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1.0 INTRODUCTION

The U.S. Army is currently formulating a strategy for future kinetic energy
penetrating materials. This report addresses the environmental and health issues

associated with depleted uranium (DU) and tungsten penetrators.

The objective of this study was to perform a preliminary assessment to
investigate the environmental and heaiih issues associated with DU and tungsten
penetrator manufacturing, testing and recycle facilities. This work also
jncluded an assessment of requirements for decontamination of ammunition peculiar
equipment (APE) and industrial plant equipment (IPE) at U.S. Army manufacturing

sites. Combat issues were also addressed.

The work was executed as follows. A generic risk assessment was performed
to provide an overall view of environmental and health issues at manufacturing,
testing and recycle facilities. This task was performed by means of a literature
search with subsequent evaluation of the data collected. In addition to the
generic risk assessment, visits were made to a number of manufacturing, testing
and recycle sites currently jnvolved with DU and tungsten materials. Detailed
technical interviews were conducted at each location with key personnel. Site
visit reports were prepared and jnformation obtained was incorporated into the

generic risk assessment. Facilities visited are listed below:

Manufacturing Sites
Two DU manufacturers

One tungsten manufacturer

U, S, Army/Military Sites
Aberdeen Proving Ground/Edgewood Arsenal, MD

TECOM HQ (including Combat Systems Test Activ%ty)
Ballistics Research Laboratory (BRL)

U.S. Army Toxic and Hazardous Materials Agency (USATHAMA)
U.S. Army Environmental Hygiene Agency (AEHA)




U.S, Army Military Sites (Cont'd
AMCCOM HQ; Rock Island, IL
U.S. Army Defense Ammunition Center and School (USADACS)
DESCOM HQ; Chambersburg, PA
Eglin Air Force Base, FL
Jefferson Proving Ground; Madison, IN

Yuma Proving Ground; Yuma, AZ

This report summarizes information obtained during the study and presents
findings and recommendations. Volume 2 contains the generic risk assessment

report.

References throughout this report to DU and tungsten should be understood

to mean the alloy materials unless otherwise stated.

1.1  BACKGROUND

The U.S. Army continues to produce and field kinetic energy penetrators
composed of DU alloy materials. Due to the radioactive and chemically reactive
nature of DU, concerns have arisen regarding environmental and health issues
throughout the life cycle of the munition. DU penetrators have been produced
since 1979, replacing tungsten penetrators which were used previously.

Concerns at manufacturing and testing facilitieé center on occupational and
public exposures to DU along with potential contamination of the environment.
Army mission requirements dictate that open range firing of penetrator munitions
be conducted for quality assurance purposes, and the envirommental impacts of

this practice have been questioned.

Tungsten alloys are an alternative material for kinetic energy penetrators,
and are currently being incorporated into various munitions. : '‘Only limited
information to date has been prepared regarding the environmental and health
effects of tungsten armaments. It has been previously assumed that tungsten

penetrators present inconsequential envirommental impacts.
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This report addresses the above issues to enable informed decision making
regarding the environmental and health impacts of utilizing each material.
Additional tasks associated with the project include: identification of
environmental issues associated with past practices; issues of regulatory
concern; life cycle requirements; and cost estimating information. This

environmental study will be incorporated into an overall U.S. Army investigation

regarding kinetic energy penetrators.

This work effort was accomplished within an accelerated time frame to meet
U.S. Army planning requirements. The bulk of the work, including site visits,
was performed from September through November, 1989. Peer review of the draft
report was performed by the U.S. Army and DU and tungsten manufacturers. This

final report incorporates revisions arising out of peer review.

This document provides a relatively comprehensive view of current knowledge
on the environmental/health effects of DU and tungsten. Other aspects of this
report should be considered a preliminary assessment of the issues involved.
Complete and comprehensive evaluation of U.S. Army penetrator related activities
was not possible within the scope of this project. The work effort did not

jnvestigate issues associated with DU use in military items other than kinetic

energy penetrators.
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2.0 FINDINGS, CONCLUSIONS AND RECOMMENDATIONS

2.1 OVERALL FINDINGS

We conclude that both DU and tungsten alloys are acceptable materials for
use as kinetic energy penetrators with regard to human health and  the
environment. Human health risks are manageable to an acceptable level through
proper industrial hygiene controls and monitoring, field practice and doctrine,
and medical surveillance to ensure strict compliance to exposure ievels
promulgated by regulatory authorities. The environmental effects of both
materials are low when appropriate controls are used. Tungsten munitions
environmental effects have not been fully studied by the scientific community and

should be further investigated.

Current management of DU manufacturing and testing facilities by private
industry and the U.S. Army appears to be in accordance with procedures required
by regulatory authorities. Approximately 9,450 acres at Aberdeen, Jefferson and
Yuma Proving Grounds contain DU penetrators and penetrator fragments. Monitoring
at these test facilities indicates that significant environmental impacts have
not resulted from DU testing. However, there is a lack of knowledge regarding
the consequences of open range testing. Range cleanups, if required, will be
extremely complicated by the presence of unexploded ordnance (UXO). Reliable

cost estimates for range cleanups are currently unavailable.

Major issues related to the penetrator 1life cycle are discussed throughout

this chapter.

2.2 GENERIC RISK ASSESSMENT FINDINGS SYNOPSIS

Material Properties
buU: Heavy metal, radioactive (very low activity), highly reactive
chemically, pyrophoric, undergoes significant oxidation and

corrosion, alloyed with titanium or molybdenum.

Tungsten: Heavy metal, not radioactive, not highly reactive chemically,

fine dust can present a fire or explosion hazard given an
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Comments:

Material Uses
DU:

Tungsten:

Comments:

ignition source, exhibits low corrosion although slight
corrosion takes place in sea water; alloyed with nickel,

cobalt or iron.

Excluding tungsten alloying elements, intrinsic properties of .
DU require increased safety precautions when compared with

tungsten.

Penetrators, ballasts and counterweights, and radiation

shielding.

As carbides (cobalt alloy) in cutting and wear  resistant
materials, and welding and hard facing rods; mill products
made from pure metal; alloy constituent; chemicals and

compounds for nonmetallurgical applications.

Both materials have commercial applications.

Potentia] Health Hazards

DU:

Tungsten:

Low level alpha radiation emitter which is linked to cancer
when exposures are internal, chemical toxicity causing kidney
damage. Health hazards (i.e. uranium) have been extensively
investigated.

Insoluble form: transient or permanent lung damage and skin
irritation. Soluble form: systemic effects involving G.I.
tract and central nervous system; also effects on fertility
and developmental abnormalities in the musculoskeletal system.
Proper assessment of the hazards of tungsten and compounds
requires further scientific study. Alloyed with nickel (a
suspected carcinogen) and cobalt (suspected to cause

respiratory diseases). The finished alloyed material is

considered to present significantly less potential health

effects than the intermediate powder stage where nickel and

cobalt are incorporated.
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Comments: Both materials can be used safely. Also, there may be no

driving force causing scientists to prioritize tungsten

research.
Regulatory Issues
DU: Regulated by NRC with strict licensing requirements for

\

| material use. NRC .requires exposures be kept "As Low As

Reasonably Achievabie" (ALARA) due to hypotheses that state:
increased risk occurs from increased exposure; and any

‘ radiation exposure, no matter how small, presents some health

risk. Also regulated by OSHA.

Tungsten: Regulated by OSHA. Has no equivalent licensing requirement to
DU and regulatory controls are significantly less strict than
for DU. Recommended airborme concentrations for tungsten and
other materials have been set by the American Conference of
Governmental Industrial Hygienists (ACGIR), a professional

‘ society, which uses the concept of threshold limit wvalues
(TLV). TLV implies that exposure below a certain threshold
level will have no adverse effects, except for a small
percentage of workers who may experience discomfort, and a
smaller percentage of workers who may be affected by
aggravation of a pre-existing condition or by development of

an occupational illness.

Comments: Both materials are acceptable for use, as defined by regula-

tions set by government agencies.

Production, Storage, Decontamination, Recycle
DU: Significant controls are required throughout production,

storage, decontamination, recycle. Fires present the
potential for health consequences and may require cleanup
actions. Decontamination of manufacturing equipment is
required. Low level waste (LLW) generated requires special
burial.
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Tungsten:

Comments:

est
DU:

Tungsten:

Significant controls mnot required outside the powder
metallurgy stage and other operations where dusts or aerosols
are produced. Fire effects (while not inc:asequential, with
fire fighters recommended to wear self-ccntained breathing
apparatus) are less severe. Decontamination of equipment is .
not a significant issue. Some compounds (and certain wastes
from production operations) are recommended for disposal in a

hazardous waste landfill. )

There are fire risks associated with DU, primarily in
manufacturing. These risks are considered manageable by

regulatory agencies.

Testing effects have been characterized and safety precautions
are in place. Penetrators are fired against armor in enclosed
targets with environmental controls. Soft target testing
results in penetrators and fragments dispersed in the open
environment on sites controlled by the military. There are no
indications from environmental monitoring performed to date
that soft target testing presents a significant environmental
threat. It is likely, if not for environmental reasons, then
for NRC license requirements and political concerns, that DU
recovery from ranges will be required. However, UXO issues
may make cleanups "impossible®, and cleanups may not be

necessary if ranges are perpetually controlled by the Army.

Testing effects have not been characterized and limited, if
any, safety precautions are in place. Hard target testing
health hazards to personnel are unknown and require study. It
has been previously assumed, but not proven, that tungsten
penetrators and fragments dispersed on open ranges will have

negligible environmental effects.
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Conmments:

Combat
DU:

Tungsten:

Comments:

Public Relations

o B e ed

DU:

Tungsten:

Comments:

DU recovery efforts can be anticipated unless precluded by UXO
or other issues, while current requirements for retrieval of
tungsten penetrators and fragments do not exist. Studies are
required to determine the long-term environmental impacts from
tungsten soft target range testing. The presumed lack of
hazard from tungsten as expressed by nearly all test site
personnel may mean agpropriate health and safety measures are

not being implementéd .

Exposures to military personnel may be greater than those
allowed in peacetime, and could be locally significant on the
battlefield. Cleanup of penetrators and fragments, as well as

impact site decontamination may be required.

Potential exposures to respirable particles from penetrator
impacts. Cleanup and decontamination is not likely to be

required.

A difference in potential cleanup requirements is the
significant finding from this comparison. Additional
information on DU combat impacts will be needed for post-

combat briefings and actions. A study is recommended.

public relations efforts are indicated, and may not be
effective due to the public’s perception of radioactivity.
Fielding and combat activities present the potential for

adverse international reaction.
Public relations efforts are not needed.

Increased costs can be expected for DU public relations when

compared with tungsten.
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2.2.1 Generic Risk Assessment Conclusions

Both DU and tungsten present low, acceptable risks for use in kinetic
energy penetrators. The environmental and health risks of each material e
manageable to an acceptable level, as defined by regulatory authorities, as long

as appropriate controls are in place.

Tungsten use would provide significant advantages with regard to
environmental and health matters. Less management controls are needed as
tungsten is not radioactive (and is less chemically toxic than DU). Fire risks
with associated environmental consequences are less for tungsten manufacturing
sites when compared to DU. Public relations efforts are not needed for tungsten,
but may be considerable with regard to DU fielding and combat use. Significant
D & D of tungsten facilities is not required. Cleanup requirements on ranges and
the battlefield, as well as combat exposures to soldiers, appear to favor
tungsten, although these issues remain unsettled as discussed elsewhere in this

report.

Evaluation of tungsten’s advantages needs to incorporate two concepts.
First, additional management actions are needed for DU over tungsten; however,
when appropriate controls are used, the environmental and health effects of both
materials are expected to be minimal and therefore roughly comparable. Secondly,
although tungsten is generally not considered to be an industrial health hazard,
there is a lack of definitive evidence regarding the health effects of tungsten.

2.3 MANUFACTURING SITES FINDINGS

* Production of DU (and tungsten) penetrators appears to be in
accordance with applicable regulations and we have identified no
unmanageable impacts to public health and the environment. Fires at
DU manufacturing facilities could present a potenFi:al danger to
nearby populations, involving cleznup costs and ‘!'adlverse public

reaction. The probability of severe fires is low.

* Proposed regulatory changes by the NRC apparently will present no

obstacles to continued DU production although uncertainty exists
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regarding the effects of future regulations, including any impacts

of the BEIR V report.

* Health physics programs at privately owned facilities apparently
meet applicable standards, and in certain cases are very good.
Recommendations: .

1. 1Investigate methods to decrease the risk and environmental
consequences of DU manufacturing facility fires. Methods used in the
plutonium industry may be applicable and technology transfer between
industries should be investigated.

2. Ensure, through additional investigation and continued oversight, that
future regulatory changes will not result in production problems with
the DU manufacturing base.

3. Ensure, through periodic inspections, that health physics programs at

contractor facilities meet and exceed applicable standards. Investi-
gate the potential for governmental liability from contractor
negligence in establishing worker background health data and continued

medical surveillance.

2.4 RANGE FINDINGS

%

Testing of DU penetrators currently takes place in accordance with
applicable regulations and appears to present no significant danger to

public health or the environment.

Enclosed hard target testing is conducted in accordance with
applicable regulations and with generally suitable environmental

precautions. B

Significant site specific improvements can be made at each of the

range facilities visited.
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. Approximately 9,450 acres at Aberdeen, Jefferson and Yuma Proving

Grounds have been used for penetrator testing and therefore contain
scattered areas of DU materials. It appears that recovery < DU
penetrators and fragments may eventually be required; hc ver,
additional soil cleanup measures may not be necessary assuming .ites
will not be released for uncontrolled use. Any range remedial
actions are complicated by the une_axploded ordnance issue, which may
preclude cleanup actions. Cleanup costs cannot be currently estimated
as the cleanup standard and appropriate remedial actions are

unresolved issues.

Factors that influence efforts toward penetrator recovery include

possession limits of the site imposed by the NRC license.

Tungsten contamination of ranges is not perceived in the testing
community as an environmental concern, however there are no definitive

scientific studies to verify or invalidate this conclusion.

Recommendations:

1.

Detailed DU environmental studies regarding test range status are
already in progress at most sites. Upon conclusion of these studies,
strategies for remediation of the ranges should be developed, if
necessary and feasible. Typical remedial investigational/feasibility
study (RI/FS) procedures could be implemented. RI/FS work will need
to address the UXO issue, and should address other potential range

contaminants.

