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1. INTRODUCTION 


Guidelines for the pennitting, corrective action and closure of open burning (OB) and 
open detonation (OD) units that treat energetic wastes in the Commonwealth of Virginia have 
been prepared for the Virginia Department of Environmental Quality (VIRGINIA DEQ) with the 
contract support of the U.S. Environmental Protection Agency (EPA) Region Ill. The guidelines 
are intended for use by facility owner/operators to prepare complete and technically adequate 
penn it applications as well as closure plans and corrective action plans for OB/OD units. Pennit 
writers and other regulatory staff can use the guidelines to evaluate OB/OD unit documents and 
specify penn it conditions. 

The guidelines are to facilitate compliance with the requirements of Title 9 
Environment, Virginia Administrative Code (VAC) 20 - Virginia Waste Management, Chapter 
60-Virginia Hazardous Waste Management Regulations (VHWMR) as applicable to 
miscellaneous units. Federal requirements for miscellaneous units are addressed by 40 CFR 
264.600-603 (Subpart X) as adopted by reference based on 9V AC20-60-264. Other applicable 
general requirements are included in 9V AC20-60-] 0 through 1505. 

The scope of the guidelines has been limited to addressing the specialized regulatory 
issues associated with OB/OD units pursuant to VIRGINIA DEQ. Thus, these guidelines are 
intended to be used in conjunction with other VIRGINIA DEQ and EPA guidance for developing 
general pennit conditions and pennit applications for hazardous waste management units. In 
addition, general guidelines for OB/OD units are included in RCRA 40 CFR Part 264, Subpart X 
Permit Writers Technical Resource Document (USEPA, June] 997). 

An overview of OB/OD methods and criteria as defined in the regulations are set forth in 
Sect. 2. Sect. 3 provides a discussion of various significant OB/OD regulatory topics. The 
regulated community may use this guidance to evaluate the completeness of an OB/OD pennit 
application, with the understanding that site-specific conditions may impose additional 
requirements or conditions. Sect. 4 addresses OB/OD environmental perfonnance standards, and 
considerations for associated pennit conditions are addressed in Sect. 5. (For expediency some 
pennit writers may go directly to Sect. 5 for pennit conditions guidance and refer to other 
sections that are cited for background infonnation). The removal and remediation of energetic 
contaminated media is discussed in Sect. 6. References cited are listed in Sect. 7. 
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2. OBiOn SOURCE OVERVIEW 

Many waste propellants, explosives and pyrotechnics (PEP) and waste munition items are 
unsafe to treat by conventional methods of hazardous waste management. Open burning and 
open detonation (OB/OD) are major methods of treatment for these energetic wastes. Research 
is being conducted to develop alternative methods of treatment for waste munitions and other 
energetic wastes (USEPA, June 1997). However, because of safety hazards, as well as site
specific feasibility factors for alternative treatment technologies, there are certain circumstances 
and energetic wastes that necessitate the use of OB/OD treatment. Thus, OB/OD treatment is not 
expected to be totally replaced by alternative technologies in the near future. 

SpecificalIy, 40 CFR 265.382 - Open Burning; Waste Explosives states: 

Open burning of hazardous waste is prohibited except for the open 
burning and detonation of waste explosives. Waste explosives 
include waste which has the potential to detonate and bulk military 
propellants which cannot be safely disposed of through other 
modes of treatment. 

Source-specific factors associated with the permitting, operation and closure of OB/OD 
units include: 

• 	 Treatment of energetics and associated pretreatment, treatment, and post
treatment safety hazards. 

• 	 Potential for significant waste stream variability that may be difficult to predict 
and characterize. 

• 	 Intermittent/quasi-instantaneous releases that are challenges to monitor and 
model. 

• 	 Limited opportunities for engineering controls. 

• 	 Regulatory requirement for site-specific environmental performance standards. 

The following sections provide an overview ofOB/OD sources, including physical and 
process description (Sect. 2.1), criteria for burning and detonation (Sect. 2.2) potential emissions 
(Sect. 2.3), and best management practices (Sect. 2.4). 
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2.1 OB/OD PHYSICAL AND PROCESS DESCRIPTION 

2.1.1 OB Physical and Process Description 

Open burning has been used to treat energetic wastes by self-sustained combustion, 
which is ignited by an external source (such as a flame, heat, or detonation wave that does not 
result in an .explosion) (USEPA, June 1997). Typical energetic wastes treated by OB include 
bulk propellants and energetic material items which are not reliably detonable and/or can be 
burned without causing an explosion. Occasionally, OB has been used for the treatment of 
solvents that contain energetic constituents or other energetic-contaminated wastes. Fig. 2-1 
illustrates the various modes of OB treatment. 

In the past, OB was frequently conducted on the ground surface or in bum trenches. 
Current best management practice for OB involves the use of bum pans to contain the energetic 
waste prior to treatment as well as the residue and ash from the bum. Bum pans typically range 
in size from 3 to 5 ft. wide by 5 to 20 ft. long and are I to 2 ft. deep (USEPA June 1997). Based 
on field tests conducted by the U.S. Army, the OB ash/residue from the treatment of bulk 
propellants is approximately a factor of 10.3 of the original energetic waste mass (U.S. Army, 
January 1992). 

Waste propellants to be treated by OB are often contained in bags that are placed directly 
into the unit. Dunnage (such as wood) and supplemental fuels (such as fuel oil or kerosene) have 
been used to aid the burning in certain circumstances. For example, dunnage can be used for the 
treatment of wet energetic wastes that may be generated during certain energetic manufacture 
operations. Bum cages and bum pans have been used for bums with dunnage. 

Open burning and static firing have been used for the demilitarization of rocket and 
missile motors. In some cases involving very large items that would not fit in pans, the treatment 
ofrocketlmissile motors has involved OB directly on the ground or in trenches. In these cases, 
an explosive charge is used to break open the motor casing and the energetic motors will then 
bum. However. static firing (SF) is the preferred treatment method for these large rocket and 
missile motors. Mounting stands and missile silos have been used for the static firing of rocket 
and missile motors for demilitarization. 

Bum pans with precipitation covers are illustrated in Fig. 2-2, respectively. 

Bum rates and durations are a function of the depth of material in the pan as well as the 
type of energetic treated and the use of dunnage. (A maximum propellant depth of 3 in. is 
typical). For example, based on Army tests, the bum duration of a 3 in. layer of M -26 propellant 
is about 10 seconds. For flaked TNT the duration is 37 minutes (U.S. Army, March 1986). 
Typically, propellant bums last only seconds (i.e., less than one minute). The Army tests also 
indicate that bums of dunnage plus energetics may have durations for several hours (attributed 
solely to the burning/smoldering of the dunnage), but in the tests the bum duration for the 
energetics portion only of the dunnage/energetics combination was similar to those for energetics 
without dunnage. 
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OB Treatment 

• Self-sustained combustion (non detonation) process 
• Treatment of bulk propellants, some bulk explosives, certain 
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• Static firing of missile and rocket motors 
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Fig.2-1. Open burning (OB) overview (based on U.S. Army, March 2001) 
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Fig. 2-2. Example burn pans witb precipitation covers 
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2.1.2 

Initial OB flame temperatures associated with the thermal treatment of propellants can 
exceed 1 ,800K (2,322°F) for some materials. A typical OB source temperature is approximately 
1,000K (1,341 OF), and 700K (801°F) with dunnage (U.S. Army, March 1986). 

OD PHYSICAL PROCESS DESCRIPTION 

Open detonation to treat waste explosives and certain munition items typically has been 
conducted directly on the ground surface, in open pits or trenches, or via buried charges (i.e., 
subsurface detonations) (see Fig. 2--3). Figure 2-4 provides an example of OD treatment. Use 
of pits, trenches and subsurface detonations reduces the fragmentation hazard associated with the 
treatment of munition items, as well as minimizing noise. 

Open pits typically range from ] 0 ft. to 30 ft. in diameter and from 5 ft. to 15 ft. deep 
(depending on the explosive weight to be treated). Trenches vary in size depending on the 
quantity to be tested and are usually 4 to 8 ft. wide by 6 to 15 ft. long (USEPA, June 1997). 
Subsurface detonations usually involve burial of charges with a 2 ft. to 10ft. soil cover. 

The maximum quantities to be OD treated are measured in terms of net explosive weight 
(NEW), the total weight of explosives in the munition. An explosive charge (donor charge) is 
used to initiate the detonation and increase treatment effectiveness. The donor charge is an 
explosive being used for its intended purpose, and therefore it is not RCRA regulated but should 
be accounted for in the charactization and impact assessment of OD operations. Military 
installations often use Composition C-4 (90 percent RDX and 10 percent plasticizer, such as 
polyisobutylene) as an explosive donor charge for OD operations. The quantity of donor charge 
used is frequently equal to the NEW of the munitions to be treated but may vary depending on 
the type of waste energetics/munitions treated (USEPA, June 1997). 

The detonation process occurs at supersonic speeds and therefore is considered a quasi
instantaneous source. Typical OD source temperatures range from 800K (981°F) to 1,000K 
(1,341°F). Cloud heights (a function of the NEW) for OD tests were observed to stabilize 
approximately two minutes after the detonations (DNA, October 1981). 
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OD Treatment 

• Primary treatment method for waste 
explosive and certain munitions 

• Donor explosive charges typically used to 
increase effectiveness of treatment 

• Subsurface detonations frequently used to 
minimize fragmentation hazards and noise 
impacts 
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Fig. 2-3. Open detonation (OD) overview 
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Figure 2-4. Example OD treatment 
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2.2 CRITERIA FOR BURNING AND DETONATION 

Wastes appropriate for OBIOD treatment are limited to certain reactive wastes, ignitable 
wastes and energetic contaminated wastes that cannot safely be disposed of through other modes 
of treatment based on site-specific considerations (e.g., hazard potential, environmental impact 
potentiaL technical feasibility, transportation). 

2.2.1 RCRA Hazardous Waste Codes 

Only hazardous wastes that have explosive characteristics of reactivity (i.e., a limited 
subset of EPA Hazardous Waste Code 0003) are allowable for routine OBIOD treatment. 
Specifically, these explosive reactivity definitions are specified in 40 CFR 261.23(a)(6-8) of the 
Code of Federal Regulations, October 2001 as follows: 

It is capable of detonation or explosive reaction if it is subjected to a strong 
initiating source or if heated under confinement. 

It is readily capable of detonation or explosive decomposition or reaction at 
standard temperature and pressure. 

It is a forbidden explosive as defined in 49 CPR 173.51, or a Class A explosive as 
defined in 49 CFR 173.53 or a Class B explosive as defined in 49 CFR 173.88 

These definitions therefore include propellants, explosives and pyrotechnics (PEP). In 
addition, most waste military munitions would be included pursuant to the Military Munitions 
Rule (40 CPR 260.10): 

.... the term military munitions includes: confined gaseous, liquids, and solid 
propellants. explosives, pyrotechnics, chemical and riot control agents, smokes, 
and incendiaries used by 000 components, including bulk explosives and 
chemical warfare 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. Military 
munitions do not include wholly inert items, improvised explosive devices, 
nuclear devices and nuclear components thereof. However, the term does include 
non-nuclear components of nuclear devices, managed under DOE's nuclear 
weapons program after all required sanitation operations under the Atomic Energy 
Act of 1954, as amended, have been completed. 

Exceptions for routine OBIOD treatment from the above list would include small arms 
ammunition, (up to 50 caliber based on USEPA, November 1984) chemical warfare agents, and 
chemical munitions, although there may be circumstances that warrant emergency treatment 
pursuant to the Military Munitions Rule. 
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While the EPA Waste Code 0003 is mandatory for OBIOD treatment, additional waste 
codes may also be applicable. For example, lead azide would have hazardous waste codes 0003 
and 0008, and mercury fulminate would have 0003 and 0009 (P065 specific to mercury 
fulminate may also apply to limited circumstances). Another example is an aerial flare that 
could have hazardous waste codes 0003 (since it is a "forbidden explosive" pursuant to 40 CFR 
261.23(a)(8» and 000 I (since it has ignitabiIity and rigorous burn characteristics pursuant to 40 
CFR 261.21 (a)(2». 

2.2.2 DOT Hazard Classification Codes 

Hazard classification codes for explosives, as defined by the Department of 
Transportation (DOT), provide a basis for the selection of OB versus 00 treatment of waste 
energetics. The hazard classification codes (49 CFR 173.52) for explosives are a combination of 
the DOT hazard classldivision (49 CFR 173.50) and a compatibility group (49 CFR 173.52). A 
copy of these regulatory citations is provided in Appendix A. These explosive classification 
systems are also used by the Department of Defense (000) and included in the web-based Joint 
Hazard Classification System (000 access authorization needed). A summary of Hazard Class I 
(Explosives) is provided in Table 2-1 and compatibility groups in Table 2-2. A matrix of hazard 
classldivision versus compatibility group and the resulting hazard classification code is presented 
in Table 2-3. 

Table 2-4 provides a summary of the appropriate treatment (OB, 00 or OB/OD) as a 
function of hazard classification codes. However, there may be exceptions based on site-specific 
and item-specific hazard considerations and the judgment of UXOlEO0 staff. A further 
discussion of energetic wastes appropriate for OB and 00 treatment is provided in Sects. 2.2.3 
and 2.2.4, respectively. A summary of typical energetic items that should be prohibited from 
routine OBIOD treatment is presented in Sect, 2.2.5. 

