
as law enforcement and military, demand, making a 
sourcing strategy consisting of arm’s-length relation-
ships with a larger number of suppliers more appro-
priate. Meanwhile, custom RHTA is a niche product 
better suited by maintaining close relationships with 
fewer suppliers. 
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To sum up, law enforcement organizations can 
draw on a range of sourcing strategies—including 
market research–driven negotiations, consignment, 
consolidation, contract prioritization, and deliberate 
structuring of supplier numbers and relationships—
to help ensure a reliable supply of training ammu-
nition at competitive prices. The optimal mix of 
methods depends on the type of ammunition being 
procured: The widely available CLTA aligns well 
with arm’s-length relationships and multiple sup-
pliers, whereas the more specialized RHTA ben-
efits from closer partnerships with fewer suppliers. 
Careful selection and tailoring of these strategies 
can help agencies mitigate risk, contain costs, and 
secure needed ammunition under varying market 
conditions.

Conclusions

We offer several conclusions intended to inform deci-
sions by law enforcement organizations that manage 
firing ranges or are considering investments in these 
facilities:

•	 The choice between using RHTA only or 
primarily using lead ammunition is largely 
driven by trade-offs between higher near-term 
costs of RHTA and higher long-term costs of 
lead and risks of lead ammunition.

	Ȥ RHTA rounds currently cost around twice 
as much as lead training ammunition, 
which can lead to significant increases in 
costs at high-throughput ranges.

	Ȥ Lead is inherently riskier from an environ-
mental and health standpoint. Ranges that 

allow lead ammunition use have higher 
fixed costs due to increased lead reme-
diation requirements. However, there are 
opportunities to mitigate the risks of lead 
through cleaning and technological solu-
tions, such as rubber bullet traps.

•	 Users and trainers might be hesitant to adopt 
RHTA because of differences with lead 
ammunition.

	Ȥ RHTA and lead training ammunition 
are physically different, largely because 
RHTA copper bullets are less dense than 
lead bullets. Although RHTA SSV pur-
chasing efforts ensure minimum perfor-
mance levels, there is some training risk 
because RHTA cannot precisely match lead 
ammunition.

•	 Law enforcement organizations may 
need to use both RHTA and lead training 
ammunition.

	Ȥ Many law enforcement agencies are likely 
to require qualification with lead training 
ammunition because of the inherent differ-
ences between it and RHTA.

	Ȥ RHTA may be required for certain types of 
training, such as close-quarters shooting 
and shooting steel targets, where there are 
splash-back and ricochet risks. 

•	 Organizations with multiple firing ranges may 
be able to minimize costs and risks by consoli-
dating the use of lead ammunition in fewer 
ranges.

	Ȥ Mixed-ammunition ranges are the high-
est cost because they combine expensive 
RHTA with higher maintenance and 

The choice between using RHTA only or primarily 
using lead ammunition is largely driven by trade-
offs between higher near-term costs of RHTA and 
higher long-term costs of lead and risks of lead 
ammunition.
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cleanup costs and risks associated with 
lead.

•	 Decisions about the use of RHTA or lead 
will vary based on local circumstances, but, 
regardless of these decisions, organizations 
should prioritize the proper maintenance of 
firing ranges.

	Ȥ Differences in local firing range availabil-
ity, range throughput, and training require-
ments mean that organizations will need to 
tailor decisions to local circumstances.

	Ȥ Organizations need to ensure that proper 
hazard mitigation measures are taken at all 
ranges. These measures mitigate potential 
cleanup costs and risks caused by insuf-
ficient procedures and help assure shooters, 
instructors, and other stakeholders that 
proper measures are taken to protect range 
users’ health and safety.

•	 There may be opportunities for federal agen-
cies and other law enforcement agencies to 
achieve better prices and a more secure supply 
of training ammunition, especially for RHTA.

	Ȥ Higher materials costs explain only a 
small share of the price difference between 
RHTA and lead ammunition. If RHTA ever 
sees higher levels of commercial demand 
and becomes less of a niche product, then 
the cost difference could shrink and sup-
plies of RHTA could become more reliable.

	Ȥ Lower prices and improved supply reli-
ability and performance may be possible 
by coordinating purchases across multiple 
firing ranges and creating strategic rela-
tionships with fewer suppliers for RHTA 
purchases.

Notes
1   For RHTA II training ammunition, FLETC established two 
accuracy tests. The measurement of ammunition spread under 
controlled firing, which is also used in lead ammunition, has a 
maximum spread of 6 inches for handgun RHTA and 4 inches 
for rifle RHTA. RHTA must pass an additional test that com-
pares the average accuracy of RHTA with that of a comparable 
duty round. The average for RHTA cannot be more than 4 inches 
from the average of the comparable duty round (FLETC, 2020, 
p. 46).
2   The CLTA SSV includes a wide variety of calibers and brands 
of lead ammunition that DHS has determined are suitable for 
training purposes. The term CLTA is not widely used, but we 
adopt the term for brevity and because the CLTA SSV can be 
used by agencies across the federal government.

3   Previous RAND research has stressed the substantial limita-
tions in interpreting National Instant Criminal Background 
Check System (NICS) data because they measure the number of 
background checks rather than quantities of firearms or ammu-
nition purchased (Smucker et al., 2022). However, NICS and 
firearm sales data are perhaps the most reliable measures of the 
firearm market currently available to researchers, and the data 
capture correlations between disruptive events and such market 
phenomena as increases in demand for firearms and, implicitly, 
ammunition.
4   Vista Outdoor’s ammunition segment was spun off into a 
privately owned company called the Kinetic Group in 2024.
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