Soft target range testing strategy should be further analyzed to
minimize environmental impacts from continued testing. Consideration
should be given to maximizing penetrator recovery by restricting
testing to ranges without unexploded ordnance. Improvements can also

be made to enclosed testing facilities.

Investigate envirommental effects of tungsten range testing.
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2.5 RECYCLE AND DECONTAMINATION FINDINGS

~ *

Facilities and methods to implement recycle of munitions and
decontamination of equipment are, at best, only at the concept stage
of development. This presents concerns regarding optimal life cycle

control of penetrators.

Decontamination studies for APE and IPE with recommendations have been
prepared by AMCCOM. Decisions have not been made for disposition of

contaminated equipment currently in storage.

Decontamination and decommissioning (D & D) issues for manufacturing
facilities and ranges have not been adequately addressed. D & D plans
will be required by the NRC. Privately owned facilities will be
required to implement legally binding financial agreements providing

funds for D & D.

Government closure estimates for manufacturing facilities are
available. As low level waste (LLW) burial costs are in a state of
flux and rising rapidly, estimates are subject to change.

_ Closure costs for tungsten penetrator facilities could conceivably be

jncurred for remediation of heavy metal and possibly other

contamination.

Recommendations:

B e ittt

1.

Demilitarization of DU penetrators including recycling of material

should be investigated.

Existing tungsten munition stockpiles should be recycled during

demilitarization.
DU contaminated equipment in storage should be further addressed.

D & D issues should be investigated, including periodic evaluation of

2-9




2.6 Low

the need for a dedicated Army decontamination site.

LEVEL WASTE FINDINGS

Changes in Army radioactive waste disposal management will occur as a
result of the Low Level Waste Act Policy Amendments of 1985 which '
establishes compacts and regional disposal sites. Ramifications of

this law remain uncertain.

Facilities will face large increases in radioactive waste management

costs in the future. Available space for burial may be limited.

Pyrophoricity of DU waste with potential accidental fires¥:emains a

concern. Methods to resolve this issue have been proposed.

Waste minimization and volume reduction technologies are available but
are not being fully implemented at Army owned facilities.

Recommendations

1.

2.

Ensure that suitable DU waste disposal plans with regard to the Low
Level Waste Act Policy Amendments of 1985 are in place.

Investigate and implement technologies for waste minimization, volume

reduction and recycle; and reducing pyrophoricity of wastes.

2.7 OTHER FINDINGS

*

It is anticipated that outside regulatory agencies will become more

involved in Army kine*ic energy penetrator issues.

Areas for further scientific research have been identified and are

discussed in this report.
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We conclude that the Army kinetic energy penetrator program has
generally been managed properly. However, there is room for
significant improvement (as shown by issues discussed throughout this
report) to minimize any adverse impact on the Army’s primary mission

requirement.

Recommendations:

Implement actions to address both outside agency issues and research

and development needs.

Consider establishing a centralized kinetic energy penetrator office

to provide life cycle management of these munitioms.
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3.0 DESCRIPTION OF FACILITIES IN THE INDUSTRY

3.1 ARMY MANAGEMENT ROLE

Army activities related to kinetic energy penetrators are primarily located
in three major subordinate commands which report to the Army Materiel Command.
These are the Armament, Munitions and Chemical Command (aMcCcOM), the Test and
Evaluation Command (TECOM), and the Depot Systems Command (DESCOM) .

AMCCOM conducts research, development, engineering, procurement and
materiel readiness functions for: conventional and nuclear weapons; ammunition;
fire control systems; chemical warfare and chemical/biological defensive systems;
anmunition peculiar equipment; test measurement and diagnostic equipment; and

tools and maintenance equipment.

TECOM is responsible for test and evaluatioh of many types of Army materiel
and has headquarters located at Aberdeen Proving Ground (APG) in Aberdeen, MD.
Other agencies at APG and Edgewood Arsenal associated with penetrators are Combat
Systems Test Activity (CSTA), part of TECOM; Ballistic Research Laboratory (BRL),
U.S. Army Toxic and Hazardous Materials Agency (USATHAMA), and the U.S. Army
Environmental Hygiene Agency (AEHA). CSTA and BRL perform testing on munitions
at APG under field and laboratory conditions. USATHAMA and AEHA perform
oversight roles for environmental and health concerns at Army facilities
nationwide, but do not conduct any penetrator operations. TECOM also manages
several installations besides APG where testing is conducted, and two of these,
Jefferson Proving Ground (JPG) in Madison, IN, and Yuma Proving Ground (YPG) in

Yuma, AZ, conduct open-range test firing of penetrator ammunition.

The primary function of DESCOM is to manage the Army stockpile and its
activities include storage, surveillance, maintenance, r;péir and renovation,
" demilitarization and recycle of many types of Army materiel ranging from small
to large caliber ammunition, weapon systems, vehicles, communications and
electronic instrumentation, and chemical warfare munitions and protective

systems.




The management of APE and IPE required for manufacture of DU munitions is
the responsibility of AMCCOM including the cleaning, renovation, and recycle of
this equipment. Government furnished equipment (GFE) is present at both of the
privately owned DU manufacturing sites visited during this study.

3.2 PRODUCTION OPERATIONS

3.2.1 DU

Two DU penetrator production sites were visited during this study.
Manufacturing processes were observed and investigated. Due to the proprietary
nature of some of these processes, manufacturing descriptions are not included

in this report.

3.2.2 Tungsten

One tungsten production site was visited during this study. Manufacturing
processes were observed and investigated. Due to the proprietary nature of some

of these processes, manufacturing descriptions are not included in this report.

3.3 TESTING OPERATIONS

Current testing operations involve firing a variety of DU penetrators from
standard Army weapons into both hard and soft targets. Past operations also
involved firing tungsten penetrators into these same types of targets.

Hard target testing involves firing DU penetrators into armor plate to
demonstrate penetrability. After penetrating armor plate, the penetrator
fragments and portions of it burn forming uranium oxides. The degree of
fragmen:-ation and size of particles generated depends on firing conditions and
target characteristics. In the past some hard target testing involving both DU
and tungsten penetrators was done in open air. For the last several years, all
DU penetrator hard target testing within DOD has been done in containment
facilities. The contaimnment facilities are concrete structures with a small
opening through which the penetrator is fired. The containment facilities
include an angled plate to stop penetrators which have gone through a target.
All exhaust air from the containment facilities is filtered through -high
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efficiency particulate air (HEPA) filters resulting in a negligible release of

DU contaminants to the environment.

In order to satisfy congressionally mandated live fire/lethality tests of
weapons systems, a target enclosure to withstand the equivalent of 100 pounds of
INT explosive is being constructed on the Ford's Farm range of Aberdeen Proving
Ground, Maryland. This enclosure ident_i.fied as the Depleted Uranium Containment
Fixture has been nicknamed the "Superl;ox". Scheduled to become operational in
mid-1990, the Superbox will allow for the environmentally safe and effective
testing of DU materials including firing DU penetrators into full sized, fully
loaded armor vehicle targets. As in the small containment facilities for firing
penetrators against armor plate, all exhaust air from the Superbox will be

filtered through a series of HEPA filters.

Soft target testing involves firing DU penetrators through a target,
usually located either 1000 or 4000 meters downrange, to measure flight accuracy.
The target is normally canvas stretched between wood or metal poles. After
passing through the target, the penetrator impacts the ground and is either
stopped by a berm made of soil or is allowed to skip along the ground until it
comes to rest further downrange. At the point where the penetrators impact the
ground a trench develops. Continued firing of penetrators has resulted in
trenches measuring as much as 600 meters long by 10 meters wide by 1 meter deep.
Fragmentation of the penetrators during soft target testing is dependent on the
type of soil and obstructions in the penetrator impact areas. Severe
fragmentation can occur in those impact areas where soils are hard and rocky and
where there are obstructions such as trees. Conversely, where the soils are very

soft and where there are no obstructions, very little fragmentation occurs.

DU penetrator recovery programs differed greatly between the installations

visited. Recovery rates varied from a low of approximately. 5% to a high of near

 56%. Factors influencing recovery rates jnclude but are not limited to terrain,

vegetative cover, unexploded ordnance on the range and the degree of

fragmentation of the penetrators.
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Very little information is available concerning the testing of tungsten
penetrators. Personnel at the testing facilities consider tungsten as non-
hazardous and treat it as such. Therefore, no records are readily available
indicating the number or location of tungsten penetrators that were fired.
Tungsten penetrators were visible on the surface of the ground on firing ranges .

visited.

1t is known that tungsten penetrators have been fired into hard targets at
some installations. No attempts were made to determine the aerosolization or
fragmentation of the tungsten penetrator that occurred during these tests.
Recent unpublished work by Battelle Pacific Northwest Laboratories indicates
that tungsten hard target testing generates the same amount of airborne.particles
as DU, although particle size comparison data has not been compiled as of this
date. There are unconfirmed reports that USATHAMA or AEHA has conducted tungsten
hard target firing tests which indicated no exposure of persomnel to airborne
tungsten.

3.4 STORAGE, RECYCLE, DECONTAMINATION AND DISPOSAL ACTIVITIES

Five DESCOM depots hold NRC licenses for storage of DU ammunition:
Letterkenny, Savanna, Seneca, Sierra, and Tooele. Savanna and Tooele are also
licensed for recycle (demilitarization) of DU munitions. Active AMCCOM
installations licensed for DU operations are: Lake City Army Ammunition Plant
(firing range contamination); McAlester Army Ammunition Plant (DU contaminated
equipment in storage); Iowa Army Ammunition Plant (load, assemble and pack); and
Milan Army Ammunition Plant (load, assemble and pack; and demilitarization).

3.4.1 Storage and Transportation of DU Munitions

The AMCCOM Safety Office holds NRC license SUC 1380 which covers worldwide
fielding of DU ammunition. This includes procurement, distribution and storage
of ammunition, but does not cover manufacturing or demilit&ii;ation. NRC
licenses are obtained by individual installations for the DU operations in which
they are engaged.




Worker protection in AMCCOM facilities handling DU include use of film
badges and ring badges, annual medical examinations, urinalysis, and annual
refresher safety training. Each installation develops safety regulations

covering their specific operations.

Health and Safety plans are specified in the NRC license for each
jnstallation. Safety data sheets are gvailable at the DESCOM DU storage areas,
and medical surveillance is performed for employees who work with DU ammunition.
Periodic monitoring of the storage areas includes visual inspection of stored

material, wipe tests and areal radiation surveys.

DU penetrafor rods are transported as low level radiation hazard materials,
but when they are part of a round of ammunition they are manifested as
explosives. The shipping documents carried by the transporter identify the
presence of radioactive material but this does not have to be shown on the outer
surface of the vehicle. A letter of exemption for the shipping of DU materials
(DOT-E-9649) provided to the Department of Defense by the Department of
Transportation specifies that packaging and safety controls during transportation

shall be appropriate to the explosive hazard of the product.

DU accident response guidance is provided in an Army Technical Bulletin TB-
9-1300-278, "Guidelines for Safe Response to Handling, Storage, and
Transportation Accidents Involving Army Tank Munitions Which Contain Depleted
Uranium®, 20 November 1987. This technical bulletin provides general information
about DU, fire fighting procedures, ‘guidelines for the types of accidents that
may occur with DU including tank fires, jdentification of specially trained
personnel for explosive ordnance and radiation protection, and decontamination

procedures.

3.4.2 Recycling Y

Requirements for recycling (demilitarization) of DU ammunition are
beginning to develop and can be expected to increase due to weapon system

upgrades and mormal deterioration. This requirement would increase if DU

3-5




ammunition were withdrawn from the inventory. The facilities needed for

demilitarization of DU ammunition have not been developed.

The Armament Research, Development and Engineering Center (ARDEC) may
currently be involved in developing DU recycling procedures and evaluating the .
cost of recycling alternatives. The Maintenance Management Division in the
AMCCOM Defense Ammunition Directorate has been asked to find ways to minimize

waste generation in DU recycling procedures.

Milan Army Ammunition Plant is reported to be capable of performing the DU
demilitarization procedures specified in the Depot Maintenance Work Requirement
(DMWRs) for 105mm and 120mm ammunition. Whether these procedures: -would be
adequate to attain safety and environmental requirements is questionable.
Demilitarization of these rounds would be in two steps. First, the cartridge
cases would be removed and then the projectile containing the DU penetrator would
by recycled/demilitarized.

The Logistics Engineering Office of the U.S. Army Defense Ammunition Center
and School (USADACS) at Savanna, IL is currently conducting tests of a machine
to extract DU cores from GAU-8 30 mm rounds, and is conducting a comprehensive
study of demilitarization technology to replace open burning/open detonation.

However, they are not developing DU ammunition demilitarization procedures.

DESCOM HQ staff were not aware of any facility with the necessary
capabilities to demilitarize DU ammunition in accordance with ~applicable
regulations. The Ammunition Equipment Directorate at Tooele Army Depot has

prepared a concept document for DU munitions demilitarization.

3.4.3 Decontamination and DU Waste Disposal

Decontaminatic.. of APE and IPE has been studied by AMCCOM. It was
concluded that Seneca Army Depot (SEAD) would be the preferred location for a
future dedicated cleaning site for equipment but that the facility should not be
constructed at this time due to the limited number of equipment items requiring

3-6




cleaning, and the need to assess the economics of equipment recycling at the end

of the penetrator production program.

Another study commissioned by AMCCOM reviewed disposition alternatives for
DU contaminated manufacturing equipment. The report concluded: the bulk of the
material (primarily IPE) will not be useful elsewhere; because of rising burial
costs it is imperative to quickly bury those jtems to be buried; compaction and
supercompaction of items is useful; hiéh pressure water lancing appears to be the
preferred cleaning method; disposition choices were made for items at private

sites as well as items stored at McAlester AAP.

Decontamination of test firing ranges is a more complex problem due to the
large volumes of soil or target structures in which the DU and uranium oxides may
be dispersed, and the presence of unexploded ordnance (UX0). Major volume
reductions by DU waste concentration procedures will be required to control the
cost of disposal operationms. There is a substantial body of technology that
could be adapted for DU waste cleanup; from uranium mining operations, drinking
water treatment and nuclear facility decommissioning. However, development
efforts will be required to select and adapt suitable decontamination technology

to meet site-specific requirements.

