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Disclaimer

This handbook provides guidance to EPA staff. The document does not substitute for EPA’s
statutes or regulations, nor is it a regulation itself. Thus, it cannot impose legally binding
requirements on EPA, States, or the regulated community, and may not apply to a particular
situation based upon the circumstances. This handbook is an Interim Final document and
allows for future revisions as applicable.
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GLOSSARY OF TERMS

Anomaly. Any identified subsurface mass that may be geologic in origin, unexploded ordnance
(UXO), or some other man-made material. Such identification is made through geophysical
investigation and reflects the response of the sensor used to conduct the investigation.

Anomaly reacquisition. The process of confirming the location of an anomaly after the initial
geophysical mapping conducted on a range. The most accurate reacquisition is accomplished using
the same instrument used in the geophysical survey to pinpoint the anomaly and reduce the area the
excavation team needs to search to find the item.'

Archives search report. An investigation to report past ordnance and explosives (OE) activities
conducted on an installation.’

Arming device. A device designed to perform the electrical and/or mechanical alignment necessary
to initiate an explosive train.

Blast overpressure. The pressure, exceeding the ambient pressure, manifested in the shock wave
of an explosion.’

Blow-in-place. Method used to destroy UXO, by use of explosives, in the location the item is
encountered.

Buried munitions. Munitions that have been intentionally discarded by being buried with the intent
of disposal. Such munitions may be either used or unused military munitions. Such munitions do not
include unexploded ordnance that become buried through use.

Caliber. The diameter of a projectile or the diameter of the bore of a gun or launching tube. Caliber
is usually expressed in millimeters or inches. In some instances (primarily with naval ordnance),
caliber is also used as a measure of the length of a weapon’s barrel. For example, the term “5 inch
38 caliber” describes ordnance used in a 5-inch gun with a barrel length that is 38 times the diameter
of the bore.’

Casing. The fabricated outer part of ordnance designed to hold an explosive charge and the
mechanism required to detonate this charge.

Chemical warfare agent. A substance that is intended for military use with lethal or incapacitating
effects upon personnel through its chemical properties.’

Clearance. The removal of UXO from the surface or subsurface at active and inactive ranges.
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA).

CERCLA, commonly known as Superfund, is a Federal law that provides for the cleanup of releases
from abandoned waste sites that contain hazardous substances, pollutants, and contaminants.’
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Defense Sites. Locations that are or were owned by, leased to, or otherwise possessed or used by
the Department of Defense. The term does not include any operational range, operating storage or
manufacturing facility, or facility that is used for or was permitted for the treatment or disposal of
military munitions.

Deflagration. A rapid chemical reaction occurring at a rate of less than 3,300 feet per second in
which the output of heat is enough to enable the reaction to proceed and be accelerated without input
of heat from another source. The effect of a true deflagration under confinement is an explosion.
Confinement of the reaction increases pressure, rate of reaction, and temperature, and may cause
transition into a detonation.®

Demilitarization. The act of disassembling chemical or conventional military munitions for the
purpose of recycling, reclamation, or reuse of components. Also, rendering chemical or conventional
military munitions innocuous or ineffectual for military use. The term encompasses various
approved demilitarization methods such as mutilation, alteration, or destruction to prevent further
use for its originally intended military purpose.®

Department of Defense Explosives Safety Board (DDESB). The DoD organization charged with
promulgation of ammunition and explosives safety policy and standards, and with reporting on the
effectiveness of the implementation of such policy and standards.

Detonation. A violent chemical reaction within a chemical compound or mechanical mixture
evolving heat and pressure. The result of the chemical reaction is exertion of extremely high
pressure on the surrounding medium. The rate of a detonation is supersonic, above 3,300 feet per
second.’

Discarded Military Munitions (DMM). Military munitions that have been abandoned without
proper disposal or removed from storage in a military magazine or other storage area for the purpose
of disposal. The term does not include unexploded ordnance, military munitions that are being held
for future use or planned disposal, or military munitions that have been properly disposed of
consistent with applicable environmental laws and regulations 10 U.S.C. 2710 (e)(2)."

Disposal. The discharge, deposit, injection, dumping, spilling, leaking, or placing of any solid waste
or hazardous waste into or on any land or water so that such solid waste or hazardous waste or any
constituent thereof may enter the environment or be emitted into the air or discharged into any
waters, including groundwaters.’

Dud-fired. Munitions that failed to function as intended or as designed. They can be armed or not
armed as intended or at some stage in between.

Electromagnetic induction. Transfer of electrical power from one circuit to another by varying the
magnetic linkage.

Excavation of anomalies. The excavation, identification, and proper disposition of a subsurface
anomaly.'
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Explosion. A chemical reaction of any chemical compound or mechanical mixture that, when
initiated, undergoes a very rapid combustion or decomposition, releasing large volumes of highly
heated gases that exert pressure on the surrounding medium. Also, a mechanical reaction in which
failure of the container causes sudden release of pressure from within a pressure vessel. Depending
on the rate of energy release, an explosion can be categorized as a deflagration, a detonation, or
pressure rupture.’

Explosive. A substance or mixture of substances, which is capable, by chemical reaction, of
producing gas at such a temperature, pressure and rate as to be capable of causing damage to the
surroundings.

Explosive filler. The energetic compound or mixture inside a munitions item.

Explosive ordnance disposal (EOD). The detection, identification, field evaluation, rendering-safe
recovery, and final disposal of unexploded ordnance or munitions. It may also include the rendering-
safe and/or disposal of explosive ordnance that has become hazardous by damage or deterioration,
when the disposal of such explosive ordnance is beyond the capabilities of the personnel normally
assigned the responsibilities for routine disposal. EOD activities are performed by active duty
military personnel.’

EOD incident. The suspected or detected presence of a UXO or damaged military munition that
constitutes a hazard to operations, installations, personnel, or material. Each EOD response to a
reported UXO is an EOD incident. Not included are accidental arming or other conditions that
develop during the manufacture of high explosives material, technical service assembly operations,
or the laying of land mines or demolition charges.

Explosive soil. Explosive soil refers to any mixture of explosives in soil, sand, clay, or other solid
media at concentrations such that the mixture itself is reactive or ignitable. The concentration of a
particular explosive in soil necessary to present an explosion hazard depends on whether the
explosive is classified as “primary” or “secondary.” Guidance on whether an explosive is classified
as “primary” or “secondary” can be obtained from Chapters 7 and 8 of TM 9-1300-214, Military
Explosives.?

Explosive train. The arrangement of different explosives in munitions arranged according to the
most sensitive and least powerful to the least sensitive and most powerful (initiator - booster -
burster). A small quantify of an initiating compound or mixture, such as lead azide, is used to
detonate a larger quantity of a booster compound, such as tetryl, that results in the main or booster
charge of a RDX composition, TNT, or other compound or mixture detonating.

Explosives safety. A condition in which operational capability, personnel, property, and the
environment are protected from the unacceptable effects of an ammunition or explosives mishap.’

Explosives Safety Submission. The document that serves as the specifications for conducting work
activities at the project. It details the scope of the project, the planned work activities and potential
hazards, and the methods for their control.? It is prepared, submitted, and approved per DDESB
requirements. It is required for all response actions that deal with energetic material (e.g., UXO,
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buried munitions), including time-critical removal actions, non-time-critical removal actions, and
remedial actions involving explosive hazards.

False alarm. The incorrect classification of nonordnance (e.g., clutter) as ordnance, or a declared
geophysical target location that does not correspond to the actual target location.

False negative. The incorrect declaration of an ordnance item as nonordnance by the geophysical
instrument used, or such misidentification in post-processing; this results in potential risks remaining
following UXO investigations.

False positive. When the geophysical sensor indicates an anomaly and nothing is found that cause
the instrument to detect the anomaly.

Federal land manager. With respect to any lands owned by the United States Government, the
secretary of the department with authority over such lands.

Formerly Used Defense Site (FUDS). Real property that was formerly owned by, leased by,
possessed by, or otherwise under the jurisdiction of the Secretary of Defense or the components,
including organizations that predate DoD.?

Fragmentation. The breaking up of the confining material of a chemical compound or mechanical
mixture when an explosion occurs. Fragments may be complete items, subassemblies, or pieces
thereof, or pieces of equipment or buildings containing the items.’

Fuze. 1. A device with explosive components designed to initiate a train of fire or detonation in
ordnance. 2. A nonexplosive device designed to initiate an explosion in ordnance.*

Gradiometer. Magnetometer for measuring the rate of change of a magnetic field.

Ground-penetrating radar. A system that uses pulsed radio waves to penetrate the ground and
measure the distance and direction of subsurface targets through radio waves that are reflected back
to the system.

Hazard ranking system (HRS). The principal mechanism EPA uses to place waste sites on the
National Priorities List (NPL). It is a numerically based screening system that uses information from
initial, limited investigations — the preliminary assessment and the site inspection — to assess the
relative potential of sites to pose a threat to human health or the environment.’

Hazardous substance. Any substance designated pursuant to Section 311(b)(2)(A) of the Clean
Water Act (CWA); any element, compound, mixture, solution, or substance designated pursuant to
Section 102 of CERCLA; any hazardous waste having the characteristics identified under or listed
pursuant to Section 3001 of the Solid Waste Disposal Act (but not including any waste the
regulation of which under the Solid Waste Disposal Act has been suspended by an Act of Congress);
any toxic pollutant listed under Section 307(a) of the CWA; any hazardous air pollutant listed under
Section 112 of the Clean Air Act; and any imminently hazardous chemical substance or mixture with
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respect to which the EPA Administrator has taken action pursuant to Section 7 of the Toxic
Substances Control Act.'

Hazardous waste. A solid waste, or combination of solid waste, which because of its quantity,
concentration, or physical, chemical, or infectious characteristics may (a) cause, or significantly
contribute to an increase in mortality or an increase in serious irreversible, or incapacitating
reversible, illness; or (b) pose a substantial present or potential hazard to human health or the
environment when improperly treated, stored, transported, or disposed of, or otherwise managed.®
Chemical agents and munitions become hazardous wastes if (a) they become a solid waste under 40
CFR 266.202, and (b) they are listed as a hazardous waste or exhibit a hazardous waste
characteristic; chemical agents and munitions that are hazardous wastes must be managed in
accordance with all applicable requirements of RCRA."

Ignitable soil. Any mixture of explosives in soil, sand, clay, or other solid media at concentrations
such that the mixture itself exhibits any of the properties of ignitability as defined in 40 CFR 261.21.

Inactive range. A military range that is not currently being used, but that is still under military
control and considered by the military to be a potential range area, and that has not been put to a new
use that is incompatible with range activities."

Incendiary. Any flammable material that is used as a filler in ordnance intended to destroy a target
by fire.

Indian Tribe. Any Indian Tribe, band, nation, or other organized group or community, including
any Alaska Native village but not including any Alaska Native regional or village corporation,
which is recognized as eligible for the special programs and services provided by the United States
to Indians because of their status as Indians."

Inert. The state of some types of ordnance that have functioned as designed, leaving a harmless
carrier, or ordnance manufactured without explosive, propellant, or pyrotechnic content to serve a
specific training purpose. Inert ordnance poses no explosive hazard to personnel or material."

Installation Restoration Program (IRP). A program within DoD that funds the identification,
investigation, and cleanup of hazardous substances, pollutants, and contaminants associated with
past DoD activities at operating and closing installations and at FUDS.

Institutional controls. Nonengineering measures designed to prevent or limit exposure to hazardous
substances left in place at a site or to ensure effectiveness of the chosen remedy. Institutional
controls are usually, but not always, legal controls, such as easements, restrictive covenants, and
zoning ordinances."

Land use controls. Any type of physical, legal, or administrative mechanism that restricts the use
of, or limits access to, real property to prevent or reduce risks to human health and the environment.
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Lead agency. The agency that provides the on-scene coordinator or remedial project manager to
plan and implement response actions under the National Contingency Plan (NCP). EPA, the U.S.
Coast Guard, another Federal agency, or a State — operating pursuant to a contract or cooperative
agreement executed pursuant to Section 104(d)(1) of CERCLA, or designated pursuant to a
Superfund Memorandum of Agreement (SMOA) entered into pursuant to subpart F of the NCP or
other agreements — may be the lead agency for a response action. In the case of a release or a
hazardous substance, pollutant, or contaminant, where the release is on, or the sole source of the
release is from, any facility or vessel under the jurisdiction, custody or control of a Federal agency,
that agency will be the lead agency.’

Magnetometer. An instrument for measuring the intensity of magnetic fields.

Maximum credible event. The worst single event that is likely to occur from a given quantity and
disposition of ammunition and explosives. Used in hazards evaluation as a basis for effects
calculations and casualty predictions.?

Military munitions. All ammunition products and components produced for or used by the armed
forces for national defense and security, including ammunition products or components under the
control of the Department of Defense, the Coast Guard, the Department of Energy, and the National
Guard. The term includes confined gaseous, liquid, and solid propellants, explosives, pyrotechnics,
chemical and riot control agents, chemical munitions, rockets, guided and ballistic missiles, bombs,
warheads, mortar rounds, artillery ammunition, small arms ammunition, grenades, mines, torpedoes,
depth charges, cluster munitions and dispensers, demolition charges, and devices and components
thereof.

The term does not include wholly inert items, improvised explosive devices, and nuclear weapons,
nuclear devices, and nuclear components, other than non-nuclear components of nuclear devices that
are managed under the nuclear weapons program of the Department of Energy after all required
sanitization operations under the Atomic Energy Act of 1954 (42 U.S.C. 2011 et seq.) have been
completed (10 U.S.C. 101 (e)(4)."

Mishap. An accident or an unexpected event involving DoD ammunition and explosives.’

Most Probable Munition (MPM). For a Munitions Response Site (MRS) the MEC item that has
the greatest hazard distance based on calculations of the explosion effects of the MEC items
anticipated to be found at a site. Typically, the MPM is the MEC item with the greatest
fragmentation or overpressure distance based on the type of munitions that were historically used
at the site.'

Munitions constituents (MC). Any materials originating from unexploded ordnance, discarded
military munitions, or other military munitions, including explosive and nonexplosive materials, and
emission, degradation, or breakdown elements of such ordnance or munitions. (10 U.S.C. 2710
(e)(4))."* Munitions constituents may be subject to other statutory authorities, including but not
limited to CERCLA (42 U.S.C. 9601 et seq.) and RCRA (42 U.S.C. 6901 et seq.).
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Munitions and Explosives of Concern (MEC). This term, which distinguishes specific categories
of military munitions that may pose unique explosives safety risks, means: (1) Unexploded ordnance
(UXO); (2) Discarded military munitions (DMM); or (3) Munitions Constituents (e.g. TNT, RDX)
present in high enough concentrations to pose an explosive hazard. Formerly known as Ordnance
and Explosives (OE)."

Munitions response. Response actions, including investigation, removal and remedial actions to
address the explosives safety, human health, or environmental risks presented by unexploded
ordnance (UXO), discarded military munitions (DMM), or munitions constituents."* The term is
consistent with the definitions of removal and remedial actions that are found in the National
Contingency Plan. The response could be as simple as an administrative or legal controls that
preserve a compatible land use (i.e., institutional controls) or as complicated as a long-term response
action involving sophisticated technology, specialized expertise, and significant resources.

Munitions Response Area (MRA). Any area on a defense site that is known or suspected to contain
UXO, DMM, or MC. Examples include former ranges and munitions burial areas. A munitions
response area is comprised of one or more munitions response sites. An MRA is equivalent to a

response area on a range that was formerly referred to as “closed, transferred or transferring” or
CTT."

Munitions Response Site (MRS). A discrete location within a MRA that is known to require a
munitions response.'*

National Oil and Hazardous Substances Pollution Contingency Plan, or National Contingency
Plan (NCP). The regulations for responding to releases and threatened releases of hazardous
substances, pollutants, or contaminants under CERCLA .’

National Priorities List (NPL). A national list of hazardous waste sites that have been assessed
against the Hazard Ranking System and score above 28.5. The listing of a site on the NPL takes
place under the authority of CERCLA and is published in the Federal Register.’

Obscurant. Man-made or naturally occurring particles suspended in the air that block or weaken
the transmission of a particular part or parts of the electromagnetic spectrum.

On-scene coordinator (OSC). The Federal Official designated by EPA, DoD, or the U.S. Coast
Guard or the official designated by the lead agency to coordinate and direct response actions. Also,
the Federal official designated by EPA or the U.S. Coast Guard to coordinate and direct Federal
responses under subpart D, or the official designated by the lead agency to coordinate and direct
removal actions under subpart E of the NCP.’

Open burning. The combustion of any material without (1) control of combustion air, (2)
containment of the combustion reaction in an enclosed device, (3) mixing for complete combustion,
and (4) control of emission of the gaseous combustion products.®
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Open detonation. A chemical process used for the treatment of unserviceable, obsolete, and/or
waste munitions whereby an explosive donor charge initiates the munitions to be detonated.®

Operational range. A range that is under the jurisdiction, custody, or control of the Secretary of
Defense and (A) that is used for range activities; or (B) although not currently being used for range
activities, that is still considered by the Secretary to be a range and has not been put to a new use
that is incompatible with range activities.'

Overpressure. The blast wave or sudden pressure increase resulting from a violent release of energy
from a detonation in a gaseous medium.’

Practice ordnance. Ordnance manufactured to serve a training purpose. Practice ordnance generally
does not carry a full payload. Practice ordnance may still contain explosive components such as
spotting charges, bursters, and propulsion charges."

Preliminary assessment (PA) and site inspection (SI). A PA/SIis a preliminary evaluation of the
existence of a release or the potential for a release. The PA is a limited-scope investigation based
on existing information. The SI is a limited-scope field investigation. The decision that no further
action is needed or that further investigation is needed is based on information gathered from one
or both types of investigation. The results of the PA/SI are used by DoD to determine if an area
should be designated as a “site” under the Installation Restoration Program. EPA uses the
information generated by a PA/SI to rank sites against Hazard Ranking System criteria and decide
if the site should be proposed for listing on the NPL.

Projectile. An object projected by an applied force and continuing in motion by its own inertia, as
mortar, small arms, and artillery projectiles. Also applied to rockets and to guided missiles.

Propellant. An agent such as an explosive powder or fuel that can be made to provide the necessary
energy for propelling ordnance.

Quantity-distance (Q-D). The relationship between the quantity of explosive material and the
distance separation between the explosive and people or structures. These relationships are based
on levels of risk considered acceptable for protection from defined types of exposures. These are not
absolute safe distances, but are relative protective or safe distances.”