2.2.3 Criteria for Open Burning 

Open burning should be limited to the treatment of those waste energetics that would 
result in a subsonic chemical transformation process (i.e., no detonation). Typical candidates for 
OB treatment include the following: 

• 	 Bulk propellants 
• 	 Certain bulk explosives (e.g., TNT flakes) if detonation will not occur 
• 	 Class 1.3 explosive (mass deflagration hazard) 
• 	 Certain explosives (Le., those that also are a vigorous combustion subset of EPA 

Waste code 0001 pursuant to 40 CFR 261.21 (b) and 49 CFR 173.151) 

The selection and appropriateness of OB treatment must also be based on site-specific 
safety, transportation hazard potential, offsite treatment options and feasibility of alternative 
technology considerations. 
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Table 2-1. DOT hazard classes for explosives 

1.1 Mass explosion 
1.2 Nonmass explosion, fragment-producing 
1.3 Mass Fire, minor blast or fragment 
1.4 Moderate fire, no blast or fragment 
1.5 Explosive substanee, very insensitive (with a mass explosion hazard) 
1.6 Explosive article, extremely insensitive 
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Table 2-2. Compatibility groups for explosives 

Group A Bulk-initiating explosives that have the necessary sensitivity to friction, heat, or 
percussion (shock) to make them suitable for use as initiating elements in an explosive train (i.e., 
primary initiating explosives are lead azide, lead styphnate, mercury fulminate, and tetracene). 
Examples of nonprimary initiating explosives are dry forms of cyclotetramethylene 
'tetranitramine (HMX), cyclotrimethylene trinitramine (RDX), and pentaerythritol tetranitrate 
/(PETN) 
Group B Detonators and similar initiating devices that do not contain two or more independent 

safety features (i.e., blasting caps, small arem primers, fuzes, and detonators of all types). 

Group C Bulk propellants, propelling charges, and devices containing propellant with or without 

their own means of initiation (i.e., single, double and triple base propellants, composite 

Ipropellants, rocket motors (solid propellant), and ammunition with inert projectiles). 

Group D High explosives (HE) and devices containing HE without their own means of initiation 

and without a propelling charge (i.e., wet HMX, plastic-bonded explosives, TNT, and black 

I powder). 

Group E Explosives devices with their own means of initiation and with or without propelling 

charge (i.e., grenades, sounding devices, and similar items an in-line explosive train in the 

initiator). 

Group G Pyrotechnic materials and devices containing pyrotechnic materials (i.e., devices that, 

when functioning, result in illumination, smoke, or an incendiary, lachrymatory, or sound effect). 

Group H Ammunition containing both explosives and white phosphorus or other pyrophoric 

material (Le., WP, plasticized WP, or other ammunition containing p:vrophoric material) . 
. . . .
Group J AmmUnItIon contammg both explosIves and flammable lIqUIds or gels (I.e., hqUId and 

I 

gel filled incendiary ammunition, fuel-air explosive devices, flammable liquid-fueled missiles, 

and to edoes . 

.Group K Ammunition containing both explosives and toxic chemical agents (i.e., artillery or 

lmortar ammunition [fuzed or unfuzed], grenades, and rockets or bombs filled with lethal or 
inca acitatin chemical a ent . 
Group L Explosives or ammunition not included in other storage compatibility/hazard class 
groups (i.e., damaged or suspect explosive devices or containers, explosives that have undergone 
!severe testing, fuel/air explosive devices, and water-activated devices, experimental explosives, 
newly synthesized compounds, new mixtures, and salvaged explosives until it is established they . 
I.are compatible with the original materials). 
Group N Hazard Division 1.6 ammunition containing only extremely insensitive detonating 
substances (i.e., bombs and warheads). 
Group S Explosives, explosives devices, or ammunition presenting no significant hazard (i.e., 
thermal batteries, cable cutters, explosive actuators, and other ammunition items packaged to 
meet the criteria of this group). 
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Table 2-3. Hazard classification codes for explosives 

. Hazard 

I Class/ 
Division 

! 

A B IC I 
! 

ID E F G H J 
I! 

I K L N S 
I 1.1 LlA LIB l.lC l.1D 1.1 E I.IF l.lG ... 1.1.1 ... I.IL ... .. . 

1.2 ... l.2B 1.2 C 1.2 D 1.2 E 1.2 F 1.2 G 1.2 H 1.2 J 1.2K 1.2L ... .. . 
1.3 ... ... 1.3C ... ... 1.3F 1.3G 1.3H 1.3J 1.3 K 1.3L .. . ... 
1.4 ... 1.4 B 1.4 C 1.4 D 1.4 E 1.4 F 1.4 G ... ... ... ... .. . 1.4 S i 

1.5 ... ... ... 1.5 D ... ... ... ... ... .. . ... ... ... 
1.6 ... ... ... '" ... i ... ... ... ... .. . ... 1.6 N ... 
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Table 2-4. OBIOD appropriate treatment summary 

I Compatibility 
Hazard I 

I Candidate for Classification Typically Typically 
Groups Code OB OD OBorOD I 

F~ 1.1 A X 
LIB X X 

I 
1.2 B i X 
1.4 B ; X : 

C 1.IC I X I X 
1.2 C X I X 
1.3 C X 

I 

XL 

1.4 C X I I 

D l.lD I X 
1.2 D X I X 

I 1.4 D X I 

I 

I I 1.5 D X 
I E LIE X 

1.2 E X 
1.4 E X 

F l.lF X 
1.2 F X 
1.3 F X X 
1.4 F X X 

G l.lG X 
1.2 G X 
1.3 G X X 
1.4 G X X 

H 1.2 H i X X 
1.3 H I X X 

I 
J i 1.1.1 X I 

i 1.2 J X I II 

1.3 .J X i X I 

K 1.2 K X 
1.3 K X I X i 

L l.IL i X 

I 1.2 L i X 

I 1.3 L X I X 

I N 1.6N X 
S 1.4 S X 
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2.2.4 Criteria for Open Detonation 

Open detonation should be limited to the treatment of those waste energetics that would 
result in a supersonic chemical transformation process. Typical candidates for 00 treatment 
include the following: 

• 	 Bulk explosives 
• 	 Class 1.1 explosives (detonates almost instantaneously) 
• 	 Class 1.2 explosives (principal hazards of blast and/or fragmentation) 
• 	 Most other munition items 

The selection and appropriateness of 00 treatment must also be based on site-specific 
safety, transportation hazard potential, offsite treatment options, and feasibility of alternative 
technology considerations. 

2.2.5 Prohibited Energetic Wastes for Rontine OB/OD Treatment 

Certain energetic wastes should be excluded from routine 08/00 treatment because of 
the potential for extremely toxic releases or availability of alternative treatment technologies. 
Examples of these prohibited items include the following: 

• 	 Small arms ammunition up to 50 caliber (since this is not considered to have 
RCRA explosive reactivity characteristics based on EPA policy (USEP A, 
November 1984) and alternative treatment technologies are available) 

• 	 Chemical agent munitions 

• 	 Riot-control munitions 

• 	 White/red phosphorous 

• 	 Incendiaries (e.g., napalm) 

• 	 Colored smokes 

• 	 Depleted uranium (DU) munitions 

The items listed above may be prohibited from routine OB/OD operations, but there may 
be site-specific need for emergency treatment to mitigate safety hazards. 
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2.3 OB/OD 'I'REATMENT EMISSIONS AND CONCEPTUAL SITE MODEL 

The evaluation of OB/OD treatment emissions involve consideration of the following 
factors: 

• OB/OD air emissions 
• Casings and other munition components (OD) 
• OB/OD ejecta 
• Unexploded ordnance (UXO) hazards 
• Soil explosives hazard 
• Historical operations 
• OB/OD conceptual site model 

These factors are discussed in Sects. 2.3.1 through 2.3.7, respectively. 

2.3.1 OBIOD Air Emissions 

Energetic compounds are composed mainly of carbon, hydrogen, nitrogen, and oxygen. 
The primary air emissions are products of combustion that typically include the following: 

• Carbon monoxide 
• Carbon dioxide 
• Nitrogen and nitrogen oxides 
• Water 
• Sulfur dioxide 
• Methane 

Secondary air emissions include various products of incomplete combustion that can 
include energetics, other organics, and inorganics such as metals, cyanides, and sulfides. There 
is also a potential for the release of dioxins and furans if chlorinated energetics are treated. Air 
emissions from OB/OD treatment include inhalable size particles that can remain airborne for 
large travel distances. 

2.3.2 Casings and Other Munition Components 

Studies conducted by the U.S. Navy have indicated that metal casings and other unit 
munition components treated by OD become shrapnel (U.S. Navy, March 2001). Therefore, 
these components are not considered a primary source of OD air emissions or residues that 
would rapidly migrate in the environment. 

2.3.3 OBIOD Ejecta 

Soil ejecta from OD operations can be a source of airborne soil particulates that include 
OD residues. The inhalable size particles from OD soil ejecta can remain airborne for large 
travel distances. However, most of the ejecta from the crater are deposited within about 3 to 5 
crater radii of the detonation location. Sample crater radii as a function ofNEW treated are 
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provided in Table 2-5. Guidance for the estimation of crater radii is provided in High Explosives 
Field Tests (DNA, October 1981). 

Open detonation field tests conducted at Dugway Proving Ground (DPG). Utah. indicated 
that 97-98% of the measured 00 residue constituents in soil occurred within the crater. The 
remainder (2-3%) was within a 125-m radius for a 2,000 lb NEW detonation (U.S. Army, 
January 1992). 

Maximum 00 residue concentrations are expected to occur within the detonation crater. 
Typical crater depths as a function ofNEW treatment quantities are provided in Table 2-5. 
Guidance for the estimation of crater depths is provided in High Explosives Field Tests (DNA. 
October 1981). 

Open burn field tests conducted at DPG have indicated that residues were generally 
limited to within 10-20 m of the burn pans. Potential OB residue constituents in the soil may 
occur in the immediate vicinity of the pans because of spillage (loading the bum pans with 
propellant and/or unloading the post-bum residue and ash). Ejecta and "pop outs" from the 
burns are another potential source of contamination (U .S. Army, January 1992). 

2.3.4 UXO Hazards 

The potential for unexploded ordnance exists at 00 units and OB units which have been 
used to treat munitions. UXO is also a concern for all OB/OD units located within military 
impacts ranges. When live ordnance items and/or debris have been buried by natural processes it 
may be necessary to conduct a UXO survey and subsequent UXO clearance based on site
specific conditions and/or closure requirements. 

UXO associated with OB/OD treatment operations is expeeted to occur on the ground 
surface and at depths commensurate with OD pits and craters. However, UXO can occur at 
greater depths at OB/OD sites located within military ranges associated with range operations. 

Additional UXO guidance and information are available from the Handbook on the 
Management ofOrdnance and Explosives at Closed. Tran~ferred, and Transferring Ranges. 
(USEPA, June 2001). 

2.3.5 Soil Explosives Hazard 

The U.S. Army collected surface soil samples at OB/OD sites at 36 installations (U.S. 
Army, February 1986). About 99% of the analytical results for energetics were below 
1,000 Jig/g. Soils with a 12 percent or greater concentration of secondary explosives, such as 
TNT and RDX, are capable of propagating through soil 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 if initiated, but will not propagate 
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 
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Table 2-5. Typical sample OD crater dimensionsa.h 

I 
! 

Soil Geolo~ 

Total 
NEW 
(lb) 

Crater 
Radius 

(ft) 

Ejecta Fallout 
Zone 3-5 Crater 

Radii 
(ft) 

Crater 
Depth 

(ft) 
Wet Soil/Clay 
Wet Soil/Clay 
Wet Soil/Clay 
Wet Soil/Clay 

! 

1 
10 

100 
1,000 

1.5 
3.3 
7.0 
15.1 

5-8 
10-17 
21-35 
45-76 

0.6 
1.4 
2.9 
6.3 

Dry Soil/Clay 
Dry Soil/Clay 

1 
]0 

1.0 
2. ] 

3-5 
6-11 

0.4 
0.9 

Dry Soil/Clay 
Drv Soil/Clay 

! 

I 

100 
] ,000 

! 

I 

4.4 
9.5 

13-22 
29-48 

I 

I 
1.8 
4.0 

aBased on DNA, October 1981 

bCrater dimensions based on surface detonations. Crater dimensions expected to be 
greater for shallow-buried charges. Crater dimension may also vary based on site-specific 
subsurface soil conditions and geology. 

6988 2-17 



explosives or mixtures of secondary explosives to be explosive soil (ll .S. Navy, March 
200}'USEPA, June 2001). Therefore, soil explosion hazards at OBIOD site are generally low 
although there is the potential for "hot spots." 

2.3.6 Historical Operations 

In addition to the RCRA-regulated OBIOD treatment operations described in this section, 
other earlier hazardous waste activities may have contributed to the quality of soils and 
groundwater at a unit. Especially for sites operated prior to 1980, historical operations may bc a 
major cause of hazardous constituents in soils and groundwater. For site-specific regulatory 
guidance applicable to these situations adequate historical operations information and available 
site characterization data should be provided to the lead regulatory agency. 