Disposal of DU wastes requires the availability of low-level radioactive
waste facilities. This requirement currently is being met through use of the
Barnwell, SC facility, which may not be available after 1 January, 1993 for
wastes generated outside the regional compact area. Costs for radioactive waste
disposal are approaching $100/£t®> and are increasing. The Army has set up a
waste consolidation facility at a site adjacent to the Barnwell low 1level
radioactive waste disposal facility. It is a contractor owned, DOD dedicated
facility for consolidating the radioactive components of the waste to minimize
the total volume requiring 1andfill disposal. AMCCOM  has the mission

responsibility for Army low level radioactive waste disposal.
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4.0 GENERIC RISK ASSESSMENT PRESENTATION

4.1 INTRODUCTION

Section 2.2 presents the generic risk assessment findings and conclusions
jin abbreviated form. This chapter will provide a discussion of that synopsis.

Additional factual information is presented in an appendix to this chapter.

The generic risk assessment findings in this summary report were based upon
information gathered throughout our study, in addition to the report contained

in Volume 2.

4.2 BEIRV

After submission of our draft report, the National Research Council'’s
Committee on the Biological Effects of Ionizing Radiation (BEIR) presented the
BEIR V report. Conclusions reached in our draft report (especially Volume 2)
were prepared using similar state-of-the art knbwledge available to the BEIR V
panel including the Radiation Effects Research Foundation (RERF) and the United
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) 1988

reports.

It is the opinion of experts in the areas of risk assessment, radiation
biology, and health physics that there may be no reason to change risk estimates
currently accepted by the health physics community (and used in our draft report)
to incorporate recommendations of the BEIR V committee. Given the uncertainties
jnherent in risk assessments, technical experts generally agree that there is
little real difference in current authoritative estimates of risk, including BEIR

V. Additional information on the BEIR V report is presented in Volume 2.

4.3 ADVANTAGES TO TUNGSTEN USE

The synopsis presented in Chapter 2 concludes that tungsten use would have
advantages over DU with regard to environmental matters. This section discusses

those advantages and provides information regarding their significance.
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4.3.1 Intrinsic Material Advantages

The material properties of DU; namely radiocactivity (very low activity),
pyrophoricity, and high chemical reactivity; require that increased safety

precautions be implemented over those needed for tungsten.

Airborne concentration TLV values have been established for DU, tungsten,
and tungsten alloying elements. (Actual TLV values for chemical toxicity of
these materials are presented in the Chapter 4 appendix.) Significantly lower
limits have been set for DU in comparison to tungsten. The insoluble form TLV
for DU is 25 times lower than that of insoluble tungsten. This indicates a
higher intrinsic material toxicity for DU. It is interesting to note that the
1989 proposed ACGIH TLV for nickel (a tungsten penetrator alloying é‘iement:) is
4 times lower than that for DU.

Based on the above information, and given a hypothetical production item
where the material performance characteristics of both DU and tungsten were
identical, the scientific consensus would be to utilize tungsten. It is standard
environmental practice to attempt to reduce the toxicity of a product or process
through material substitution. However, environmental considerations form only

one component of material substitution decisions.

The potential level of hazard presented by DU may be roughly compared to
that of nickel or mercury. It is wrong to equate DU with much more hazardous
materials such as plutonium or high level nuclear waste. Therefore, while safe
use of DU requires appropriate health physics and other controls, extraordinary
management measures are not required. Tungsten is generally considered to pose

less health risks than other heavy metals such as mercury and cadmium.

4.3.2 Other Tungsten Advantages

[
Tungsten use presents a number of environmental advantages when compared

with DU. The magnitude and significance of these advantages is open to
subjective interpretation when balanced against differing material performance
properties and other factors. This section presents information upon which

subjective interpretations can be made.
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DU requires controls throughout the entire life cycle. Controls consist
of record keeping, medical evaluations, radiation monitoring of surfaces in
contact with DU, breathing zone monitoring for airborne particles, ventilation
requirements, etc. In comparison, strict controls are only needed during the
tungsten powder metallurgy stage (and possibly some other areas of the life cycle
where dusts and aerosols are generated). This issue was presented in Section
4.3.1 with regard to the increased bpo_tential risks associated with DU. It is
also included here to highlight the increased costs and administrative

requirements associated with DU use.

As controls in the work place cannot be perfectly implemented at all times,
this may present additional advantages to tungsten use. Concerns also exist with
specific workers and supervisors that regard DU (especially) and tungsten as

ssafe" materials and therefore are lax regarding personal health and safety.

Fires involving DU (and other radioactive substances) can have more severe
environmental consequences than tungsten fires. There is a presumed low
probability of a severe DU manufacturing site fire, and governmental agencies

have determined that this level of risk is manageable.

Tungsten presents advantages in that public relations efforts are not
required. DU public relations efforts can be mounted successfully given current
information. Although litigation has not been an issue to date, there may be
more litigation risks associated with DU than with tungsten.

4.3.3 Range Cleanup Requirements

There is presently uncertainty regarding future requirements for firing
range cleanups on sites contaminated with DU penetrators. RI/FS work in progress
by USATHAMA is expected to address this complicated issue, including problems
posed by UXO. The properties of DU, including its breakdown through oxidation

- in the environment; coupled with regulatory and political issues, makes it likely

that DU retrieval and/or cleanup of the ranges will be required, assuming UXO

problems can be resolved. However, perpetual control of range sites by the Army
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could influence cleanup requirements. Extensive DU environmental cleanups will
probably not be required on newly established sites given prompt retrieval of

penetrators and fragments and improved range testing/maintenance strategies.

A preliminary report has been prepared by Dr. John Till of Radiological .
Assessments Corporation comparing postulated DU and tungsten environmental health
risks from uncontrolled releases to the environment. This study has implications
regarding range (and battlefield) cleanup téquirements. (See Apperdix B).

Briefly summarized, Dr. Till’s study concludes that due to biocaccumulation
and bioconversion factors, risks to the public associated with ranges (and
battlefields) contaminated with either DU or tungsten are roughly equivalent.
It also implies that serious consideration be given to cleanup of lands
contaminated with either of these heavy metals. These conclusions were reached
utilizing a model developed by the consultant (in conjunction with a Department
of Energy contract for Oak Ridge National Laboratory). The model assumes that
over a 100 year time period, tungsten penetrators will undergo weathering with
release of tungsten to environmental pathways. It is interesting to note that
the model identifies little or no problem in groundwater or respirable air with
postulated range or battlefield concentrations of either DU or tungsten. Health
risks to the public may arise, however, due to ingestion of elevated levels of
these heavy metals in meat and vegetables produced on the site. (The author
recognizes the difference in corrosion rates between DU and tungsten, and states

DU may pose a problem in a much shorter period of time than would tungsten.)

Dr. Till's study raises interesting points. Given this study’s reasoning
and the known dangers of the heavy metal class, it is conceivable that tungsten
range cleanups may be required in the future. This study’s conclusion is in
accordance with the basic environmental science principle that uncontrolled
release of potentially hazardous materials to the environment is,not good public
health practice. The report carries implications for materials other than DU and
tungsten on the test ranges.

4-4




Tungsten and DU can possibly react differently in the environment and the
food web to result in roughly comparable consequences. Yet, the increased
toxicity and radioactivity of DU lead us to intuitively believe that it is of
more concern in an uncontrolled release. We believe that future scientific
pressures for cleanup of DU may be greater than those expressed for tungsten.
Regulatory standards currently exist for acceptable levels of radioactivit;y in
soil to protect public health. We are mot aware of any environmental cleanup

standards for tungsten regarding soil concentrations.

4.3.4 Combat

Our conclusions regarding the health and environmental acceptability of DU
penetrators assumé both controlled use and the presence of excellent health
physics management practices. Combat conditions will lead to the uncontrolled
release of DU. Individuals consulted have generally responded to this issue by
saying it is irrelevant, or insignificant compared to the other risks of combat.
However, environmental issues will arise if DU is used in combat. This issue
also has relevance regarding the choice of penetrator material based upon its
combat impacts, as well as funding levels for R&D to improve ballistic

performance.

We reiterate our recommendation that studies of combat health and environ-
mental impacts be performed. It is our initial hypothesis that impacts to
civilian populations will not be- significant from combat use, including post-
combat impacts. However, aerosol DU exposures to soldiers on the battlefield
could be significant with potential radiological and toxicological effects.
These health impacts may be impossible to reliably quantify even with additional
detailed studies. It is mot our ;lntem:ion to overstate this issue given other
combat risks, mor to imply that the health of soldiers will definitely be
compromised. We are simply highlighting the potential for levels of exposure to
military personnel during combat that would be unacceptable during peacetime

conditions.

Battelle is completing a study of aerosols produced by tungsten penetrator

hard-target testing. This information will be useful in assessing health impacts
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to personnel on ranges and the battlefield. We do not expect to see the same
level of problems with tungsten when compared to those associated with the
potential inhalation of radioactive DU alpha-emitting particles; however,
toxicological and health concerns could be present from nickel (and tungsten)

aerosols.

4.3.4.1 Post-combat Cleanup

Assuming U.S. regulatory standards and health physics practices are
followed, it is likely some form of remedial action will be required in a DU
post-combat environment. Remedial actions may consist of retrieval of penetrator
fragments and decontamination of impact sites such as tanks, rocks, trees,
buildings, etc. It is assumed that an extraordinary and cost exorbitaﬁt,cleanup

would not be required, however further study is recommended.

Given the slow oxidation/corrosion of tungsten and the absence of
radioactivity, it is unlikely that the U.S. military would face pressure for
post-combat cleanup of tungsten alloy penetrators. Issues could conceivably
arise due to short-term nickel and long-term tungsten effects, but would not be

on the same level of public concern as with DU.

4.3.5 Costs

Some of the issues discussed above result in a conclusion that costs to
utilize DU are higher than those associated with tungsten. We have not evaluated
this concept in detail, but provide the following modifying comments. -There are
considerable "sunk" costs already associated with DU. For example, radiation
protection programs have already been established and future costs for DU are
associated with the continued functioning of existing programs. Likewvise,

D & D costs for manufacturing facilities will be incurred even if DU production
ceases. Range retrieval costs for DU may be relatively low prov1ded penetrators
are fired on dedicated ranges where UXO is not present; however the costs to
implement this new policy were not investigated. Combat cleanup costs may be
reduced if UXO teams are already required at the combat site; however, decon-

tamination as well as disposal costs for low level waste could be significant.




4.4 HEALTH EFFECTS

Both DU and tungsten present the potential for deleterious health effects.
Proof of these health effects has been obtained from laboratory research and
occupational studies where exposures were high in comparison to current
occupational exposures. Regulatory limits are set at levels that will (in
general) prevent these deleterious effects from occurring. The state of the art
of chemical and radiological toxicology has not advanced to a point where the
effects from low levels of exposure are precisely known. Therefore, hypotheses

are utilized to regulate these materials based on scientific research including

observations of worker exposure.

There has been and continues to be a growing awareness of the environmental
effects of heavy metals. Uranium (and therefore DU) has been extensively
studied, both radiologically and toxicologically. A consensus exists that
further research on tungsten health effects is required. There apparently has
been no driving force to cause prioritization of tungsten research, such as large

numbers of occupational illness.

DU and tungsten have both been studied by regulatory agencies charged with
societal protection. Guidelines and 1imits have been set at which both materials
can be safely used. Our study has shown that both DU and tungsten use in kinetic

energy penetrators can meet these guidelines and limits.

4.4.1 Need for Tungsten Research

The following excerpt is taken from the introduction of the definitive
study entitled, “"criteria for a recommended standard ... Occupational Exposure
to Tungsten and Cemented Tungsten Carbide" prepared by the Center for Disease

Control's National Institute for Occupational Safety and Health, dated 1977:

*The major concern in occupational exposure to tungsten, tungsten
compounds, or cemented tungsten carbide is the potential for
transient or permanent pulmonary damage. Irritation of the skin and
upper and lower respiratory tract has also been associated with
inhalation of, or skin contact with, these materials and should be
considered in any work practices program.
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There is little information now available on the toxic effects of
tungsten on animals and man which is applicable to the setting of a
standard for the industrial environment. Retrospective and’
prospective epidemiologic studies are needed to assess the potential
occupational hazards from tungsten and its compounds. Also, the
abilities of various tungsten compounds to irritate the skin and
eyes need to be investigated. Additional short- and long-term
inhalation studies on animals are necéssary to assess the toxic
effects of tungsten, particularly on the liver, kidneys, lungs, and
central nervous system (CNS). Such studies should aim also to
distinguish the effects of exposure to tungsten and its compounds
from those produced by mixtures containing cobalt or mnickel.
Chronic studies are also needed to investigate the carcinogenic,
mutagenic, and teratogenic potentials of tungsten."

Additional scientific studies to resolve these questions have not been

performed since publication of the 1977 report.

The significance of the NIOSH statements should neither be overblown or
understated. To infer from these statements and other scientific evidence that
significant problems may exist with tungsten appears to be an overreaction.
There is scientific evidence that generally points to the safe use of tungsten.
However, definitive scientific work on this matter has not been completed,
including the effects of tungsten alone versus its alloys. Like many other
industrial materials, tungsten presents health risks which need to be controlled
for worker protection. Heavy metals in the environment are generally considered

a serious issue by environmental professionals.

Additional knowledge is also needed on the health effects of (depleted)
uranium, especially the precise effects of low level radiation risks. .Uranium,
in contrast to tungsten, has been extensively studied due to its role in the

nuclear fuel cycle.

4.4.2 Quantitative Risk Assessments

. The generic risk assessment presented in Volume 2 calculates the risk from
DU manufacturing sites based upon an assumed average worker exposure of 5 to 10%
of current NRC limits. The risk in fatalities per person is 0 to 2.5 x 1073,

For an average sized DU manufacturing work force of 260 manufacturing workers
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working for 20 years, this calculates to a maximum fatality rate of 0.65 persons

per facility.

A quantitative risk assessment was not performed for tungsten manufacturing
facilities. While the maximum calculated risk is likely to be lower than 2.5 %

10-3 fatalities per person, it would not be zero.

4.5 ENVIRONMENTAL PATHWAYS AND RECEPTORS

Similar environmental pathways and receptors exist for DU and tungsten
introduced into the natural environment. DU penetrators (in the short-term) will
undergo significantly more oxidation than tungsten penetrators, presenting the
potential for increased amounts of material to enter pathways and affect
receptors. Monitoring at test range sites to date indicates impacts of DU on
various receptors has been minimal. Similar monitoring has not been conducted
to date for tungsten dispersed on these ranges due to the presumption that

impacts are negligible.