Range. Means designated land and water areas set aside, managed, and used to research, develop,
test and evaluate military munitions and explosives, other ordnance, or weapon systems, or to train
military personnel in their use and handling. Ranges include firing lines and positions, maneuver
areas, firing lanes, test pads, detonation pads, impact areas, and buffer zones with restricted access
and exclusionary areas. (40 CFR 266.601) A recent statutory change added Airspace areas
designated for military use in accordance with regulations and procedures prescribed by the
Administrator of the Federal Aviation Administration. (10 U.S.C. 101 (e)(3))

Reactive soil. Any mixture of explosives in soil, sand, clay, or other solid media at concentrations
such that the mixture itself exhibits any of the properties of reactivity as defined in 40 CFR 261.23.
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Real property. Land, buildings, structures, utility systems, improvements, and appurtenances
thereto. Includes equipment attached to and made part of buildings and structures (such as heating
systems) but not movable equipment (such as plant equipment).

Record of Decision (ROD). A public decision document for a Superfund site that explains the basis
ofthe remedy decision and, if cleanup is required, which cleanup alternative will be used. It provides
the legal record of the manner in which the selected remedy complies with the statutory and
regulatory requirements of CERCLA and the NCP.’

Release. Any spilling, leaking, pumping, pouring, emitting, emptying, discharging, injecting,
escaping, leaching, dumping, or disposing into the environment (including the abandonment or
discarding of barrels, containers, and other closed receptacles containing any hazardous substance
or pollutant or contaminant).'’

Remedial action. A type of response action under CERCLA. Remedial actions are those actions
consistent with a permanent remedy, instead of or in addition to removal actions, to prevent or
minimize the release of hazardous substances into the environment. '’

Remedial investigation and feasibility study (RI/FS). The process used under the remedial
program to investigate a site, determine if action is needed, and select a remedy that (a) protects
human health and the environment; (b) complies with the applicable or relevant and appropriate
requirements; and (c¢) provides for a cost-effective, permanent remedy that treats the principal threat
at the site to the maximum extent practicable. The RI serves as the mechanism for collecting data
to determine if there is a potential risk to human health and the environment from releases or
potential releases at the site. The FS is the mechanism for developing, screening, and evaluating
alternative remedial actions against nine criteria outlined in the NCP that guide the remedy selection
process.

Remedial project manager (RPM). The official designated by the lead agency to coordinate,
monitor, and direct remedial or other response actions.’

Removal action. Short-term response actions under CERCLA that address immediate threats to
public health and the environment.'

Render-safe procedures. The portion of EOD procedures involving the application of special EOD
methods and tools to provide for the interruption of functions or separation of essential components
of UXO to prevent an unacceptable detonation.’

Resource Conservation and Recovery Act (RCRA). The Federal statute that governs the
management of all hazardous waste from cradle to grave. RCRA covers requirements regarding
identification, management, and cleanup of waste, including (1) identification of when a waste is
solid or hazardous; (2) management of waste — transportation, storage, treatment, and disposal; and
(3) corrective action, including investigation and cleanup, of old solid waste management units.°
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Response action. As defined in Section 101 of CERCLA, “remove, removal, remedy, or remedial
action, including enforcement activities related thereto.” As used in this handbook, the term response
action incorporates cleanup activities undertaken under any statutory authority.'’

Solid waste. Any garbage, refuse, sludge from a waste treatment plant, water supply treatment plant,
or air pollution control facility and other discarded material, including solid, liquid, semisolid, or
contained gaseous material resulting from industrial, commercial, mining, and agricultural
operations, and from community activities, but not including solid or dissolved material in domestic
sewage, or solid or dissolved materials in irrigation return flows or industrial discharges that are
point sources subject to permits under Section 402 of the Federal Water Pollution Control Act as
amended, or source, special nuclear, or byproduct material as defined by the Atomic Energy Act of
1954, as amended.® When a military munition is identified as a solid waste is defined in 40 CFR
266.202."

State. The several States of the United States, the District of Columbia, the Commonwealth of
Puerto Rico, Guam, American Samoa, the Virgin [slands, the Commonwealth of Northern Marianas,
and any other territory or possession over which the United States has jurisdiction. Includes Indian

Tribes as defined in CERCLA Chapter 103 § 9671.°

Treatment. When used in conjunction with hazardous waste, means any method, technique, or
process, including neutralization, designed to change the physical, chemical, or biological character
or composition of any hazardous waste so as to neutralize such waste or so as to render such waste
nonhazardous, safer for transport, amenable for recovery, amenable for storage, or reduced in
volume. Such term includes any activity or processing designed to change the physical form or
chemical composition of hazardous waste so as to render it nonhazardous.

Unexploded ordnance (UXO). These Guidelines will use the term “UXO” as defined in the
Military Munitions Rule. “UXO means military munitions that have been primed, fuzed, armed, or
otherwise prepared for action, and have been fired, dropped, launched, projected, or placed in such
a manner as to constitute a hazard to operations, installation, personnel, or material and that remain
unexploded either by malfunction, design, or any other cause.” This definition also covers all

ordnance-related items (e.g., low-order fragments) existing on a non-operational range. (40 CFR Part
266.201, 62 FR 6654, February 12, 1997)."

Warhead. The payload section of a guided missile, rocket, or torpedo.

Sources:

1. Department of Defense. EM 1110-1-4009. June 23, 2000.

U.S. Army Corps of Engineers Pamphlet No. 1110-1-18, “Engineering and Design Ordnance and Explosives

Response,” April 24, 2000.

DoD 6055.9-STD, Department of Defense Ammunition and Explosives Safety Standards.

4. Federal Advisory Committee for the Development of Innovative Technologies, “Unexploded Ordnance (UXO):
An Overview,” Naval Explosive Ordnance Disposal Technology Division, UXO Countermeasures Department,
October 1996.

5. National Oil and Hazardous Substances Pollution Contingency Plan (more commonly called the National
Contingency Plan), 40 C.F.R. § 300 et seq.
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12.

13.

14.

Department of Defense Directive 6055.9. “DoD Explosives Safety Board (DDESB) and DoD Component
Explosives Safety Responsibilities,” July 29, 1996.

Resource Conservation and Recovery Act (RCRA), 42 U.S.C. § 6901 et seq.

Department of Defense. Policy to Implement the EPA’s Military Munitions Rule. July 1, 1998.

Joint Publication 1-02, “DoD Dictionary of Military and Associated Terms,” April 12, 2001.

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), 42 U.S.C. § 9601 et seq.
Military Munitions Rule: Hazardous Waste Identification and Management; Explosives Emergencies; Manifest
Exception for Transport of Hazardous Waste on Right-of-Ways on Contiguous Properties, Final Rule, 40 C.F.R.
§ 260 et seq.

Former Fort Ord, California, Draft Ordnance Detection and Discrimination Study Work Plan, Sacramento District,
U.S. Army Corps of Engineers. Prepared by Parsons. August 18, 1999.

EPA Federal Facilities Restoration and Reuse Office. Institutional Controls and Transfer of Real Property Under
CERCLA Section 120(h)(3)(A4), (B), or (C), Interim Final Guidance, January 2000.

Department of Defense Memorandum,“Definitions Related to Munitions Response Actions,” from the Office of
the Under Secretary of Defense, December 18, 2003.
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ARAR
ATR
ATSDR
ATV
BIP
BRAC
CERCLA
CSM
DDESB
DERP
DGPS
DMM
DoD
DOE
DQO
EMI
EMR
EOD
EPA
EPCRA
ESS
FFA
FFCA
FUDS
GIS
GPR
GPS
HMX
IAG

IR

IRIS
JPGTD
JUXOCO
MCE
MEC
MRA
MRS
MTADS
NCP
NPL
OB/OD
PA/SI
PEP

Acronyms

ACRONYMS

applicable or relevant and appropriate requirements
aided or automatic target recognition

Agency for Toxic Substances and Disease Registry
autonomous tow vehicle

blow-in-place

Base Realignment and Closure Act
Comprehensive Environmental Response, Compensation, and Liability Act
conceptual site model

Department of Defense Explosives Safety Board
Defense Environmental Restoration Program
differential global positioning system

discarded military munitions

Department of Defense

Department of Energy

data quality objective

electromagnetic induction

electromagnetic radiation

explosive ordnance disposal

Environmental Protection Agency

Emergency Planning and Community Right-to-Know Act
Explosives Safety Submission

Federal facility agreement

Federal Facility Compliance Act

Formerly Used Defense Sites

geographic information system

ground-penetrating radar

global positioning system

Her Majesty’s Explosive, High Melting Explosive
interagency agreement

infrared

Integrated Risk Information System

Jefferson Proving Ground Technology Demonstration Program
Joint UXO Coordination Office

maximum credible event

munitions and explosives of concern

munitions response area

munitions response site

Multisensor Towed-Array Detection System
National Contingency Plan

National Priorities List

open burning/open detonation

preliminary assessment/site inspection

propellants, explosives, and pyrotechnics
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PPE
PRG

QA/QC

RCRA
RDX
RF
RI/FS
ROD
RSP
SAR
SARA
SERDP
TNT
USACE
USAEC
UWB
UXxo

Acronyms

personal protective equipment

preliminary remediation goal

quality assurance/quality control
quantity-distance

Resource Conservation and Recovery Act
Research Demolition Explosive

radio frequency

remedial investigation/feasibility study

Record of Decision

render-safe procedure

synthetic aperture radar

Superfund Amendments and Reauthorization Act
Strategic Environmental Research and Development Program
2,4,6-Trinitrotoluene

U.S. Army Corps of Engineers

U.S. Army Environmental Center

ultra wide band

unexploded ordnance
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1.0 INTRODUCTION
1.1 Overview

This handbook has been written for regulators and the interested public to facilitate
understanding of the wide variety of technical issues that surround the munitions response actions
at current and former Department of Defense (DoD) facilities (see text box below). The handbook
is designed to provide a common nomenclature to aid in the management of munitions and
explosives of concern (MEC) which includes:

C Unexploded ordnance (UXO),

C Abandoned and/or buried munitions (discarded military munitions, or DMM), and

C Soil with properties that are reactive and/or ignitable due to contamination with
munitions constituents.

The definition of MEC also includes facilities and equipment; however, the focus of this handbook
is on the three items above.

The handbook also discusses common chemical residues (called munitions constituents) of
explosives that may or may not retain reactive and/or ignitable properties but could have a potential
impact on human health and the environment through a variety of pathways (surface and subsurface,
soil, air and water).

Why Does This Handbook Focus on Munitions Response Areas/Sites?

EPA’s major regulatory concern is MRAs that were former ranges and sites where the industrial activity may have
ceased and MEC and munitions constituents may be present. This focus occurs for several reasons:

C MRAsare often either in or about to be in the public domain. EPA, States, Tribes, and local governments have
regulatory responsibility at the Base Realignment and Closure Act (BRAC) facilities and the Formerly Used
Defense Sites (FUDS) that represent a significant portion of those sites.

C EPA, States, Tribes, and local governments have encountered numerous instances where issues have been
raised about whether former defense sites are safe for both their current use and the uses to which they may
be put in the future.

C Ranges at active bases may have been taken out of service as a range and could be put to multiple uses in the
future that may not be compatible with the former range use.

C The most likely sites where used and fired military munitions will be a regulated solid waste, and therefore
a potential hazardous waste, are at defense sites that were formerly used as ranges.

C Other sites that are addressed by this handbook include nonrange defense sites where MEC may be
encountered, such as scrap yards, disposal pits, ammunition plants, DoD ammunition depots, and research and
testing facilities.

C Finally, EPA anticipates that the military will oversee and manage environmental releases at their active and
inactive ranges and at permitted facilities as part of their compliance program.

For the purposes of simplifying the discussion, when the term munitions and explosives of
concern (MEC) is used, the handbook is referring to the three groups listed above. When the
handbook is referring to chemical residues that may or may not have reactive and/or ignitable
characteristics, they are called munitions constituents (MC).
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Buried or stored bulk explosives are not often found at former ranges, but may be found at
other MRSs (e.g., old manufacturing facilities). Although bulk explosives are not explicitly
identified as a separate MEC item, the information in this handbook often applies to bulk explosives,
as well as other MEC items.

The handbook is designed to facilitate a common understanding of the state of the art of
MEC detection and munitions response, and to present U.S. Environmental Protection Agency
(EPA) guidance on the management of munitions response actions. The handbook is currently
organized into 10 chapters that are designed to be used as resources for regulators and the public.
Each of the chapters presents basic information and defines key terms. The handbook is a living
document and future revisions are likely. A number of areas covered by the handbook are the subject
of substantial ongoing research and development and may change in the future (see text box below).
Therefore, the handbook is presented in a notebook format so that replacement pages can be inserted
as new technical information becomes available and as policies and procedures evolve.
Replacement pages will be posted on the Federal Facilities Restoration and Reuse Office web page,
a website of the Office of Solid Waste and Emergency Response (www.epa.gov/swerfftr).

Policy Background on Range Cleanup

The regulatory basis for MEC investigation and cleanup is evolving. This handbook has been prepared within the
context of extensive discussion involving Congress, DoD, EPA, Federal land managers, States, Tribes, and the
public about the cleanup and regulation of MRSs ranges.

1.2 The Common Nomenclature

Listed below are selected key terms that are necessary for understanding the scope of this
handbook (see text box at right). For additional definitions, the user is directed to the glossary at the
beginning of this document.

Changing Terminology

The terminology related to munitions and explosives of concern and related activities, is evolving. On December 18,
2003, the Department of Defense published a memorandum titled Definitions Related to Munitions Response Actions.
The memorandum explained that these definitions are part of an evolving effort to implement a Military Munitions
Response Program (MMRP) and are designed to “promote understanding, provide clarity, and consistency in both
internal and external discussions.” The most current terms and definitions from the Department of Defense are used
in this publication. However, previously existing publications and references may use older terminology such as
“ordnance and explosives (OE)” to refer to MEC and “closed, transferring, and transferred (CTT) ranges” to refer
to ranges that are no longer operational. Titles of, and quotes from, these prior documents have not been changed.
to reflect the new terms.

1. Unexploded ordnance — The term UXO, or unexploded ordnance, means military
munitions that have been primed, fuzed, armed, or otherwise prepared for action, and
have been fired, dropped, launched, projected, or placed in such a manner as to
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constitute a hazard to operations,
installations, personnel, or material | About These Definitions
and remain unexploded either by
malfunction, design, or any other
cause.

The user of this handbook should be aware that the
definitions below are not necessarily official or
regulatory definitions. Instead, they are an attempt to
“translate” the formal definition into “plain English.”
2. Range — The term “range,” when However, the glossary associated with this handbook
used in a geographic sense, means uses official definitions when available. Those
. definitions that come from official sources (e.g.,

a designated land or water area

. . statutes, regulations, formal policy, or standards) are
that is set aside, managed, and appropriately footnoted. The user should not rely on

used for range activities of the | the definitions in this chapter or the glossary for legal
Department of Defense. Such | understanding ofakey term, but should instead refer to

terms includes the following: (a) the promulgated and/or other official documents.
firing lines and positions,
maneuver areas, firing lanes, test
pads, detonation pads, impact areas, electronic scoring lines, buffer zones with
restricted access, and exclusionary areas; (b) airspace areas designated for military use
in accordance with regulations and procedures prescribed by the administrator of the
Federal Aviation Commission.

3. Operational range — A range that is under the jurisdiction, custody, or control of the
Secretary of Defense and (a) that is used for range activities, or (b), although not
currently used for range activities, that is still considered by the Secretary of Defense
to be a range and has not been put to a new use that is incompatible with range
activities.'

4.  Munitions and Explosives of Concern (MEC) — This term, which distinguishes
specific categories of military munitions that may pose unique explosives safety risks,
means: (1) unexploded ordnance (UXO), (2) discarded military munitions (DMM) (e.g.,
buried munitions), or (3) munitions constituents (e.g., TNT, RDX) present in high
enough concentrations to pose an explosive hazard. Formerly called ordnance and
explosives (OE).'®

5. Munitions Response Area (MRA). Any area on a defense site that is known or
suspected to contain UXO, DMM, or MC. Examples include former ranges and
munitions burial areas. A munitions response area is a large area where MEC may be
known or suspected to be present. An MRA is typically comprised of one or more
munitions response sites.

6. Munitions Response Site (MRS). A discrete location within a MRA that is known to
require a munitions response.

7. Discarded Military Munitions (DMM). Military munitions that have been abandoned
without proper disposal or removed from storage in a military magazine or other storage
area for the purpose of disposal. The term does not include unexploded ordnance,
military munitions that are being held for future use or planned disposal, or military
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10.

11.

12.

13.

14.

munitions that have been properly disposed of consistent with applicable environmental
laws and regulations. It does include buried munitions that have been disposed of with
or without authorization.

Buried munitions — Buried munitions are used or unused military munitions that have
been intentionally discarded and buried under the land surface with the intent of
disposal. The overarching term for buried munitions is discarded military munitions.

Defense sites — Locations that are or were owned by, leased to, or otherwise possessed
or used by the Department of Defense. The term does not include any operational range,
operating storage or manufacturing facility, or facility that is used for or was permitted
for the treatment or disposal of military munitions.

Explosive soil — Soil is considered explosive when it contains concentrations of
explosives or propellants such that an explosion hazard is present and the soil is reactive
or ignitable.

Munitions constituents — This term refers to the chemical constituents of military
munitions that remain in the environment, including (1) residuals of munitions that
retain reactive and/or ignitable properties, and (2) chemical residuals of explosives that
are not reactive and/or ignitable but may pose a potential threat to human health and the
environment through their toxic properties.

Anomaly — The term is applied to any identified subsurface mass that may be geologic
in origin, UXO, or some other man-made material. Such identification is made through
geophysical investigations and reflects the response of the sensor used to conduct the
investigation.

Clearance — The removal of UXO from the surface or subsurface at active and
inactive ranges. This term used to be in widespread use at ranges that are no longer
operational. Many published documents use this term when referring to removal of
MEC at MRSs. The official term now used is Munitions Response (see below).