2.3.7 OB/OD Conceptual Site Model 

A generic OBIOD site model involves the following components: 

• Contamination source (Sect. 2.3.1-2.3.6) 
+ Treatment location 
+ Ejecta zone 
+ Other hot spots 

• Transport pathways (to be discussed in Sect. 4) 
+ Atmospheric dispersion (inhalation) 
+ Atmospheric deposition (air to soil andlor surface water) 
+ Overland runoff (soil to surface water) 
+ Infiltration (soil to groundwater) 
+ Wind erosion (soil to air) 
+ Fugitive dust (soil to air) 

• Potential receptors (to be discussed in Sect. 4) 
+ Points of compliance 
+ Maximum exposures 

The potential for soil residue hot spots at an OBIOD are summarized in Fig. 2-5. A 
generic OBIOD unit conceptual site model is illustrated in Fig. 2-6. And a preliminary basis to 
evaluate the potential for leaching of OBIOD residues from the soil to groundwater is depicted in 
Fig. 2-7. These figures illustrate the process for identifying potential contamination sources, 
migration pathways, and receptors. This process should be implcmented on a site-specific basis 
and documented in the permit application (or corrective action/closure plans) and used for the 
determination of environmental performance standards and permit (or corrective action/closure) 
conditions. 
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Typical limited to 
surface (0-1.5 ft)* 
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treatment point 
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the ground or site 
with high infiltration 

Fig. 2-5. Potential OBIOn residue hot spots. 
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Fig. 2-6. Potential environmental transport pathways of concern at OBiOn units. 
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Fig. 2-7. Generic OB/OD conceptual site model 
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2.4 OB/OD BEST MANAGEMENT PRACTICES 

Applicable best management practices for OB/OD unit should be specified as permit 
conditions. Following is a list of generic OBIOD best management practices that should be 
considered on as case-by-case basis: 

• 	 Run-on and run-off controls for the OB/OD unit. Typical control measures that 
could be taken include: 

+ 	 Berms or ditches of sufficient size upgradient of the OB/OD unit to 
prevent run-on. 

+ 	 Covers to prevent precipitation from contacting contamination (thus 
preventing contaminated run-off) 

+ 	 Berms or ditches of sufficient size downgradient of the OB/OD unit to 
capture run-off. 

+ 	 Run-off collection system. 

+ 	 Analysis of collected run-off of determine if it can be released or must be 
treated. 

• 	 Operations only during daylight hours (i.e., from I-hr after sunrise to l-hr before 
sunset) 

• 	 Operation only within a wind speed range of3-15 mph (a 20 mph maximum is 
also frequently used for 00 units) 

• 	 No operations during electrical storms within 3 miles 

• 	 No operations during precipitationlinclement weather or planned if storms are 
forecasted within a 4-hr period. 

• 	 No operations during a weather inversion, nor planned if an inversion is 
forecasted. 

• 	 A minimum radius of 200 ft from the OB/OD treatment location should be 
cleared of combustible material as a fire prevention measure. 

• 	 Waste energetics should only be placed in the OB/OD unit if treatment is planned 
within 4 hours. 

• 	 Preferable to conduct OB/OD at a fixed Jocation(s) within the unit boundaries to 
minimize the operational "footprint". 
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2.4.1 

Sects. 2.4.1 and 2.4.2 provide OB-specific and OD-specific best management practices 
for OB and 00 units, respectively. 

OB Best Management Practices 

Best management practices for OB units include the following: 

• Use of burn pans (or the other containment devices) to avoid contact with the soil 
surface. 

• Pans should be made of material sufficient to withstand the burning process and 
be of sufficient size and depth to contain residues. 

• The depth of energetics to be treated should be 3 in. or less (to avoid the potential 
for detonation and facilitate effective treatment). 

• The pans should be elevated to enhance cooling and to facilitate routine 
inspections. 

• The pans should be covered when not in use to prevent entry of precipitation. 

• Pans may be equipped with ports/valves for draining collected precipitation or 
cleaning solutions (collected precipitation should not be discharged into the 
ground unless the pan was decontaminated after its last use, or unless determined 
not to contain hazardous constituents based on sampling and analysis). 

• Metal screening or cages may be helpful to minimize the ejection of residue from 
the pans/device. 

• Burn pans should be situated parallel to each other, oriented length wise along the 
prevailing wind direction, (Le., ignition train and explosions burn in direction of 
prevailing wind) separated by 150 ft and limited to a maximum treatment quantity 
of 1,000 Ibs NEW. This approach is based on Army Material Command 
Regulation AMC-R 385-100 (U.S. Army, September, ] 985). 

• The use ofdunnage (and liquid fuel igniters) should only be used for special 
circumstances (e.g., treatment of net energetics or energetic-contaminated 
materials) 

• Generally lined pans (e.g., bricks, clay, etc.) should not be used since this makes 
residue collection more difficult (however, pans may need to be lined for some 
cases when burning wet energetics) 

• A 24-hour wait time typically is observed between OB events for pan reuse to 
allow the burn pan surface to cool. 
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• 	 After each OB treatment event the containment devices should be cleaned of any 
residue and managed as a hazardous waste until determined otherwise based on 
waste analyses. 

• 	 Ground cover around and beneath the pans should be prepared to facilitate ease of 
recovery of ejected treatment residue and for prevention of fire hazards 
(maintenance of packed dirt or clay at a minimum but use of a concrete pad is 
preferred and use of a gravel bed is discouraged). 

• 	 For some OB units it may be warranted to install a subsurface liner system to 
collect leachate. 

Additional OB best management practices may be appropriate on a case-by-case basis. 

2.4.2 OD Best Management Practices 

Best management practices for OD units include the following: 

• 	 Fill sand can be useful to minimize PM 1 0 particulate emissions from OD soil 
ejecta. 

• 	 OD pits, trenches, and/or craters should be filled in (or alternative protective 
measure) after each use to prevent the accumulation of precipitation and runon 
(i.e., potential sources for migration to groundwater). 

• 	 Search surrounding area for UXO after each treatment day (retreat as necessary) 

• 	 A donor to waste energetic NEW ratio of 1 or less (so as not to transform shrapnel 
to small particles that have a high environmental mobility potential) as 
appropriate (but may vary depending on the type of waste energetics munitions 
treated) 

• 	 For subsurface detonations the minimal charge burial depth needed to mitigate 
fragmentation hazards and noise impacts should be used (since burial depth may 
adversely impact treatment effectiveness) 

• 	 An elevated detonation pad (i.e., mound) with clay and/or membrane layers may 
be practical for small detonation quantities to mitigate residue transport by soil 
erosion and infiltration. 

• 	 Routine housekeeping of the OD unit (i.e., collection and removal of shrapnel 
from the unit) should be conducted. 

Additional OD best management practices may be practical on a case-by-case basis. 
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3. OBiOn PERMIT APPLICATION 

An overview of specific topics regarding the pennitting, corrective action, and closure of 
OBIOD units is presented here for use in preparing permit applications and corrective action and 
closure plans for OBIOD units. These guidelines will also aid pennit writers and other 
regulatory staff in evaluating applications. However, to ensure completeness of regulatory 
submittals, the following additional references should be consulted: 

• 	 40 CFR 264.600-603 (Subpart X) 

• 	 RCRA 40 CFR Part 264, Subpart X Permit Writers Technical Resource Document 
(Subpart X Technical Resource Document) including the "Subpart X Checklist for 
Part B Pennit Applications" (cf.Jubpart X Checklist) (USEPA June, 1997) 

• 	 9V A C20-60-1 0 through 1505 requirements as applicable (including Part B 
contents specified in 9VAC20-60-1 010) 

Additional technical resources and guidance are cited throughout this chapter. 

Specific topics covered in this section are: 

3.] 	 OBIOD Checklist 
3.2 	 Waste Description 
3.3 	 Waste Analysis Plan 
3.4 	 Waste Minimization Plan 
3.5 	 Treatment Effectiveness Demonstration 
3.6 	 OBIOD Treatment Justification 
3.7 	 OBIOD Unit Location, Design and Operations 
3.8 	 Post-Treatment Waste Management Plan 
3.9 	 Closure Plan 
3.10 	 Additional Site Factors 
3.11 	 Submission Instructions 

The objective of this section is to ensure that infonnation provided in the pennit 
applications for OBIOD units is complete and adequate to support the detennination of site
specific environmental perfonnance standards (to be discussed in Sect. 4) and of associated 
pennit conditions (to be discussed in Sect. 5). 
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3.1 OBIon CHECKLIST 

The EPA's Subpart X Technical Resource Document includes the Subpart X Checklist 
that is the primary aid in evaluating the completeness of DB/DO permits. A copy of the Subpart 
X Checklist is provided in Appendix A. I. 

The Checklist. was developed to address all miscellaneous units. Sects. I - IV are 
applicable to DB/DO units. Sect. JII, Specific Information Requirements is especially useful in 
preparing and evaluating DB/DO permit applications. The major components of Sect. fII are: 

A Process Information 

B - Environmental Performance Standards 

C - Air Quality Assessments 

o Potential Pathways of Exposure and Potential Exposure Magnitude 

E Effectiveness of Treatment 

F Additional Information 


An DBIDO Checklist has been developed to supplement the Subpart X Checklist. The 
DB/DO checklist provided in Appendix A.2 corresponds with Sects. 3 through 6 of the Subpart 
X Checklist. 
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3.2 WASTE DESCRIPTION 

The permit application should describe all energetic waste candidates for OB/OD 
treatment and identify/justify any uncertainties in the information provided (e.g., same 
deteriorated UXO may be difficult to characterize). Ideally, the description should include the 
following information: 

• 	 Waste item identification 
+ 	 Munition nomenclature (based on standard DoD terminology) 
+ 	 Munition family (see example families in Table 3-1) 
+ 	 DoD National Stock Number (as applicable/available) 
+ 	 DoD Information Code (as applicable/available) 

• 	 Gross weight per item 
• 	 Net explosive weight per item 
• 	 Chemical composition by weight of the NEW per item (i.e., energetics, other 

hazardous constituents of concern [HCOCs], and all other constituents) 
• 	 Donor to be used for OD (not RCRA regulated since the donor is being used for 

its intended purpose, but should be provided to completely describe the treatment 
operation and accounted for in the impact assessment as discussed in Sects. 4.1, 
4.3, and 4.4) 
+ 	 Donor type and NEW per item treated 
+ 	 Chemical composition of donor (i.e., energetics, other HCOCs and all 

other constituents) 

• 	 EPA hazardous waste codes (D003, et. al.) 
• 	 DOT hazardous classification code (Tables 2-1 to 2-3) 
• 	 Type treatment (OB or OD commensurate with Table 2-4) 
• 	 Safety data (e.g., industry/military special handling requirements, Material Safety 

Data Sheets, etc.) 
• 	 Waste treatment quantities 

+ 	 Per treatment event 
+ 	 Annual 

Chemical composition information should be provided for inert components of the 
energetic waste stream including HCOCs, inert constituents and all other constituents in greater 
than trace quantities that have the potential for releases to the environment during treatment (e.g., 
in the past some propellant bags were lead-lined). 

Many of the energetic waste to be treated by OB/OD units may be characterized by 
manufacturers and other sources. For example, the Munitions Items Disposition Action System 
(MIDAS) program, operated by the U.S. Army, includes a database of the composition of many 
military munitions. Although all of the military munition items are not currently included, a 
representative number of items have been characterized and additional items are routinely added. 
The MIDAS web site is at http://www.dac.army.millTD/Midas/lndex.htm (registration is 
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required for access). Characterization information for military munitions not included in the 
MIDAS data base are available from DoD and in Service-specific documents. 

There are major uncertainties associated with waste description information for potential 
future OB/OD treatment operations, as follows: 

• 	 Potential for a wide range of energetic items to be treated. 

• 	 Variability of waste composition between items and potentially even for the same 
items (because many of the military munition specifications are performance 
based, not composition based). 

• 	 Uncertainties for item-specific treatment quantities. 

• 	 Incomplete data for historical OB/OD operations 

Thus the permit application should include waste description information based on 
available historical data for existing units (at least three to five years to characterize the waste 
stream variability) and for future OB/OD operations for both existing and new units. 

In order to address potential waste stream variables and uncertainties, the waste 
description information provided in the permit application should be sufficient to accomplish the 
following: 

• 	 Justify the appropriateness of OB/OD treatment. 

• 	 Establish risk-based treatment limits as permit conditions. 

• 	 Facilitate operational flexibility within risk-based treatment limits. 

This approach is similar to defining the acceptable waste streams for a hazardous waste 
incinerator. 

For OB/OD applications, the waste description information should be provided as a 
function of energetic classification and munition category. Sample energetic classifications are 
as follows: 

• 	 Propellants are low explosive agents such as explosive powder or fuel that 
provide the energy for propelling ordnance to the target. Propellants include both 
rocket and gun propellants. 

• 	 Primary or initiating explosives are high explosives generally used in small 
quantities to detonate larger quantities of high explosives. Initiating explosives 
will not bum, but if ignited, they will detonate. In general, propellants are ignited 
by applying a flame, while bursting explosives are ignited by a severe shock. The 
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initiating device used to set off a propellant is called a primer, and the device used 
to initiate the reaction of a bursting explosive is called a detonator. 

• 	 Auxiliary or booster explosives are used to increase the flame or shock of the 
initiating explosive to ensure that the burster charge performs properly. High 
explosives used as auxiliary explosives are less sensitive than those used in 
initiators, primers, and detonators, but are more sensitive than those used as filler 
charges or bursting explosives. 

