Exhibit 10 – Army Magazine article on green bullets

How Much Does a Bullet Cost?
May 2002
By Col. Stanley Lillie, Maj. Mark T. Corbett and Rick O'Donnell
The answer to this question seems easy if one assumes, as we have for years, that ammunition is simply
expendable. Very few military planners thought there would be follow-on costs associated with each round fired.
Rather, we assumed that once the trigger was pulled, the money was spent -- case closed. Unfortunately,
bullets in the 21st century are not as expendable as we once believed. In fact, years later they still have a cleanup cost associated with them due to the projectile's high lead content and potential impact on the environment.
Green ammunition has been developed to reduce the need for clean-up and with it, the overall true life-cycle
cost of a bullet. This green ammo also characterizes the Army's greater commitment to its stewardship of the
environment.
Table 1. Additional Life-Cycle Cost of Leaded 5.56 mm Ammunition
Removal Method

Cleanup
Cost/Round

Wet Screen
15 cents
Acid Wash
65 cents
Dry Screen
12 cents
Hazardous Waste
77 cents
Landfill
* Based on 1.89 million rounds

Total Cost/ Additional Cost
Round (Lead)
(Lead)*

36 cents
86 cents
33 cents
98 cents

$283,500
$1,228,500
$226,800
$1,455,300

Total Cost
(Lead)*

Cost of Leaded
Bullets Over
Tungsten*

$680,400
$1,625,400
$623,700
$1,852,200

$75,600
$1,020,600
$18,900
$1,247,400

Over the last few years, several installations throughout the Department of Defense have restricted training
because of contamination from explosives and lead. Over an extended period of time, large amounts of lead
from the projectile portions of bullets have accumulated in the impact berms at outdoor ranges. Lead is
regulated by the Environmental Protection Agency and high levels of lead content at outdoor ranges can
become problematic for installations. Therefore, we must manage and maintain ranges appropriately.
Most U.S. military small-caliber service ammunition -- .50-caliber or smaller -- contains lead and other metals.
Lead is typically found in two component parts of small caliber ammunition -- in the projectile core and in the
propellant initiating primer. The small quantity of lead in the initiating primer dissipates into the air when
weapons are fired at outdoor ranges. Available data does not indicate any accumulation of lead from the primer.
The projectile portion of the bullet contains up to 70 percent lead alloy by weight, and the core is typically
jacketed in copper. The lead from the projectiles accumulates and concentrates in the soil near the target area
at firing ranges. Training operations can be affected if this lead is not managed to protect the local environment
and the surrounding population, including soldiers.
Several years ago, a joint working group (JWG) was formed to investigate and solve the environmental
problems associated with the manufacture and use of small caliber service rounds. Chaired by the Small Caliber
Ammunition Group at the U.S. Army Armament Research, Development and Engineering Center (ARDEC),
efforts to develop and implement solutions have been coordinated between the Department of Defense,
Department of Energy and law enforcement agencies. With the backing of the JWG, the ARDEC and the U.S.
Army Environmental Center partnered to find substitutes for lead in small caliber bullets.
The U.S. Army Environmental Center is funding efforts at ARDEC to develop lead-free projectiles for 5.56 mm,
7.62 mm, 9 mm and .50-caliber standard service ammunition. Tungsten -- a resilient metal used in light bulbs
and cutting tools -- was selected to replace lead. Tungsten has low toxicity and data indicates that it is
environmentally benign. Suitable for combat, tungsten composite bullets pose no risk of lead contamination and
will reduce environmental compliance burdens on many small arms ranges. The tungsten composite bullets
match or exceed performance requirements for function, accuracy, lethality and penetration.
The 5.56 mm ball qualification testing is complete. An engineering change proposal (ECP) for the new
production design has been approved, and lead-free 5.56 mm projectiles are currently under production. Initially,
the cost of the 5.56 mm round will increase by 11 cents, but efficiencies should reduce this significantly as

production ramps up. Efforts are well under way to produce tungsten 5.56 mm tracer, 7.62 mm ball and tracer, 9
mm ball and .50-caliber ball ammunition. The new bullets will eliminate the need for repetitive, costly cleanup.
Standard Army firing ranges are designed in accordance with TC 25-8, Training Ranges. At a smaller Army
installation, a typical battle sight zero range for the M16A2 rifle might have 50 lanes or firing positions with a
target berm situated approximately 30 meters from the firing line. The typical impact berm may be constructed of
a sand-clay mixture of earth pushed into a small backstop hill 10 meters high and spanning the entire width of
the range, about 200 meters.
The Army's goal for range usage is 80 percent or about 42 weeks out of the year. We will assume that the
usage goal is met, with 300 soldiers firing every week and that each will fire approximately 15 rounds to
complete and verify his or her individual weapon battle sight zero. Once the math is done, it is estimated that
there will be a total of 189,000 rounds of M16 ammunition expended over the course of one training year on this
typical range and a total of 1,890,000 rounds over a ten-year time span. What is surprising is that while each
M16 round is not very large (each contains 32 grains of lead), over the course of one year there will be an
estimated 863 pounds of lead in the impact berm and a phenomenal 4.3 tons of lead over a ten-year period.
It is reasonable to assume that cleaning up lead from this particular range may require excavating the top meter
of soil and thus a total of 3,636 tons of earth. Clearly, lead accumulations can become an enormous burden,
and range managers must be prepared for eventual lead removal, either as normal maintenance or cleanup.
The cost of removing lead from ranges varies depending on the method used and site conditions. Mining
industry technologies such as dry screening, wet screening and acid washing have been shown to be effective
in removing lead from range soils and allowing for recycling of the lead. Dry screening costs about $30 per ton
of soil, but only recovers between 50 percent and 75 percent of the lead. Wet screening costs from $40 to $60
per ton of range soil and recovers 74 percent to 95 percent of the lead. Acid washing costs about $170 per ton
and has a 95 percent recovery rate. A method of last resort is the removal of both the lead and the soil without
separating the lead, which means the soil will have to be disposed of as a hazardous waste. This method has
no recycling capability, can cost up to $200 per ton and is the least preferred method. Regardless of the
method, a treatability study on the range site is required to determine the most suitable technology. Each
method described has limitations that are governed not only by local regulations but also by the physical
characteristics of the local soil.
The current market cost of a leaded 5.56 mm round is 21 cents compared to 32 cents for a lead-free tungsten
composite round. Using our typical range scenario, we can estimate both the number of bullets (1.89 million)
and the cost of lead removal -- 3,636 tons times cost/ton (column 3). This makes it possible to calculate the
recovery cost per bullet (column 1) and thus compare the true life-cycle cost of a leaded 5.56 mm ball bullet
(column 2) to the lead-free tungsten bullet (32¢). In the final column we calculated the cost savings if we had
fired all green ammo for ten years instead of leaded bullets.
By comparing the total cost for each bullet, it is clear that in every case the green ammunition is cheaper
throughout the life cycle of the round. The cost differences shown are obviously estimates and there are many
other factors that may increase or decrease these costs. The costs presented in the chart do not include the
additional costs that could be associated with environmental studies, mission impacts from closed ranges or
unusually extensive cleanups, if required. Few planners could have estimated years ago that a typical lead
bullet could cost so much after it was expended.
The answer to the question, "How much does a bullet cost?" is too much since we have to remove the lead
years later. We can use advanced technology, however, such as the tungsten bullet, to maintain lethality,
reduce range maintenance costs and keep the ranges open and available for training. In the long term, our
readiness may depend on such a balance.
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