Munitions response — Response actions, including investigation and removal and
remedial actions to address the explosives safety, human health, or environmental risks
presented by UXO, discarded military munitions (DMM), or munitions constituents.
The term is consistent with the definitions of removal and remedial actions that are
found in the National Contingency Plan. The response could be as simple as
administrative or legal controls that preserve a compatible land use (i.e., institutional
controls) or as complicated as a long-term response action involving sophisticated
technology, specialized expertise, and significant resources.
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1.3 Organization of This Handbook
The remaining nine chapters of this handbook are organized as follows:

Chapter 2 — Regulatory Overview

Chapter 3 — Characteristics of Ordnance and Explosives
Chapter 4 — Detection of UXO and Buried Munitions
Chapter 5 — Response Technologies

Chapter 6 — Explosives Safety

Chapter 7 — Planning OE Investigations

Chapter 8 — Devising Investigation and Response Strategies
Chapter 9 — Underwater Ordnance and Explosives

Chapter 10 — Chemical Munitions and Agents

At the end of each chapter is a section titled “Sources and Resources.” The information on
those pages directs the reader to source material, websites, and contacts that may be helpful in
providing additional information on subjects within the chapter. In addition, it documents some of
the publications and materials used in the preparation of this handbook.

The handbook is organized in a notebook format because of the potential for change in a
number of important areas, including the regulatory framework and detection and remediation
technologies. Notes are used to indicate that a section is under development.

Warning

Unexploded ordnance poses a threat to life and safety. All areas suspected of having UXO should be considered
unsafe, and potential UXO items should be considered dangerous. All UXO should be considered fuzed and
capable of detonation. Only qualified UXO technicians or military explosive ordnance disposal (EOD) personnel
should consider handling suspected or actual UXO. All entry into suspected UXO areas should be with qualified
UXO technicians or EOD escorts.
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2.0 REGULATORY OVERVIEW

Munitions response actions are governed by numerous Federal, State, Tribal and local laws
and may involve interaction among multiple regulatory and nonregulatory authorities.

On March 7,2000, the U.S. Environmental Protection Agency and the Department of Defense
entered into an interim final agreement to resolve some of the issues between the two agencies.'
Some of the central management principles developed by DoD and EPA are quoted in the next text
box. A number of other important issues are addressed by the principles, which are reprinted as an
attachment to this chapter. Some of these will be referred to in other parts of this regulatory
overview, as well as in other chapters of this handbook.

The discussion that follows describes the current regulatory framework for munitions
response actions identifies issues that remain uncertain, and identifies specific areas of regulatory
concern. The reader should be aware that interpretations may change and that final EPA and DoD
policy guidance and/or regulations may alter some assumptions.

Key DoD/EPA Interim Final Management Principles

C The legal authorities that support site-specific munitions response actions include, but are not limited to:
CERCLA, as delegated by Executive Order (EO 12580) and the National Oil and Hazardous Substances
Pollution Contingency Plan (the National Contingency Plan, or NCP); the Defense Environmental Restoration
Program (DERP); and the standards of the DoD Explosives Safety Board (DDESB).

C A process consistent with CERCLA and these management principles will be the preferred response
mechanisms used to address MEC. This process is expected to meet any RCRA corrective action
requirements.

C DoD will conduct munitions response actions when necessary to address explosives safety, human health, and
the environment. DoD and the regulators must consider explosives safety in determining the appropriate
response actions.

C DoD and EPA commit to the substantive involvement of States and Indian Tribes in all phases of the response
process, and acknowledge that States and Indian Tribes may be the lead regulators in some cases.

C Public involvement in all phases of the response process is considered to be crucial to the effective
implementation of a response.

C These principles do not affect Federal, State, and Tribal regulatory or enforcement powers or authority... nor
do they expand or constrict the waiver of sovereign immunity by the United States in any environmental law.

Finally, it is not the purpose of this chapter to provide detailed regulatory analysis of issues
that should be decided site-specifically. Instead, this chapter discusses the regulatory components of
decisions and offers direction on where to obtain more information (see “Sources and Resources” at
the end of this chapter).

'DoD, Deputy Under Secretary of Defense for Environmental Security, and U.S. EPA Office of Solid Waste
and Emergency Response. Interim Final Management Principles for Implementing Response Actions at Closed,
Transferring, and Transferred (CTT) Ranges, March 7,2000. These principles are provided in their entirety at the end
of this chapter.
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2.1 Regulatory Overview

As recognized in the DoD/EPA Interim Final Management Principles cited above and in
EPA’s draft MEC policy,” the principal regulatory programs that guide the cleanup of MRSs ranges
include CERCLA, the Defense Environmental Restoration Program (DERP), and the requirements
of the DoD Explosives Safety Board (DDESB). In addition, the principles assert a preference for
cleanups that are consistent with CERCLA and the CERCLA response process. A number of other
regulatory processes provide important requirements.

Federal, State, and Tribal laws applicable to off-site response actions (e.g., waste material
removed from the contaminated site or facility), must be complied with. In addition, State regulatory
agencies will frequently use their own hazardous waste authorities to assert their role in oversight of
range investigation and cleanup. The RCRA program provides a particularly important regulatory
framework for the management of munitions response actions. The substantive requirements of the
Resource Conservation and Recovery Act (RCRA) must be achieved when response proceeds under
CERCLA and if those requirements are either
applicable, or relevant and appropriate (ARAR)
to the site situation (see Section 2.1.4).
Substantive requirements of other Federal, State | Each service has its own set of instructions on how to

and Tribal environmental laws must also be met | comply with environmental regulations. These are

when such laws are ARARSs usually expressed as standards or regulations (e.g.,
' Army uses AR 200-1 and 200-2 for environmental

The following sections briefly describe regulations). Some of the commonly referred to DoD
the Federal reeulato roorams that mav be regulations are listed in the “Sources and Resources”
. . g Ty prog y section of this chapter but are not discussed here.
important in the management of munitions
response actions.

Military Instructions

2.1.1 Defense Environmental Restoration Program

Although the Department of Defense has been implementing its Installation Restoration
Program since the mid-1970s, it was not until the passage of the Superfund Amendments and
Reauthorization Act of 1986 (SARA), which amended CERCLA, that the program was formalized
by statute. Section 211 of SARA established the Defense Environmental Restoration Program
(DERP), to be carried out in consultation with the Administrator of EPA and the States (including
Tribal authorities). In addition, State, Tribal, and local governments are to be given the opportunity
to review and comment on response actions, except when emergency requirements make this
unrealistic. The program has three goals:

1. Cleanup of contamination from hazardous substances, pollutants, and contaminants,
consistent with CERCLA cleanup requirements as embodied in Section 120 of
CERCLA and the National Oil and Hazardous Substances Pollution Contingency Plan
(NCP).

2. Correction of environmental damage, such as the detecting and disposing of
unexploded ordnance, that creates an imminent and substantial endangerment to

EPA, Office of Solid Waste and Emergency Response, Federal Facilities Restoration and Reuse Office. Policy
for Addressing Ordnance and Explosives at Closed, Transferring, and Transferred Ranges and Other Sites, July 16,
2001, Draft.
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public health and the environment.
3. Demolition and removal of unsafe buildings and structures, including those at
formerly used defense sites (FUDS).

2.1.2 CERCLA

CERCLA (otherwise known as Superfund) is an important Federal law that provides for the
cleanup of releases of hazardous substances, pollutants, or contaminants. The National Oil and
Hazardous Substances Pollution Contingency Plan (NCP) (40 CFR 300) provides the blueprint to
implement CERCLA. Although the Federal Government (through EPA and/or the other Federal
agencies) is responsible for implementation of CERCLA, the States, Federally recognized Tribal
governments, and communities play a significant role in the law’s implementation.

CERCLA (Section 104) authorizes a response when:

C There is a release or threat of a release of a hazardous substance into the environment,
or

C There is a release or threat of a release into the environment of any pollutant or
contaminant that may present an imminent and substantial danger to the public health
or welfare.

The CERCLA process (described briefly below) examines the nature of the releases (or
potential releases) to determine if there is an unacceptable threat to human health and the
environment.

The principal investigation and cleanup processes implemented under CERCLA may involve
removal or remedial actions. Generally, they involve the following:

1. Removal actions are time-sensitive actions often designed to address emergency
problems or immediate concerns, or to put in place a temporary or permanent remedy
to abate, prevent, minimize, stabilize, or mitigate a release or a threat of release.

2. Remedial actions are actions consistent with a permanent remedy, taken instead of
or in addition to removal actions to prevent or minimize the release of hazardous
substances. Remedial actions often provide for a more detailed and thorough
evaluation of risks and response options than removal actions. In addition, remedial
actions have as a specific goal attaining a remedy that “permanently reduces the
volume, toxicity, or mobility of hazardous substances, pollutants, or contaminants.”

Whether a removal or remedial action is undertaken is a site-specific determination. In either
case, the process generally involves a number of steps, including timely assessment of whether a
more comprehensive investigation is required, a detailed investigation of the site or area to determine
ifthere is unacceptable risk, and identification of appropriate alternatives for cleanup, documentation
of the decisions, and design and implementation of a remedy. As noted in the DoD and EPA Interim
Final Management Principles, CERCLA response actions may include removal actions, remedial
actions, or a combination of the two.
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DoD/EPA Interim Final Management Principles Related to Response Actions

DoD components may conduct CERCLA response actions to address explosives safety hazards, to include UXO,
at MRSs ranges per the NCP. Response activities may include removal actions, remedial actions, or a combination
of the two.

For the most part, the CERCLA process is implemented at three kinds of sites:

C Sites placed on the National Priorities List (NPL) (both privately owned sites and
those owned or operated by governmental entities). These are sites that have been
assessed using a series of criteria, the application of which results in a numeric score.
Those sites that score above 28.5 are proposed for inclusion on the NPL. The listing
of a site on the NPL is a regulatory action that is published in the Federal Register.
Both removal and remedial actions can be implemented at these sites.

C Private-party sites that are not placed on the NPL but are addressed under the removal
program.’
C Non-NPL sites owned or controlled by Federal agencies (e.g., Department of Defense,

Department of Energy). Both removal and remedial actions may be implemented at
these sites. These sites generally are investigated and cleaned up in accordance with
CERCLA.

Interim Final Management Principles and Response Actions

The Interim Final Management Principles signed by EPA and DoD make a number of statements that bring key
elements of the Superfund program into a range cleanup program regardless of the authority under which it is
conducted. Some of the more significant statements of principle are quoted here:

C Characterization plans seek to gather sufficient site-specific information to identify the location, extent, and type
of any explosives safety hazards (particularly UXO), hazardous substances, pollutants or contaminants, and
“other constituents”; identify the reasonably anticipated future land uses; and develop and evaluate effective
response alternatives.

C Insome cases, explosives safety, cost, and/or technical limitations may limit the ability to conduct a response
and thereby limit the reasonably anticipated future land uses....

C DoD will incorporate any Technical Impracticability (TT) determinations and waiver decisions in appropriate
decision documents and review those decisions periodically in coordination with regulators.

C Final land use controls for a given MRS will be considered as part of the development and evaluation of the
response alternatives using the nine criteria established under CERCLA regulations (i.e., NCP)....This will
ensure that any land use controls are chosen based on a detailed analysis of response alternatives and are not
presumptively selected.

C DoD will conduct periodic reviews consistent with the Decision Document to ensure long-term effectiveness
of the response, including any land use controls, and allow for evaluation of new technology for addressing
technical impracticability determinations.

The authority to implement the CERCLA program is granted to the President of the United
States. Executive Order 12580 (January 23, 1987) delegates most of the management of the program

3Generally, actions taken at private party sites that are not NPL sites are removal actions. However, in some
cases, remedial response actions are taken at these sites as well.
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to the Environmental Protection Agency. However, DoD, and the Department of Energy (DOE), and
other Federal land managers (e.g., Department of Interior), are delegated response authority at their
non-NPL facilities, for remedial actions and removal actions other than emergencies. They must still
consult with Federal, State, and Tribal regulatory authorities, but make the “final” decision at their
sites. DoD and DOE are delegated responsibility for response authorities at NPL facilities as well.
When a DoD or DOE facility is on the NPL, however, under Section 120, EPA must concur with the
Record of Decision (decision document).

Whether EPA concurrence is required or not, EPA and the States have substantial oversight
responsibilities that are grounded in both the CERCLA and DERP statutes, such as the following:

C

Extensive State and Tribal involvement in the removal and remedial programs is
provided for (CERCLA Section 121(f)). A number of very specific provisions
addressing State and Tribal involvement are contained in the NCP (particularly, but
not exclusively, subpart F).

Notification requirements apply to all removal actions, no matter what the time
period. Whether or not the notification occurs before or after the removal is a
function of time available and whether it is an emergency action. State, Tribal, and
community involvement is related to the amount of time available before a removal
action must start. If the removal action will not be completed within 4 months (120
days), then a community relations plan is to be developed and implemented. If the
removal action is a non-time-critical removal action, and more than 6 months will
pass before it will be initiated, issuance of the community relations plan, and review
and comment on the proposed action, occurs before the action is initiated, (National
Contingency Plan, 40 CFR 300.415).

In addition, DERP also explicitly discusses State involvement with regard to releases of
hazardous substances:

C

DoD is to promptly notify Regional EPA and appropriate State and local authorities
of (1) the discovery of releases or threatened releases of hazardous substances and the
extent of the threat to public health and the environment associated with the release,
and (2) proposals made by DoD to carry out response actions at these sites, and of the
start of any response action and the commencement of each distinct phase of such
activities.

DoD must ensure that EPA and appropriate State and local authorities are consulted
(i.e., have an opportunity to review and comment) at these sites before taking
response actions (unless emergency circumstances make such consultation
impractical) (10 U.S.C. § 2705).

2.1.3 CERCLA Section 120

Section 120 of CERCLA is explicit as to the manner in which CERCLA requirements are to
be carried out at Federal facilities. Specifically, Section 120 mandates the following:

C

Federal agencies (including DoD) are subject to the requirements of CERCLA in the
same manner as nongovernmental entities.
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C The guidelines, regulations, and other criteria that are applicable to assessments,
evaluations, and remedial actions by other entities apply also to Federal agencies.

C Federal agencies must comply with State laws governing removal and remedial
actions to the same degree as private parties when such facilities are not included on
the NPL.

C When the facility or site is on the NPL, an interagency agreement (IAG) is signed

between EPA and the Federal agency to ensure expeditious cleanup of the facility.
This IAG must be signed within 6 months of completion of EPA review of a remedial
investigation/feasibility study (RI/FS) at the facility.

C When hazardous substances were stored for one or more years, and are known to have
been released or disposed of, each deed transferring real property from the United
States to another party must contain a covenant that warrants that all remedial actions
necessary to protect human health and the environment with respect to any such
[hazardous] substance remaining on the property have been taken (120(h)(3)).*

C Amendments to CERCLA (Section 120(h)(4)) through the Community Environmental
Response Facilitation Act (CERFA, PL 102-426) require that EPA (for NPL
installations) or the States (for non-NPL installations) concur with uncontaminated
property determinations made by DoD.

2.1.4 Resource Conservation and Recovery Act (RCRA)

The Federal RCRA statute governs the management of all hazardous waste from generation
to disposal, also referred to as “cradle to grave” management of hazardous waste. RCRA
requirements include:

C Identification of when a material is a solid or hazardous waste
C Management of hazardous waste — transportation, storage, treatment, and disposal
C Corrective action, including investigation and cleanup, of solid waste management

units at facilities that treat, store, or dispose of hazardous waste

The RCRA requirements are generally implemented by the States, which, once they adopt
equivalent or more stringent standards, act through their own State permitting and enforcement
processes in lieu of EPA’s to implement the program. Thus, each State that is authorized to
implement the RCRA requirements may have its own set of hazardous waste laws that must be
considered.

When on-site responses are conducted under CERCLA, the substantive (as opposed to
administrative) RCRA requirements may be considered to be either applicable, or relevant and
appropriate, and must be complied with accordingly; however, DoD, the lead agency, need not obtain
permits for on-site cleanup activities. Similarly, all substantive requirements of other Federal and
State environmental laws that are ARARs must be met under CERCLA.

“Under CERCLA §120(h)(3)(C), contaminated property may be transferred outside the Federal Government
provided the responsible Federal agency makes certain assurances, including that the property is suitable for transfer
and that the cleanup will be completed post-transfer.
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The Federal Facility Compliance Act of
1992, or FFCA (PL 102-386), amended RCRA.
FFCA required the EPA Administrator to | According to the Military Munitions Rule, a military
identify when military munitions become | munition is all ammunition products and components

hazardous wastes regulated under RCRA produced or used by or for DoD or the U.S. Armed
Services for national defense and security.

What Is a Military Munition?

Subtitle C, and to provide for the safe transport
and storage of such waste.

As required by the FFCA, EPA promulgated the Military Munitions Rule (62 FR 6622,
February 12, 1997; the Munitions Rule), which identified when conventional and chemical military
munitions become solid wastes, and therefore potentially hazardous wastes subject to the RCRA
Subtitle C hazardous waste management requirements. Under the rule, routine range clearance
activities — those directed at munitions used for their intended purpose at active and inactive ranges
— are deemed to not render the used munition a regulated solid or potential hazardous waste. The
phrase “used for their intended purpose” does not apply to on-range disposal (e.g., recovery,
collection, and subsequent burial or placement in a landfill). Such waste will be considered a solid
waste (and potential hazardous waste) when burial is not a result of a product use.

Unused munitions are not a solid or Unused Munitions Are a Solid (and Potentially
hazardous waste when being managed (e.g., | Hazardous) Waste When They Are...
§t0red or transported) in conjunction with their ¢ Discarded and buried in an on-site landfill
intended use. They may become regulated as a C Destroyed through open burning and/or open

solid waste and potential hazardous waste under detonation or some other form of treatment
certain circumstances. An unused munition is C Deteriorated to the point where they cannot be
not a solid waste or potential hazardous waste used, repaired, or recycled or used for other
When. It 1s be'lng repaired, reused, recycled, C Il){irrlr)l?)i/eesd from storage for the purposes of
reclaimed, disassembled, reconfigured, or disposal

otherwise subjected to materials recovery | ¢ Designated as solid waste by a military official

actions.