• 	 Bursting explosives, burster charges, or fillers are high explosive charges that are 
used alone or as part of the explosive charge in mines, bombs, missiles, and 
projectiles. 

• 	 Pyrotechnics are low explosives used to send signals, to illuminate areas of 
interest, to simulate other weapons during training, and as ignition elements for 
certain weapons. Pyrotechnic compositions are considered low explosives 
because of their low rates of combustion. Examples of pyrotechnics are 
illuminating flares, signaling flares, smoke generators, tracers, incendiary delays, 
and photo-flash compounds. 

• 	 Non-military explosive reactive materials or materials contaminated with 
explosives. 

Examples of munition classifications are as follows: 

• 	 Hand Grenades Hand grenades are small explosive- or chemical-type 
munitions that are designed to be thrown at short range. Various classes of 
grenades may be encountered as UXO, including fragmentation, smoke, and 
illumination grenades. All grenades have three main parts: (1) a body, (2) a fuze 
with a pull ring and safety clip assembly, and (3) a filler. Grenades have metal, 
plastic, cardboard, or rubber bodies and may contain explosives, white 
phosphorus, or illumination flares, depending on their intended use. 
Fragmentation grenades are the most frequently used grenades. 

• 	 Mortars - Mortars range from approximately 1 to 11 ins. in diameter and can be 
filled with explosives, white phosphorus, or illumination flares. The mortar fuze 
is located in either the nose or the base. 

• 	 Projectiles/Artillery Rounds Projectiles range from approximately 1 to 16 in. 
in diameter and from 2 in. to 4 ft. in length. Like mortars. projectile fuzes are 
located in either the nose or the base. 

• 	 Submunitions - Submunitions, usually bomblets and mines filled with either 
explosives or chemical agents, are used for a variety of purposes, including 
antipersonnel, antimateriel, antitank, dual-purpose, incendiary, and other. They 
are scattered over large areas by dispensers, missiles, rockets, or projectiles. 
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Submunitions are activated in a number of ways, including pressure, impact 
movement or disturbance, while in flight or when near metallic objects. 

• Missiles  Missiles consist of a warhead, a motor section, and a fuze, and they are 
guided to their target by any number of systems, including radar and video. 
Missiles rely exclusively on proximity fuzes. 

• Bombs Bombs range from 1 to 3,000 Ibs. in weight and from 3 to 10ft. in 
length. Bombs consist of a metal container (the bomb body), a fuze, and a 
stabilizing device. The bomb holds the explosive or chemical filler. 

The above descriptions are provided for information purposes. However, a more detailed 
munition classification system should be included in the permit application (e.g., the MIDAS 
munition families shown in Table 3-1 ). 

Waste characterization information should be provided for a representative range of 
energetics and munition items for each classification type as appropriate, based on historical and 
planned future OB/OD treatment operations. At a minimum, waste characterization data should 
be provided for the most recent five-year period for existing units and for future OB/OD 
operations for existing and new units. Major differences between historical and planned future 
waste streams should be justified. 
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Table 3-1. Sample munition families* 

MIDAS 
Descri tion 

r-----~---r-----------------------
PyrotechnicslIlluminationlNonfrag/Tracers 

. HE Com onents/Devices (HC 1_.1..1..)_______ --------1 

HB HE Bombs 

HCC 
 HE Cartrid es: Cast Expl, Less than 90MM 

HCS 
 HE Cartrid es: Cast Ex I, 90MM and reater 
HCP : HE Cartridges' Pressed Expl, Less than 90MM 

i HDB Bulk Explosive "D" i 
r--_H---"'-D_C_---1r-E~x.plosive D: Cartri~d=ge-'-"s~_______________--il 

HDP Explosive D: Projectiles I 
HE i Bulk High Explosives 
HG HE Grenades 

I HH HE Depth Charges and Underwater Mines 
I HIC . Cluster Bomb Units (CBUs) 

HII Improved Conventional Munitions OCMs) 
HIM Rockets with Submunitions (MLRS/ATACMS) 
HMP Guided Missiles: Practice 
HMT Guided Missiles: Tactical 
HPC HE Projectiles: Cast Explosives 
HPP HE Projectiles: Pressed Ex:.L..-Pllo-'-"s.c-iv_e;..::.s_____________-I 

HR HE Rockets 
HT HE Torpedoes 

HXM Demolition Materials 
I 

I HZT i HE Land Mines 
I ---+------------------------------------~HXD Demolition Donation Materials (donor charges) 

I HZP HE Pressed Mines 
LR1 ! Large Rocket Motor (HC 1.1) 
LR3 Large Rocket Motor (HC 1.3) 

N No Family 
PB Bulk Propellants and Black Powder 

* Additional family classifications may be warranted on a site-specific basis for 
munition items not addressed by the MIDAS family classifications. 
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3.3 WASTE ANALYSIS PLAN 

An 08/00 permit application should include a Waste Analysis Plan (WAP). The WAP 
should address pretreatment wastes as well as post-treatment wastes. The characterization of 
energetic waste for 08/00 treatment can be a challenge, due to the wide variety and 
composition of energetics and munitions as well as safety factors associated with the conduct of 
explosive tests. 

Information requirements for the W AP are summarized below: 

• 	 Waste analysis parameters 
• 	 Rationale for parameters 
• 	 Test methods 
• 	 Sampling methods (to ensure representativeness) 
• 	 Sampling frequency 
• 	 Management of wastes generated offsite 

Additional details regarding these standard components of a W AP (as well as regulatory 
citations) are included in the Subpart X Checklist, Sect. II. B2, provided in Appendix A). 

Waste analysis parameters for candidate OB/OD treatment items would ideally be 
explosive reactivity and the energetic/HCOC composition of the energetics. However, explosive 
hazard factors generally preclude testing/sampling/analysis of these parameters for OB/OD units. 

Explosive reactivity test methods include: 

• 	 A stability test performed by heating the residue to 75°C for 48 hours. A waste is 
considered reactive due to instability if a sample of it detonates, deflagrates, or 
decomposes exothermically during the test. The stability test defines a forbidden 
explosive according to 49 CFR 173.51. 

• 	 A detonation test, performed by inserting a blasting cap into a sample and 
observing the detonation. Reaction of the sample to a strong initiating source and 
Class A explosives as defined in 49 CFR 173.53 are tested in this manner. 

• 	 A spark test, performed by inserting a time fuse or an electric squib into a sample 
and observing the waste for deflagration (an OB candidate) or detonation (an 00 
candidate). The test explosive is defined in 49 CFR 173.53 and 49 CFR 173.88. 

Reactivity tests are dangerous to conduct and are not available commercially or at most 
000 installations. In addition, it is generally dangerous, infeasible, or impractical to 
disassemble munition items to sample or test their energetic composition. Therefore, a facility 
may use generator knowledge to determine whether a waste is appropriate for OB/OD treatment. 
If generator knowledge is used, the generator should demonstrate that the waste is explosive, 
through means other than the use of test data. Documentation may consist of material safety data 
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sheets (MSDSs), chemicai formulations, manufacturer specifications, or 000 documents that 
attest to the explosive nature of the material. The waste description information provided in the 
permit application should also support this approach (see Sect. 3.2). Documentation of generator 
knowledge (e.g., qualifications, training, etc.) should be included in the permit application. 

Some OB/OD units may be used for emergency treatment purposes and may involve 
nonstandard (or prohibited from routine OB/OD treatment) items (e.g., ethylene oxide tanks, 
containers of ether). Again, generator knowledge is the primary basis for waste analysis and 
characterization. 

Recordkeeping of items treated, application as well as documentation of generator 
knowledge and item-specific waste description/composition data, quantities, information should 
be a standard permit condition for each OB/OD treatment event. 

Post-treatment waste may include OB/OD ash/residues, scrap, and unexploded ordnance 
(UXO). The WAP should also address the waste analysis approach for these post-treatment 
wastes. Generator knowledge may be an appropriate approach for the evaluation of the 
explosive reactivity of OB/OD generated scrap and UXO (Le., considering the dangers of 
reactivity tests). The concentration of energetics for a residue sample (e.g., bum pan ash) can be 
used to define an explosive reactivity criterion. Specifically, residues/soils with a 12 percent or 
greater explosive concentration may propagate into a high-order detonation (USEP A, March 
2000). Extensive tests conducted by the U.S. Army using the spark/gap explosive reactivity tests 
for 36 OB/OD sites confirmed that soil/groundwater samples were not reactive on any of the 
sites (USEPA, April 2000). However, OB/OD post-treatment wastes may have other hazardous 
waste constituents or characteristics of concern that should be addressed by the W AP (e.g., 
metals). Table 3-2 identifies sample target constituents and methods for OB/OD post-treatment 
waste. TCLP metals and energetics (SW-846 Method 8330) are considered standards for most 
OB/OD units. Additional evaluations may be warranted on a site-specific basis for HCOCs (e.g., 
2,4-DNT TCLP, dioxin/furans, cyanide reactivity etc.). It may be necessary for the facility to 
initially consider dioxins/furans if there is not available and sufficient generator or other 
knowledge which explicitly demonstrate that chlorinated wastes are not being treated by OB/OD. 
Ash/residue samples should be collected based on standard SW-846 sampling 
methods/strategies, but sparkless sampling equipment should be used. Although bum pan ash 
residues are easily obtained, the collection of 00 residues is generally not practical long-term 
(long-term soil monitoring is an alternative). 

Post-treatment waste analyses should be conducted at least annually if the waste 
energetics treated are consistent in composition. Otherwise, each individual waste stream should 
be analyzed separately at least once per year, or each ash/residue accumulative container (e.g., 
55-gal drum) subject to disposal should be analyzed. 
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Table 3-2. Target constituentslmethods for OBIOD post-treatment wastes 

Parameter EPA method no. o 

TCLP metals 

(arsenic, barium, cadmium, chromium, lead, mercury, 
selenium. and silver) 

SW -846 1311/60 IOB17000A 
Seriesb 

EnergeticsC (to determine total energetic concentration 
relative to 12% explosive criterion) 

SW-8468330/8332 

DioxinslFurans 

(applicable if chlorinated wastes treated) 

SW-8468290 

i 2,4-DNT TCLP (may be warranted if Method 8330 
I results indicate high concentrations of DNT of concern) 

SW -846 1311 and 8330 or 8270 

Additional HCOCs Jon a site-specific basis) SW-846 

I 

aUSEPA Test Methods/or Evaluating Solid Wastes, SW-846, Third Edition, Final Update 
III December 1996 (or latest update available). 

b Preparation method 301 OA is applicable for the TCLP extract. The 7000A Series 
analyses include mercury (7470A). 

CSee Sect. 4.2.1 for additional details regarding analytical methods for energetics and 
application of Method 8330. 
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3.4 WASTE MINIMIZATION PLAN 

A waste minimization plan (WMP) should be provided in the permit application and 
should serve as the basis for the permit. Since OB/OD releases are not conducive to emission 
controls, the quantity and toxicity of input waste streams should be minimized to the extent 
possible, especially regarding metals that are part of the energetic chemical composition (e.g., 
lead in the primary explosive lead azide) based on mass balance considerations (i.e .. what goes in 
is assumed to go out) and other HCOCs. 

The OB/OD permit application should include a WMP that identifies measures to 
minimize the input waste stream to the OB/OD unit. The goal of the WMP should be to 
minimize annual OB/OD treatment quantities (i.e., in terms of both gross and net explosive 
weight) needed to achieve site-specific military mission or industrial needs that may vary (in 
terms of waste composition and quantities), as a function of time including the evaluation of 
potential offsite treatment options and alternative treatment technologies (see Sect.3.6). 
Processes such as disassembly and separation should be considered to reduce the OB/OD gross 
weight treatment quantities (since the ratio of energetic to inert composition can be large for 
many waste munition items). 

The permit application should include an accounting of waste treated by OB and OD 
(separately) for the most recent three to five-year period for existing units with interim status and 
future estimates for both existing and new units. The information should include annual 
treatment quantities in terms of the gross weight and the NEW. This accounting information and 
the WMP will be used to establish waste reduction procedures and requirements for each permit. 
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3.5 TREATMENT EFFECTIVENESS DEMONSTRATION 

The primary goal of OB/OD is to deactivate the energetic component of the waste 
treated. Therefore, the permit application should include a demonstration of treatment 
effectiveness. A measure of the effectiveness of treatment of the OB/OD process is the 
destruction and removal efficiency (DRE) for energetics. The DRE values for OB/OD can be 
calculated as follows: 

DRETotal L
11 

(1.0 - EFJ (l00) 	 Eq. 3.5-1 
i-I 

where 

DRETotal 	 Destruction and removal efficiency (percent) for all energetics 
(i.e., the sum of the emission factor for each 
individual energetic based on OB/OD emission 
tests or other supporting data as available) 

Emission factor for energetic "i" (dimensionless) 

Each energetic constituent for which an emission factor is 
applicable and available 

n 	 Total number of energetic constituents with emission factors 
applicable and available. 

Separate DREs should be calculated for OB treatment and OD treatment. OB-specific 
and OD-specific emission factors have been determined based on BangBox tests conducted by 
the U.S. Army and validated by EPA (USEPA, August 1998). The DRE for OD should also 
account for the use of donor explosive charge. 