Risks to receptors from both materials appear to be minimal when proper

controls are utilized.

4.6 PREVIOUS STUDIES

Excluding our work, there have been (at least) three major scientific
studies performed on the environmental impacts of DU penetrator munitions. These
studies were performed by: 1) the Joint Technical Coordinating Group for
Munitions Effectiveness, Ad Hoc Working Group for Depleted Uranium, 1974, 2) the
U.S. Army Pierre Committee, 1978, 3) the National Materials Advisory Board of
the National Research Council, National Academy of Sciences, 1979. Each report,
including our own, comes to the same basic conclusions on the acceptability of

DU use in kinetic energy penetrators.
The only environmental study we are aware of regarding tungsten penetrators

is the National Materials Advisory Board study discussed above. This report is

more adamant than ours in concluding that no adverse impacts will result from
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tungsten use. The report states that during impact of tungsten penetrators "it
is inconceivable that concentrations would be reached and maintained so as to
endanger animal life." It also states that the "danger from solubilization (of
tungsten) in natural environments is negligible.® Finally the report states,
"There is no recognized reason to suspect that employment of tungsten alloy .
penetrators will result in a short- or long-range deleterious effect on the
natural environment.” We agree with this last statement, but caution that

appropriate management practices may be needed to control potential impacts.

4.6.1 Additional DU Studies

Numerous studies have been performed on aerosols generated by DU hard
target firing as well as "cook-off* tests simulating fires invblving DU
munitions. (Other studies have been performed and are in progress regarding DU
materials scattered on the test ranges and their environmental impacts.) Our
preliminary review of the literature indicates that environmental effects from
either hard-target firing or munitions fires are relatively localized and do not

present hazards outside the immediate area.

4.7 RISK CHARACTERIZATION

Both DU and tungsten present low, acceptable risks for use as kinetic
energy penetrators. There are fundamental differences between chemical and
radiological toxicity and methodologies used to interpret associated risks. To
achieve minimal health, environmental, and political impacts, additional
management actions are required for DU compared with tungsten. Fire risks,
combat, and public relations are the major areas where DU management actions have
inherent limitations. Enviromnmental considerations need to be balanced against

the mission performance of each material and other factors.

There are advantages to tungsten use regarding environmental and health

matters as explained throughout this chapter and summarized in Section 2.2.1.
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CHAPTER 4 APPENDIX

Section 2.2 presents the generic risk assessment findings in abbreviated
form; therefore, jssues pertinent to fuller understanding of the risk assessment
were omitted. Some of these issues are presented below, with other information
included in the generic risk assessment report contained in Volume 2. Similar

headings to those presented in Section.2.2 are used below.

eria operties

DU: DU is a byproduct of the uranium enrichment process, where natural
uranium is enriched in the 235y jsotope. The byproduct from this
process is uranium from which most of the 23U isotope has been
removed, i.e. depleted uranium. The uranium enrichment gaseous
diffusion process produces a high purity 2%¢U, depleted of other

isotopes and radioactive daughters.

Natural uranium and DU have essentially the same metallic
properties, and are strong reducing agents. Uranium, especially if
finely divided, is moisture-reactive in the presence of water or
humidity, and will also decompose hydrated minerals such as cement
or plaster; the hazards created are fire/explosion and pressure
buildup. The half life of 238y js 4.51 x 10°% years, making it a very

low activity radioactive material.
Tungsten: Tungsten alloy is stable in air. Actual corrosion rates for

tungsten penetrators are available from testing performed on u. S.

Navy Phalanx munitions.

Material Uses

DU: Total U.S. industrial demand in 1979 was 2,506 short tomns, with

1,790 tons used for military ammunition. Information provided by a
DU manufacturer indicates that commercial use has remained
relatively constant for the 1979-1989 time period. DU

counterweights are currently in service on Boeing 747 and McDonnell
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Tungsten:

Douglas L1011 and DC 10 aircraft, as well as some military aircraft.
The Boeing 747 contains approximately 2500 pounds of DU. New air-
craft are generally being constructed using materials othar than DU

as counterweights.

Total U.S. industrial demand in 1979 was 10,792 metric tons with

8,401 tons used in machinery. Total consumption of tungsten

products in the U.S. in 1986 waé 7,214 metric tons.

Health Hazards

UU;

Tungsten:

DU and
Tungsten:

DU radiation presents a small external gamma radiation hazard.
Health hazards occur primarily due to internal exposures;A Soluble
forms present chemical hazards primarily to the kidneys; while
insoluble forms present hazards to the lungs from ionizing
radiation, with particle size being an important factor. Radiation
affects biological tissue by producing ionization and excitation of
the atoms within the cells. Short term effects of high doses can
result in death, while long term effects of low doses have been
implicated in cancer. The current hypothesis being used for
regulatory purposes is the "linear, non-threshold hypothesis® which
states that the probability of cancer induction is directly and
linearly related to the dose received, but there is no dose so low
that the probability of effect is zero.

Most tungsten studies have dealt with the effects of mixed dusts
including cobalt.

Environmental pathways and receptors for both materials are similar.
Inhalation presents the greatest risk from both materials. Heavy
metal movement in soils is low relative to other materials. The
density of both materials results in prompt settling and less

resuspension of particles when compared with other metals. Detailed
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comparisons between the two materials need to compare particle
generation and size during equivalent operations (further discussed

in Volume 2).

Regulatory Issues:

DU: ACGIH TLV values (chemical):

Tungsten:

*Nickel:

Cobalt:

Soluble: 0.05 mg/m’
Insoluble: 0.2 mg/m® (0.25 mg/m® OSHA PEL)
TLV Values:
Soluble: 1 mg/m’
Insoluble: 5 mg/m?
*Metal: 0.05 mg/m®
*Insoluble: 0.05 mg/m*
*Soluble: 0.05 mg/m’
TLV Value: 0.05 mg/m?

*TLV values for nickel are from the Notice of Intended Changes (for
1989-90) from the ACGIH "Threshold Limit Values and Biological
Exposure Indices for 1989-1990". (There has been controversy in the
past regarding the carcinogenicity of nickel metal as opposed to its
compounds such as nickel sulfide. Current ACGIH documents consider
the metal to be carcinogenic.)

ACGIH recommends that even though serious injury is not believed
likely as a result of exposure tTo the threshold limit~
concentrations, the best practice is to maintain concentfations of
all atmospheric contaminants as low as is practical. For confirmed
human carcinogens (such as nickel), worker exposure by all routes
should be carefully controlled to levels as low as reasonably
achievable (ALARA) below the TLV. -
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Production, Storage, Decon, Recycle

DU: The pyrophoric nature of DU inherently results in fire risks during
| certain operations, and also leads to increased particle generation
through aerosolization under certain conditions. DU production

requires handling of HF and UF,.
Tungsten: Tungsten alloy production requires handling of nickel powder.
Aerosol particles in the 0.5 to 1 micron range are abundant around

powder metallurgy operations which utilize tungsten metal and

tungsten carbide.
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5.0 REGULATORY ISSUES

5.1 EXISTING RULES

There are a number of regulations that cover the manufacture, handling,
transportation, use and disposal of depleted uranium. Most arise from the fact
that depleted uranium is a source material, as defined by the Atomic Energy Act.

This section is not intended to be .a complete and comprehensive review of

pertinent regulations.

The NRC regulates depleted uranium under a number of Parts of Title 10 of
the Code of Federal Regulations (10 CFR). These include 10 CFR 19 (Notices,
instructions and reports to workers), 20 (Standards for protection against
radiation), 21 (Reporting of defects and noncompliance), 40 (Domestic licensing
of source material), 51 (Environmental protection regulations...), and 71
(Packaging and transportation of radioactive material). 10 CFR 40 puts forth the
actual licensing requirements that must be met to manufacture, keep and use a
source material such as depleted uranium. In order to meet these regulations,
each range testing site has an NRC license or permit drawn on a license.
Regarding DU production sites, facilities are licensed by the NRC or the state
in which they are located.

10 CFR 51 lists Nuclear Regulatory Commission federal regulations regarding
its authority under the National Environmental Policy Act (NEPA). Numerous
licensing and regulatory actions are eligible for a categorical exclusion from
NEPA requirements since the Commission by rule or regulation has found "the
category of actions does not individually or cumulatively have a significant
effect on the human environment.® 10 CFR 51.22(C)14(XV) gives a categorical
exclusion to: "Possession, manufacturing, processing, shipment, testing, or

other use of depleted uranium military munitions."

Other Federal regulations that are directly applicable to depleted uranium
include Department of Transportation regulations in 49 CFR pertaining to the
transportation of radioactive material (these are adopted by the Department of

Defense by reference), Occupational Safety and Health Administration (OSHA)
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regulations covering haiardous waste operations and emergency response for the
health and safety of employees (29 CFR 1910.120) and Department of the Army
regulations (AR) 40-14, 385-11, 385-112, 385-100 and Standard Operating Procedure
(SOP) 385-312 which all apply to depleted uranium activities.

Army Regulation (AR) 700-64 provides policy for the control of radioactive
commodities. It states in section 1-2, "Policy" that:
"The use of radioactive materials in items of supply shall be kept to a

minimum consistent with DOD needs. Practical nonradioactive substitutes
shall be procured and used when feasible."”

AR 700-64 requires life cycle controls, medical exams for personnel, and

written emergency response planms.

Other pertinent Army regulations regarding materiel and environmental
impacts are listed below:

AR200-1: "2-4. Responsibilities .... Commanding General DARCOM will (1)
Under the general staff supervision of the DCSRDA, develop, test, and
acquire Army materiel; assure that this materiel minimizes the life-cycle
environmental impacts of materiel without compromising mission effective-
ness.”

AR200-2: "1-4 Policies. a. It is the continuing policy of DA, as a
trustee of the environment, to carry out its mission of national security
in a manner consistent with NEPA (National Environmental Policy Act) and
other applicable environmental standards, laws, and policies. All prac-
ticable means consistent with other essential considerations of national
policy should be employed to minimize or avoid adverse environmental
consequences ..."

The manufacturing plants operate under National Pollutant Discharge
Elimination System (NPDES) permits issued by state agencies in compliance with
the Federal Water Pollution Control Act. The permits authorize discharge of
process, domestic and cooling wastewaters into water bodiés‘ subject to
limifations and monitoring requirements. The monitoring requirements include
chemical and thermal content limits.
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A number of other Environmental Protection Agency (EPA) regulations and
statutes, while not directly applicable, may be either relevant or appropriate
and should therefore be considered. The first of these is found in 40 CFR 192
which addresses health and environmental protection standards for uranium and
thorium mill tailings and includes standards for inactive uranium processing
sites and management of uranium byproduct materials. Less clear is the possible
relevancé of two major statutes that EPA is charged with enforcing, the Resource
Conservation and Recovery Act (RCRA) and the Comprehensive Environmental

Response, Compensation, and Liability Act (CERCLA - "Superfund").

RCRA should not directly affect any of the sites investigated; it may,
however, affect some of the wastes produced at the manufacturing plants if they
are determined to be "mixed" (both low-level radioactive and RCRA hazardous
wastes). CERCLA/Superfund should not be an issue as it is currently not EPA
policy to include "sites that result from contamination associated with
facilities licensed by the NRC...™ (48 FR 40661), as long as the contamination

remains on-site.

State regulations and jurisdiction may also come into effect at some or all
of the sites in question. In addition, regulations which apply to the
destination points for the waste (Barnwell, Beatty and Richland burial sites)
also impact on the industry. These regulations dictate the form the wastes must
be in and how they must be packaged.

5.2 FUTURE REQUIREMENTS AND IMPACTS

There are a number of new or pending regulations which will affect the
operation of the production and test facilities. The first is the newest version
of the revisions to 10 CFR 20. There will be four major changes: (1) individual
external exposures will go from 5 rem/year whole body, 75 rem/year extremities
to 5 and 50 respectively; (2) internal whole body exposure 1limit of 5 or 15 for
- one organ will be limited to 5 rem/year; (3) total internal and external
exposures will be limited to 5 rem/year; (4) concentration limit of uranium
particles will be decreased. For the manufacturing sites visited during this

study, the new regulations are not expected to be a problem as long as NRC and/or
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the states allow consideration of particle size. 1Items (1), (2), and (3) above

will need to be addressed by the test facilities.

The other major regulation change is in EPA regulations on release of
radionuclides into the environment. Currently, the limit is set in 10 CFR 20 and .
is based on a maximum concentration of 5 X 10712 uCi/ml. This is based on a
maximum exposure of 500 mrem/year to people in unrestricted areas. The new EPA
rule would be based on maximum exposure to x;earby neighbors. The actual level
of exposure has just been set at 10 mrem/year. Current releases by the DU
manufacturers visited will meet this level. This new limit is under considerable
controversy, and NRC points out that they generally accept exposures less than

10 mrem/year as low enough to require no regulation.

EPA criteria on residual radioactive contamination limits in soils are
expected in 1992. The recently promulgated NRC "D and D" rule will require all
facilities using licensed radioactive material to develop a decontamination and
decommissioning plan which would be implemented at the end of the facilities
useful life. Financial assurance mechanisms for funding this work will be

required from private industry.

The tightened regulations from EPA on spill control and more stringent work
practice rules from OSHA have required more controls and programs at the plants

but these affect all industries, not just those handling radioactive materials.

5.3 LOW-LEVEL WASTE DISFPOSAL ISSUES

Currently, Army low-level waste material that is generated by
manufacturing, testing or recycling depleted uranium is disposed of primarily at
the Barnwell, SC disposal facility. This arrangement may not be available after
1 January 1993. At that time, the final milestone set up by the Low-Level Waste
Policy Act Amendments of 1985 may go into effect. Each State must then handle
the low-level waste generated within its borders either at its own disposal
facility or at the regional disposal facility if it belongs to a Congressionally-

approved compact.




This will affect the Army by decentralizing the waste disposal organization
that currently exists and by making the Army subject to as many as 13 different

sets of regulations, should waste be generated in each of the compact regions.

A memorandum of understanding between the Departments of Defense and Energy
was previously signed regarding LLW disposal contingency plans. Although this
agreement has expired, it is expected to be renewed. The previous agreement
stated that if DOD cannot utilize commercial disposal sites through no fault of

its own, DOE disposal sites will be made available to DOD.

There are currently plans to license a low specific activity (LSA) facility

in Utah to permit bulk disposal of certain regulated LIW.

Recycling of DU may also serve to reduce waste disposal demands.