Finally, the Military Munitions Rule
provides an exemption from RCRA procedures
(e.g., permitting or manifesting) and substantive

Used or Fired Munitions

Military munitions that (1) have been primed, fuzed,

requirements (e.g., risk assessment for open | amed, or otherwise prepared for action and have been
burning/open detonation, Subpart X) in the | fired, dropped, launched, projected, placed, or
response to an explosive or munitions | otherwise used; (2) are munitions fragments (e.g.,
shrapnel, casings, fins, and other components that
result from the use of military munitions); or (3) are
malfunctions or misfires.

emergency. The rule defines an explosive or
munitions emergency as:

A situation involving the suspected or
detected presence of unexploded ordnance
(UXO), damaged or deteriorated explosives or munitions, an improvised explosive device (IED) or
other potentially harmful chemical munitions or device that creates an actual or potential imminent
threat to human health, including safety or the environment.

In general, the emergency situations described in this exemption parallel the CERCLA
description of emergency removals — action must be taken in hours or days. However, the decision
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as to whether a permit exemption is required is made by an explosives or munitions emergency
response specialist.

2.1.5 Department of Defense Explosives Safety Board (DDESB)

The DDESB was established by Congress in 1928 as a result of a major disaster at the Naval
Ammunition Depot in Lake Denmark, New Jersey, in 1926. The accident caused heavy damage to
the depot and surrounding areas and communities, killed 21 people, and seriously injured 51 others.
The mission of the DDESB is to provide objective expert advice to the Secretary of Defense and the
Service Secretaries on matters concerning explosives safety, as well as to prevent hazardous
conditions for life and property, both on and off DoD installations, that result from the presence of
explosives and the environmental effects of DoD munitions. The roles and responsibilities of the
DDESB were expanded in 1996 with the issuance of DoD Directive 6055.9, on July 29, 1996. The
directive gives DDESB responsibility for serving as the DoD advocate for resolving issues between
explosives safety standards and environmental standards.

DDESB is responsible for promulgating safety requirements and overseeing their
implementation throughout DoD. These requirements provide for extensive management of explosive
materials, such as the following:

C Safe transportation and storage of munitions
C Safety standards for the handling of different kinds of munitions
C Safe clearance of real property that may be contaminated with munitions

Chapter 6 expands on and describes the roles and responsibilities of DDESB, as well as
outlines its safety and real property requirements.

In addition to promulgating safety requirements, DDESB has established requirements for the
submission, review, and approval of Explosives Safety Submissions for all DoD responses regarding
UXO at FUDS and at BRAC facilities.

DoD/EPA Interim Final Management Principles Related to DDESB Standards

C In listing the legal authorities that support site-specific response actions, the management principles list
CERCLA, DERP, and the DDESB together.

C With regard to response actions, in general the principles state that “DoD and the regulators must consider
explosives safety in determining the appropriate response actions.”

C Regarding response actions under CERCLA, the principles state that “Explosives Safety Submissions (ESS),
prepared, submitted, and approved per DDESB requirements, are required for Time-Critical Removal Actions,
Non-Time-Critical Removal Actions, and Remedial Actions involving explosives safety hazards, particularly
UXxo.”

2.2 Conclusion

The regulatory framework for the management of munitions response actions is both complex
and extensive. The DoD/EPA Interim Final Management Principles for Implementing Response
Actions at Closed, Transferring, and Transferred (CTT) Ranges were a first step to providing guiding
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principles to the implementation of these requirements. EPA’s own draft policy for addressing
munitions and explosives of concern is another step. As DoD works with EPA, States, and Tribal
organizations and other stakeholders to consider the appropriate nature of range regulation at MRSs,
it is expected that the outlines of this framework will evolve further.

Dialogue will continue over the next few years on a number of important implementation
issues, including many that are addressed in this handbook. For this reason, the handbook is presented
in a notebook format. Sections of this handbook that become outdated can be updated with the new
information.
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SOURCES AND RESOURCES

The following publications, offices, laboratories, and websites are provided as a guide for
handbook users to obtain additional information about the subject matter addressed in each chapter.
Several of these publications, offices, laboratories, or websites were also used in the development of
this handbook.
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(UXO) Clearance, Active Range UXO Clearance, and Explosive Ordnance Disposal (EOD)
Programs. Washington, DC: Department of Defense, Office of the Under Secretary of Defense for
(Acquisition and Technology), Apr. 1998.

U.S. Department of Defense, Operation and Environmental Executive Steering Committee for
Munitions (OEESCM). Munitions Action Plan: Maintaining Readiness through Environmental
Stewardship and Enhancement of Explosives Safety in the Life Cycle Management of Munitions.
Nov. 2001.

U.S. Department of Defense and U.S. Environmental Protection Agency. Management Principles
Jor Implementing Response Actions at Closed, Transferring, and Transferred (CTT) Ranges.
Interim final. Mar. 7, 2000.

U.S. EPA, Federal Facilities Restoration and Reuse Office. EPA Issues at Closed, Transferring, and
Transferred Military Ranges. Letter to the Deputy Under Secretary of Defense (Environmental
Security), Apr. 22, 1999.

Information Sources

U.S. Department of Defense

Washington Headquarters Services

Directives and Records Branch (Directives Section)
http://www.dtic.mil/whs/directives

Department of Defense Environmental Cleanup (contains reports, policies, general
publications, as well as extensive information about BRAC and community involvement)
http://www.dtic.mil/envirodod/index.html

Department of Defense Explosives Safety Board (DDESB)
2461 Eisenhower Avenue

Alexandria, VA 22331-0600

Fax: (703) 325-6227

http://www.ddesb.pentagon.mil
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Department of Defense, Office of the Deputy Under Secretary of Defense
(Installations and Environment, formerly Environmental Security)
http://www.acq.osd.mil/ens/

Environmental Protection Agency
Federal Facilities Restoration and Reuse Office
http://www.epa.gov/swerffrr/

Environmental Protection Agency

Office of Solid Waste

RCRA, Superfund, and EPCRA Hotline

Tel: (800) 424-9346 — Toll free

(703) 412-9810 — Metropolitan DC area and international calls, (800) 553-7672 — Toll free TDD
(703) 412-3323 — Metropolitan DC area and international TDD calls
http://www.epa.gov/epaoswer/hotline

U.S. Army Corps of Engineers

U.S. Army Engineering and Support Center

Ordnance and Explosives Mandatory Center of Expertise
P.O. Box 1600

4820 University Square

Huntsville, AL 35807-4301
http://www.hnd.usace.army.mil/

Guidance

U.S. Air Force. Environmental Restoration Programs. Air Force Instruction (AFI) 32-7020, Feb.
7,2001.

U.S. Air Force. Air Quality Compliance. AF1 32-7040, May 9, 1994.

U.S. Air Force. Cultural Resources Management. AF1 32-7065, June 13, 1994.

U.S. Air Force. Solid and Hazardous Waste Compliance. AF1 32-7042, May 12, 1994.
U.S. Air Force. Water Quality Compliance. AF1 32-7041, May 13, 1994.

U.S. Army. Cultural Resources Management. AR 200-4, Oct. 1, 1998.

U.S. Army. Environmental Analysis of Army Actions. Final Rule, 32 CFR Part 651; AR 200-2,
Mar. 29, 2002.

U.S. Army. Environmental Protection and Enhancement. AR 200-1, Feb. 21, 1997.
U.S. Army. Environmental Restoration Programs Guidance Manual. Apr. 1998.

U.S. Army. Natural Resources — Land, Forest, and Wildlife Management. AR 200-3, Feb. 28, 1995.
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USACE (U.S. Army Corps of Engineers). Engineering and Design — Ordnance and Explosives
Response. EP 1110-1-18, Apr. 24, 2000.

USACE (U.S. Army Corps of Engineers). Engineering and Design — Ordnance and Explosives
Response. EM 1110-1-4009, June 23, 2000.

U.S. DoD (Department of Defense). Environmental Restoration Program. Instruction 4715.7, Apr.
22, 1996.

U.S. DoD, Deputy Secretary of Defense. DoD Guidance on the Environmental Review Process
to Reach a Finding of Suitability to Transfer (FOST) for Property Where Release or Disposal
Has Occurred; and DoD Guidance on the Environmental Review Process to Reach a Finding
of Suitability to Transfer (FOST) for Property Where No Release or Disposal Has Occurred.
Memorandum of June 1, 1994, and guidance documents are available at URL:
http://www.acq.osd.mil/installation/reinvest/manual/fosts.html.

U.S. DoD, Office of the Deputy Under Secretary of Defense (Installations and Environment).
Management Guidance for the Defense Environmental Restoration Program. Sept. 2001; URL:
http://www.dtic.mil/envirodod/COffice/DERP _ MGT GUIDANCE 0901.pdf.

U.S. DoD, Office of the Under Secretary of Defense (Acquisition and Technology). DeD Policy
on Responsibility for Additional Environmental Cleanup after Transfer of Real Property (25
July 1997). Available as attachments to Base Reuse Implementation Manual, DoD 4165.66-Mat
(Appendix F, Part 2). URL: http://emissary.acq.osd.mil/oea/BRIM97.nsf/.

U.S. DoD and U.S. EPA. Environmental Site Closeout Process Guide. Sept. 1999; available at
EPA and DoD URLs: http://newweb.ead.anl.gov/ecorisk/closeout/docs/sectionl.pdf; also
http://www.epa.gov/swerffrr/pdf/site_closeout.pdf.

U.S. EPA (U.S. Environmental Protection Agency). CERCLA Compliance with Other Laws
Manual. Washington, DC: U.S. EPA, Office of Solid Waste and Emergency Response; Interim
Final, Part 1, Aug. 1988, EPA/540/G-89/006; Interim Final, Part 2, Aug. 1989, EPA/540/G-
89/0009.

U.S. EPA. EPA Guidance on the Transfer of Federal Property by Deed Before All Necessary
Remedial Action Has Been Taken Pursuant to CERCLA Section 120(h)(3) (known as the Early
Transfer Authority Guidance). June 16, 1998; available at URL:
http://www.epa.gov/swerffrr/documents/hkfin.htm.

U.S. EPA, Office of Solid Waste and Emergency Response. Guidance on Conducting Non-
Time-Critical Removal Actions Under CERCLA. Aug. 1993; NTIS No. PB93-963422. An EPA
fact sheet (EPA/540/F-94/009) on the guidance is available at URL:
http://www.epa.gov/oerrpage/superfund/resources/remedy/pdf/540f-94009-s.pdf.

U.S. EPA. Guide to Preparing Superfund Proposed Plans, Records of Decision, and Other
Remedy Selection Decision Documents (known as the ROD Guidance). July 1999; NTIS No.
PB98-963241; EPA/540/R-98-031. Available at URL:
http://www.epa.gov/superfund/resources/remedy/rods/.
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U.S. EPA, Office of Solid Waste and Emergency Response (OSWER), Federal Facilities
Restoration and Reuse Office (FFRRO). Guidelines for Addressing Ordnance and Explosives at
Mupnitions Response Areas and other Sites. Draft. July 10, 2002.

U.S. EPA. Institutional Controls and Transfer of Real Property Under CERCLA Section
120(h)(3)(A), (B) or (C). Feb. 2000. Available at URL:
http://www.epa.gov/swerffrr/documents/fi-icops_106.htm.

U.S. EPA, Office of Emergency and Remedial Response. Use of Non-Time-Critical Removal
Authority in Superfund Response Actions. Memo from Steven Luftig, Director, OERR, Feb. 14,
2000; available at URL: http://www.epa.gov/superfund/resources/remedy/pdf/memofeb2000.pdf.

U.S. Marine Corps. Environmental Compliance and Protection Manual. Directive P5090.2A,
July 10, 1998.

U.S. Navy. Department of the Navy Cultural Resources Program. SECNAYV Instruction
4000.35, Apr. 9, 2001.

U.S. Navy. Environmental and Natural Resources Program Manual. OPNAYV Instruction
5090.1B, Nov. 1, 1994.

U.S. Navy. Environmental Protection Program for the Naval Supply Systems Command.
NAVSUP Instruction 5090.1, Nov. 1, 1994.

U.S. Navy. Evaluation of Environmental Effects from Department of the Navy Actions.
SECNAYV Instruction 5090.6, July 26, 1991.

U.S. Navy. Storage & Handling of Hazardous Materials. NAVSUP PUB 573, January 13, 1999.

Statutes and Regulations

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA),
42 U.S.C. § 9601 et seq.

Defense Environmental Restoration Program (DERP), 10 U.S.C. § 2701-2708, 2810.

Department of Defense Ammunition and Explosives Safety Standards, DoD Directive 6055.9-
STD, July 1999.

Department of Defense Explosives Safety Board, 10 U.S.C. § 172.
Military Munitions Rule: Hazardous Waste Identification and Management; Explosives
Emergencies; Manifest Exception for Transport of Hazardous Waste on Right-of-Ways on

Contiguous Properties; Final Rule, 40 C.F.R. § 260 et seq.

National Oil and Hazardous Substances Pollution Contingency Plan (more commonly called the
National Contingency Plan), 40 C.F.R. § 300 et seq.
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Resource Conservation and Recovery Act (RCRA), 42 U.S.C. § 6901 et seq.

Superfund Implementation, Executive Order (EO) 12580, Jan. 13, 1987; and EO 13016,
amendment to EO 12580, Aug. 28, 1996.
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Interim Final March 7, 2000

DoD and EPA
Management Principles for Implementing Response Actions at
Closed, Transferring, and Transferred (CTT) Ranges

Preamble

Many closed, transferring, and transferred (CTT) military ranges are now or soon will be in the public
domain. DoD and EPA agree that human health, environmental and explosive safety concerns at
these ranges need to be evaluated and addressed. On occasion, DoD, EPA and other stakeholders,
however, have had differing views concerning what process should be followed in order to effectively
address human health, environmental, and explosive safety concerns at CTT ranges. Active and
inactive ranges are beyond the scope of these principles.

To address concerns regarding response actions at CTT ranges, DoD and EPA engaged in discussions
between July 1999 and March 2000 to address specific policy and technical issues related to
characterization and response actions at CTT ranges. The discussions resulted in the development
ofthis Management Principles document, which sets forth areas of agreement between DoD and EPA
on conducting response actions at CTT ranges.

These principles are intended to assist DoD personnel, regulators, Tribes, and other stakeholders to
achieve a common approach to investigate and respond appropriately at CTT ranges.

General Principles

DoD is committed to promulgating the Range Rule as a framework for response actions at CTT
military ranges. EPA is committed to assist in the development of this Rule. To address specific
concerns with respect to response actions at CTT ranges prior to implementation of the Range Rule,
DoD and EPA agree to the following management principles:

C DoD will conduct response actions on CTT ranges when necessary to address explosives
safety, human health and the environment. DoD and the regulators must consider explosives
safety in determining the appropriate response actions.

C DoD is committed to communicating information regarding explosives safety to the public
and regulators to the maximum extent practicable.

C DoD and EPA agree to attempt to resolve issues at the lowest level. When necessary, issues
may be raised to the appropriate Headquarters level. This agreement should not impede an
emergency response.

C The legal authorities that support site-specific response actions at CTT ranges include, but
are not limited to, the Comprehensive Environmental Response, Compensation, and Liability
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Act (CERCLA), as delegated by Executive Order (E.O.) 12580 and the National Oil and
Hazardous Substances Contingency Plan (NCP); the Defense Environmental Restoration
Program (DERP); and the DoD Explosives Safety Board (DDESB).

A process consistent with CERCLA and these management principles will be the preferred
response mechanism used to address UXO ata CTT range. EPA and DoD further expect that
where this process is followed, it would also meet any applicable RCRA corrective action
requirements.

These principles do not affect federal, state, and Tribal regulatory or enforcement powers or
authority concerning hazardous waste, hazardous substances, pollutants or contaminants,
including imminent and substantial endangerment authorities; nor do they expand or constrict
the waiver of sovereign immunity by the United States contained in any environmental law.

1. State and Tribal Participation

DoD and EPA are fully committed to the substantive involvement of States and Indian Tribes
throughout the response process at CTT ranges. In many cases, a State or Indian Tribe will be the
lead regulator at a CTT range. In working with the State or Indian Tribe, DoD will provide them
opportunities to:

C

C

C

2.

Participate in the response process, to the extent practicable, with the DoD Component.
Participate in the development of project documents associated with the response process.

Review and comment on draft project documents generated as part of investigations and
response actions.

Review records and reports.

Response Activities under CERCLA

DoD Components may conduct CERCLA response actions to address explosives safety hazards, to
include UXO, on CTT military ranges per the NCP. Response activities may include removal
actions, remedial actions, or a combination of the two.

C

DoD may conduct response actions to address human health, environmental, and explosives
safety concerns on CTT ranges. Under certain circumstances, other federal and state agencies
may also conduct response actions on CTT ranges.

Removal action alternatives will be evaluated under the criteria set forth in the National
Contingency Plan (NCP), particularly NCP §300.410 and §300.415.
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3.

DoD Components will notify regulators and other stakeholders, as soon as possible and to the
extent practicable, prior to beginning a removal action.

Regulators and other stakeholders will be provided an opportunity for timely consultation,
review, and comment on all phases of a removal response, except in the case of an emergency
response taken because of an imminent and substantial endangerment to human health and
the environment and consultation would be impracticable (see 10 USC 2705).

Explosives Safety Submissions (ESS), prepared, submitted, and approved per DDESB
requirements, are required for Time Critical Removal Actions, Non-Time Critical Removal
Actions, and Remedial Actions involving explosives safety hazards, particularly UXO.

The DoD Component will make available to the regulators, National Response Team, or
Regional Response Team, upon request, a complete report, consistent with NCP §300.165,
on the removal operation and the actions taken.

Removal actions shall, to the extent practicable, contribute to the efficient performance of any
anticipated long-term remedial action. If the DoD Component determines, in consultation
with the regulators and based on these Management Principles and human health,
environmental, and explosives safety concerns, that the removal action will not fully address
the threat posed and remedial action may be required, the DoD Component will ensure an
orderly transition from removal to remedial response activities.

Characterization and Response Selection

Adequate site characterization at each CTT military range is necessary to understand the conditions,
make informed risk management decisions, and conduct effective response actions.

C

Discussions with local land use planning authorities, local officials and the public, as
appropriate, should be conducted as early as possible in the response process to determine the
reasonably anticipated future land use(s). These discussions should be used to scope efforts
to characterize the site, conduct risk assessments, and select the appropriate response(s).

Characterization plans seek to gather sufficient site-specific information to: identify the
location, extent, and type of any explosives safety hazards (particularly UXO), hazardous
substances, pollutants or contaminants, and "Other Constituents"; identify the reasonably
anticipated future land uses; and develop and evaluate effective response alternatives.