Another factor to be included in the treatment effectiveness demonstration is the 
explosive reactivity characteristic of the post-treatment wastes. These post-treatment OB/OD 
wastes include, but are not limited to, residues/ash, unburned bulk waste propellants, UXO, 
unexploded bulk explosives, and munition components/shrapnel fragments. The permit 
application should provide available historical site-specific information (e.g., sampling/test 
results or evaluations based on generator knowledge) for the most recent three-five-year period 
for existing units that demonstrates that post-treatment wastes are nonreactive (or an applicable 
offsite study). A Post-Treatment Waste Management Plan (PTWMP) should be included in the 
permit application to address the evaluation and treatment/disposition of OB/OD post-treatment 
wastes for future operations at both existing and new facilities (see Sect. 3.8). 

The treatment effectiveness demonstration should establish a treatment performance 
standard to be included as a permit condition (see Sect. 5.3). Therefore, the applicant should also 
provide a plan to demonstrate and document compliance with treatment effectiveness standards 
before the permit is issued and while it is in effect. 
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3.6 OBIon TREATMENT JUSTIFICATION 

The permit application should include a justification of the need for the OB/OD unit that 
includes evaluation of the following factors: 

• 	 Treatment wastes are appropriate for OB/OD treatment (according to 
acceptability criteria in Sect. 2.2) 

• 	 Explosive safety hazards associated with transport and availability of appropriate 
offsite treatment 

• 	 Availability of alternative approaches and technologies for on site treatment and 
associated feasibility, explosive safety hazards as well as potential human health 
and environmental impacts/benefits 

Current and evolving alternative treatment technologies to OB/OD include the following 
processes: 

• 	 Destruction (e.g., deactivation furnaces, explosive waste incinerators, 
detonationlburn chambers) 

• 	 Disassembly (e.g., robotic disassembly, cryofracture, water jet/laser cutting) 

• 	 Recycling (e.g., chemical conversion, separation, fuel use) 

• 	 Removal processes (e.g., high-pressure water washout, dry machine-auger, 
solution) 

Additional technical and availability information for these alternative treatment 
technologies is available from the U.S. Army Munitions Items Disposition Action System 
(MIDAS). The web site for MIDAS is at w\vw.dac.army-milITD/MidaslIndex.htm. Information 
for evolving alternative treatment technologies for energetics is also available at the Strategic 
Environmental Research & Development Program (SERDP) web site at www.serdp.org. 

Alternative treatment technologies are generally more expensive than OB/OD and 
typically associated with large-scale/regional demilitarization operations. The Military Services 
have been reevaluating the impacts and requirements of installation-specific OB/OD based on 
the following factors (U.S. Army, February 1999): 

• 	 Can the installation meet mission requirements without a permitted OB/OD unit? 

• 	 Is there a reliable alternative to onsite treatment? 

• 	 Does operating the unit create an unacceptable environmental liability based on 
adverse effects to human and ecological receptors? 
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These questions are also applicable to commercial facilities and should be discussed in 
the permit application. Table 3-3 provides a summary of corrective measures evaluation criteria 
developed by EPA that may also be useful for the evaluation and selection of alternatives to 
OB/OD treatment. 

Applicability of alternative destruction processes are also limited based on treatment 
capacity restrictions. For example, deactivation furnaces and explosive waste incinerators are 
designed to process only small arms ammunition, other small munitions, or bulk energetic 
material. Confined burn facilities and detonation chambers are being developed to meet onsite 
treatment requirements. 

For example, the U.S. Navy at Indian Head has designed a Confined Burn Facility (CBF) 
that uses a batch-feed chamber. Overview information is available at 
http://www.ih.navy.mil/environm.htm. Upon ignition of the wastes in the chamber, the hot gases 
that are generated are quenched with water and stored in a containment reservoir for subsequent 
scrubbing and treatment at a slow continuous rate before discharge. The five bum chambers of 
the CBF are connected via ducts equipped with scrubbing and quenching sprays to a central 
exhaust gas storage vessel. Each burn chamber can hold up to 1,200 Ibs. of explosive hazardous 
waste. All chambers are loaded at the beginning of the shift. Each chamber is ignited 
individually with 40 to 80 minutes between ignitions to allow processing of all gases. The design 
requires no additional pre-treatment, and it can burn up to 6,000 lbs. of energetics per shift. It 
includes redundant burn chambers of composite wall construction (inner wall is ablated during 
mass detonation to absorb shock waves, and it minimizes damage to the chamber should a mass 
detonation occur). It uses standard exhaust gas treatment technology, and it uses burn pans 
similar to existing OB site operations. 

Another example of an alternative destructive technology is a Blast Chamber that is being 
evaluated by the U.S. Army. Overpressures and detonation gases are vented to an expansion 
chamber and finally to a baghouse system to filter out particulates associated with the detonation 
gases. Additional air pollution control systems (e.g., wet scrubber, dry scrubber or afterburner) 
can also be installed as warranted. The rated contained detonation capacity ofthe Blast 
Chambers being evaluated ranges from 3 to 130 lbs. net explosive weight. The lower capacities 
(3 to 13 lbs.) are for the portable blast chambers and the larger for permanent facilities. An 
important factor to consider in the use of detonation chambers is the life expectancy of the 
equipment. The prototype Blast Chamber. a permanent facility has been used for more than 10 
years and has withstood 600,000 detonations withou~ failure or serious maintenance problems. 
Additional information can be obtained at the U.S. Army-Huntsville Corps of Engineers web site 
at \vww.hnd.usace.arn1Y.1nil. 

Based on these considerations, the permit application should include a justification of the 
need for an onsite OB/OD unit and a rationale for using an onsite OB/OD unit as opposed to 
alternative treatment technologies. 
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Table 3-3. Summary of evaluation criteria for corrective measures (EPA) 


FOUR GENERAL STANDARDS FOR CORRECTIVE MEASURES 


Overall protection 
of human health 

and the 
environment 

How alternatives 
provide human 
health and 
environmental 
protection 

Long-term 
reliability and 
effectiveness 

• Magnitude of 
residual risk 

• Adequacy and 
reliability of 
controls 

Attain media 
cleanup standards 

Ability of 
alternative to 
achieve the media 
cleanup standards 
prescribed in the 
permit 
modification or 
enforcement order 

Control the 
sources of 

How alternatives 
reduce or 
eliminate to the 
maximum extent 
possible further 
release 

FIVE SELECTION DECISION FACTORS 


Reduction of 
toxicity, mobility, 

or volume of 
wastes 

• Treatment process 
used and materials 
required 

• Amount of 
hazardous 
materials 
destroyed or 

burned 


• Degree of expected 
reduction in 
toxicity mobility or 
volume. 

• Degree to which 
contamination is 
irreversible 

• Type and quantity 
of residuals 
remaining after 
treatment 

Short-term 
effectiveness 

• Protection of 
community during 
remedial actions 

• Protection of 
workers during 
remedial actions 

• Environmental 
impacts 

• Time when 
remedial action 
objectives are 
achieved 

ImplementabiJity 

• Ability to construct 
and operate the 
technology 

• Reliability of the 
technology 

• Ease of understanding 
additional corrective 
measures if necessary 

• Ability to monitor 
effectiveness of 
remedy 

• Coordination with 
other agencies 

• Availability of offsite 
waste management 
facilities 

Comply with 
standards for 

management of 
wastes 

How alternatives 
assure that 
management of 
wastes during 
corrective 
measures is 
conducted in a 
protective manner 

Cost 

• Capital costs 

• Operating and 
maintenance cost 

• Present worth costs 
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3.7 OB/OD UNIT LOCATION, DESIGN AND OPERATION 

Subpart X units, especially OB/OD units, use nonstandard approaches for waste 
treatment. The design and operation of an OB/OD unit is not prescribed under 40 CFR 264, 
Subpart X. Instead. site-specific environmental standards are used to ensure protection of human 
health and the environment. Therefore. the permit application should provide sufficient 
information to describe the design and operation of the OB/OD unit to be used to determine 
environmental performance standards (as discussed in Sect. 4), as well as associated 
implementing permit conditions (as discussed in Sect. 5). In addition, the design and operation 
of OB/OD units should be based on the best management practices addressed in Sect. 2.4. 

The following location and design information should be provided in the permit 
application to support the evaluation of proposed engineering controls for the OB/OD unit (see 
Sects II.A and JlI.A, Subpart X Checklist, Appendix A): 

• 	 Location information and demonstration of compliance with RCRA location 
standards (40 CFR 264.18). 

• 	 Topography map, including identification of unit boundary based on surveyor or 
GPS data, as well as OB and 00 treatment areas within the unit. 

• 	 Design and construction of engineering controls (e.g., screens to control OB 
ejecta, run-on/run-off controls, containment structures. and liner systems) 

A unit located in a I OO-year flood plain must have procedures to prevent washout of 
hazardous waste or procedures to remove waste before flooding. Also, units in certain 
earthquake zones or in sensitive areas or with shallow aquifers may need special design controls 
and operational procedures as safeguards. Generally, for existing units it is preferable to 
continue future OB/OD operations at the same location (Le., reduce the overall foot print of 
OB/OD impacts although corrective actions and design and operational information may be 
warranted). The alternative is to close the existing unit and potentially impact a new OB/OD 
unit location that has not been affected by historical OB/OD operations. 

The definitive location of the OB/OD unit should be identified on the topographic map. 
Permanent markers such as survey monuments or a fenceline should be in place to readily 
identify the unit boundary in the field. It is preferable to restrict OB/OD operations to distinct 
subareas within the unit in order to limit the potential contamination footprint. The distance 
from the OB/OD treatment location to the property of others should comply with the interim 
status requirements of 40 CFR 265.382. 

Engineering drawings should be provided to specify the design and construction of 
engineering controls. Bum pan drawings should include specifications for precipitation covers. 
The drawings for OB/OD engineering controls should identify the acceptable range of 
operational conditions and should be certified by a professional engineer to ensure adequacy for 
their intended use. 
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Operational procedures or plans should be provided in the permit application for the 
following: 

• 	 Treatment operations 
• 	 Inspectionlmaintenance 
• 	 Recordkeeping 
• 	 Security 
• 	 Preparedness and prevention 
• 	 General hazard prevention 
• 	 Prevention of accidental ignition or reaction of wastes 
• 	 Emergency procedures contingency plan 
• 	 Personnel training 
• 	 Source monitoring (Sect. 4.6) 

Additional guidance regarding these information requirements are provided in Sects. 
ILC-E and lILA of the Subpart X Checklist (see Appendix A). 

Procedures for OB/OD treatment operations should include the following: 

• 	 Staff responsibilities and qualifications 
• 	 Waste energetics storage, handling and transportation to the OB/OD unit 
• 	 Allowable waste for OB/OD treatment (see Sect. 3.2) 
• 	 Waste treatment limits (see Sect. 3.2) 
• 	 Use of donor charges for 00 
• 	 Operational conditions (e.g., meteorological conditions, brush fire hazard 

potential) 
• 	 Safety measures 

The potential to ignite unplanned brush fires is a major concern for many OB/OD sites. 
Preventive measures and emergency response procedures should be addressed in the permit 
application. 

The operational procedures provided in the permit application should be in sufficient 
detail to ensure protection of human health and the environment and to be incorporated directly 
as permit conditions. However, these procedures should allow an adequate margin of 
operational flexibility so as not to necessitate frequent permit revisions. 
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3.8 POST-TREATMENT WASTE MANAGEMENT PLAN 

The OB/OD pennit application should include a Post-Treatment Waste Management Plan 
for future OB/OD operations. Post-treatment OB/OD wastes may include residues/ash. 
unburned bulk waste propellants. UXO, unexploded bulk explosives. munition components and 
shrapnel/fragments. These wastes may occur at the point of treatment as well as at greater 
distances due to OB/OD ejecta and fragmentation of munition items. The Plan should include at 
a minimum the following elements: 

• Post-treatment OB/OD site inspections 

• Characterization and reactivity evaluation of post-treatment waste based on the 
WAP (see Sect.3.3) 

• Identification of ejecta and fragmentation distances 

• Dispersion patterns 

• Possible effects on groundwater or surface water 

• UXOlenergetic safety sweep 

• Assessment of effectiveness 

• Recovery protocols 

• Management ofUXO and other reactive wastes 

• Management of other hazardous wastes 

• Management of energetic-contaminated wastes (residues) 

• Management of solid waste 

• Waste accumulation or storage requirements 

• Recordkeeping to document compliance with the PTWMP 
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Following are some sample information resources applicable to the management of 
energetic-contaminated materials: 

• 	 Range Scrap (Firing Point) Study Project conducted by the U.S. Army 
Environmental Center. Information available at 
http://aec.army.mil/prod/usaec/eq/comp/munitionsOlc.htm 

• 	 Characterization of Scrap Materials for Mass Detonation Energetic Materials 
Study (CP-1194) being conducted by SERDP. Information available at 
http://www .serdp.org!research/Compl iance .html 

• 	 Removal, Degradations and Recovery of Energetic Residue from Range Scrap 
Study (CP 1196) being conducted by SERDP. Information available at 
http://v.rvvw.serdp.onr.research!comp liance.html 

The management requirements for UXO and other post-treatment wastes from OB/OD 
operations are also addressed in Sect. 3.9. 

F or comparative purposes a three to five-year summary of available historical post
treatment waste management practices for existing units should be included in the permit 
application. This information as well as site characterization data can be used by the permit 
writer to evaluate the effectiveness of the proposed PTWMP. 