5.4 TUNGSTEN

The previous portions of this chapter primarily discuss DU regulatory
requirements, although certain regulations mentioned are also applicable to the

tungsten industry.

Tungsten is regulated under OSHA's General Industry Standards. Therefore
the tungsten industry is subject to similar controls applied to other industrial
plants, including permissible exposure levels (PEL) for airborne contaminants..
Other applicable requirements jnclude: air pollution control system permitting;
hazardous waste regulations; worker right-to-know; and National Pollutant

Discharge Elimination System (NPDES) permitting.
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6.0 ENVIRONMENTAL AND HEALTH ASSESSMENT OF FACILITIES

This section addresses the status of environmental health and safety as
observed from the visits to specific sites and records provided by those sites.
The sites visited are considered to be representative of operations in the
penetrator industry. Information presented should be considered a preliminary

assessment only.

6.1 PRODUCTION OPERATIONS

6.1.1 Depleted Uranium

Uranium is the contaminant of major concern in the DU manufacturing
operations. Other hazardous materials and wastes used or generated include
hydrogen fluoride (HF), barium chloride, magnesium fluoride, acids and
halogenated solvents. The handling of these other materials is conventional and
generally subservient to the necessary controls for radioactive materials. For
example, the ventilation controls necessary for uranium containment provide
necessary safeguards for HF. Therefore this section focuses on the risks

associated with the depleted uranium.

6.1.1.1 Pathways

The principal pathway for release of depleted uranium from the production
facilities is air contamination due to a fire or ventilation equipment misuse or
failure. Airborne contamination in the plant is controlled by turning over large
quantities of air through the ventilation system to carry away possible dust
contamination. The air is filtered usually through roughing filters and then
High Efficiency Particulate Air (HEPA) filters. The filter systems remove the
contaminated dust allowing the air to exhaust to the enviromment. Air is drawn
not only from the rooms but through many of the machine enclosures. The
machining operations generate smoke and fine particles in addition to the chips.
Since uranium (especially newly cut uraniﬁm) is pyrophoric, the dust presents a
significant fire hazard. In addition uranium is highly reactive with water
causing liberation of heat and flammable hydrogen. Therefore, water is mnot a

useable fire fighting agent for duct fires. It may be very difficult to avoid
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a release to the environment if a severe fire occurs. This is because fires in
the ducts can not only destroy the filters but can also, under certain
circumstances, load them with smoke particles beyond their capacity. Fir-s
outside the ducts can also load filters to capacity. As a result the facilit
have taken significant precautions against this problem. In short, there 1is .
currently no absolute safeguard. The measures taken are reasonable and certainly
reduce the fire risk considerably. Nevertheless this is certainly the most

difficult environmental problem at the DU manufacturing sites.

Another pathway for release is an accidental discharge of wastewater. A
rupture in a pipe from an external impact or due to overpressuring the system
could potentially allow uranium-contaminated wastewater to reach the soil and
ground water underlying the facility. Wastewater could also flow tﬁrough the

surface drainage system of the facility until it reached nearby waterways.

A third potential pathway for contamination is. through openings in the
floors of production areas, either made intentionally for equipment installation
and concrete expansion/contraction or from cracking of concrete slabs.
Contaminant movement through such openings would lead to soil contamination and,

potentially, ground water contamination.

6.1.1.2 Potential Receptors

Potential human and environmental receptors include air which would convey
contamination to local residents and populations at local businesses or
institutions. At the DU facilities visited during this study, there”."‘lis a high
density population area near one plant, and a public school downwind of the other
plant. Other receptors include ground and surface water and users of ground and
surface water, and soil and bedrock underlying the facility. In addition,
building components and equipment in production and waste processing areas are

- I

or can become contaminated with DU.

The most significant receptors are the workers who are closely associated
with the operations and handle the materials daily. Direct exposure to radiation

and inhalation of respirable uranium particles would be of most concern.
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6.1.1.3 Summary Assessment

The assessment of the production operations emphasizes four areas: (L)
routine environmental effects; (2) environmental effects due to events; (3)
worker health impacts from routine operations; (4) worker health impacts due to
events. Of these four, it is our preliminary opinion that the first three are
being handled well. Generally the approach to the fourth is also good but some
possible improvements, such as more .readily available emergency respiratory
protection, might be made at certain sites. Limited examination of personnel and

plant monitoring records indicates compliance with applicable standards.

Routine Environmental Effects

Routine ENVIIONMERNLSZ ZZsTx=

Large quantities of air are exhausted from plant stacks. These stacks
ventilate work areas and process equipment. Of major importance is to maintain
low levels of airborme contamination. The measures taken at the plant include
high-efficiency filtration, continuous stack monitoring, continuous monitoring
of work area atmospheres and plant periphery monitoring. The control and
monitoring programs appear to be well conceived and administered. No significant
environmental effect should result from routine stack exhaust. Manufacturing

site releases are approximately 5% or less of the maximum allowable annual

release.

Radioactive and non-radioactive contaminants could be released via routine
discharge of process waste waters. The operation and control of the plant
discharges under NPDES ‘permitting and monitoring indicates that no significant
environmental effects are likely. Data reviewed from discharge permit reports

indicate that releases are well within the requirements of the permit.

The possibility of some soil contamination through intentional or
accidental holes or cracks in the floor exist. It is difficult to gage the

magnitude of such a problem. Significant soil contamination due to a floor crack

was discovered at a penetrator manufacturing facility which is mo longer

operational. The impact of such contamination was relatively low since the
material was relatively insoluble. The major impact was on cleanup of the plant

during decommissioning, which was successfully performed at this facilicy.
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Environmental Effects Due to Events

The largest concern in this category is airborne contamination release due
to a significant fire within the plant. It is possible that filters would be
destroyed by the fire thus allowing release of dust and smoke. There have been
minor fire events which have resulted in reportable releases but which did not
require any major response for public safety. Throughout the plants there are
many devices and procedures designed to minimize the fire problem. While the
situation is currently well handled, this is obviously an area to strive for
improvement. Some techniques developed in defense plants producing plutonium may

be applicable.

Of more minor concern is the possibility of a breach in process waste water
piping resulting in a release of contamination on the ground and ultimately to
the ground water. A major accident such as breach of piping from some accidental

impact is very low probability.

Routine Worker Exposure

The radiation protection programs at the plants appear to be good based on
limited observations. Worker exposure.é are generally small fractions of
applicable limits. ALARA is practiced in all aspects of the program. The
observations during the visits indicate a dedication to the program by all
concerned. Review of personnel exposure data for various periods of time in 1988
and 1989 indicate values well below limits. It is not expected that any
significant exposure problems will arise.

As a general practice, health physics programs at various sites should be

closely monitored with regard to worker exposure.

Worker Exposure from Events

P

. The only significant event to note here is again fire. 1In the case of
workers the effect could be severe since they would be at the source and there
could be little time to mitigate exposure. The devices and procedures in place
to mitigate fire effects contribute to decreasing the probability of such an




event. Further investigation of safeguards would be worthwhile although the

current risk appears to be manageable.

6.1.2 Tungsten

A key difference between tungsten and DU is that tungsten toxicity (or the
toxicity of its alloying metals) is chemical as opposed to radiological. The
tungsten industry is regulated under industrial safety (e.g. OSHA) and not under

radioactive material regulations.

Only one tungsten manufacturing facility was visited during this study,

with conditions noted assumed to be representative of other manufacturers.

6.1.2.1 Pathways

For tungsten or its alloying metals the only pathway currently considered
in exposure concerns is airborne transport. Exposure of the lungs is the major
concern. Soil contamination could be of concern if resuspension could occur thus
resulting in the airborne pathway. Little is known about waterborne concerns
except that there is growing awareness of heavy metals as an environmental hazard
jn water. Currently there would be greater concern about the nickel and other

elements that are alloyed with the tungsten.

6.1.2.2 Potential Receptors

Potential receptors for a tungsten facility are the workers in the plant,

soils, any nearby waterbodies, and the surrounding residential and business. .

population. Clearly the receptors of immediate known concern are the workers in

the plant who are exposed to an inhalation hazard.

6.1.2.3 Summary Assessment

Chemical Processing - The process of converting ore and scrap to APT takes place
regardless of the presence of penetrator production. Current monitoring and
controls are sufficient to minimize risk from routine exposure and environmental
releases. This phase of operation provides some risk from events due to the

presence of volatile and caustic chemicals present for processing. Also, the
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wastewater processing plant may be subject to events which may precipitate
accidental discharge. There are no large quantities of chemicals produced which
cannot be treated and only the minimum quantities necessary for production are

stored onsite which minimizes the chance of a significant release.

Kinetic Energy Penetrator Fabricatjonp - Worker exposure to dust inhalation is

minimized by the use of mechanical handling of powders and monitoring of work
areas. Process dust and ore powders are tinlikely to migrate offsite in any
significant concentrations. Available information shows tungsten production to
have relatively low enviromnmental or health risks when manufacturing and
recycling occur under the controlled conditions present at the plant which was

visited.

In-plant air monitoring is conducted on a periodic basis. Personal
(breathing zone) air samples are collected and compared to appropriate occupation
exposure limits. Facility personnel stated that "measured and estimated airborne
concentrations indicate that exposures during heavy-metal processing are within
the current limits”. Air contamination control consists of local exhaust
ventilation terminating in bag house dust collectors. There is also some concern
about skin contact with powders, and gloves may be worn to minimize skin contact.
Other respiratory protection is not currently considered necessary but we were

told that half-mask cartridge respirators are made available.

With the current knowledge of the hazards of tungsten production, there is
no information which would lead to a conclusion of significant deleterious

effects to the environment or human health.

6.2  ARMY OPERATIONS

This section discusses environmental health and safety issues associated
with Army operations described in Section 3. A discussion of environmental
pathways and receptors for testing operations is contained in Section 6.2.3 and
Table 6-1 (located at the end of this chapter). Pathways and receptors for
storage, decon and recycle facilities are assumed to be similar to testing

operations and those discussed previously for production sites.
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6.2.1 General Health and Safety Activities

DU penetrator operations throughout the Army appear to take place in
accordance with NRC license requirements and generally acceptable health and

safety practices. Overviews of some of these practices are discussed below.

Worker protection in AMCCOM facilities handling DU includes use of film
badges, ring badges, annual medieal- examinations, urinalysis, and annual
refresher safety training. Each installation develops safety regulations
covering their specific operations. The Environmental Quality Division (EQD) at
AMCCOM maintains an oversight program for environmental activities at all AMCCOM
jnstallations. The individual installations are responsible for their own
envirormental compliance programs, but the AMCCOM office monitors them and may
provide support if needed. EQD maintains a central data base on environmental
program activities and updates this data base quarterly Data collected
includes: operations, notices of deficiency and violation, media coverage,
compliance costs particularly for large projects, interagency agreements,
permits, Federal Facility Compliance Program, and USATHAMA RI/FS studies and work

plans.

Health and Safety plans are specified in the NRC license for each DESCOM
installation. Safety data sheets are available at the DU storage areas, and
medical surveillance is performed for employees who work with DU ammunition.
Periodic monitoring of the storage areas includes visual inspection of stored

material, wipe tests and areal radiation surveys.

Because of the variety and often different types of testing being conducted
at the TECOM installations, each installation develops its own health and safety
plan. Training programs have been implemented to ensure personnel are advised
of potential hazards and instructed concerning the proper use of protective
equipment before working with DU penetrators. Health monitorlng of workers as
- well as environmental monitoring of ranges are also conducted. It has been
stated by individuals from Battelle Pacific Northwest Laboratories that gunners

on ranges may need more health physics education.
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AFEHA maintains oversight of health aspects of DU operations on Army
" installations. This includes tracking NRC licenses on Army installations,

providing radiation and health surveys, and conducting special studies.

The U.S. Army Toxic and Hazard&us Materials Agency (USATHAMA) is charged .
with oversight on environmental compliance at Army installations. Support is
provided in the form of envirommental audits and assessments, remedial
investigation/feasibility studies, quick-resi;onse assistance in the correction
of notices of wviolation, development and application of technology for
environmental monitoring and remediation, the development and application of
waste minimization technology, and the management of environmental aspects of
base closure. USATHAMA is currently conducting RI/FS activities at several

installations where DU penetrators are being tested.

There are generally no concerns for tungsten environmental effects
throughout Army facilities we visited, and therefore only limited, if any, health

and safety precautions are taken.

6.2.2 Storage Operations
DESCOM is responsible for managing the Army stockpile including storage,

decontamination, and recycle of DU penetrators and DU contaminated material.

DU accident response guidance is provided in an Army Technical Bulletin TB-
9-1300-278 "Guidelines for Safe Response to Handling, Storage, and Transportation
Accidents Involving Army Tank Munitions Which Contain Depleted Uraﬂéium", 20
November 1987. This technical bulletin provides general information about DU,
firefighting procedures, guidelines for the types of accidents that may occur
with DU including tank fires, information on specially trained personnel for
explosive ordnance and radiation protection, and decontamination procedures.

Our DESCOM site visit indicated that the enviromnmental hazards in DESCOM

DU operations are recognized and controllable.
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6.2.3 Testing Operations

TECOM conducts testing and evaluation of all types of Army materiel. Among
the past and current operations conducted by TECOM are operations involving DU

and tungsten penetrators.

The firing of DU penetrators into soft targets results in the release of
DU fragments and particulates into the environment. The size of the DU fragments
and particulates released largely determines the potential threat to personnel
and the environment. The primary potential threat comes from the small

respirable size particulates.

6.2.3.1 Pathways

There are several pathways for release of DU during the testing operations.
of principal concern is the airborme respirable size particulates generated when
DU penetrators are fired into hard targets and whgn the penetrators strike rocks ,
trees, or other obstructions during soft target penetrator testing. Airborme
contamination is currently being controlled during the hard target testing by
filtering the exhaust air from the hard target containment facilities through
HEPA filters. This virtually eliminates release of DU contamination to the
environment where it might later become resuspended and pose a potential
inhalation hazard to personnel working in areas close to the containment
facilities. Contamination can leave enclosed test facilities when they are
opened for entry by personnel and this issue should be investigated by the Army.
Respirable size particulates could also be present in the DU penetrator impact
area on the soft target testing ranges. Range operating procedures have been
developed and implemented to protect personnel, and personnel entering and
working in these areas are advised concerning the potential hazards and provided

adequate protective equipment.