Site characterization may be accomplished through a variety of methods, used individually
or in concert with one another, including, but not limited to: records searches, site visits, or
actual data acquisition, such as sampling. Statistical or other mathematical analyses (e.g.,
models) should recognize the assumptions imbedded within those analyses. Those
assumptions, along with the intended use(s) of the analyses, should be communicated at the
front end to the regulator(s) and the communities so the results may be better understood.
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Statistical or other mathematical analyses should be updated to include actual site data as it
becomes available.

C Site-specific data quality objectives (DQOs) and QA/QC approaches, developed through a
process of close and meaningful cooperation among the various governmental departments
and agencies involved at a given CTT military range, are necessary to define the nature,
quality, and quantity of information required to characterize each CTT military range and to
select appropriate response actions.

C A permanent record of the data gathered to characterize a site and a clear audit trail of
pertinent data analysis and resulting decisions and actions are required. To the maximum
extent practicable, the permanent record shall include sensor data that is digitally-recorded
and geo-referenced. Exceptions to the collection of sensor data that is digitally-recorded and
geo-referenced should be limited primarily to emergency response actions or cases where
impracticable. The permanent record shall be included in the Administrative Record.
Appropriate notification regarding the availability of this information shall be made.

C The most appropriate and effective detection technologies should be selected for each site.
The performance of a technology should be assessed using the metrics and criteria for
evaluating UXO detection technology described in Section 4.

C The criteria and process of selection of the most appropriate and effective technologies to
characterize each CTT military range should be discussed with appropriate EPA, other
Federal State, or Tribal agencies, local officials, and the public prior to the selection of a
technology.

C Insome cases, explosives safety, cost, and/or technical limitations, may limit the ability to
conduct aresponse and thereby limit the reasonably anticipated future land uses. Where these
factors come into play, they should be discussed with appropriate EPA, other federal, State
or Tribal agencies, local officials, and members of the public and an adequate opportunity for
timely review and comment should be provided. Where these factors affect a proposed
response action, they should be adequately addressed in any response decision document. In
these cases, the scope of characterization should be appropriate for the site conditions.
Characterization planning should ensure that the cost of characterization does not become
prohibitive or disproportionate to the potential benefits of more extensive characterization or
further reductions in the uncertainty of the characterization.

C DoD will incorporate any Technical Impracticability (TT) determination and waiver decisions
in appropriate decision documents and review those decisions periodically in coordination
with regulators.

C Selection of site-specific response actions should consider risk plus other factors and meet
appropriate internal and external requirements.
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4.

UXO Technology

Advances in technology can provide a significant improvement to characterization at CTT ranges.
This information will be shared with EPA and other stakeholders.

5.

The critical metrics for the evaluation of the performance of a detection technology are the
probabilities of detection and false alarms. A UXO detection technology is most completely
defined by a plot of the probability of detection versus the probability or rate of false alarms.
The performance will depend on the technology’s capabilities in relation to factors such as
type and size of munitions, the munitions depth distribution, the extent of clutter, and other
environmental factors (e.g., soil, terrain, temperature, geology, diurnal cycle, moisture,
vegetation). The performance of a technology cannot be properly defined by its probability
of detection without identifying the corresponding probability of false alarms. Identifying
solely one of these measures yields an ill-defined capability. Of the two, probability of
detection is a paramount consideration in selecting a UXO detection technology.

Explosives safety is a paramount consideration in the decision to deploy a technology at a
specific site.

General trends and reasonable estimates can often be made based on demonstrated
performance at other sites. As more tests and demonstrations are completed, transfer of
performance information to new sites will become more reliable.

Full project cost must be considered when evaluating a detection technology. Project cost
includes, but is not limited to, the cost of deploying the technology, the cost of excavation
resulting from the false alarm rate, and the costs associated with recurring reviews and
inadequate detection.

Rapid employment of the better performing, demonstrated technologies needs to occur.

Research, development, and demonstration investments are required to improve detection,
discrimination, recovery, identification, and destruction technologies.

Land Use Controls

Land use controls must be clearly defined, established in coordination with affected parties (e.g., in
the case of FUDS, the current owner; in the case of BRAC property, the prospective transferee), and
enforceable.

C Because of technical impracticability, inordinately high costs, and other reasons, complete

clearance of CTT military ranges may not be possible to the degree that allows certain uses,
especially unrestricted use. In almost all cases, land use controls will be necessary to ensure
protection of human health and public safety.
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6.

DoD shall provide timely notice to the appropriate regulatory agencies and prospective
federal land managers of the intent to use Land Use Controls. Regulatory comments received
during the development of draft documents will be incorporated into the final land use
controls, as appropriate. For Base Realignment and Closure properties, any unresolved
regulatory comments will be included as attachments to the Finding of Suitability to Transfer
(FOST).

Roles and responsibilities for monitoring, reporting and enforcing the restrictions must be
clear to all affected parties.

The land use controls must be enforceable.

Land use controls (e.g., institutional controls, site access, and engineering controls) may be
identified and implemented early in the response process to provide protectiveness until a
final remedy has been selected for a CTT range.

Land use controls must be clearly defined and set forth in a decision document.

Final land use controls for a given CTT range will be considered as part of the development
and evaluation of response alternatives using the nine criteria established under CERCLA
regulations (i.e., NCP), supported by a site characterization adequate to evaluate the
feasibility of reasonably anticipated future land uses. This will ensure that land use controls
are chosen based on a detailed analysis of response alternatives and are not presumptively
selected.

DoD will conduct periodic reviews consistent with the Decision Document to ensure long-
term effectiveness of the response, including any land use controls, and allow for evaluation
of new technology for addressing technical impracticability determinations.

When complete UXO clearance is not possible at military CTT ranges, DoD will notify the
current land owners and appropriate local authority of the potential presence of an explosives
safety hazard. DoD will work with the appropriate authority to implement additional land use
controls where necessary.

Public Involvement

Public involvement in all phases of the CTT range response process is crucial to effective
implementation of a response.

In addition to being a requirement when taking response actions under CERCLA, public
involvement in all phases of the range response process is crucial to effective implementation
of a response.
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C

7.

Agencies responsible for conducting and overseeing range response activities should take
steps to proactively identify and address issues and concerns of all stakeholders in the
process. These efforts should have the overall goal of ensuring that decisions made regarding
response actions on CTT reflect a broad spectrum of stakeholder input.

Meaningful stakeholder involvement should be considered as a cost of doing business that
has the potential of efficiently determining and achieving acceptable goals.

Public involvement programs related to management of response actions on CTT should be
developed and implemented in accordance with DOD and EPA removal and remedial

response community involvement policy and guidance.

Enforcement

Regulator oversight and involvement in all phases of CTT range investigations are crucial to an
effective response, increase credibility of the response, and promote acceptance by the public. Such
oversight and involvement includes timely coordination between DoD components and EPA, state,
or Tribal regulators, and, where appropriate, the negotiation and execution of enforceable site-
specific agreements.

C

DoD and EPA agree that, in some instances, negotiated agreements under CERCLA and other
authorities play a critical role in both setting priorities for range investigations and response
and for providing a means to balance respective interdependent roles and responsibilities.
When negotiated and executed in good faith, enforceable agreements provide a good vehicle
for setting priorities and establishing a productive framework to achieve common goals.
Where range investigations and responses are occurring, DoD and the regulator(s) should
come together and attempt to reach a consensus on whether an enforceable agreement is
appropriate. Examples of situations where an enforceable agreement might be desirable
include locations where there is a high level of public concern and/or where there is
significant risk. DoD and EPA are optimistic that field level agreement can be reached at
most installations on the desirability of an enforceable agreement.

To avoid, and where necessary to resolve, disputes concerning the investigations,
assessments, or response at CTT ranges, the responsible DoD Component, EPA, state, and
Tribe each should give substantial deference to the expertise of the other party.

At NPL sites, disputes that cannot be mutually resolved at the field or project manager level
should be elevated for disposition through the tiered process negotiated between DoD and
EPA as part of the Agreement for the site, based upon the Model Federal Facility Agreement.

At non-NPL sites where there are negotiated agreements, disputes that cannot be mutually
resolved at the field or project manager level also should be elevated for disposition through
a tiered process set forth in the site-specific agreement.
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C

8.

To the extent feasible, conditions that might give rise to an explosives or munitions
emergency (e.g., ordnance explosives) are to be set out in any workplan prepared in
accordance with the requirements of any applicable agreement, and the appropriate responses
to such conditions described, for example as has been done In the Matter of Former
Nansemond Ordnance Depot Site, Suffolk, Virginia, Inter Agency Agreement to Perform a
Time Critical Removal Action for Ordnance and Explosives Safety Hazards.

Within any dispute resolution process, the parties will give great weight and deference to
DoD's technical expertise on explosive safety issues.

Federal-to-Federal Transfers

DoD will involve current and prospective Federal land managers in addressing explosives safety
hazards on CTT ranges, where appropriate.

C

9.

DoD may transfer land with potential explosives safety hazards to another federal authority
for management purposes prior to completion of a response action, on condition that DoD
provides notice of the potential presence of an explosives safety hazard and appropriate
institutional controls will be in place upon transfer to ensure that human health and safety is
protected.

Generally, DoD should retain ownership or control of those areas at which DoD has not yet
assessed or responded to potential explosives safety hazards.

Funding for Characterization and Response

DoD should seek adequate funding to characterize and respond to explosives safety hazards
(particularly UXO) and other constituents at CTT ranges when necessary to address human health
and the environment.

C

Where currently identified CTT ranges are known to pose a threat to human health and the
environment, DoD will apply appropriate resources to reduce risk.

DoD is developing and will maintain an inventory of CTT ranges.

DoD will maintain information on funding for UXO detection technology development, and
current and planned response actions at CTT ranges.
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10. Standards for Depths of Clearance

Per DoD 6055.9-STD, removal depths are determined by an evaluation of site-specific data and risk
analysis based on the reasonably anticipated future land use.

C Inthe absence of site-specific data, a table of assessment depths is used for interim planning
purposes until the required site-specific information is developed.

C Site specific data is necessary to determine the actual depth of clearance.
11. Other Constituent (OC) Hazards

CTT ranges will be investigated as appropriate to determine the nature and extent of Other
Constituents contamination.

C Cleanup of other constituents at CTT ranges should meet applicable standards under
appropriate environmental laws and explosives safety requirements.

C Responses to other constituents will be integrated with responses to military munitions, rather
than requiring different responses under various other regulatory authorities.
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3.0 CHARACTERISTICS OF MUNITIONS AND EXPLOSIVES OF CONCERN

By their nature, munitions and explosives of concern (MEC), (including UXO, buried
munitions, and reactive or ignitable soil) may present explosive, human health, and/or environmental
risks. When disturbed, MEC may present an imminent hazard and can cause immediate death or
disablement to those nearby. Different types of MEC vary in their likelihood of detonation. The
explosive hazards depend upon the nature and condition of the explosive fillers and fuzes.

Nonexplosive risks from MEC result from the munitions’ constituents and include both
human health and environmental risks. As the munitions constituents of MEC come into contact with
soils, groundwater, and air, they may affect humans and ecological receptors through a wide variety
of pathways including, but not limited to, ingestion of groundwater, dermal exposure to soil, and
various surface water pathways.

This chapter provides an overview of some of the information on MEC that you will want to
consider when planning for an investigation of MEC. As will be discussed in Chapter 7, planning
an investigation requires a careful and thorough examination of the actual use of munitions at the site
thatis under investigation. Many MR As/MRSs were used for decades and had different missions that
required the use of different types of munitions. Even careful archives searches will likely reveal
knowledge gaps in how the ranges were used. This chapter provides basic information on munitions
and factors that affect when they were used, where they may be found, and the human health and
environmental concerns that may be associated with them. Information in this chapter provides an
overview of:

C The history of explosives, chemicals used, and explosive functions.

The nature of the hazards from conventional munitions and munitions constituents.

C The human health and environmental effects of munitions constituents that come from
conventional munitions.

C Other activities that may result in releases of munitions constituents.

D

3.1 Overview of Explosives
In this section, the history of explosives in the United States, the nature of the explosive train,
the different classifications of explosives and the kinds of chemicals associated with them is

discussed.

3.1.1 History of Explosives in the United States

The following section presents only a brief summary of the history of explosives in the United
States. Its purpose is to provide an overview of the types of explosive materials and chemicals in use
during different time periods. This overview may be used in determining the potential types of
explosives that could be present at a particular site.
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3.1.1.1 Early Development

The earliest known explosive mixture discovered was what is now commonly referred to as
black powder.A mixture of potassium nitrate, sulfur, and powdered charcoal or coal. > For over 1,200 years,
black powder was the universal explosive and was used as a propellant for guns. For example, when
ignited by fire or a spark from a flint, a loose charge of black powder above a gun’s borehole or in
a priming pan served as a priming composition. The train of black powder in the borehole served as
a fuze composition. This combination resulted in the ignition of the propellant charge of black
powder in the gun’s barrel. When the projectile in the gun was a shrapnel type, the black powder in
the delay fuze was ignited by the hot gases produced by the propellant charge, and the fuze then
ignited the bursting charge of black powder.°

3.1.1.2 Developments in the Nineteenth Century

Black powder had its limitations; for example, it lacked the power to blast through rock for
the purpose of making tunnels. The modern era of explosives began in 1838 with the first preparation
of nitrocellulose. Like black powder, it was used both as a propellant and as an explosive. In the
1840s, nitroglycerine was first prepared and its explosive properties described. It was first used as
an explosive by Alfred Nobel in 1864. The attempts by the Nobel family to market nitroglycerine
were hampered by the danger of handling the liquid material and by the difficulty of safely detonating
it by flame, the common method for detonating black powder. Alfred Nobel would solve these
problems by mixing the liquid nitroglycerine with an absorbent, making it much safer to handle, and
by developing the mercury fulminate detonator. The resulting material was called dynamite. Nobel
continued with his research and in 1869 discovered that mixing nitroglycerine with nitrates and
combustible material created a new class of explosives he named “straight dynamite.” In 1875 Nobel
discovered that a mixture of nitroglycerine and nitrocellulose formed a gel. This led to the
development of blasting gelatin, gelatin dynamites, and the first double-base gun propellant,
ballistite.’

In the latter half of the nineteenth century, events evolved rapidly with the first commercial
production of nitroglycerine and a form of nitrocellulose as a gun propellant called smokeless
powder. The usefulness of ammonium nitrate and additional uses of guncotton (another form of
nitrocellulose) were discovered. Shortly thereafter, picric acid® began to be used as a bursting charge
for projectiles. Additional diverse mixtures of various compounds with inert or stabilizing fillers were
developed for use as propellants and as bursting charges.’

During the Spanish-American War, the United States continued its use of black powder as
an artillery propellant. During this period, the U.S. Navy Powder Factory at Indian Head started

A mixture of potassium nitrate, sulfur, and powdered charcoal or coal.

Military Explosives, TM 9-1300-214, Department of the Army, September 1984.

"A. Bailey and S.G. Murray. Explosives, Propellants and Pyrotechnics. Brassey’s (UK) Ltd., 1989.
¥Picric acid, 2,4,6-Trinitrophenol.

*Military Explosives, 1984.
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manufacturing single-base powder. However, the U.S. Army was slow to adopt this material, not
manufacturing single-base powder until about 1900. This pyrocellulose powder was manufactured
by gelatinizing nitrocellulose by means of an ether-ethanol mixture, extruding the resulting colloid
material, and removing the solvent by evaporation.'® By 1909, diphenylamine had been introduced
as a stabilizer.

Because of its corrosive action on metal casings to form shock-sensitive metal salts, picric
acid was replaced by TNT'' as a bursting charge for artillery projectiles. Ammonium picrate, also
known as “Explosive D,” was also standardized in the United States as the bursting charge for armor-
piercing projectiles.

3.1.1.3 World War 1

The advent of the First World War saw the introduction of lead azide as an initiator and the
use of TNT substitutes, containing mixtures of TNT, ammonium nitrate, and in some cases
aluminum, by all the warring nations. One TNT substitute developed was amatol, which consisted
of'a mixture of 80 percent ammonium nitrate and 20 percent TNT. (Modern amatols contain no more
than 50 percent ammonium nitrate.) Tetryl was introduced as a booster explosive for projectile
charges."

3.1.1.4 The Decades Between the Two World Wars

The decades following World War I saw the development of RDX,"” PETN,'* lead styphnate,
DEGDN," and lead azide as military explosives. In the United States, the production of toluene from
petroleum resulted in the increased production of TNT. This led to the production of more powerful
and castable explosives such as pentolite.'® Flashless propellants were developed in the United
States, as well as diazodinitrophenol as an initiator."

"Ibid.

UTNT, 2,4,6-Trinitrotoluene.

“Military Explosives, 1984.

BRDX, Hexahydro-1,3,5-trinitro-1,3,5-triazine.

Use of PETN, or pentaerythrite tetranitrate, was not used on a practical basis until after World War 1. It is
used extensively in mixtures with TNT for the loading of small-caliber projectiles and grenades. It has been used in
detonating fuzes, boosters, and detonators.

"DEGDN, Diethylene glycol dinitrate.

'®An equal mixture of TNT and PETN.

YMilitary Explosives, 1984.
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3.1.1.5 World War 11

The industrial development and manufacturing of synthetic toluene from petroleum just prior
to World War II in the United States resulted in a nearly limitless supply of this chemical precursor
of TNT. Because of its suitability for melt-loading, a process that heats the mixture to a near liquid
state for introducing into the bomb casing, and for forming mixtures with other explosive compounds
that could be melt-loaded, TNT was produced and used on an enormous scale during World War II.
World War II also saw the development of rocket propellants based on a mixture of nitrocellulose
and nitroglycerine or nitrocellulose and DEGDN. Tetrytol'® and picratol," special-purpose binary
explosives used in demolition work and in semi-armor-piercing bombs, were also developed by the
United States.”

RDX and HMX?' came into use during World War II, but HMX was not produced in large
quantities, so its use was limited.”> Cyclotols, which are mixtures of TNT and RDX, were
standardized early in World War II. Three formulations are currently used: 75 percent RDX and 25
percent TNT, 70 percent RDX and 30 percent TNT, and 65 percent RDX and 35 percent TNT.

A number of plastic explosives for demolition work were developed including the RDX-based
C-3. The addition of powdered aluminum to explosives was found to increase their power. This led
to the development of tritonal,” torpex,** and minol,”> which have powerful blast effects. Also
developed was the shaped charge, which permits the explosive force to be focused in a specific
direction and led to its use for armor-piercing explosive rounds.?