The PTWMP (including recordkeeping requirements) included in the permit application 
should be sufficient to be part of the permit, either directly or by reference. Modifications to the 
PTWMP after the permit is issued would require consultation with the regulatory agency. See 
Sect. 5 for additional guidance on appropriate permit conditions. 
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3.9 CLOSURE PLAN 

The permit application should include a closure plan to document how closure will be 
accomplished commensurate with RCRA requirements and will be protective of human health 
and the environment. Information requirements for closure plans are specified in 40 CFR 265 
Subpart G for interim status units and 40 CFR 264 Subpart G for permitted units. The Subpart X 
Checklist (see Appendix A) includes a summary of the information requirements for closure 
plans as applicable to OBIOD and other miscellaneous units. 

Special considerations for the closure of OBIOD units include explosion safety hazards 
(e.g., UXO for media removal/remediation operations) and available remediation methodologies 
for energetic-contaminated media (see Sect. 6). 

Another special consideration for closure of OB/OD units is the potential need for "delay 
of closure." Delay of closure (frequently called an administrative closure) is considered to be a 
temporary deferral of closure activities (i.e .. without removal/remediation or the construction of 
a landfill cap). In some cases it may involve minimal removal/remediation (e.g., cleanup of hot 
spots). This approach is warranted when current and future military activities preclude an 
effective RCRA closure and public access is restricted. 

The acceptability of the delay of closure concept to regulators will typically be limited to 
OB/OD units located within active military impact ranges. Under these circumstances, closure is 
complicated by the need to close the RCRA treatment unit while maintaining the active impact 
range. In many cases, the cleanup of UXO, debris, and soil will not be practicable because 
continuing range activities could adversely affect cleaned units. The exposure risks for delay of 
closure are different from those for final closure (e.g., the public would not generally have access 
during the delay of closure). The following requirements may be anticipated for implementation 
of delay of closure: 

• 	 Conduct a pre-closure site investigation (see Sect. 4.2) considering historical 
treatment operations/dispersion patterns and risk assessments (see Sects. 4.3 and 
4.4) to demonstrate that OBIOD residues will not endanger human health or the 
environment. 

• 	 Implementation of long-term security measures to control unit access. 

• 	 Long-term detection monitoring to demonstrate that hazardous waste constituents 
are not migrating off the unit. 

• 	 Limited land use. 

Delay of closure, if warranted, would require demonstration that the delay would not 
endanger human health and the environment. The permitting agency will consider the impact of 
delay of closure in the control of the overall risk of the unit based on relevant exposure 
conditions (e.g., limited public access). The need for environmental monitoring during the delay 
of closure period should be evaluated on a case-by-case basis. 
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Additional guidance for the closure of OB/OD units is available in Closure/Post-Closure 
Guidance/or RCRA OB/OD Units (U.S. Army, March 2001). 
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3.10 ADDITIONAL SITE FACTORS 

Information should be submitted to the permitting agency regarding the following site 
factors (as applicable): 

• 	 Emergency treatment operations 

• 	 Co-located military training, testing, and range clearance operations 

These factors are also needed to evaluate potential OB/OO impacts and contributions 
from related munition treatment/expenditure sources. 

3.10.1 	 Emergency Treatment 

Some facilities may need to conduct emergency OB/OO treatment events because of 
imminent danger or other safety considerations. Examples of emergency treatment include the 
following: 

• 	 Military EOO use of the 00 unit to detonate an improvised explosive device that 
could be transported from an offsite location. 

• 	 Treatment at the OB unit of propellant in storage that has been determined to be 
unstable. 

• 	 ~iscovery of UXO at a construction location onsite that can only be transported to 
the onsite 00 unit for detonation. 

Contact the permitting agency regarding the use of temporary emergency permits for 
these circumstances. 

The permit should include provisions to accommodate and control emergency treatments, 
including, but not limited to, notifications requirements, monitoring, and recordkeeping. 

3.10.2 	 Co-located Military Training, Testing, and Range 
Clearance Operations 

At some military installations the OB/OO unit may be co-located with RCRA-exempt 
military activities that involve OB/OO or munitions expenditures. Such activities may include 
explosives ordnance disposal (EOO) training, range clearance OB/OO actions. and, at active 
ranges, munitions expenditures associated with military training and/or munitions testing. These 
military activities involve munitions-related releases similar to those for the RCRA-regulated 
OB/OO unit. A general description of these munitions-related activities should be included in 
the permit application as supplemental information to adequately characterize locallonsite land 
use. 
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3.11 SUBMISSION INSTRUCTIONS 

This section provides instructions for the submittal of OB/OD permit applications to 
facilitate the needs of permit writers. Guidelines are provided for the following: 

Sect. 3.11.1 Format/Completeness 
Sect. 3.11.2 Modeling Input/Output Files 
Sect. 3.11.3 Sampling Data 

Additional requirements may be identified by the permit writer on a case-by-case basis. 

3.11.1 Format/Completeness 

The OB/OD permit application format should be based on the format, outline, and 
information requirements identified in the EPA "Checklist for Technical Review of RCRA Part 
B Permit Application for Subpart X Units" (see AppendixA.l). This Subpart X Checklist is 
included in the RCRA 40 CFR Part 264. Subpart X Permit Writers Technical Resource 
Document (USEPA, June 1997). Permit writers should also use the Subpart X Checklist to 
evaluate OB/OD permit applications for completeness and (along with this VIRGINIA DEQ 
guidance) technical adequacy. A supplemental OB/OD checklist for this guidance is included in 
Appendix A.2. 

One original and three additional hard copies of the permit application should be 
submitted to the lead regulatory agency along with an electronic version of the text. The format 
of the electronic version should be compatible with the lead regulatory agencycomputer 
systems. 

3.11.2 Modeling Input/Output Files 

All modeling input/output files (used for dispersion evaluation, risk assessments, 
constituent migration, etc.) should be submitted to the lead regulatory agencywith the permit 
application. Electronic files should be provided, as well as a sample printed page (to illustrate 
modeling files format) and critical summary pages as warranted. 

3.11.3 Sampling Data 

Site characterization sampling data submitted with the permit application should include 
the following: 

• Validated data listing 
• Summary documentation of analytical data validation 
• Summary tables (statistical tables and comparisons to applicable impact criteria) 

The data can be submitted as electronic files as well as in hard copy format. 
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4. OB/OD ENVIRONMENTAL PERFORMANCE STANDARDS 

The regulation of permitted OB/OD units, as well as other RCRA miscellaneous units, is 
based on environmental performance standards pursuant to 40 CFR 264.600-603 (Subpart X). 
Therefore, permit applications should provide sufficient information for permit writers to define 
site-specific environmental performance standards. 

The following topics are covered: 

4.1 Air Pathway Assessments and Modeling 
4.2 Baseline Site Characterization 
4.3 Human Health Risk Assessments 
4.4 Ecological Risk Assessments 
4.5 Noise and Ground Vibration Assessments 
4.6 Long-Term Source and Environmental Monitoring 

Guidance for developing environmental performance standards regarding all of these issues is 
given in this section. 

Fig. 4-1 illustrates the process of determining environmental performance standards for 
OB/OD units. This process involves the evaluation of information in the permit application that 
defines OB/OD design operations, environmental setting and procedures for risk management. 

Assessments of air pathway, human health risk, ecological risk and noise/ground 
vibration should be conducted to determine if OB/OD operations endanger human health and the 
environment. Baseline site characterization data should be collected and evaluated for existing 
units. These assessments should be included in the permit application. If potential impacts are 
acceptable, the OB/OD unit design and operating conditions specified in the permit application 
can serve as proposed site-specific environmental performance standards that can be used by 
permit writers to craft permit conditions. (Revised OB/OD design, operations, and risk 
management specifications may be needed to mitigate any unacceptable impacts). Long-term 
source and environmental monitoring may be warranted to demonstrate that OB/OD operations 
are not endangering current and/or potential future human health or the environment. 

Fig. 4-2 illustrates the process of determining closure performance standards. This 
process is similar to that for environmental performance standards except that a preclosure site 
characterization program is needed instead of a baseline program, and the impact assessments 
include the evaluation of potential and current contamination conditions (based on historical 
OB/OD operations) and impact on current and future receptors. Long-term monitoring would be 
needed only if a final risk-based clean closure cannot be accomplished or is delayed. 
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4.1 AIR PATHWAY ASSESSMENT PROTOCOL 

An Air Pathway Assessment (APA) (including dispersion/deposition modeling) should 
be conducted for existing and new OB/OD units seeking a permit. In addition, 
dispersion/deposition modeling and field data should be used to identify and characterize areas 
impacted by past operation. 

An APA Protocol should be submitted for review and concurrence by the lead regulatory 
agency. The subsequent APA documentation and results should be included in the RCRA permit 
application for the OBIOD unit(s). The AP A Protocol should specify the planned technical 
approach for the following steps: 

• Step I Determine air emission factors 
• Step 2 - Identify criteria 
• Step 3 Conduct dispersion modeling 
• Step 4 Evaluate air pathway impacts 
• Step 5 - Conduct air monitoring (as warranted) 

Steps 1-4 should be conducted first, based on the best available data, as a screening 
assessment. The need for additional data (with subsequent reevaluations) and/or air monitoring 
should then be evaluated based on data uncertainties and the potential to exceed risk-based 
criteria. Facilities should contact the lead regulatory agencyfor site-specific determinations 
regarding the need for air monitoring. 

4.1.1 Step 1 - Determine OB/OD Air Emission Factors/Quantities 

The APA protocol should provide a credible approach for the determination of air 
emission factors associated with OB/OD sources and related operations to include: 

• Pretreatment emissions 
• Treatment emissions 
• Post-treatment emissions 

Justification for the air emission factors proposed for each emission source should be provided. 

Pretreatment Emissions 

Potential pretreatment air emission sources may include fugitive dust from vehicular 
traffic on unpaved surfaces within the OB/OD unit (i.e., for the delivery of waste energetics) and 
heavy equipment used for earth-moving operations (e.g., excavation and filling of detonation 
pits). Typically, pretreatment fugitive dust emissions at OB/OD units in the eastern U.S. are not 
of concern. However, at the discretion of the lead regulatory agency, the applicant may be 
required to model pretreatment emissions and/or implement a routine dust suppression program. 
(Tailpipe emissions are considered insignificant for OBIOD unit activities.) Emission factors for 
pretreatment sources are available from the EPA Clearinghouse for Inventories and Emission 
Factors (e.g., Compilation ofAir Pollutant Emission Factors [AP-42, Sects. 13.2.2-Unpaved 
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Road and 13.2.3-Heavy Construction Operations]) and related software are available at 
http://v.'v/w .epa.gov /ttn/chief/ap4 2/index.html. 

Treatment Emissions 

OB/OD treatment emissions involve consideration of the following factors: 

• 	 Combustion byproducts (OB and 00) 
• 	 Casings and other munition components (00) 
• 	 Crater soil ejecta (00) 
• 	 Donor charge emissions since they are similar to detonation emissions from 

energetic wastes treated and contribute to the total impact of treatment operations 
(00) 

Generally, energetic compounds are composed mainly of carbon, hydrogen, nitrogen, and 
oxygen. The primary air emissions are products of combustion that typically include the 
following: 

• 	 Carbon dioxide 
• 	 Nitrogen and nitrogen oxides 

• 	 Water 
• 	 Sulfur dioxide 
• 	 Metals 
• 	 Ammonia 

Secondary air emissions include various products of incomplete combustion (PICs) that 
can include energetics, carbon monoxide, methane, and other organics. 

Direct measurements of air emissions (for the development of emissions factors) are 
generally not practical due to the unconfined, extremely violent nature and short-term duration of 
emissions from OB/OD treatment. Therefore, other available OB/OD emission factors data may 
be used as representative of site-specific treatment operations. 

For example, the U.S. Army has conducted numerous OB/OD emission tests within a 
chamber (i.e., BangBox) for the Military Services. Results from many of these tests have been 
compiled and validated by the EPA in Emission Factors for the DiJ.posal ofEnergetic Materials 
by Open Burning and Open Detonation (OB/OD), the best available OB/OD emission factor 
database (USEP A, August 1998). Emission tests included treatment of bulk propellants, bulk 
explosives, dunnage, and munition items. However, the BangBox test results have the following 
limitations, which should be addressed in, at a minimum, the air pathway assessment of the 
permit application: 

• 	 Emission factors for metals are incomplete (i.e., a consistent and comprehensive 
list of target analytes for metals was not used for all tests). This is a concern 
regarding trace metal constituents of energetics. 
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• 	 Most of the emission factors for explosives are based on surface detonations, but 
many sites use subsurface detonations (to mitigate fragmentation and noise 
impacts). Based on theoretical oxygen availability considerations and limited 
BangBox results. there is a potential for greater emission factors for some 
chemicals for subsurface detonations. 

• 	 Dioxins and furans were not target analytes for most of the BangBox tests. 
However, burning energetics containing plastics and chlorine in the presence of 
diesel fuel and wood may produce dioxins and furans. 

• 	 Soil ejecta from OD treatment has not been accounted for. 

In addition, BangBox-derived OB/OD emission factors may not be available for all the 
site-specific candidate energetics and munition items for OB/OD treatment. AdditionalOB/OD 
emissions test data are becoming available (e.g., tests at the Nevada Test Site [LLNL, May 
2001]), but the permitting agency should be contacted prior to the use of alternatives to the 
BangBox emissions factors database for OB/OD units. 