Fire or explosion in DU waste handling activities l;resent:s additional
pathways for DU to be released to the environment. Airborne contamination
generated by the fire or explosion as well as surface water runoff from fire

fighting activities could reach public access areas or nearby waterways.
!
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During penetrator recovery only complete penetrators or large fragments are
normally recovered. Another pathway exists when the small fragments and uranium
oxides that form on the outside of the penetrator could be carried into nearby
waterways by surface water runoff and soil erosion. Groundwater contamination

potential is also present.

Another possible pathway exists when spall particles of DU are deposited
on vegetation. Animals such as deer, rabbits, birds, etc. that feed on this
vegetation are often hunted for food by man and other predators. Fruits, nuts,
and berries that may become contaminated may also be harvested for human
consumption. Air monitoring conducted during burning of vegetation on ranges

indicates negligible environmental effects from air emissionms.

6.2.3.2 Potential Receptors

DU penetrator testing facilities are located well away from population
centers primarily due to safety distance requirements for explosives. Therefore,
it is unlikely that airborne contamination could reach areas open to the general
public. Air could become a potential human or environmental receptor upon
resuspension of DU particles. Other potential receptors include ground and

surface water, users of ground and surface water, and the food web.

6.2.4 Tungsten

The firing of tungsten penetrators into both hard and soft targets results
in the release of tungsten fragments and fine particulates into the environment.

Pathways and receptors are likely to be similar to those for DU.

6.2.5 Range Environmental Studies and Monitoring Programs

We have gathered information on environmental studies and'honitoring at‘
four range facilities. The Lake City Army Ammunition Plant operates a firing
range which has DU contamination from previous operations. AEHA has performed
studies on site and is now recommending groundwater monitoring. The general
consensus of Lake City AAP government and contractor environmental personnel is

that decontamination of the range is not recommended because there is no hazard
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to on-site personnel, and cleanup of DU would not remove other more serious

hazards (UXO).

A number of studies have been commissioned at Aberdeen Proving Ground (APG)
to define the environmental and occupational impact of DU testing. The consensus
findings appear to support limited aerosol distribution (within 400 m of the
target under open air testing) and limited movement of DU contaminated sediment
from the immediate vicinity of the tar.get area. An Environmental Radiological
Monitoring program was established in which air samples are taken weekly and
quarterly samples are taken at 18 stations of vegetation, soil, sediment, water,
and aquatic fauna. The samples are analyzed for gross alpha, gross beta, and

total U when appropriate.

A number of environmental assessments are currently underway by various
agencies. These are reportedly within six to twelve months (March to October
1990) of completion. Recent unpublished work indicates that APG soils retain DU,

and that DU materials are mnot found below 6" from the surface.

Numerous studies have been conducted at Jefferson Proving Ground (JPG) to
determine the environmental and health effects of testing DU penetrators. DU
penetrator firing began in 1984. Prior to firing DU, a program was developed and
implemented to sample soils, surface water, ground water, and stream sediments.
Results of this initial study serve as a baseline for the current environmental
monitoring program. Air sampling during burning of vegetation on the firing
ranges and sampling of deer tissue have been added to the original ‘sampling plan.
The JPG program is considered the model for other TECOM installations to follow
in developing their DU monitoring programs.

EG&G Mound Applied Technologies, Inc. completed a comprehensive review of
the environmental program at JPG. Results of their review were contained in a
_ report entitled "Review of the Radiological Environmental Monitoring Data at U.S.

Army Jefferson Proving Ground, Madison, Indiana” dated July 1988.

Sampling results at JPG generally show only slight soil contamination,

specifically in areas of penetrator impacts. Surface water, . sediment,
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groundwater, air sampling and deer tissue sampling has shown negligible amounts
of DU present in these media.

Numerous studies have been conducted to determine the potential hezith and
environmental effects of testing DU munitions at Yuma Proving Ground (YPG). Data
from these studies has been utilized in developing and implementing a
comprehensive air, soil, and surface water transport program to monitor the
potential effects from soft target testing of DU penetrators. Because of the
depth to groundwater and the low annual rainfall, contamination of groundwater
has been determined to be so unlikely that groundwater monitoring is noﬁ
performed. 1In a Memorandum for Record dated 10 October 1987, the radiation
protection officer analyzed all data from the air, soil, and water .transport
sampling program for historical trends. His analysis indicated that )ﬁhere was

no significant DU migration from the DU penetrator contaminated areas.

Monitoring programs should include sampling for DU and tungsten alloying
elements (if not already being performed). Further investigation of this issue

is warranted.

Based on the above studies, there appears to be no significant
environmental threat at ranges used for DU penetrator testing. Institutional
controls now in practice such as restricted access, monitoring, worker protection

and training, should provide adequate health and environmental protection.

It appears likely that recovery of DU penetrators and fragments will be
required at these ranges. Requirements for actual soil cleanups are ﬁﬁcertain,
but will depend heavily on whether or not range sites remain under Army control
indefinitely. Technologies to perform soil cleanups, if required, are available;
however, further research and development may be required. Any remedial action
will face the problem of UXO on the ranges.

o

6.2.6 Decontamination Activities

AMCCOM is responsible for management of the government owned APE and IPE

used by private industrial firms in the manufacture of DU munitions.
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DESCOM has the responsibility for cleanup of DU contaminated material.
Facilities for such cleanup appear to be inadequate as demonstrated by recent
incidents in which two M60A3 tanks containing DU ammunition were burned in a fire
in Germany that resulted in melting or burning of the DU components. (We are
unaware of the specific cause of this fire.) The radioactivity was contained
within the tanks but they could not be cleaned or repaired in Germany. AMCCOM,
as NRC licensee of DU munitions, provided guidance to TECOM on decontamination,
packaging, hazards and transportatioﬁ of the tanks to Anniston Army Depot in
Alabama. This was conducted in accordance with TB-9-1300-278, which is the Army
guidance document for management of accidents involving DU materials. The
shipment of the tanks was coordinated between the Army commands in Germany, TECOM
HQ, MAC HQ at Scott AFB, AMCCOM HQ, DESCOM HQ and Anniston Army Depot and the air
shipment of the tanks was completed about two weeks after the fire. The tanks
were inspected at Anniston and it was determined that they could not be cleaned
or repaired and would be disposed of as low level radioactive waste at the Chem-
Nuclear facility in Barnwell, SC. DESCOM did not have a facility capable of
removing DU contamination from the tanks, and therefore it was necessary to bury

both tanks in the Barnwell low level radioactive waste disposal facility.

There are no major environmental or health and safety obstacles to

establishment of an Army decon facility.

6.2.7 Recycle Activities

Currently there are reported to be DU warheads for tank ammunition at Milan
Army Ammunition plant that have not been up-loaded and which will be scheduled
for demilitarization. Additional rounds are expected to be recycled from Europe
to Sierra Army Depot. These may require demilitarization. The number of DU
rounds requiring demilitarization can be expected to increase as weapon systems
are upgraded and as normal deterioration causes ammunition lots to be recycled
from storage or from the field. 1f DU ammunition were withdrawn from the
inventory, a much larger demilitarization requirement would result. Under the
Single-Manager system for ammunition, the Army is responsible for
demilitarization of Air Force and Navy ammunition. The Navy is expected to

discontinue use of DU rounds in the Phalanx system, and the Air Force will have
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a growing quantity of GAU-8 30 mm rounds scheduled for demilitarization. There

are currently unserviceable GAU-8 rounds at Eglin AFB.

We have been told that some older depot maintenance work requirements
(DEMWRs) for demilitarization cannot be performed as written or may result in .
contaminated material being sold as scrap. Further investigation of these issues

should be performed.

When DU demilitarization capabilities are developed, they will necessarily
be in plants equipped to handle DU and will be subject to the safety and

environmental management controls which are applied to other DU operations.

6.2.8 Summary Assessment

Worker protection appears to be adequate at all installatiomns.
Comprehensive health and safety plans have been developed and implemented.
Preemployment and refresher training programs ensure personnel are advised of the
potential hazards associated with testing DU penetrators and instructed in the

proper use of protective equipment.

Environmental monitoring programs have been developed and implemented at
facilities. Data from these programs suggests that DU contamination is not
migrating for the DU firing rangeé, and is not a significant environmental
threat. Additional information is needed regarding long term effects. Detailed

environmental studies are currently in progress at certain sites.
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7.0 POTENTIAL ARMY INITIATIVES!

7.1 PRODUCTION

This section describes recommendations for actions the Army should consider

€D

(2)

on limited

taking as depleted uranium penetrator production and/or recycling will continue
for the foreseeable future. These recommendations are preliminary and based only

jnformation from the site visits and literature review.

The two major environmental issues are:

airborne contamination, especially in the event of fires at the
plant, and

generation of radioactive and mixed waste, resulting in the need to
utilize burial sites at a significant expense to the Army.

It appears that other environmental concerns are appropriately managed in

the current operationms.

Based on these issues we recommend the Army consider the following initiatives:

*

Study possible additional safeguards to prevent airborne release in

the event of fire such as:

- methods of filter system protection

- backup filter systems in case of fire destruction (sand filters)

- a general review of all operations to determine if further fire
prevention and protection measures are warranted and practical
(including emergency response plans) and accident consequence
evaluations

Review worker safety issues related to ventilation system fires such

as:

- efficacy of providing workers with emergency respiratory
protection

. automated fire protection in ventilation systems which allows
faster evacuation of personnel

Encourage and sponsor waste reduction and recycle research such as:
- super-compaction
- recycle of magnesium fluoride slag as steel-making flux

1pdditional recommendations are contained within other sections of this
document, primarily in Chapter 2.

7-1




- phase-out of barium chloride salt baths for heating of billets

- eliminate nitric acid from the pickling process for cleaning
derbies

- development of new and improved equipment decontamination methods

* Study the development of an integrated and efficient waste
management system.

Should the Army decide to implement tungsten penetrator production, we
recommend additional environmental assessments be conducted of tungsten
penetrator production to minimize potential issues of concern to workers and the

environment.
7.2 ARMY OPERATIONS

7.2.1 Test firing of DU Ammunition

Methods to increase recovery rates for DU penetrators should be
investigated. Consideration should be given to test firing of DU ammunition on
ranges which are dedicated, and which are not used for test firing of explosive

or other types of ordnance.

7.2.2 Test Firing of Tungsten Ammmitjon

The health risks of tungsten in hard target test firing should be
investigated. One study is nearing its conclusions on this topic. Previous
studies on aerosols produced by tungsten welding rods may be useful in
investigating this issue.

7.2.3 Soft Target Testing Strategy

A detailed analysis to optimize design of soft target ranges for DU and
tungsten- firing .aould be conducted. Allowing the penet:ratoi:s to travel
unimpeded until they come to rest down range from the soft target minimizes the
production of fragments and particulates, but distributes the penetrators over
a wide area which complicates recovery. The use of bullet catchers of current
design causes fragmentation and aerosolization, and creates a maintenance and
radioactive waste management problem. The possible use of soft media bullet

catchers should be included in this investigation.
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7.2.4 Research

A number of research areas are potentially applicable to penetrator

operations. These areas include:

* Penetrator material choice, production method, coatings, etc. to
possibly decrease environmental impacts.

* Waste reduction methods and technologies at ranges and other sites.
Range penetrators and fragments may be recyclable into new
penetrators.

* DU contaminated soil cleanup technologies.

7.2.5 Tungsten Recovery from Ranges

Studies should be conducted regarding the feasibility of tungsten
penetrator recovery on ranges for economic purposes (salvage). The environmental
impacts and need for tungsten recovery from range sites for environmental reasons

should also be investigated.

7.2.6 Sampling Plans

Consideration should be given to environmental sampling of all potential
contaminants on ranges in both monitoring programs and RI/FS work. This would
jnclude any heavy metals utilized as well as potential contaminants from

explosives in UXO.

7.2.7 Low Level Waste Disposal

Ensure that current management methods will position the Army appropriately

when compact arrangements are set to begin in 1993.

7.2.8 Environmental and Health Investigations

Ensure that detailed RI/FS studies are appropriately managed and funded at
all applicable penetrator testing sites. Also, assess combat impacts of (DU)
kinetic energy penetrators with regard to military and civilian exposures as well

as potential battlefield cleanup requirements.
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7.2.9 Decontamination and Recycle

Ensure that current management methods are appropriate to identify and

implement appropriate decontamination and recycle activities.

7.2.10 Tungsten Life Cycle Controls

Ensure that appropriate life cycle controls are implemented when and if

tungsten penetrator production commences.

7.2.11 Future DU Enrichment Processes

As proposed uranium enrichment processes will lead to DU with a higher
specific activity, the amount of DU currently stockpiled should be assessed to

ensure that supplies are adequate for long-term Army requirements.

7.2.12 Centralized Penetrator Management Office

It has become clear throughout our study that the size and complexity of
penetrator issues have resulted in less than optimal management of the munitions
life cycle. We suspect that a myriad of reasons are responsible for this
situation. It is conceivable that the existing management structure can be
improved to result in improved life cycle management. However, we recommend
consideration be given to establishment of a centralized penetrator management
office. This would allow for issues to be reviewed and acted upon in a
comprehensive manner, and by its very existence would give added emphasis to the
importance of penetrator management. While not our primary concern, the public
relations impacts of this action may further justify its implementation.
Different commands involved in penetrator management implement different
procedures for these munitions, and standardization of procedures could be

fostered by a penetrator program office.

This recommendation has not been studied beyond the conceptual stage, and

further investigation is warranted.
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8.0 DECONTAMINATION AND DECOMMISSIONING IMPACTS OF PENETRATOR MATERIAL CHOICES

A decision by the Army to switch from DU to tungsten penetrator production
will have a number of impacts. - This section solely covers the D & D impacts of

partial or total transition to tungsten penetrators.

8.1 PRODUCTION SITES

There are four alternatives for production sites if DU penetrator
production is ended. These alternatives are: (1) continued DU operations other
than penetrator manufacture; (2) DU manufacturing termination and plant
conversion to other manufacturing of similar type (i.e., foundry and machining);
(3) plant decommissioning, dismantling, and restricted land use; (4) plant

decommissioning and land release for general use.

8.1.1 Continued DU erations Other Than Penetrator Manufacture

In this case, it is found that there is sufficient other demand for DU
components (e.g. boat keels, aircraft counter-weights, etc.) to allow continued
manufacturing of billets and fabrication of products or that alternative DU
activities are undertaken, such as recycling of penetrator inventories. It is
assumed that some percentage of the machinery would be decommissioned. In the
case of a change to recycling, this would likely be a large percentage of the

equipment (perhaps ‘all of the foundry equipment, for example) .