3.1.1.6 Modern Era

Since 1945, military researchers have recognized that, based on both performance and cost,
RDX, TNT, and HMX are not likely to be replaced as explosives of choice for military applications.
Research has been directed into the optimization of explosive mixtures for special applications and
for identifying and solving safety problems. Mixing RDX, HMX, or PETN into oily or polymer
matrices has produced plastic or flexible explosives for demolition. Other polymers will produce
tough, rigid, heat-resistant compositions for conventional missile warheads and for the conventional

'®A binary bursting charge explosive containing 70% tetryl and 30% TNT.

YA binary bursting charge explosive containing 52% ammonium picrate (Explosive D) and 48% TNT.
“Military Explosives, 1984.

'HMX, Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine.

*’Bailey and Murray.

> A mixture of 80% TNT and 20% flaked aluminum.

A mixture of 41% RDX, 41% TNT, and 18% aluminum.

A mixture of TNT, ammonium nitrate, and aluminum.

SMilitary Explosives, 1984.
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implosion devices used in nuclear weapons.”’

3.1.2 Classification of Military Energetic Materials

Energetic materials used by the military consist of energetic chemical compounds or mixtures
of chemical compounds. These are divided into three uses: explosives, propellants, and pyrotechnics.
Explosives and propellants, if properly initiated, will evolve large volumes of gas over a short period
oftime. The key difference between explosives and propellants is the reaction rate. Explosives react
rapidly, creating a high-pressure shock wave. Propellants react at a slower rate, creating a sustained
lower pressure. Pyrotechnics produce heat but less gas than explosives or propellants.?®

The characteristic effects of explosives result from a vast change in temperature and pressure
developed when a solid, liquid, or gas is converted into a much greater volume of gas and heat. The
rate of decomposition of particular explosives varies greatly and determines the classification of
explosives into broadly defined groups.”

Military explosives are grouped into three classes:*

1. Inorganic compounds, including lead azide and ammonium nitrate
2. Organic compounds, including:
a. Nitrate esters, such as nitroglycerine and nitrocellulose
b. Nitro compounds, such as TNT and Explosive D
c. Nitramines, such as RDX and HMX
d. Nitroso compounds, such as tetrazene
e. Metallic derivatives, such as mercury fulminate and lead styphnate
3. Mixtures of oxidizable materials, such as fuels, and oxidizing agents that are not
explosive when separate. These are also known as binary explosives.

The unique properties of each class of explosives are utilized to make the “explosive train.”
One example of an explosive train is the initiation by a firing pin of a priming composition that
detonates a charge of lead azide. The lead azide initiates the detonation of a booster charge of tetryl.
The tetryl in turn detonates the surrounding bursting or main charge of TNT. The explosive train is
illustrated in Figures 3-1 and 3-2.

*"Bailey and Murray.

SMilitary Explosives, 1984.

¥ Military Explosives, Department of the Army, TM 9-1910, April 1955.
*Ibid.

INTERIM FINAL
Chapter 3. Characteristics of MEC 3-5 May 2005



Figure 3-1. Schematic of an Explosive Train

Cartridge Projectile

Imidbator
(IDetonator)

Propellant

Booster Main Charge
(Primer Tube) (Explosive)

Initiator
(Ignitexr Cap)

Figure 3-2. Explosive Trains in a Round of Artillery Ammunition
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3.1.3 Classification of Explosives

An explosive is defined as a chemical material that, under the influence of thermal or
mechanical shock, decomposes rapidly with the evolution of large amounts of heat and gas.”’ The
categories low explosive and high explosive are based on the velocity of the explosion. High
explosives are characterized by their extremely rapid rate of decomposition. When a high explosive
is initiated by a blow or shock, it decomposes almost instantaneously, a process called detonation.
A detonation is a reaction that proceeds through the reacted material toward the unreacted material
at a supersonic velocity (greater than 3,300 feet per second). High explosives are further divisible by
their susceptibility to initiation into primary and secondary high explosives. Primary or initiating
high explosives are extremely sensitive and are used to set off secondary high explosives, which are
much less sensitive but will explode violently when ignited. Low explosives, such as smokeless
powder and black powder, on the other hand, combust at a slower
rate when set off and produce large volumes of gas in a

controllable manner. Examples of primary high explosivesarelead | Chemicals Found in
azide and mercury fulminate. TNT, tetryl, RDX, and HMX are | Pyrotechnics
secondary high explosives. There are hundreds of different kinds | ,; .
of explosives and this handbook does not attempt to address all of | Barijum
them. Rather, it discusses the major classifications of explosives ghromﬁlllm X
: B fpl €xacnlorobeénzenc
used in military munitions. Hexachloroethane
Iron
3.1.3.1 Low Explosives, Pyrotechnics, Propellants, and Practice | Magnesium
Ordnance Manganese
Titanium
Tungsten
Low explosives include such materials as smokeless | Zirconium
powder and black powder. Low explosives undergo chemical lég;ggn
reactions, such as decomposition or autocombustion, at rates from | Silicon
a few centimeters per minute to approximately 400 meters per | Sulfur
. . White Phosphorus
second. Examples and uses of low explosives are provided below. | /. -
Pyrotechnics are used to send signals, to illuminate areas | Chlorates
of interest, to simulate other weapons during training, and as g;gﬁgiﬁes
ignition elements for certain weapons. Pyrotechnics, whenignited, | Halocarbons
undergo an energetic chemical reaction at a controlled rate | Iodates
intended to produce, on demand in various combinations, specific gﬁf{gﬁs
time delays or quantities of heat, noise, smoke, light, or infrared | perchlorates

radiation. Pyrotechnics consist of a wide range of materials that in
combination produce the desired effects. Some examples of these
materials are found in the text box to the right.*

Some pyrotechnic devices are used as military

simulators and are designed to explode. For example, the M80 simulator, a paper cylinder
containing the charge composition, is used to simulate rifle or artillery fire, hand grenades, booby

3IR.N. Shreve. Chemical Process Industries. 3rd ed., McGraw-Hill, NY, NY, 1967.

“Ibid.
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traps, or land mines.* Table 3-1 shows examples of pyrotechnic special effects.’*

Table 3-1. Pyrotechnic Special Effects

Effect Examples
Heat Igniters, incendiaries, delays, metal producers, heaters
Light* Illumination (both long and short periods), tracking, signaling, decoys
Smoke Signaling, screening
Sound Signaling, distraction

* Includes not only visible light but also nonvisible light, such as infrared.

Propellants are explosives that can be used to provide controlled propulsion for a projectile.
Projectiles include bullets, mortar rounds, artillery rounds, rockets, and missiles. Because the
projectile must be directed with respect to range and direction, the explosive process must be
restrained. In order to allow a controlled reaction that falls short of an actual detonation, the physical
properties of the propellant, such as the grain size and form, must be carefully controlled.

Historically, the first propellant used was black powder. However, the use of black powder
(in the form of a dust or fine powder) as a propellant for guns did not allow accurate control of a
gun’s ballistic effects. The development of denser and larger grains of fixed geometric shapes
permitted greater control of a gun’s ballistic effects.*

Modern gun propellants consist of one or more explosives and additives (see text box). These
gun propellants are often referred to as “smokeless powders” to distinguish these materials from
black powder. They are largely smokeless on firing compared to black powder, which gives off more
than 50 percent of its weight as solid products.*

All solid gun propellants contain nitrocellulose. As anitrated | cpemicals Found in Gun
natural polymer, nitrocellulose has the required mechanical strength | propellants
and resilience to maintain its integrity during handling and firing.
Nitrocellulose is partially soluble in some organic solvents. These | Dinitrotoluenes (2,4 and 2,6)
solvents include acetone, ethanol, ether/ethanol, and nitroglycerine, | Diphenylamine

. . . Ethyl centralite
When a mixture of nitrocellulose and solvent is worked, a gel forms. N-nyitros o-diphenylamine

This gel retains the strength of the polymer structure of Nitrocellulose

Nitroglycerine
Nitroguanidine
Phthalates

3Pyrotechnic Simulators, TM 9-1370-207-10, Headquarters, Department of the Army, March 31, 1991.
*Bailey and Murray.

¥ Military Explosives, 1984.

*Bailey and Murray.
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nitrocellulose. Other propellant ingredients include nitroglycerine and nitroguanidine.’’
Modern gun propellants, classified according to composition, include the following:*

C Single-base. Nitrocellulose is the chief ingredient. In addition to a stabilizer, single-base
propellants may contain inorganic nitrates, nitrocompounds, and nonexplosive materials
as metallic salts, metals, carbohydrates, and dyes.

C Double-base. In addition to nitrocellulose, a double-base propellant contains a liquid
organic nitrate such as nitroglycerine. Double-base propellants frequently contain
additives, in addition to a stabilizer.

C Composite. Composite propellants do not contain nitrocellulose or organic nitrates.
Generally, they are a physical mixture of an organic fuel and an inorganic oxidizing
agent. An organic binding agent holds the mixture together in a heterogeneous physical
structure.

Rocket propellants are explosives designed to burn smoothly without risk of detonation, thus
providing smooth propulsion. Some classes of rocket propellants are similar in composition to the
previously described gun propellants. However, due to the different requirements and operating
conditions, there are differences in formulation. Gun propellants have a very short burn time with a
high internal pressure. Rocket propellants can burn for a longer time and operate at a lower pressure
than gun propellants.*

Rocket propellants can be liquid or solid. There are two types of liquid propellants:
monopropellants, which have a single material, and bipropellants, which have both a fuel and an
oxidizer. Currently, the most commonly used monopropellant is hydrazine. Bipropellants are used
on very powerful launch systems such as space vehicle launchers. One or both of the components
could be cryogenic material, such as liquid hydrogen and liquid oxygen. Noncryogenic systems
include those used on the U.S. Army’s tactical Lance missile. The Lance missile’s fuel is an
unsymmetrical demethylhydrazine. The oxidizer is an inhibited fuming nitric acid that contains nitric
acid, dinitrogen tetroxide, and 0.5 percent hydrofluoric acid as a corrosion inhibitor.*

Unlike the liquid-fueled rocket motors, in which the propellant is introduced into a
combustion chamber, the solid fuel motor contains all of its propellant in the combustion chamber.
Solid fuel propellants for rocket motors consist of double-base, modified double-base, and
composites. Double-base rocket propellants are similar to the double-base gun propellants discussed
earlier. Thus, they consist of a colloidal mixture of nitrocellulose and nitroglycerine with a stabilizer.
A typical composition for a double-base propellant consists of nitrocellulose (51.5%), nitroglycerine
(43%), diethylphthalate (3%), potassium sulfate (1.25%), ethyl centralite (1%), carbon black (0.2%),
and wax (0.05%).

bid.
B Ammunition, General. Department of the Army, TM 9-1300-200, October 3, 1969..
Ibid.
“Tbid.
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Modified double-base propellants provide a higher performance than double-base propellants.
Two typical compositions for modified double-base propellants are (a) nitrocellulose (20%),
nitroglycerine (30%), triacetin (6%), ammonium perchlorate (11%), aluminum (20%), HMX (11%),
and a stabilizer (2%); or (b) nitrocellulose (22%), nitroglycerine (30%), triacetin (5%), ammonium
perchlorate (20%), aluminum (21%), and a stabilizer (2%). Composite propellants consist of a
polymer structure and an oxidizer. The oxidizer of choice is ammonium perchlorate.

Practice ordnance is ordnance used to simulate the weight and flight characteristics of an
actual weapon. Practice ordnance usually carries a small spotting device to permit the accuracy of
impact to be assessed.

3.1.3.2 High Explosives

High explosives includes compounds such as TNT, tetryl, RDX, HMX, and nitroglycerine.
These compounds undergo reaction or detonation at rates of 1,000 to 8,500 meters per second. High
explosives undergo much greater and more rapid reaction than low explosives (see 3.1.3.1). Some
high explosives, such as nitrocellulose and nitroglycerine, are used in propellant mixtures. This
conditioning often consists of mixing the explosive with other materials that permit the resulting
mixture to be cut or shaped. This process allows for a greater amount of control over the reaction to
achieve the desired effect as a propellant.

High explosives are further divisible into primary and
secondary high explosives according to their susceptibility to | Primary Explosives
initiation. Primary or initiating high explosives are extremely

iti : . Lead azid
sensitive and are used to set off secondary high explosives, both cac azies

Lead styphnate

booster and burster explosives, which are less sensitive but will | Mercury fulminate

detonate violently when ignited. Tetrazene
Diazodinitrophenol

Primary or initiating explosives are high explosives that
are generally used in small quantities to detonate larger quantities
of high explosives. Initiating explosives will not burn, but if ignited, they will detonate. Initiating
agents are detonated by a spark, friction, or impact, and can initiate the detonation of less sensitive
explosives. These agents include lead azide, lead styphnate, mercury fulminate, tetrazene, and
diazodinitrophenol.

Booster or auxiliary explosives are used to increase the
flame or shock of the initiating explosive to ensure a stable
detonation in the main charge explosive. High explosivesusedas | phy
auxiliary explosives are less sensitive than those used in initiators, | Tetryl
primers, and detonators, but are more sensitive than those used as | PETN
filler charges or bursting explosives. Booster explosives, such as
RDX, tetryl, and PETN, are initiated by the primary explosive and
detonate at high rates.

Booster Explosives
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Bursting explosives, main charge, or fillers are high
explosive charges that are used as part of the explosive charge in
mines, bombs, missiles, and projectiles. Bursting charge explos- | tnT
ives, such as TNT, RDX compositions, HMX, and Explosive D, | RDX compositions
must be initiated by means of a booster explosive. Some common | HMX
explosive compositions are discussed in the following text box. Explosive D

Bursting Explosives

Explosive Compositions

Explosive compounds are the active ingredients in many types of explosive compositions, such as Compositions
A, B, and C. Composition A is a wax-coated, granular explosive consisting of RDX and plasticizing wax that is
used as the bursting charge in Navy 2.75- and 5-inch rockets and land mines. Composition B consists of castable
mixtures (substances that are able to be molded or shaped) of RDX and TNT and, in some instances, desensitizing
agents that are added to the mixture to make it less likely to explode. Composition B is used as a burster in Army
projectiles and in rockets and land mines. Composition C is a plastic demolition explosive consisting of RDX, other
explosives, and plasticizers. It can be molded by hand for use in demolition work and packed by hand into shaped
charge devices.

3.1.3.3 Incendiaries

Incendiaries are neither high nor low explosives but are any flammable materials used as
fillers for the purpose of destroying a target by fire,* such as napalm, thermite, magnesium, and
zirconium. In order to be effective, incendiary devices should be used against targets that are
susceptible to destruction or damage by fire or heat. In other words, the target must contain a large
percentage of combustible material.
3.2 Characteristics and Location of MEC

This section describes the sources of safety hazards posed by explosives and munitions.

3.2.1 Hazards Associated with Common Types of Munitions

The condition in which a munition is found is an important factor in assessing its likelihood
of detonation. Munitions are designed for safe transport and handling prior to use. However,
munitions that were abandoned or buried cannot be assumed to meet the criteria for safe shipment
and handling without investigation. In addition, munitions that have been used but failed to function
as designed (called unexploded ordnance, duds, or dud-fired) may be armed or partially armed. As
a category of munitions, UXO is the most hazardous and is normally not safe to handle or transport.
Although it may be easy to identify the status (fuzed or not fuzed) of some munitions (e.g.,
abandoned), this is generally not the case with buried munitions or UXO. Many munitions use
multiple fuzing options; one fuze may be armed and others may not be armed. Therefore, common
sense dictates that all munitions initially be considered armed until the fuze can be properly
investigated and the fuze condition determined.

“Naval Explosive Ordnance Disposal Technology Division, Countermeasures Department. Unexploded
Ordnance: An Overview, 1996.
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Ammunition Classification

Ammunition is typically classified in accordance with the following five factors:

Type: see following text box

Use: service, practice, inert

Filler: explosive, chemical, leaflet, or inert

Storage: amount of explosives (quantity-distance classes)
Compatibility: for storage purposes

OOOOO

Munitions that detonate only partially are said to have undergone a “low order” detonation,
which may result in exposed explosives scattered in the immediate vicinity. In addition to the
detonation hazard of UXO varying with the condition in which it is found, the explosive hazard also
varies with the type of munition, as briefly described in the following text box.

Ammunition Types
Ammunition is classified according to the following types:

(1) Small arms ammunition. Small arms ammunition (less that 20mm) consists of cartridges used in rifles,
carbines, revolvers, pistols, submachine guns, and machine guns and shells used in shotguns. They do not contain
explosives; therefore, they present minimal explosive risks (propellant or tracer only) but do contain lead projectiles
and may cause lead contamination.

(2) Grenades. Grenades are explosive- or chemical-filled projectiles of a size and shape convenient for throwing
by hand or projecting from a rifle. These munitions are designed to land on the ground surface and therefore are
more accessible. Fragmentation grenades, most commonly used, break into small, lethal, high-velocity fragments
and pose the most hazards.

(3) Artillery ammunition. Artillery ammunition consists of cartridges or shells that are filled with high-explosive,
chemical, or other active agents; and projectiles that are used in guns, howitzers, mortars, and recoilless rifles. They
are typically deployed from the ground, but may also be placed on aircraft and generally used in the indirect fire
mode. Fuze types include proximity, impact, or time-delay, depending on the mission and the intended target. They
may also contain submunitions that are sensitive to any movement.

(4) Bombs. Bombs are containers filled with explosive, chemical, or other active agents, designed for release from
aircraft. Bombs penetrate the ground to depths than other munitions due to the size and weight of the munition.
They may also contain submunitions that are very sensitive to movement.

(5) Pyrotechnics. Pyrotechnics consist of containers filled with low-explosive composition, designed for release
from aircraft or for projection from the ground for illumination or signals (colored smokes).

(6) Rockets. Rockets are propellant-type motors fitted with rocket heads containing high-explosive or chemical
agents. The residual propellant may burn violently if subjected to sharp impact, heat, flame, or sparks.

(7) Jet Assisted Take-Off System (JATOS). JATOS consists of propellant-type motors used to furnish auxiliary
thrust in the launching of aircraft, rockets, guided missiles, target drones, and mine-clearing detonating cables.
(8) Land mines. Land mines are metal or plastic containers that contain high-explosive or chemical agents designed
for laying in (normally within the first 12 inches or the topsoil) or on the ground for initiation by, and effect against,
enemy vehicles or personnel.