It can be assumed that metal, chlorine, and sulfur constituents of energetic materials 
treated by OB/OD will be released to the environment. But the issue of potential dioxin/furan 
formation and other munitions components, as well as OD soil ejecta, is a challenge to evaluate. 

Fragmentation tests indicate that the detonation of munitions with metal casings and other 
inert metal components does not result in the vaporization of metals. However, these inert metal 
parts will be fragmented into relatively large pieces (shrapnel) not generally subject to 
environmental migration (U.S. Navy, March 2001). 

The use of conservative assumptions and approaches to address OB/OD emission factors 
database limitations, availability of supplemental OB/OD test results and/or need for the conduct 
of additional OB/OD emission tests (sponsored by the permit applicant) should be evaluated on a 
case-by-case basis. Information regarding the potential use of the BangBox for site-specific 
studies and the availability of additional OB/OD emissions tests should be directed to the U.S. 
Army, Dugway Proving Ground, Utah, via e-mail to:rblack(G)dugwav-emh3.armv.mil. Field 
data, if available, can also be used to evaluate modeling results. 

Emission factors for subsurface detonations should account for the increased emissions 
for oxygen-deficient energetics treated. Oxygen balance is a measure of the quantity of oxygen 
needed per unit of energetic to (in theory) completely convert the carbon, hydrogen and nitrogen 
components to stable oxides. Negative oxygen balance values indicate an oxygen deficiency 
(Le., atmospheric oxygen is needed) and the potential for increased products of incomplete 
combustion (PICs) for subsurface detonation. Common energetics with oxygen deficiencies 
include (from most deficient to least deficient): 

• 	 TNT 

• 	 Ammonium picrate 

• 	 Tetryl 
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• Nitrocellulose 
• Nitroguanidine 
• RDX and HMX 

TNT represents the worst-case example of an oxygen deficient energetic with the greatest 
potential for PICs. BangBox suppressed detonation tests (to evaluate subsurface detonation 
conditions) are available for tritonal (oxygen balanced) versus amatol (an oxygen deficient 
energetic composed of a mixture of TNT and ammonium picrate) (USEPA, August 1998). 
Comparison of these results can determine emission factor ratios (i.e., amatol + tritonal) that can 
be used to adjust BangBox emission factors upward based on unsuppressed detonation tests for 
other energetics to estimate emissions for subsurface detonations. 

Emission models for OB/OD treatment should be used if BangBox tests or field data are 
not available for candidate treatment items. A potential problem with such models, however, is 
that they may provide results based on the assumption of complete combustion and may not 
adequately address potential combustion byproducts. The POLUl4 (U.S. Navy) and ADORA 
(commercially available) model descriptions indicate the capability to estimate emissions for 
subsurface detonations. However, if the APA Protocol includes use of OB/OD emission models 
for subsurface detonations or other OB/OD source scenarios, the permit applicant should include 
verification and validation information to demonstrate the adequate performance of the model to 
estimate PICs. 

Post-Treatment Emissions 

Post-detonation activities at an 00 unit may involve the backfilling ofpits and craters, 
which can generate fugitive dust emission, including contaminated soil and constituents. Such 
emissions resemble those ofpretreatment: potential fugitive particulate emissions are the 
primary concern and tailpipe emissions are not significant. These activities may also involve 
vehicle-generated dust from travel on unpaved roads within the OB/OD unit. 

At an OB unit, post-treatment operations would consist of removal and management of 
ash and residue from the burn pans. There is also the potential of wind erosion of ashlresidual 
after treatment during the cooling-down period of the pans prior to ashlresidue removal. 

Past OB/OD operations may also have produced elevated levels of emission constituents 
in the surface soil at the unit. There is the potential that ejecta and fallout from current and 
future OB/OD operations could further increase these soil concentrations. Wind erosion of the 
surface soils (and the OB/OD emission constituents in the soil) therefore should be evaluated. 

The emission factors for most of these post-treatment sources are available from the EPA 
Clearinghouse oflnventories and Emission Factors ([ AP-42], Sect. 13.2.2-Unpaved Roads, 
Sect. 12.2.3-Heavy Construction Operations and Sect. 13.2.5-Industrial Wind Erosion) at 
http://www.epa.gov/ttn!chief/ap42/index.html. 

Typically, post-treatment fugitive dust emissions at OB/OD units in the Eastern US are 
not considered significant. However, at the discretion of the lead regulatory agency the 
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applicant may be required to modei post-treatment emissions and/or to implement a routine 
suppression program. 

4.1.2 Step 2 - Identify Criteria 

Applicable site-specific air quality criteria should be identified for the following criteria 
pollutants: 

• Carbon monoxide 

• Particulate matter 

• Sulfur dioxide 

• Nitrogen dioxide 

• Lead 

For example, Virginia ambient air quality standards are available at 
http://www.deq.state.va.us/re2:ulations/air30.html 

Although there is an ambient air quality standard for ozone, the dispersion models 
available for OB/OD sources do not simulate photochemical reactions, and ozone formation 
impacts are not considered significant. 

There can be very many requirements, as a function of air quality control regions, 
depending on the facility location. 

A screening assessment may be conducted to evaluate the potential air quality impacts of 
hazardous air pollutants and other toxic pollutant emissions. HCOCs should be evaluated based 
on the comparison of modeling results to screening criteria (see Sect. 4.1.4). Air toxies 
screening criteria are available from the latest update to the EPA Region 9 Preliminary 
Remediation Goals (PRGs) at. http://www.epa.gov/region09/sfund/prg/index.htmIfthere are no 
exceedances of 0.1 of the PRGs then a human health risk assessment for the air pathway is not 
warranted. 

4.1.3 Step 3 - Conduct Dispersion Modeline 

The APA Protocol should define the dispersion modeling plan to be used to evaluate OB/OD 
source emissions. The protocol should include the foHowing items: 

• Select dispersion model 

• Specify meteorological data set 

• Identify potential receptors 

The objective of the dispersion modeling is to estimate compliance with ambient air 
quality standards and to determine maximum concentrations, as well as exposure at other 
receptors of interest, for toxic air pollutants. At large facilities (such as military installations), 
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human health risks should be evaluated to include onsite residential areas and onsite workplaces. 
It might also be appropriate to evaluate ecological risks beyond the OB/OD unit boundaries at 
large facilities/military installations. 

Select Dispersion Model 

Selection of the dispersion model should be justified based on the capability to 
adequately simulate OB/OD source releases. Although some OB sources may be considered as 
intermittent, quasi-continuous sources, OD units and other OB sources may be quasi
instantaneous sources. Therefore, specialized dispersion models are often needed for these 
noncontinuous sources. 

The EPA maintains a Support Center for Regulatory Air Models (SCRAM), and 
information can be obtained at http://www,epa.gov/ttn/scram/. The only SCRAM dispersion 
model specific to OB/OD sources is the Open Burn Open Detonation Model (OBODM) 
developed by the U.S. Army. 

OBODM can be used to calculate peak concentrations, time-weighted mean 
concentrations, dosage (time-integrated concentration), and particulate gravitational settling (but 
dry and wet deposition are not calculated) for emissions from multiple OB/OD sources. The 
model can consider instantaneous (detonation) or quasi-continuous (open burn) releases from 
point/volume andlor line sources. Other OBODM capabilities include combination of multiple 
source types and multiple emission items in a single run, rectangular (Cartesian) or polar 
coordinates with elevated ("flagpole") or surface-based receptors, standard or user-defined input 
data formats, user-specified engineering units, data input/solution save files, "brute force" 
computation mode with regulatory output tables (high, high second high, etc.), tabular print 
output, and screen and hard-copy graphics output. All OBODM source and receptor locations 
are defined relative to a rectangular or a polar coordinate system. All vertical (z) coordinates are 
heights above ground level except when the OBODM complex terrain screening mode is used, in 
which case the z coordinates are terrain heights above mean sea level. The model also includes 
an OB and OD emission factor database (i.e., based on BangBox results) and an option for user
specified inputs. Sequential hourly meteorological files (one to five years) can be used as input. 
For flat terrain scenarios the model has an option to use the final cloud height for all downwind 
distances or a distance-dependent cloud height algorithm. But the distance-dependent cloud 
height option for OBODM should not be used for complex terrain. 

Although the OBODM dispersion model does not directly account for subsurface 
detonations, the energetic-specific heat content used by OBODM can be substituted with the 
energetic-specific residual heat content available from use of the POLU emissions model (U.S. 
Army, January 1996). 

The OBODM model is the preferred dispersion model to be used for OB/OD sources. A 
summary comparison of OBODM and alternative models is provided in Table 4- I (additional 
details are in Appendix C). Alternative dispersion models may be used, in which case the APA 
Protocol should include a justification for selecting the model and discussion of its applicability 
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Table 4-1. Summary of alternative dispersion models for OB/OD sources 

Example Candidate Major Major I 

Models Advantaees Limitations I 
OBODM OB/OD Source-Specific Non-EPA Model I 
INPUFF Puff Di spersions (EPA) Stack Releases, Single Events J 

ISCST EPA Model. Robust Continuous Releases I 

ADORA Refined OB/OD Cloud Proprietary 

I J Behavior 
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to OB/OD sources. The discussion should include available model verification and validation 
documentation, if available, and a comparison of OBODM modeling results (for typical and 
worst-case scenarios) to the results based on the proposed model. 

The AP A Protocol should also identify and justify input data and model options to be 
used for the dispersion model selected. 

Specify Meteorological Data Set 

Meteorological data used as inputs to a dispersion model should be selected on the basis 
of spatial and temporal representativeness, as well as the ability of the individual parameters 
selected to characterize the transport and dispersion conditions in the area. Representativeness of 
data is dependent on: 

• Distance from the meteorological monitoring station to the site 
• Complexity of the terrain 
• Exposure of the meteorological monitoring station 
• Period of time during which data are collected 

Spatial representativeness of long-term meteorological data can be adversely affected by 
large distances between the OB/OD unites) source and receptor(s) of interest and the complexity 
of the topographic characteristics. Therefore, these factors should be considered for the selection 
of representative offsite meteorological data to be used for dispersion modeling. Spatial 
representativeness for the candidate meteorological data set for dispersion modeling should be 
evaluated by comparison of wind direction patterns (based on a wind rose, generally for a 
five-year period at least) to the orientation of local terrain features. Preferably a professional 
meteorological or dispersion modeler should be consulted for this subjective assessment. 

Meteorological input data are normally obtained either from the National Climatic Data 
Center at http://\V'WW.ncdc.noaa.gov/ollncdc.html, from SCRAM 
athttp://www.epa.gov/ttn/scram/ or from an onsite measurement program. The applicant should 
provide an analysis demonstrating data representativeness. In the case where the meteorological 
data are determined to be nonrepresentative, it may be necessary to collect data onsite. (The 
APA Protocol should describe the QAIQC program for onsite meteorological monitoring 
programs and conform to requirements in Sect. 4.6). At least one full year of representative 
meteorological data is needed for dispersion model analyses. If more than one year of data is 
available, the model should generally be run with all available years, up to five years. Five-year 
annual average concentrations can be used to evaluate long-term exposure to toxic air pollutants. 
Short-term exposures should be evaluated in terms of the hourly (or shorter, if possible) 
maximum concentration results from each of the five years modeled. 

Identify Potential Receptors 

Compliance with Ambient Air Quality Standards should be evaluated by determining the 
maximum offsite exposure. The maximum onsite and offsite exposure locations for toxic air 
pollutants should also be evaluated, as well as potential receptor locations (as identified later in 
this section). An adequate receptor grid is needed for modeling purposes, to identify the 
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maximum onsite and offsite exposure points; proper receptor piacement and evaluation are 
important issues in computer dispersion modeling. Receptor grids used in modeling analyses 
may be referenced using a polar or rectangular coordinate system. It is the applicant's 
responsibility to demonstrate that the final receptor network is sufficiently compact to identify 
the maximum estimated pollutant concentration for each applicable averaging period. Typically 
the maximum ground level concentrations for OB/OD sources occurs within 33 km (Tetra Tech. 
February 2002). Guidelines for the selection of a modeling grid is available in Sect. 3.7.3 of the 
Human Health Risk Assessment Protocolfor Hazardous Waste Combustion Facilities (USEPA. 
August J998). 

In addition to using a network of evenly spaced receptors, the applicant may need to add 
discrete receptors at special locations including but may not be limited to the following: 

• 	 Property boundary 

• 	 Population centers 

• 	 Worst-case sensitive receptors (e.g., hospitals, nursing homes, schools, etc.) 

• 	 Nearest Class I or nonattainment area 

• 	 Human health and ecological receptors of interest based on Sect. 4.3 of Human 
Health Risk Assessment Protocol for Hazardous Waste Combustion Facilities 
(USEPA, July 1998) and Sect. 4.1 of Screening Level Ecological Risk Assessment 
Protocolfor Hazardous Waste Combustion Facilities (USEPA, August 1999). 

• 	 Additional receptor locations for evaluation may be warranted on a case-by-case 
basis. 

Determination of human health and ecological receptors of interest based on the EPA risk 
assessment protocols cited above (as well as the Subpart X Checklist) necessitate obtaining land 
use information to determine the following information including but not limited to : 

• 	 Current and potential future locations of residential, farming, and fishing areas 
• 	 Areal extent of watersheds and water bodies of interest 
• 	 Ecological habitats of interest 

Typical human health exposure scenarios and associated potential receptor locations 
include by may not be limited to the following: 

• 	 Adult resident 

• 	 Child resident 

• 	 Subsistence farmer 

• 	 Subsistence farmer child 

• 	 Subsistence fisher 

• 	 Subsistence fisher child 
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4.1.4 

• 	 Onsite worker 

Step 4 - Evaluate Air Pathway Modeling Results 

Air pathway modeling results should be evaluated and the following evaluations included 
in the permit application. 