8.1.2 Decommission and Use Site for Restricted Purposes

In this case, the plant would be totally dismantled and the site
remediated. However, the standards for cleanup would be tempered with the
consideration that use of the land would be administered under certain
restrictions. Certain industrial applications or simply reserve of the land
could be possibilities. Probable restrictions include forbidding use by the
general public for residences, farming, parks, schools, or similar uses. Such
restrictions would have to be maintained indefinitely and probably would incur

some costs of administration.
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8.1.3 Deéomission and Use Site for General Purposes

This would necessitate dismantling the plant and site cleanup to very
stringent standards so that the land could be released for any purpose. The
standards for such cleanup would be many times more stringent than for a
restricted use status. The cleanup would be much more costly but would not

entail any continued cost, except possibly for monitoring, once completed.

8.2 ARMY FACILITIES

Similar scenarios exist for Army facilities including testing and storage
sites. Once DU production and fielding cease, there will likely be regulatory
requirements to decommission and decontaminate facilities. D & D work will
probably be a phased requirement as DU penetrator operations cannot be eliminated

overnight and recycling actions would probably be implemented.

8.3 COMBINED PRODUCTION OF DU AND TUNGSTEN PENETRATORS

In this scenario, both DU and tungsten penetrators would be produced and
fielded. NRC D & D requirements would not take effect because facilities would
not have reached the end of their useful life. It is likely, however, that NRC
and other political pressures would require interim actions regarding retrieval

of DU penetrators on ranges.
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9.0 COSTS

9.1 DECONTAMINATION AND DECOMMISSIONING OF PRODUCTION FACILITIES

It is assumed that the facilities would be decommissioned in a similar
manner to the DU penetrator production site previously decommissioned, and that
all process equipment would be disposed of either as waste or decontaminated and
recycled. Note that past estimates havg,indicated that equipment decontamination
and recycle costs are nearly the same as those for burial with decontamination.
This will change as burial charges increase (probably double in the mid-1990's),
waste packaging improves (supercompaction), and more efficient and economic

decontamination techniques are developed.

Government closure estimates are available for decontamination and

decommissioning costs for DU penetrator production sites.

9.2 RANGE CLEANUP COSTS

Costs for range cleanups cannot be accurately estimated at this time.
Beyond the presumed need for DU penetrator recovery, there is no clear consensus
on vhat cleanup measures, if any, will be required. Cleanup costs for sites
intended for uncontrolled use (base closure) will have to meet strict require-
ments, and therefore will have significantly higher cleanup costs than sites
which will remain controlled by the Army.

JPG officials have estimated the cost of cleaning up the 500 acre DU
contaminated area using the cleanup costs at Eglin AFB, FL as a model. These

costs are outlined below.
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Site survey and location of penetrators § 2.6 million

Collection of surface penetrators 0.34
Collection of subsurface penetrators 11.
Collection of and transportation of
contaminated soil 223.
Transportation of penetrators 0.00 (included above)
Revegetation of area 0.8
Cementing and burial of
contaminated material 470,
TOTAL 707.74 million

JPG officials stressed that this cost data is very preliminary. There is
significant doubt as to whether this estimate bears any meaningful relationship
to future cleanup expenditures. More realistic costs may become available upon
completion of the RI/FS by USATHAMA. The above estimate assumes that there will
be collection and transportation of contaminated soil along with burial at LLW
sites. Apart from concerns regarding burial capacity and lack of a consensus on
what will constitute a remediated site, soil remediation or waste reduction
technologies could possibly be implemented to significantly reduce costs from
those estimated above.

Minimum costs for DU range remediation can probably be assumed. It appears
that DU penetrator recovery efforts will probably be required on the 9,450 acres
at Aberdeen, Jefferson and Yuma Proving Grounds. Remedial action on ranges will

be severely complicated by unexploded ordnance issues.

9.3 EQUIPMENT DECONTAMINATION

The capability of Seneca Army Depot (SEAD) to clean and recycle DU
contaminated IPE was assessed by an AMCCOM report. SEAD has an NRC license for
DU operations, a trained work force, ventilation, filters, and a worker
protection safety program. They successfully cleaned 11 igloos containing
radioactive contamination. The cost was $98,000 and involved 98 tons of waste
material. The Army estimates that facility modifications costing an estimated
$50,000 would be required for an IPE cleansing site at SEAD and possibly an
additional $50,000 for equipment. Steam cleansing, grit blasting and possibly
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E cleaning and renovation would be used. Real time air-

other procedures for Ip

monitors and Radiac instrument calibration equipment would be required.
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PREFACE

This assessment attempts, to the degree that the current state of knowledge
permits, to characterize the occ_upational and environmental risks associated with
the manufacture and use of depleted uranium (DU) and tungsten (W) munitions.
Such an assessment must consider many factors, including the chemical and
physical properties of these materials, their toxicity, specific conditionms
surrounding their manufacture and use'; and their behavior in the environment.
The volume of information required to accurately and thoroughly assess these
risks is substantial, and such a definitive assessment is beyond the scope of
this effort. Rather, a comparative and conservative approach has been taken
whereby (1) the technical data needed for risk analysis is described and
discussed; (2) the relative risk of DU versus W is assessed; and (3) a reasonable
upper limit to the risk posed by these materials is determined. In this way, the
fact that certain data were not available, or certain methodologies could not be

applied should not compromise the general conclusions.

This assessment is unique in that the comparative evaluation focuses on two
materials with distinctly different properties: DU, a chemical or radioactive
toxin (depending on its chemical species) which has been widely studied as an
occupational hazard; and W, a non-radioactive metal which has not been thoroughly
characterized as an occupational hazard. Historically, different methodologies
have been applied to radiological versus chemical risk assessments. This effort
involves both. A further complexity is jntroduced by the fact that occupational
safety standards which apply to DU are currently in a state of transition: new
radiation protection standards, based on revised dos imetry methods, are currently
being jntroduced (but are not as of this date in effect) and will impact DU
operatic;ns. These factors, when considered with the lack of a complete database
on occupational and environmental conditions at the affected locations, make this
assessment a difficult task. Although the conclusions of this assessment are
sound and should not be significantly affected by further feview, a thorough
critique of this work should be performed by experts from both the radiation and
chemical risk communities to substantiate the methods and results to the point

where they can be considered definitive.




Thé bulk of this report was prepared for submission in November, 1989.
Changes to the draft document have been made based on peer review comments
received from the U.S. Army as well as DU and tungsten manufacturers. The BEIR
V report was released after submission of our draft document and Appendix E has

been added to address findings of the BEIR V committee and impacts on our report. .
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1. OVERVIEW

A large number of studies have been conducted on the health effects,
exposures and health risks associated with the manufacture, storage, transport,
use and disposal of depleted uranium throughout its military life cycle as a
kinetic energy penetrator. Far fewer studies are available for tungsten. This
report summarizes data contained in the documents listed in the bibliography in
a way that allows a contrasting of "the differences in health risk between
depleted uranium (DU) and tungsten (W) as kinetic energy penetrators. Where
possible, a comparison is also made between DU-related risks in the kinetic
penetrator military life cycle and those arising from background uranium

concentration and radiation exposures to place the qualitative differences into

_ quantitative perspective.

As a result of evaluating environmental and health effects of DU and
tungsten, we conclude that the risk to occupational workers, military personnel,
and the public is acceptable as defined by current governmental and professional
standards. While much more is known about the health effects of uranium than of
tungsten alloys, the comparable information on chemical toxicity indicates that
jnsoluble DU is approximately 25 times more toxic than insoluble tungsten and
soluble DU is 20 times more toxic than soluble tungsten when exposure is at the
limits allowed by the regulations. When the "ALARA" concept is applied to the
DU industry, it is estimated that the exposure averages between 5 and 10 percent
of the limits, thereby reducing the differences in actual risk. Radiation
effects are unique to DU. Therefore, this represents a risk which does not apply
to tungsten. However, the radiation exposure received by workers and the public

were found to result in a small risk compared to that resulting to non-workers

from background radiation.

In summary, we must conclude the risk from each is acceptable when compared
with natural benchmarks (i.e. background radiation risks) and administrative
benchmarks (e.g., ambient or occupational standards originating with EPA, NRC,
or OSHA). Both have the potential for elevated health risk due to inhalation of

particulates.

1-1




A comparison of depleted uranium kinetic penetrators with tungsten kinetic
penetrators must consider a wide range of factors including the cost, the
availability of materials, the military effectiveness of the penetrators and the
relative health risks of each material.' This report addresses only the relative

environmental and health risks.

1.1 PHYSICAL AND CHEMICAL PROPERTIES OF DEPLETED URANIUM AND TUNGSTEN

AFFECTING THEIR USE AS KINETIC ENERGY "PENETRATORS

Depleted uranium (DU) is a byproduct of the enrichment of U-235 in natural
uranium by the gaseous diffusion process for the production of a fissionable
fuel. DU contains less than 0.3% U-235. It has a density of 18.9 gn/cm® and a
melting point of 1,132° C. DU is radioactive, emitting 4.18 MeV alpha. particles
and 0.045 MeV gamma radiation. It has a physical half-life of 4.5 billion years.
Its short-lived radioactive daughters are Th-234 and Pa-234. The specific
activity of DU is near 4.3 x 1077 Ci/g, as compared to 6.77 x 1077 Cci/g for the
natural uranium isotope mixture. Therefore, DU has less risk from radiation than

natural uranium.

Uranium reacts with most elements in the periodic table (Weigel 1980) and
will ignite and burn in air at 700 - 1000 °C. If temperatures greater than 1000
*C are encountered, the oxide formed on the metal’'s surface will be primarily
U,03. Below 100 °C UO, will predominate in the surface coat. The degree of
pyrophoricity of the metal is determined by a number of factors, including the
surface area-to-mass ratio, impurities, alloying metals, porosity of the
material, temperature and atmospheric pressure and humidity, with: the most
important factors being the temperature and surface area-to-mass ratio (Magness
1985).

Tungsten has a density slightly greater than the DU at 19.3 ém/cm’. It has
low reactivity and a high melting point (3,410 °C). When heavjly cold worked,
as in wire drawing, tungsten is the strongest metal but tungsten penetrator
alloys only achieve about half the maximum strength. However, liquid phase
sintering of high density tungsten alloys with Ni, Fe and Co is a low cost method
for achieving good toughness, ductility and strength in high density penetrators,

counterweights, etc.
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The high density and high tensile strength of the two metals make them
jdeal as kinetic energy penetrators. The alloying metals used in the manufacture
of kinetic penetrator quality DU are titanium or molybdenum at 0.75% and 2%
respectively. For W kinetic penetrators the alloying metals are cobalt, iron or

nickel in the approximate range of 1% to 5%.

Due to the differences in brittleness and tensile strength, a DU kinetic
energy penetrator fragments into smAller pieces than a W kinetic energy
penetrator under the same conditions of impact. Due to its pyrophoric nature,
many of the DU fragments will spontaneously ignite following impact, resulting
in a shift of the particle size probability distribution function (PDF) to a
lower mean diameter. As a result of physical differences between DU and its
oxides, the oxide particles tend to crumble under relatively weak mechanical

forces, further shifting the particle size to even lower mean diameter.

The pyrophoric nature of DU can also be a military advantage as a
penetrator, although it contributes to low level contamination of testing and
combat areas with DU, which has intrimsic chemical toxicity properties (as a

heavy metal) as well as intrinsic alpha and gamma radioactivity.

For W, the presence of nickel in spent penetrator fragments may lead to
occupational, military and environmental exposures to elemental nickel or its

oxides, which are carcinogenic when inhaled.

1.2 MANUFACTURING, TESTING, AND RECYCLING ACTIVITIES OF THE ARMY COVERED BY ..

THE ASSESSMENT

The manufacture of depleted uranium (DU) or tungsten (W) in the form of
kinetic penetrator projectiles for armor-piercing ammunition, and the subsequent
testing and recycling, defines the military life cycle for each metal. If

production or testing ceases, decommissioning and remediation are required to

 restore the occupational and ambient enviromments affected by the use of each

metal. Each stage of the life cycle involves a set of activities.

The generic stages and activities that define the military life cycle and

post-military recovery cycle of kinetic penetrators are listed below:
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Manufacture

® Production of metal alloy
o Manufacture of kinetic penetrator projectiles
¢ Manufacture of armor-piercing rounds
e Test firing of armor-piercing rounds
® Recycling of waste metal alloy
® VWaste management
Recycle
¢ VWithdrawal of ordnance
e Destructive firing or disassembly of armor-piercing rounds
L Rgcycling of scrap to non-kinetic penetrator applications -
¢ VWaste management
Decommissioning
® Shut-down of kinetic penetrator-related operations
¢ Sampling and analysis of shut-down occupational and ambient
environments
® (Cleaning
& Mothballing or dismantling
® Recycling of edifices, equipment and sites for non-kinetic penetrator
uses
& Waste management
Remediation
¢ Sampling and analysis to define nature, size, and magnitude of
contamination B
e Cleanup
¢ Vaste management

The generic processes and unit operations that define each,activity of the

military life cycle and the post-military recovery cycle are listed in Table
1-1 through 1-4.




Table 1-1 KINETIC PENETRATOR PRODUCTION ACTIVITIES

ACTIVITY: Manufacture of Kinetic Penetrator Projectiles

PROCESSES:

e Transport of Raw materials to Manufacturing Facility
o Transport of Rejected Penetrators to Manufacturing Facility
e Storage of Raw and Recycled Materials

e Manufacture of Metal Alloy -

o Rolling or Extrusion of Milling Blanks

e Milling

e Milling-Related Fires

e Polishing of Milled Projectiles

e QC Inspection of Projectiles

e Storage of Projectiles

e Waste Collection

e Waste Collection-Related Fires

e Waste Storage

& Waste Treatment

e Waste Disposal

ACTIVITY: Assembly of Armor-Piercing Munitions

PROCESSES:
[ ]

Transport of Flawed Rounds To Assembly Plant
Transport of Projectiles To Assembly Facility
Storage of Flawed Rounds '

Storage of Penetrators

QC Inspection

Storage of Rejected Penetrators

Cleaning of Penetrators

Joining of Projectile to Cartridge

QC Inspection

Storage of Rejected Rounds.