(9) Guided missiles. Guided missiles consist of propellant-type motors fitted with warheads containing
high-explosive or other active agent and equipped with electronic guidance devices.
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Ammunition Types (continued)

(10) Demolition materials. Demolition materials consist of explosives and explosive devices designed for use
in demolition and in connection with blasting for military construction.

(11) Cartridge-actuated devices (CAD). Cartridge-actuated devices are devices designed to facilitate an
emergency escape from high-speed aircraft.

Adapted from:

JCS PUB 1-02. DoD Dictionary of Military and Associated Terms. March 23, 1994.
AR 310-25. Dictionary of United States Army Terms. May 21, 1996.

TM 9-1300-200. Ammunition, General.

FM 21-16. Unexploded Ordnance (UXO) Procedures. August 30, 1994.

3.2.2 Areas Where MEC is Found

Areas that are most likely to contain MEC include munitions manufacturing plants; load,
assemble, and pack operations; military supply depots; ammunition depots; proving grounds; open
detonation (OD) and open burning (OB) grounds; range impact areas; range buffer zones; explosive
ordnance disposal sites; live-fire areas; training ranges; and ordnance test and evaluation (T&E)
facilities and ranges. The primary ordnance-related activity will also assist planners in determining
the potential MEC hazards at the site; for example, an impact area will have predominantly
unexploded ordnance (fuzed and armed), whereas munitions manufacturing plants should have only
ordnance items (fuzed or unfuzed but unarmed). At all of these sites, a variety of munition types

could have been used, potentially resulting in a
wide array of MEC items at the site. The types
and quantities of munitions employed may have
changed over time as a result of changes in the
military mission and advances in munitions
technologies, thus increasing the variety of
MEC items that may be present at any
individual site. Changes in training needs also
contribute to the presence of different MEC
types found at former military facilities.

The types of munitions constituents
potentially present on ranges varies, de-pending
on the range type and its use. For example, a
rifle range would be expected to be
contaminated with lead rounds and metal
casings. For ranges used for bombing, the most
commonly found munitions constituents would
consist of explosive compounds such as TNT
and RDX. This has been confirmed by
environmental samples collected at numerous
facilities. For example, TNT or RDX is usually
present in explosives-contaminated soils.

Chapter 3. Characteristics of MEC
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Military Ranges

The typical setup of bombing and gunnery ranges
(including live-fire and training ranges) consists of
one or more “targets” or “impact areas,” where fired
munitions are supposed to land. Surrounding the
impact area is a buffer zone that separates the impact
area from the firing/release zone (the area from which
the military munitions are fired, dropped, or placed).
Within the live fire area, the impact area usually
contains the greatest concentration of UXO. Buried
munitions may be found in other areas, including the
firing area itself.

A training range, troop maneuver area, or troop
training area is used for conducting military exercises
in a simulated conflict area or war zone. A training
range can also be used for other nonwar simulations
such as UXO training. Training aids and military
munitions simulators such as training ammunition,
artillery simulators, smoke grenades, pyrotechnics,
mine simulators, and riot control agents are used on the
training range. While these training aids are safer than
live munitions, they may still present explosive
hazards.
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Studies of sampling and analysis at a number of explosives-contaminated sites reported “hits” of TNT
or RDX in 72 percent of the contaminated soil samples collected” and up to 94 percent of
contaminated water samples collected.*

Early (World War I era) munitions tended to be TNT- or Explosive D (ammonium picrate)-
based. To a lesser extent, tetryl and ammonium nitrate were used as well. TNT is still used, but
mixtures of RDX, HMX, ammonium picrate, PETN, tetryl, and aluminum came into use during
World War II. Incendiary charges also were used in World War I1.

3.2.3 Release Mechanisms for MEC

The primary mechanisms for the occurrence and/or release of MEC at MRS are based on the
type of MEC activity or are the result of improper functioning (e.g., detonation) of the MEC. For
example, when a bomb or artillery projectile is dropped or fired, it will do one of three things:

C It will detonate completely. This is also called a “high order” detonation. Complete
detonation causes a “release” of both munitions debris (e.g., fragments) and small
quantities of munitions constituents (e.g., energetic compounds such as TNT and RDX,
lead and other heavy metals) into the environment. Release also may occur during open
detonation of munitions during range-clearing operations.

C It will undergo an incomplete det-
onation, also called a “low order” | Sampling of Detonation Residues
detonation. This causes a release of

) . Analysis of soil samples for explosive residues in areas
not only munitions debris and larger Y p P .
y g of high-order and low-order detonation reveals that

?mounts Of‘ munitions constituents significantly higher quantities of residue are present at
into the environment, but also larger | jow-order detonation sites. The levels of munitions
pieces of the actual munition itself. constituents released from high-order detonations are

C It will fail to function, or “dud fire,” so low as to be measured in micrograms.

which results in UXO. The UXO , , ,

b letelv intact. in which Source: Sampling for Explosives Residues at Fort
may be completely Greely, Alaska, Reconnaissance Site Visit July 2000,
case releases of munitions ERDC/CRREL TR-01-015, November 2001.
constituents are less likely; or the
UXO may be damaged or in an
environment that subjects it to corrosion, thus releasing munitions constituents over time.

In addition, MEC could be lost, abandoned, or buried, resulting in bulk munitions that could
be fuzed or unfuzed. If such an MEC item is in an environment that is corrosive or otherwise
damaging to the MEC item, or if the MEC item has been damaged, munitions constituents could
leach out of the ordnance item.

The fate and transport of some munitions constituents in the environment have not yet

“2A.B. Crockett, H.D. Craig, T.F. Jenkins, and W.E. Sisk. Field Sampling and Selecting On-Site Analytical
Methods for Explosives in Soils, U.S. Environmental Protection Agency, EPA/540/R-97/501, November 1996.

A B. Crockett, H.D. Craig, and T.F. Jenkins. Field Sampling and Selecting On-Site Analytical Methods for
Explosives in Water, U.S. Environmental Protection Agency, EPA/600/S-99/002, May 19, 1999.
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received the level of focus of some more commonly found chemicals associated with other military
operations (such as petroleum hydrocarbons in groundwater from jet fuels). For example, TNT
adsorbs to soil particles and is therefore not expected to migrate rapidly through soil to groundwater.
However, the behavior in the environment of TNT’s degradation products is not well understood at
this time, nor is the degree to which TNT in soil might be a continuing low-level source of
groundwater contamination.

DoD is currently investing additional resources to better understand the potential for corrosion
of intact UXO in different environments and to better quantify the fate and transport of other

munitions constituents.

3.2.4 Chemical Reactivity of Explosives

Standard military explosives are reactive to varying degrees, depending on the material,
conditions of storage, or environmental exposure. Precautions must be taken to prevent their reacting
with other materials. For example, lead azide will react with copper in the presence of water and
carbon dioxide to form copper azide, which is an even more sensitive explosive.* Ammonium nitrate
will react with iron or aluminum in the presence of water to form ammonia and metal oxide. TNT
will react with alkalis to form dangerously sensitive compounds.*® Picric acid easily forms metallic
compounds, many of which are very shock sensitive.

Because of these reactions, and others not listed, military munitions are designed to be free
of moisture and any other impurities. Therefore, munitions that have not been properly stored may
be more unstable and unpredictable in their behavior, and more dangerous to deal with than normal
munitions. This is also true for munitions that are no longer intact, have been exposed to weathering
processes, or have been improperly disposed of. These conditions may exist on ranges.

3.3 Sources and Nature of the Potential Hazards Posed by Conventional Munitions

This section of the handbook addresses two factors that affect the potential hazards posed by
conventional munitions: (1) the sensitivity of the munition and its components (primarily the fuze and
fuze type) to detonation, and (2) the environmental and human factors that affect the deterioration
of the MEC or the depth at which MEC is found.

The potential for the hazards posed by conventional munitions is a result of the following:

Type of munition

Type and amount of explosive(s) contained in the munition

Type of fuze

The potential for deterioration of the intact UXO and the release of munitions constituents
The likelihood that the munition will be in a location where disturbance is possible or
probable

D OO OO

“Military Explosives, 1955.

“Ibid.
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However, a full understanding of the potential hazards posed by conventional munitions is
not possible prior to initiating an investigation unless the munition items have been identified in
advance, the state of the munitions is known, and the human and environmental factors (e.g., frost
heave) are well understood.

3.3.1 Probability of Detonation as a Function of Fuze Characteristics

Most military munitions contain a fuze that is designed to either ignite or cause the detonation
ofthe payload containing the munition. Although there are many types of fuzes, all are in one of three
broad categories — mechanical, electronic, or a combination of both. These fuze types describe the
method by which a fuze is armed and fired. Modern fuzes are generally not armed until the munition
has been launched. For safety purposes, DoD policy is that all munitions and MEC found on ranges
should be assumed to be armed and prepared to detonate and should be approached with extreme
caution (see Chapter 6, “Explosives Safety”).

The type of fuze and its condition (armed or unarmed) directly determine its sensitivity. It
should always be assumed that a fuzed piece of ordnance is armed. Many fuzes have backup
features in addition to their normal method of firing. For example, a proximity fuze may also have
an impact or self-destruct feature. Also, certain types of fuzes are more sensitive than others and may
be more likely to explode upon disturbance. Some of the most common fuzes are described below.

C Impact fuzes are designed to function upon direct impact with the target. Some impact
fuzes may have a delay element. This delay lasts fractions of a second and is designed to
allow the projectile to penetrate the target before functioning. Examples of specific impact
fuzes include impact inertia, concrete piercing, base detonating, all-way acting, and multi-
option. (An example of an all-way-acting fuze is shown in Figure 3-3.) In order for a
proximity or impact fuze to arm, the projectile must be accelerating at a predetermined
minimum rate. If the acceleration is too slow or extends over too short a period of time,
the arming mechanism returns to its safety position; however, munitions with armed
proximity fuzes that have not exploded may be ready to detonate on the slightest
disturbance, especially if the movement generates a static electric charge.

C Mechanical time fuzes use internal movement to function at a predetermined time after
firing. Some of these fuzes may have a backup impact fuze. Moving UXO with this type
of fuze may also cause a detonation. An example of a mechanical time super-quick fuze
is shown in Figure 3-4.

C Powder train time fuzes use a black powder train to function at a predetermined time
after firing.

C Proximity fuzes are designed to function only when they are at a predetermined distance
from a target.* They are used in air-to-ground and ground-to-ground operations to create
airbursts above the target, and they do not penetrate and detonate within the target, as do
impact fuzes. A proximity fuze by design uses a sophisticated sensor to signal the
proximity to the target as the initiation source for the detonation. In a dud-fired condition,
the main concern is the outside influence exerted by an electromagnetic (EM) source. EM
sources include two-way radios and cell phones; therefore, the use of such items must not

“Major N. Lantzer et al. Risk Assessment: Unexploded Ordnance, Prepared for NAVEODTECHDIV, 1995.
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be permitted in these types of environments. EM sources also include certain geophysical
instruments, such as the EM-61 (see discussion of EM-61 and related geophysical sensors
in Chapter 4). Proximity fuzes sometimes are backed up with an impact fuze designed to
function on target impact if the proximity mode fails to function.
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Arming of Fuzes

The material that follows is designed to provide an example of how fuzes are armed. This example relates to one
specific type of weapons system.

Rocket fuzes are classified according to location in the warhead as point detonating (PD), base detonating (BD), or
point initiating, base detonating (PIBD). They are further classified according to method of functioning as time,
proximity, or impact.

a. Time fuzes function a preselected number of seconds after the round is fired. Impact fuzes function upon impact
with super-quick, delay, or nondelay action.

(1) In the case of super-quick action, the warhead functions almost instantaneously on impact, initiated by a firing
pin driven into a detonator.

(2) In delay action fuzes, the warhead functions a fixed time after impact to permit penetration of the target before
the warhead explodes. The amount of delay, usually between 0.025 and 0.15 second, depends on the delay element
incorporated in the fuze. Arming may be accomplished by mechanical means utilizing gear trains, air stream (air
arming), spring action, centrifugal force or inertia, gas pressure (pressure arming), or a combination thereof.

(3) Nondelay action, somewhat slower than super-quick, occurs in delay-action fuzes when the black powder
normally contained in the delay element has been removed.

b. The proximity fuze detonates the warhead at a distance from the target to produce optimum blast effect. It is
essentially a radio transmitting and receiving unit and requires no prior setting or adjustment. Upon firing, after the
minimum arming time, the fuze arms and continually emits radio waves. As the rocket approaches the target, the
waves are reflected back to the fuze. The reflected waves are then received by the fuze with a predetermined
intensity, as on approaching close to the target, this operates an electronic switch in the fuze. This permits electric
current to flow through an electric squib, initiating the explosive train and detonating the rocket.

c. The PIBD fuze detonates the rocket on impact with the target. The fuze consists of a nose assembly and a base
assembly connected by a wire passing through a conduit in the rocket head. Pressure of impact on a piezoelectric
crystal in the nose assembly generates a surge of electricity. This is transmitted to a low-energy detonator in the base
assembly, detonating it. Some PIBD fuzes have a graze-sensitive element which will actuate the fuze if impact does
not initiate the piezoelectric crystal.

TM 9-1300-200, Section VI. FUZES

3.3.2 Types of Explosive Hazards

Both planned and accidental detonations can cause serious injury or even death and can
seriously damage structures in the vicinity of the explosion. Explosive hazards from munitions vary
with the munition components, explosive quantities, and distance from potential receptors. The
DDESB has established minimum safety standards for the quantity of explosives and their minimum
separation distance from surrounding populations, structures, and public areas for the protection of
personnel and facilities during intentional and accidental explosions.*” (DDESB is currently in the
process of revising the safety standards.) These DDESB standards, called Quantity-Distance

“"DoD Ammunition and Explosives Safety Standards, DoD 6055.9-STD, Chapters 2, 5, and 8, July 1999.
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Standards, are based on research and accident data on the size of areas affected by different types of
explosions and their potential human health and environmental impacts (see Chapter 6 for a
discussion of quantity-distance standards). State and local authorities may have additional or more
stringent quantity-distance requirements.

Understanding the explosive hazards specific to the munitions at your site will help you plan
the appropriate safety precautions and notification of authorities. The primary effects of explosive
outputs include blast pressure, fragmentation, and thermal hazards. Shock hazards are also a concern
but are more of an issue with respect to storage of munitions in underground bunkers at active ranges.
Each of these hazards is described below. Many MEC hazards in the field may result in more than
one type of explosive output.

Blast pressure (overpressure) is the almost instantaneous pressure increase resulting from
a violent release of energy from a detonation in a gaseous medium (e.g., air). The health hazards of
blast pressure depend on the amount of explosive material, the duration of the explosion, and the
distance from the explosion, and can include serious damage to the thorax or the abdominal region,
eardrum rupture, and death.

Fragmentation hazards result from the shattering of an explosive container or from the
secondary fragmentation of items in close proximity to an explosion. Fragmentation can cause a
variety of physical problems ranging from skin abrasions to fatal injuries.

Thermal hazards are those resulting from heat and flame caused by a deflagration or
detonation. Direct contact with flame, as well as intense heat, can cause serious injury or death.

Shock hazards result from underground detonations and are less likely to occur at MRSs than
at active ranges or industrial facilities where munitions are found. When a munitions item is buried
in the earth (e.g., stored underground), if detonation occurs, it will cause a violent expansion of gases,
heat, and shock. A blast wave will be transmitted through the earth or water in the form of a shock
wave. This shock wave is comparable to a short, powerful earthquake. The wave will pass through
earth or water just as it does through air, and when it strikes an object such as a foundation, the shock
wave will impart its energy to the structure.

Practice rounds of ordnance may have their own explosive hazards. They often contain
spotting charges, which are low explosives or pyrotechnic fillers designed to produce a flash and
smoke when detonated, providing observers or spotters a visual reference of ordnance impact.
Practice UXO found on the ranges must be checked for the presence of unexpended spotting charges
that could cause severe burns.

3.3.3 Factors Affecting Potential for Exposure to MEC

Because exposure to MEC is a key element of explosive risk, any action that makes MEC
more accessible adds to its potential explosive risks. The combined factors of naturally occurring
and human activities, such as the following, increase the risk of explosion from MEC:

C Flooding and erosion
C Frost heaving
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C Agricultural activities
C Construction
C Recreational use (may provide open access)

Heavy flooding can loosen and displace soils, causing MEC located on or beneath the ground
surface to be moved or exposed. In flooded soils, MEC could potentially be moved to the surface
or to another location beneath the ground surface. Similarly, soil erosion due to high winds, flooding,
or inadequate soil conservation could displace soils and expose MEC, or it could cause MEC to
migrate to another location beneath the surface or up to the ground surface. Frost heaving is the
movement of soils during the freeze-thaw cycle. Water expands as it freezes, creating uplift pressure.
In nongranular soils, MEC buried above the frost line may migrate with frost heaving. The effects
of these and other geophysical processes on the movement of MEC in the environment, while known
to occur, are being studied more extensively by DoD.

Human activities can also increase the potential for exposure to MEC. Depending on the depth
of munitions and explosives, agricultural activities such as plowing and tilling may loosen and disturb
the soil enough to cause MEC to migrate to the surface, or such activities may increase the chances
of soil erosion and MEC displacement during flooding. Further, development of land containing
MEC may cause the MEC to be exposed and possibly to detonate during construction activities.
Excavating soils during construction can expose MEC, and the vibration of some construction
activities may create conditions in which MEC may detonate. All of these human and naturally
occurring factors can increase the likelihood of MEC exposure, and therefore the explosive risks, of
MEC.

3.3.4 Depth of MEC

The depth at which MEC is located is a primary determinant of both potential human
exposure and the cost of investigation and response. In addition, the DoD Ammunition and Safety
Standards require that an estimate of expected depth of MEC be included in the site-specific analysis
for determining response depth.** A wide variety of factors may affect the depth at which MEC is
found, including penetration depth — a function of munition size, shape, propellant charge used, soil
characteristics, and other factors — as well as movement of MEC due to frost heave or other factors,
as discussed in Section 3.3.3.

There are several methods for estimating the ground penetration depths of ordnance. These
methods vary in the level of detail required for data input (e.g., ordnance weight, geometry, angle of
entry), the time and level of effort needed to conduct analysis, and the assumptions used to obtain
results. Some of the specific soil characteristics that affect ordnance penetration depth include soil
type (e.g., sand, loam, clay), whether vegetation is present, and soil moisture. Other factors affecting
penetration depth include munition geometry, striking velocity and angle, relative location of firing
point and striking point, topography between firing point and striking point, and angle of entry.
Table 3-2 provides examples of the potential effects that different soil characteristics can have on
penetration depth. These depths do not reflect the variety of other factors (e.g., different striking
velocities and angles) that affect the actual depth at which the munition may be found. The depths

®BDoD Ammunition and Explosives Safety Standards, DoD 6055.9-STD, Chapter 12, July 1999.
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provided in Table 3-2 are taken from a controlled study to determine munition penetration into earth.
They are presented here to give the reader an understanding of the wide variability in the depths at
which individual munitions may be found, based on soil characteristics alone.

While Table 3-2 provides a few examples of penetration depths, it does not illustrate the
dramatic differences possible within ordnance categories. For example, rockets can penetrate sand
to depths of between 0.4 and 8.1 feet, and clay to depths of between 0.8 and 16.3 feet, depending on
the type of rocket and a host of site-specific conditions.*’

Table 3-2. Examples of Depths of Ordnance Penetration into Soil

Depth of Penetration (ft)
Type of Ordnance

Munition Item Limestone Sand Seil Containing Vegetation Clay
Projectile 155 mm M107 2 14 18.4 28
Projectile 75 mm M48 0.7 4.9 6.5 9.9
Projectile 37 mm M63 0.6 39 5.2 7.9
Grenade 40 mm M822 0.5 3.2 4.2 6.4
Projectile 105 mm M1 1.1 7.7 10.1 15.4
Rocket 2.36" Rocket 0.1 0.4 0.5 0.8

Sources: U.S. Army Corps of Engineers, Ordnance and Explosives Response: Engineering and Design, EM 1110-1-4009,
June 23,2000; Ordata II, NAVEODTECHDIV, Version 1.0; and Crull Michelle et al., Estimating Ordnance Penetration
Into Earth, paper presented at UXO Forum 1999, May 1999.

A unique challenge in any investigation of MEC is the presence of underground munition
burial pits, which often contain a mixture of used, unused, or fired munitions as well as other wastes.
Munition burial pits, particularly those containing a mixture of deteriorated munitions, can pose
explosive and environmental risks. The possibility of detonation is due to the potentially decreased
stability and increased likelihood of explosion of commingled and/or degraded munitions
constituents.

Buried munitions may detonate from friction, impact, pressure, heat, or flames of a nearby
munitions item that has been disturbed. Adding to the challenge, some burial pits are quite old and
may not be secured with technologically advanced liners or other types of controls. Further, because
some burial pits are very old, records of their contents or location may be incomplete or absent
altogether.

3.3.5 Environmental Factors Affecting Decomposition of MEC

Deteriorated MEC can present serious explosive hazards. As MEC ages, the explosive
compound/mixtures in MEC items can remain viable and could increase in sensitivity.”

®U.S. Army Corps of Engineers. Interim Guidance for Conventional Ordnance and Explosives Removal
Actions, October 1998.

9U.S. Army Corps of Engineers. Ordnance and Explosives (MEC) Response Workshop. Control #399, USACE
Professional Development Support Center, FYO1.
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The probability of corrosion of an intact MEC item is highly site specific. MEC can resist
corrosion under certain conditions. There are sites dating back to World War I in Europe that contain
subsurface MEC that remains intact and does not appear to be releasing any munitions constituents.
However, there are certain environments, such as MEC exposed to seawater, that can cause the
MEC"' to degrade. In addition, as MEC casings degrade under certain environmental conditions, or
if the casings were damaged upon impact, their fillers, propellants, and other constituents may leach
into the surrounding soils and groundwater.

In general, the likelihood of deterioration depends on the integrity and thickness of the MEC
casing, as well as the environmental conditions in which the MEC item is located and the degree of
damage to the item after being initially fired. Most munitions are designed for safe transport and
handling prior to use. However, if they fail to explode upon impact, undergo a low-order detonation,
or are otherwise damaged, it is possible that the fillers, propellants, and other munitions constituents
may leach into surrounding soils and groundwater, potentially polluting the soil and groundwater
and/or creating a mixture of explosives and their breakdown products. Anecdotal evidence at a
number of facilities suggests adverse impacts to soil and groundwater from ordnance-related
activities.

The soil characteristics that may affect the likelihood and rate of MEC casing corrosion
include but are not limited to the following:

. . Study of Corrosion Rates in Soils

C Soil moisture

C Soil type The potential extent of corrosion of the metal casing of

C Soil pH intact UXO remains an area of scientific uncertainty.

C Buffering capacity Condltlops that facilitate or retarhd corrosion are clearl.y

C Resistivity sﬁe-speqﬁc. The Army EneronmenFal Center is
. . S undertaking a study of metallic corrosion rates as a

C  Electrochemical potential oxidation- function of soil and climatic conditions to create a

reduction (“redox”) predictive database of such information.
C Oxygen

C Microbial corrosion

Moisture, including precipitation, high soil moisture, and the presence of groundwater,
contribute to the corrosion of UXO and to the deterioration of explosive compounds. Soils with a low
water content (i.e., below 20 percent) are slightly corrosive on UXO casings, and soils with
periodic groundwater inundation are moderately corrosive.

The texture and structure of soil affect its corrosivity. Cohesive soils, those with a high
percentage of clay and silt material, are much less corrosive than sandy soils. Soils with high organic
carbon content, such as swamps, peat, fens, or marshes, as well as soils that are severely polluted with
fuel ash, slag coal, or wastewater, tend to be highly corrosive.

The pH level also affects soil corrosivity. Normal soils with pH levels between 5 and 8 do not
contribute to corrosivity. In fact, soils with pH above 5 may form a calcium carbonate coating on

S'MEC specifically designed for use in a marine environment, such as sea mines and torpedoes, would not be
included in this scenario.
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buried metals, protecting them from extensive corrosion. However, highly acidic soils, such as those
with a pH below 4, tend to be highly corrosive.

Buffering capacity, the measure of the soil’s ability to withstand extreme changes in pH
levels, also affects its corrosion potential. Soils with a high buffering capacity can maintain pH levels
even under changing conditions, thereby potentially inhibiting corrosive conditions. However, soils
with a low buffering capacity that are subject to acid rain or industrial pollutants may drop in pH
levels and promote corrosivity.

Another factor affecting the corrosive potential of soils is resistivity, or electrical
conductivity, which is dependent on moisture content and is produced by the action of soil moisture
on minerals. At high resistivity levels (greater than 20,000 ohm/cm) there is no significant impact on
corrosion; however, corrosion can be extreme at very low resistivity levels (below 1,000 ohm/cm).
High electrochemical potential can also contribute significantly to UXO casing corrosion. The
electrochemical or “redox” potential is the ability of the soil to reduce or oxidize UXO casings (the
oxidation-reduction potential). Aerated soils have the necessary oxygen to oxidize metals.

3.3.6 Explosives-Contaminated Soils

A variety of situations can create conditions of contaminated and potentially reactive and/or
ignitable soils, including the potential for low-order detonations, deterioration of the UXO container
and leaching of munitions constituents into the environment, residual propellants ending up in soils,
and OB/OD, which may disperse chunks of bulk explosives and munitions constituents. Soils with
a 12 percent or greater concentration of secondary explosives, such as TNT and RDX, are capable
of propagating (transmitting) a detonation if initiated by flame. Soils containing more than 15
percent secondary explosives by weight are susceptible to initiation by shock. In addition, chunks
of bulk explosives in soils will detonate or burn if initiated, but a detonation will not move through
the soil without a minimum explosive concentration of 12 percent. To be safe, the U.S. Army
Environmental Center considers all soils containing 10 percent or more of secondary explosives or
mixtures of secondary explosives to be reactive or ignitable soil.*> Therefore, soils suspected of being
contaminated with primary explosives may be very dangerous, and no work should be attempted until
soil analysis has determined the extent of contamination and a detailed work procedure has been
approved.” The soil analysis can be qualitative, that is, based on visual observations, as soils
contaminated in the percent range are easy to spot; or analysis can be quantitative, using a field
analysis kit such as those described in Chapter 8. Under no circumstances should soil visibly
contaminated with munitions constituents be sampled or shipped offsite to a laboratory as it may
create a hazard for the sampling crew members and the laboratory.

3?Federal Remediation Technologies Roundtable and USACE. ETL Ordnance and Explosives Response, 1110-
1-8153, May 14, 1999.

3U.S. Army Corps of Engineers. Ordnance and Explosives Response: Engineering Design, EP 1110-1-18,
April 2000.
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3.4 Toxicity and Human Health and Ecological Impacts of Explosives and Other Munitions
Constituents

The human health and environmental risks of other munitions constituents from MEC are
caused by explosives or other chemical components, including lead and mercury, in munitions and
from the compounds used in or produced during munitions operations. When exposed to some of
these munitions constituents, humans may potentially face long-term health problems, including
cancer. Similarly, exposure of ecosystems may cause disturbance of habitat and development of
health and behavioral problems in the exposed receptors. The adverse effects of munitions
constituents are dependent on the concentration of the chemicals and the pathways by which
receptors become exposed. Understanding the human health and environmental risks of munitions
constituents and byproducts requires information about the inherent toxicity of these chemicals and
the manner in which they may migrate through soil and water toward potential human and
environmental receptors. This section provides an overview of some commonly found explosive
compounds and their potential health and ecological impacts.

Explosive compounds that have been used in or are byproducts of munitions use, production,
operations (load, assemble, and pack), and demilitarization or destruction operations include, but are
not limited to, the list of substances in Table 3-3. Other toxic materials, such as lead, are found in the
projectiles of small arms. These explosive and otherwise potentially toxic compounds can be found
in soils, groundwater, surface waters, and air and have potentially serious human health and
ecological impacts. The nature of these impacts, and whether they pose an unacceptable risk to
human health and the environment, depend upon the dose, duration, and pathway of exposure, as well
as the sensitivity of the exposed populations.

3.4.1 Human Health Effects

. L. Perchlorate
Table 3-3 lists common munitions

constituents and their uses. Many compounds | Perchlorate is a component of solid rocket fuel that has

have multiple uses. such as white phosphorus recently beer} detected in drinking.water in States
P ’ phosp > across the United States. Perchlorate interacts with the

which is both a bursting smoke a.nd incenfiiary thyroid gland in mammals, with potential impacts on
and can function as a pyrotechnic. The list of | growth and development. Research continues to

classifications in Table 3-3 is not intended to be determine the maximum safe level for human drinking
water. While perchlorate is not currently listed on

all-inclusive but to provide a Summary of Some EPA’s IRIS database, several States, including
of the more common uses for various explosive | California, have developed interim risk levels.
materials.

Table 3-3. Primary Uses of Explosive Materials

Primary or Burster
Compound Propellant Initiator Booster Charge Pyrotechnics | Incendiary
TNT C
RDX C C
HMX C C
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Table 3-3. Primary Uses of Explosive Materials (continued)

Primary or Burster
Compound Propellant Initiator Booster Charge Pyrotechnics | Incendiary

PETN C C

Tetryl C

Picric acid C

Explosive D C

Tetrazene C

DEGDN C

Nitrocellulose C

2,4- C C
Dinitrotoluene

2,6- C C
Dinitrotoluene

Ammonium C C
nitrate

Nitroglycerine C C

Lead azide C

Lead styphnate C

Mercury C
fulminate

White C C
phosphorus*

Perchlorates C C

Hydrazine C

Nitroguanidine C

* Classified as a bursting smoke and incendiary.

Table 3-4 illustrates the chemical compounds used in munitions and their potential human
health effects as provided by EPA’s Integrated Risk Information System (IRIS), the National Library
of Medicine’s Toxicology Data Network (TOXNET) Hazardous Substances Data Bank, the Agency
for Toxic Substances and Disease Registry (ATSDR), and material safety data sheets (MSDS).
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Table 3-4. Potential Toxic Effects of Explosive Chemicals and Components on
Human Receptors

Contaminant Chemical Composition Potential Toxicity/Effects

TNT 2,4,6-Trinitrotoluene Possible human carcinogen, targets liver, skin irritations,
C,H;N,0Oq¢ cataracts.

RDX Hexahydro-1,3,5-trinitro- | Possible human carcinogen, prostate problems, nervous
1,3,5-triazine system problems, nausea, vomiting. Laboratory
CHN,Oq¢ exposure to animals indicates potential organ damage.

HMX Octahydro-1,3,5,7-tetrani- | Animal studies suggest potential liver and central
tro-1,3,5,7-tetrazocine nervous system damage.
C,HgN;Oq

PETN Pentaerythritol tetranitrate | Irritation to eyes and skin; inhalation causes headaches,
C,HgN,O,, weakness, and drop in blood pressure.

Tetryl 2,4,6-Trinitrophenyl-N- Coughing, fatigue, headaches, eye irritation, lack of

methylnitramine
C7H5NSO 8

appetite, nosebleeds, nausea, and vomiting. The
carcinogenicity of tetryl in humans and animals has not
been studied.

Picric acid

2,4,6-Trinitrophenol
C.H,N,0,

Headache, vertigo, blood cell damage, gastroenteritis,
acute hepatitis, nausea, vomiting, diarrhea, abdominal
pain, skin eruptions, and serious dysfunction of the
central nervous system.

Explosive D Ammonium picrate Moderately irritating to the skin, eyes, and mucous
CeH¢N,O, membranes; can produce nausea, vomiting, diarrhea,
skin staining, dermatitis, coma, and seizures.
Tetrazene C,H(N,, Associated with occupational asthma; irritant and
convulsants, hepatotoxin, eye irritation and damage,
cardiac depression and low blood pressure, bronchial
mucous membrane destruction and pulmonary edema;
death.
DEGDN Diethylene glycol Targets the kidneys; nausea, dizziness, and pain in the
dinitrate kidney area. Causes acute renal failure.
(C,H,NO;),0
2,4-Dinitrotoluene C,H;N,0, Exposure can cause methemoglobinemia, anemia,
leukopenia, liver necrosis, vertigo, fatigue, dizziness,
weakness, nausea, vomiting, dyspnea, arthralgia,
insomnia, tremor, paralysis, unconsciousness, chest pain,
shortness of breath, palpitation, anorexia, and loss of
weight.
2,6-Dinitrotoluene C,HN,O, Exposure can cause methemoglobinemia, anemia,

leukopenia, and liver necrosis.

Diphenylamine

N,N-Diphenylamine
CIZHI lN

Irritation to mucous membranes and eyes; pure
substance toxicity low, but impure material may contain
4-biphenylamine, a potent carcinogen.
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Table 3-4. Potential Toxic Effects of Explosive Chemicals and Compounds on
Human Receptors (continued)

Contaminant Chemical Composition Potential Toxicity/Effects

N-Nitrosodiphenylamine | C,,H,,N,O Probable human carcinogen based on an increased
incidence of bladder tumors in male and female rats and
reticulum cell sarcomas in mice, and structural
relationship to carcinogenic nitrosamines.

Phthalates Various An increase in toxic polyneuritis has been reported in
workers exposed primarily to dibutyl phthalates;
otherwise very low acute oral toxicity with possible eye,
skin, or mucous membrane irritation from exposure to
phthalic anhydride during phthalate synthesis.

Ammonium nitrate NH,NO, Prompt fall in blood pressure; roaring sound in the ears
with headache and associated vertigo; nausea and
vomiting; collapse and coma.

Nitroglycerine (Glycerol | C;H;N,O, Eye irritation, potential cardiovascular system effects
trinitrate) including blood pressure drop and circulatory collapse.
Lead azide NPb Headache, irritability, reduced memory, sleep

disturbance, potential kidney and brain damage, anemia.

Lead styphnate PbCHN,0O, CH,O Widespread organ and systemic effects including central
nervous system, immune system, and kidneys. Muscle
and joint pains, weakness, risk of high blood pressure,
poor appetite, colic, upset stomach, and nausea.

Mercury fulminate Hg(OCN), Inadequate evidence in humans for carcinogenicity;
causes conjunctival irritation and itching; mercury
poisoning including chills, swelling of hands, feet,
cheeks, and nose followed by loss of hair and ulceration;
severe abdominal cramps, bloody diarrhea, corrosive
ulceration, bleeding, and necrosis of the gastrointestinal
tract; shock and circulatory collapse, and renal failure.

White phosphorus P, Reproductive effects. Liver, heart, or kidney damage;
death; skin burns, irritation of throat and lungs,
vomiting, stomach cramps, drowsiness.

Perchlorates Clo, Exposure causes itching, tearing, and pain; ingestion
may cause gastroenteritis with abdominal pain, nausea
vomiting, and diarrhea; systemic effects may follow and
may include ringing of ears, dizziness, elevated blood
pressure, blurred vision, and tremors. Chronic effects
may include metabolic disorders of the thyroid.

Hydrazine N,H, Possible human carcinogen; liver, pulmonary, CNS, and
respiratory damage; death.

Nitroguanidine CH,N,O, No human or animal carcinogenicity data available.
Specific toxic effects are not documented.
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3.4.2 Ecological Effects

As with human health effects, ecological effects from chemical compounds associated with
munitions usage depend on a combination of factors: the toxicity of the compound itself, the pathway
by which the compound gets to a receptor, the concentration to which a receptor is exposed, and the
reaction of the particular receptor to the compound. Site-specific assessment of the potential for an
ecological impact is necessary to understand the manner in which a particular ecosystem (e.g., a
wetlands environment) makes munitions constituents available to potential receptors. Ultimate
receptors may include not only animal species, but also their habitat, including terrestrial and aquatic
plant life. In some cases the habitat may act to biologically remediate concentrations that may
otherwise seem harmful.

Guidance documents are available to assist in the conduct of ecological risk assessment. In
addition, the Wildlife Exposure Factors Handbook developed by the EPA provides data, references,
and guidance for conducting exposure assessments for 35 common wildlife species potentially
exposed to toxic chemicals in their environment.** A variety of exposure factors (e.g., feeding habits,
body weight) are examined and organized to allow the calculation of the potential for exposure.

Research on ecological effects of
munitions constituents has been varied and
fragmented. Conservative screening levels ofthe | As used in this discussion, screening benchmarks are
most common munitions constituents have been very conservative levels of a chemical that can produce
developed based on literature searches of toxic gdverse effects in selected species. Practi.cally speak-
effects on a variety of species. The general ing, these levels are extrapolated and applied to related

Screening Benchma