Disassembly of Rejected Rounds and Flawed Rounds
Storage of Finished Rounds

Storage of Disassembled Aluminum Windscreens
Waste Collection

Waste Collection-Related Fires

Waste Storage

Waste Treatment

Waste Disposal
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Table 1-2  SHELL TESTING ACTIVITIES

ACTIVITY: Testing

PROCESSES:

Transport of Armor- Piercing Rounds To Test Facility
Storage

Transport to Test Range

Loading of Weapon

Test Firing

Testing-Related Fires

Post-Firing Inspection of Target

Post-Firing Cleanup

Storage of Penetrator Fragments

Return of Fragments to Penetrator Manufacturing Facility
Return of Duds to Assembly Facility

Waste Collection

Waste Collection-Related Fires

Waste Storage

Waste Treatment

Waste Disposal

® © & ® 6 00O OO OO o oo

Table 1-3  DEMILITARIZATION ACTIVITIES

ACTIVITY: Collection of Armor-Piercing Shells from Milita Installations

PROCESSES:

® Unloading of Weapon Magazines

® Unloading of Storage Lockers

¢ Centralization of Armor-Piercing Munitions Destined for Demilitarization

ACTIVITY: Djisassembly of Armor-Piercing Munitions

PROCESSES : Sy

¢ Transport of Demilitarized Rounds to (Dis)Assemny Facility
® Storage of Demilitarized Rounds

¢ Disassembly

o Storage of Disassembled Kinetic Penetrators

® Storage of Contaminated Aluminum Windscreens

® Uaste Collection

® Waste Collection-Related Fires

® Waste Storage *
¢ Waste Treatment

¢ Vaste Disposal

ACTIVITY: Destructive of Armor-Piercing Munitions
PROCESSES:

® See Testing
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Table 1-4 DECONTAMINATION AND REMEDIATION ACTIVITIES

ACTIVITY: Dismantling of Armor-Piercing Munitions Military Testing Facilities

PROCESSES:

Decontamination of Contaminated Surfaces
Disassembly of Heavy Equipment

Removal of Light Equipment

Disassembly of Facility Structures
On-Site Storage of Equipment and Parts
Transport of Equipment and Parts Off-Site
Waste Collection

Waste Collection-Related Fires

Waste Storage

Waste Treatment

Waste Disposal

ACTIVITY: Samplin of Contaminated Soil Ground Water, and Sediment at

Armor-Piercing Munitions Military Testing Facilities

PROCESSES:

Site Visitation

Site Sampling

Sample Collection-Related Waste Storage

Sample Collection-Related Waste Analysis

Transport of Sample Collection-Related Wastes To On-Site or Off-Site Disposal
Sample Collection-Related Waste Disposal

Sample Storage

Sample Analysis

Transport of Sample Analysis Waste for off-Site Disposal

Sample Waste Disposal

emediation of Contaminated Soil Ground Water and Sediment at

ACTIVITY: R .

Armor-Piercing Munitions Military Testing Facilities

PROCESSES:

¢ Excavation

e Storage of Excavated Soil On-Site

e Ground Water Purging

e Dredging

e Treating Contaminated Ground Water or Dredged Contaminated Sediment

Dewatering Waste-water Prior to Discharge to Surface Water or POTW
Storage of Dewatered Dredged Material On-Site '

Waste Stabilization On-Site

Waste Disposal On-Site

Transport of Stabilized Wastes Off-Site for Disposal

Waste Disposal Off-Site




From these activities, processes and unit operations must be selected for the
side-by-side comparison of the occupational and environmental risks

associated with the use of DU versus tungsten in the kinetic penetrator arsenal.

To make this selection, a set of objective criteria have been evolved that
define the potentially significant concerns to be addressed in the comparison

study. Those criteria are:

1. The activity must be unique to the use_of the metal as a kinetic
penetrator. '

2. The number of individuals exposed; the magnitude, duration or frequency
of exposure; or the intrinsic hazard per unit exposure are high, either
singly or in some combinations.

3. There is sufficient information for both metals with which to make
meaningful comparisons.

4. The significance of the risk associated with a given activity cannot be
attributed to past practices mno longer considered acceptable.

5. The significance of the risk associated with a given activity cannot be
attributed to an assumption of noncompliance with any applicable
Federal, State or local regulation, rule, standard, ordinance or

restriction, where compliance is attainable with existing techmology.

Consistent with these criteria, this generic risk assessment focuses on
day-to-day operations at each stage of the military and post-military life cycles
that represent potentially significant occupational, military personnel, or

public health risks.

1.3 HEALTH HAZARDS AND EXPOSURES ASSOCTATED WITH THE USE OF DEPLETED URANIUM
OR TUNGSTEN AS KINETIC ENERGY PENETRATORS
In this section the health hazards and occupational and environmental
standards associated with depleted uranium (DU) and tungsten (W) are summarized,
followed by a listing of the potentially significant exposures associated with
the military life cycle of kinetic energy penetrators.
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1.3.1 Health Hazards

T R

1.3.1.1 Depleted Uranium

DU offers both chemical and radiological toxicity health hazards.
Radiological health hazards include both internal and external alpha and gamma
jrradiation associated with DU and its short-lived daughters. The human health
hazards associated with a unit exposure to alpha, beta or gamma radiation have
been calculated from epidemiological data generated from historical exposure
associated with the use of fission bombs. Internal irradiation hazards
associated with inhalation and incidental ingestion of DU particles in both
insoluble and soluble forms have resulted in the adoption of occupational limits
of 9 x 101! uCi/ml and 3 x 1072° uCi/ml, respectively. External radiation
hazards have resulted in the adoption of a 50 rem/yr occupational exposure limit

for both non-extremity and extremity dermal surfaces.

From animal studies it is known that uranium is chemically toxic to kidney
tissues, and that if allowed to enter the bloodstream the element is
preferentially deposited in that organ. The uranium is then eliminated via
excretion in urine -- about 50 percent of the remaining burden every two weeks.
For very short-term exposure conditions, it has been estimated that 60 mg U in
the blood would be fatal to man (Luessenhop 1958).

Kidney damage by uranium can be detected from proteinuria, i.e., from
protein released into the urine from kidney cells that have been killed. In one
case of industrial exposure where the urinary excretion rate indicated about 4
mg in the blood, the exposure "seemed to produce albuminuria®” (Eve 19614) The
current standards of the Nuclear Regulatory Commission (NRC) and t:he American
Conference of Governmental Industrial Hygienists (ACGIH) permit an inhalation
exposure in a period of 40 hours or less that could introduce about 2.7 mg into
the blood (10 CFR Part 20). )

Although human kidney damage by uranium has not been clinicaily detected,
early rodent studies revealed that more than 1 ug per g kidney maintained
over an extended period does cause such damage (Voegtlin 1953). The current NRC
jnhalation standard was adopted from the 1959 ICRP recommendations, which set a
nephrotoxic limit of 3 ug/g kidney maintained continuously over a working
lifetime. Apparently the ICRP, in its extrapolation from rodent data to-man,
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gave considerable weight to the absence of clinically detectable effects among
large numbers of early workers heavily exposed to airborne uranium (Hodge 1973).
Current ICRP recommendations consider radiation only and do not include a uranium

standard based on chemical toxicity (ICRP 1977; ICRP 1978).

More recent studies of dogs exposed to uranium revealed kidney damage at
tissue concentrations a factor of 5 or more below the current nephrotoxic limit,
confirming the rodent results and ﬁrompting the principal investigator to
recommend lowering the limit to 0.6 ug U per g kidney (Morrow 1982). The NRC
responded by requesting the BEIR-IV Committee of the National Academy of Sciences
to review the necessity of lowering soluble uranium intake standards by a factor
of 5; the resulting report was inconclusive (NAS 1988). The NRC then requested
the ACGIH to consider whether its uranium standard should be revised, and this
work is now in progress. In the interim, the NRC is retaining its standard based

on 3 ug U per g kidney in the current major revision of 10 CFR Part 20.

Workers who have previously been exposed to uranium may be at greater risk
in the event of subsequent kidney disease than unexposed workers, since it has
been observed that a loss of up to 75% of kidney function can be clinically
undetected. Subsequent kidney damage from disease can cause a severe adverse
effect and prevent recovery, since there is no reserve kidney function remaining.

Attending physicians would not likely suspect, or report, uranium involvement

(USNRC 1988).

The current NRC inhalation limit for insoluble uranium compounds (based on
the 1959 ICRP recommendations) is 0.2 mg/M® of air, averaged over one week, which
is approximately equivalent to 8.6 x 10-11 uCi/ml for DU, or an intake of about
4 x 1073 uCi/wk. These values are based on an assumed particle size distribution -
of 1mM AMAD. The recently promulgated Occupational Safety and Health
Administration (OSHA) occupational limits for the soluble and insoluble forms of

_ uranium are 0.05 mg/M® and 0.2 mg/M?, respectively (29 CFR 1910.1000; January 19,

1989).
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1.3.1.2 Tungsten

Tungsten is rapidly lost in the urine of experimental animals exposed to
tungsten by ingestion, inhalation, or injection. Bone is the principal reservoir
for tungsten that remains in the body. The tissue concentrating the next
greatest amount of residual tungsten depends on the route of exposure, according
to limited studies. Urinary excretion of tungsten predominates in experimental
animals, but only trace quantities of tungsten are excreted in urine and feces

from humans exposed to tungsten under occupational circumstances.

Neurophysiological processes are affected by tungsten in experimental
animals. Pronounced disturbances of conditioned reflexes have been described in
tungsten-exposed rats, while guinea pigs develop uncoordinated movemeﬁt‘, sudden
jumps, trembling, and breathlessness when exposed to sodium tungstate by gastric
intubation. Epileptic-like seizures are produced when tungstic acid is applied
to the cerebral cortex of experimental animals. Humans exposed to tungsten, in
occupational circumstances, report increased headache, dizziness, nausea, and

loss of the sense of smell.

Human occupational exposure to mixed tungsten dusts, containing cobalt,
produce effects that are chiefly respiratory in nature, characterized by
exertional dyspnea, coughing, and weight loss. These clinical signs sometimes
progress to extrinsic asthma, diffuse interstitial pneumonitis, or fibrosis.
Tungsten carbide dusts produce pulmonary fibrosis in animals and humans, but the
cause of this condition is considered to be due to cobalt; the tungsten is

believed to augment the cobalt effect. -

Tungsten substitutes for and/or prevents the incorporation of molybdenum
in the enzymes xanthine oxidase and sulfite oxidase in unborn rats when the
mother is exposed to tungstate 20 days before birth. No observed deleterious
effects have been noted in xanthine oxidase- and sulfite oxidase-deficient rats
except that these animals are highiy susceptible to bisulfite and S0, toxicity.
Sulfite oxidase deficiency produces severe neurological abnormalities,

biochemical alterations, and death in human infants.
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The OSHA occupational limits for insoluble and soluble tungsten are 5 mg/M®
and 1 mg/M® (29 CFR 1910.1000; January 19, 1989). For tungsten kinetic
penetrators, the alloying metals are nickel (Ni), cobalt (Co) and iron (Fe) in
the range 1% to 5%. The occupational limits for these metals are 1 mg/M?
insoluble and 0.1 mg/M? soluble, 0.05 mg/M?, and iron oxide fumes as Fe 10 mg/M3,
respectively (29 CFR 1910.100; January 19, 1989). ACGIH is currently
recommending a 0.05 mg/M* TLV for both ;oluble and insoluble nickel. Ni and its
compounds are carcinogenic by the inhélation route, and the published potency
factor for Ni and its compounds for lifetime inhalation exposures is [2.4 X 107
ug/M317? (USEPA 1989). This factor is based on standard particle size
distribution and particle lung retention assumptions. Continuous exposure to a
concentration of 4.2 x 10-¢ mg/M® will result in a (de minimus) 10°¢ lifetime

increased cancer risk.

<

1.3.2 Potentially significant Occupational, Military and Environmental
enetrator-Related

osures Associated with the Generic Kinetic P
Military Life Cycle of DU and W _Alloys
For the W military life cycle, potentially significant exposures occur at
the same stages, activities and processes as for non-radiation exposures to DU,
but for W there are no corresponding radiation exposures, and no pyrophoricity-

related fires.

The potentially most significant non-radiation exposures to DU or W in its

military life cycle as kinetic penetrator rounds occur during:

Occupational
e metal alloy manufacture
e penetrator machining

e waste collection, compaction, stabilization and containerization.

Military

e open air accuracy testing and area cleanup
e combat involving the use of armor-piercing ordnance

e post-combat reentry of ground troops into the battlefield.
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Environmental

open air accuracy testing with subsequent wind resuspension, leaching
to ground water and runoff to surface water

combat involving the use of armor-piercing ordnance.

The potentially most significant radiation exposures occur during:

Occupational
® waste management of slag from UF, reduction and cleaning of retorts
® quality control inspection of cast ingots, milling blanks, finished
penetrators, and finished rounds
® recycling of flawed ingots, milling blanks, finished penetrators and
finished rounds
¢ the loading and unloading of shipping crates containing finished or
flawed inventory.
Military
¢ loading and unloading of ordnance supply lockers, magazines and
ammunition racks
¢ proximity to ammunition racks during weapons use in combat readiness
operations, particularly tank maneuvers
® post-testing cleanup of rapid fire target areas
® combat involving the use of armor-piercing ordnance )
® post-combat reentry of ground troops into the impacted battlefield.
Environmental
® open air accuracy testing with subsequent leaching to ground water and
runoff to surface water »
¢ combat involving the use of armor-piercing ordnance.

1.4 COMPARISON OF HEALTH RISKS BETWEEN DU AND W AS KINETIC ENERGY PENETRATORS

The calculation of the health risks from exposures to DU in its military

life cycle requires the adoption of appropriate exposure scenarios for the metal,

radiocactive daughter or alloys, as applicable. With respect to the exposure

pathways, identified in Section 1.3, the actual exposures encountered in the

occupational environment, representative worst-case exposures potentially

encountered in the non-combat and combat military environments, and screening-

level worst-case exposures were adopted for calculating an upper bound risk
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estimate in the ambient environment impacted by non-combat testing activities and

combat engagements.

Due to the constraints on data availability, information access, and time,
an equivalent set of calculations for W were not conducted. Rather the focus of
the discussion is on the intrinsic hazards of W. As a result, only a qualitative
comparison of DU and W hazards is poss_ible at present. However, quantitative
comparisons can be made between kinet:ic energy penetrator-related health risks
and those associated with exposures to background concentrations of uranium in
soil, water, and sediment and natural background levels of alpha, beta, and gamma

radiation from all sources.

1tat1§ré Comparison of 