• 	 Source-specific and additive air pathway impacts 
• 	 Compliance with Ambient Air Quality Standards 
• 	 Noncriteria pollutant modeling information (including input/output data and 

identification of results used as input for risk assessment modeling) 

Dispersion modeling results should be summarized separately for OB sources and OD 
sources as well as for all sources combined. This information should support the development of 
source-specific environmental performance standards and associated permit conditions. 

Background air quality conditions should also be characterized in the permit application. 
Regional air quality monitoring may be used to characterize background levels for criteria 
pollutants. However, for noncriteria pollutants, the contribution from onsite or nearby sources 
with similar emissions should be considered on a case-by-case basis. For example, at military 
installations with OBIOD units, there is the potential for munition expenditures. Facilities 
should contact the permitting agency for site-specific determinations regarding background 
considerations. 

A table should be provided that includes the following information for each criteria 
pollutant: 

• 	 Highest offsite annual arithmetic mean concentrations for PM-l 0, sulfur dioxide 
and nitrogen dioxide 

• 	 Highest offsite arithmetic mean averaged quantity lead concentrations 

• 	 Second-highest (although highest is acceptable for conservatism) offsite 
concentration for carbon monoxide, PM-l 0 and sulfur dioxide commensurate with 
applicable Ambient Air Quality Standards 

• 	 Location of pollutant-specific second-highest (or highest) offsite as identified 
above concentrations 

• 	 Concentrations at special receptors 

• 	 Ambient Air Quality Standards (primary and secondary) and associated time 
averaging periods 
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For noncriteria pollutants the following data are needed (separately for all DB sources 
combined, all 00 sources combined, and all DB and 00 sources combined) as input for the risk 
assessment process: 

• 	 Location and pollutant-specific, long-term annual concentrations associated with 
the maximum onsite and offsite chronic exposure locations (commensurate with 
the Subpart X Checklist). 

• 	 Location and pollutant-specific maximum short-term (acute) exposure (l-hr) 
concentrations associated with the maximum onsite and offsite exposure locations 

• 	 Pollutant-specific concentrations for all special receptors (commensurate with the 
Subpart X Checklist) 

Dispersion modeling results should facilitate input for human health and ecological risk 
assessment modeling commensurate with EPA protocols (LJSEPA, July 1998; USEPA, August 
1999). These EPA protocols should be directly consulted for details, and the required interface 
will vary depending on the software used. 

Dry deposition estimates will be needed as input for the risk assessments. If the 
dispersion model selected does not account for gravitational settling or dry deposition, these 
values should be calculated based on calculational methods and standard default values. The 
OBODM model technical manual indicates that dispersion modeling results (air concentrations) 
can be multiplied by a deposition velocity to estimate deposition rates per unit area (U.S. Army, 
January 1996). A default dry deposition velocity of 3 cmlsec is recommended in Table B-l- I in 
Human Health Risk Assessment Protocolfor Hazardous Waste Combustion Facilities at 
http://wv..W.epa.gov/earthlr6/6pd/rcrac/protocol!protocol.htm. 

One-hour concentrations for noncriteria pollutants should be compared to acute 
inhalation exposure criteria sources. The hierarchical listing of information sources for these 
acute inhalation (l-hr) exposures is as follows (USEP A, July 1998): 

• 	 Acute Inhalation Exposure Guidelines (AEGL)-l 

• 	 Emergency Response Planning Guidel ines (ERPG)- I 

• 	 Acute Toxicity Exposure Levels (A TEL )-1 

• 	 Temporary Emergency Exposure Limits (TEEL)-l 

• 	 Subcommittee on Consequence Assessment and Protective Action (SCAPA) 
Toxicity-based approach 

4.1.5 Step 5 - Conduct Air Monitoring (As Warranted) 

Dispersion modeling is the primary method for the evaluation of air pathway impacts. 
However, air monitoring for OBIOD sources may be warranted on a case-by-case basis 
considering the results from Step 4-Evaluate Air Quality Impacts (see Sect. 2.6.4) and risk 
assessment results (see Sects. 2.8 and 2.9). Air monitoring for OBIOD sources may be a 
technical challenge because of the quasi-instantaneous and noncontinuous nature of the releases 
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and variable wind direction conditions. Thus, air monitoring is not warranted for all OB/OD 
units. Facilities should contact the permitting agency for site-specific determinations on the 
need for air monitoring. An overview discussion of air and source monitoring for OB/OD units 
is presented in Sect. 4.6. 
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4.2 BASELINE SITE CHARACTERIZATION 

Site characterization information. based on sampling and analysis programs and other site 
investigations is needed to support pennitting. corrective actions, and closure. This infonnation 
should be sufficient to detennine the nature and extent of contamination attributed to past and 
current OB/OD operations as well as to related practices. Therefore. site characterization should 
be conducted as a baseline program to support the pennitting of existing OB/OD units and 
implementation of corrective action. as warranted. A similar site characterization program is 
also needed at the time of closure. A closure plan addressing the sampling and data evaluation 
for all the media should be submitted to the lead regulatory agency for review and approval. 

Environmental media of concern are (as applicable to a given site): 

• 	 Groundwater 

• 	 Surface water 

• 	 Surface soil 

• 	 Subsurface soil 

• 	 Sediments 

Although major surface water bodies may not be on or near the OB/OD unit, the primary 
overland drainage pathways at the unit boundary are candidate locations for collecting surface 
water and sediment samples. The air pathway was addressed in Sect. 4.1.5. 

Standard EPA guidance is available for site characterization at the EPA Corrective 
Action web page at http://www.epa.gov/epaoswer/hazwaste/ca/resource/guidance.htm. The 
following guidance may be particularly useful: 

• 	 Interim Final RCRA Facility Investigation (RFI) Guidance (lJSEPA. May J989) 

• 	 Handbook o.lGroundwater Policiesjor RCRA Corrective Action (USEPA, 
September 2001) 

• 	 Statistical Analysis o.fGroundwater Monitoring Data at RCRA Facilities, 
Addendum to Interim Final Guidance (USEPA, July) 992; USEPA, April 1989). 

Additional guidance resources are available at the EPA Corrective Action home page. 
lnfonnation requirements are specified in 9V AC20-60-1 0 10. The pennitting agency should also 
be contacted for guidance resources and site-specific requirements. 

Ground vibrations and other potential detonations should be considered for the 
installations of groundwater monitoring wells. An evaluation of monitoring well integrity at OD 
units is presented in Appendix B. 
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4.2.1 

Special site characterization concerns for OBIOD units include target analytes and 
analytical method, surface soil sampling, and UXO investigations. The need for a routine 
environment monitoring program should also be considered. 

Target AnaIytes/AnaIvticaI Methods 

The standard target analytes for baseline characterization of OB/OD units are: 

• 	 Energetics (SW-846 Method 8330 modified or Method 8321) 

• 	 Other semivolatiles (Le., base, neutral and acid extractables BNA; SW-846 
Method 8270C) 

• 	 Total RCRA metals (SW-846 Method 601 OB, Methods 7470A (aqueous) and 
7471A (soil) for mercury) 

• 	 Other metals (as appropriate based on site-specific waste characterization 
information) 

• 	 Cyanide (SW-846 Method 9010B) 

• 	 Volatile organic compounds (VOCs; SW-846 Method 8260B) 

• 	 Nitrates/nitrites for water only (EPA 353.3) 

• 	 Other potential contaminants (as appropriate on a site-specific basis). 

The composition of some pyrotechnics may necessitate an expanded metal analyte list 
(e.g., titanium, tungsten, zirconium, etc.). 

The latest available analytical methods for the target analytes included in EPA Test 
Methodsfor Evaluating Solid Waste, SW-846 (http://www.epa.gov/SW-846/main.htm) should be 
used. 
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The standard target analyte list for energetics is limited by the SW-846 analytical 
methods available. For instance, SW-846 Method 8330-modified (based on use ofliquid 
chromatography/mass spectrometry [LC/MS]) is limited to the following target analytes: 

• Octahydro-L3,5,7-tetranitro-l,3,5,7- • 2-Amino-4,6-DNT 
tetrazocine (HMX) 

• 	 13,5-Trinitrobenzene (TNB) 
• 	 Hexahydro- L3,5-trinitro-l ,3,5

triazine (RDX) 
• 	 1 J-Dinitrobenzene (DNB) 
• 	 Nitrobenzene (NB) 
• 	 2,4,6-Trinitrotoluene (TNT) 
• 	 Methyl-2,4,6

trinitrophenylnitramine (Tetryl) 
• 	 2,4-Dinitrotoluene (DNT) 
• 	 2,6-Dinitrotoluene (DNT) 

• 4-Aminoo-2,6-DNT 
• 2-Nitrotoluene (NT) 
• 4-4 Nitrotoluene (NT) 
• 3-Nitrotoluene (NT) 
• 	 Nitroglycerin (NG)* 
• 	 PETN* 
• 	 EGDN* 
• 	 PGDN* 
• 	 Picric Acid* 
• 	 Picramic Acid* 

*Only for Method 8330 modified. Method 8332 only addresses NG. 

Method 8330 provides for the detection of parts per billion (ppb) of explosive compounds 
in soil. water, and sediments. Samples can be extracted with methanol or aeetonitrile for TNT, 
but acetonitrile is preferred for RDX. The sample extracts are injected into the HPLC and eluted 
with a methanol-water mixture. The estimated quantitation limits in soil can range from 0.25 
mg/kg to 2.0 mg/kg for each compound. The estimated quantitation limits in water can range 
from 0.02 Ilg/L to 0.84 Ilg/L for low-level samples and 4.0 Ilg/L to 14.0 Ilg/L for high-level 
samples (USEPA, June 2001). 

The Method 8330 LC/ultra violet (UV) for energetics is good for relatively clean 
matrixes but limited to 14 energetic analytes. Method 8330 modified (LC/MS) can also be 
viewed as Method 8321-Solvent Extractable Nonvolatile Compounds by High Performance 
LC/Thermospray/MS or UV Detection. The advantage of Method 8330 modified is the 
expanded analyte list (20 energetics) with higher confidence in identifications (especially in 
complex matrices), but the precision is slightly lower and analytical costs are higher than for 
Method 8330. 

Method 8330 is the standard EPA test method for explosive compounds. However, 
Method 8330 has a number of problems associated with it, including high solvent usage, multiple 
compound coelutions (one or more compounds coming out at the same time) in sample matrices 
with complex mixtures, and long run times. In order to address these problems, EPA Method 
8095 has been proposed as an alternative analytical method. Method 8095 uses gas 
chromatography with electron capture detection. It can detect and quantify all of the same 
compounds as Method 8330. In addition, Method 8095 can also detect and quantify 3,5
dinitroaniline, nitroglycerine, and pentaerythritol tetranitrate (PETN). 
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The nitrocellulose can be analyzed based on a method used by the u.s. Anny at Cold 
Regions Research and Engineering Laboratory, Hanover, New Hampshire, based on EPA 
Method 353.2 for analyzing aqueous samples for nitrate/nitrite. A membrane filter/methanol 
treatment modification is used to minimize sources of nitrate/nitrite ion other than nitrocellulose, 
which can cause interferences. The nitrocellulose is converted to nitrate/nitrite ion, which is 
analyzed using EPA 353.2. Nitrocellulose is calculated based on the amount of nitrate/nitrite 
detennined. Soil samples are extracted in acetone and the resultant extract analyzed in the same 
manner as an aqueous sample. Nitrocellulose has low toxicity and generally is not a standard 
target analyte for OB/OD sites, but it can be used as an indicator of previous OB activities. 

A summary of available field screening methods for energetics is presented in Table 4-2. 
These screening methods may be useful for cost-effective identifying hot spot areas and 
prioritizing locations for collecting samples for laboratory analysis. However, they do not 
provide the quantitative data needed for evaluation of environmental compliance or for risk
based closure/corrective action. 

The OB/OD site investigation data from the U.S. Anny Environmental Hygiene Agency 
study suggest the following conclusions (U.S. Army, October 1985; U.S. Anny, February 1986): 

• 	 The explosives most frequently detected in soil in significant concentrations at 
100 OB sites were, in order of decreasing frequency of detection, TNT, 2,4-DNT, 
RDX, HMX, and 2,6-DNT. 

• 	 The explosives most commonly found in groundwater were TNT, RDX, and 2,4
DNT, followed by 2,6-DNT and HMX. 

• 	 Based primarily on apparent leaching potential, the explosives RDX, TNT, and 
2,4-DNT should be of greater concern at OB/OD sites than 2,6-DNT, HMX, and 
tetry!. 

The Cold Regions Research and Engineering Laboratory has compiled data on the 
frequency of nitroaromatics and nitramines detected in energetic-contaminated soils from many 
Army explosive manufacturing plants (FRTR, undated). TNT is the most common energetic 
contaminant, occurring in approximately 80 percent of the soil samples found to be contaminated 
with energetics. TNB, which is a photochemical decomposition product of TNT, was found in 
40 to 50 percent of the soils. DNB, 2,4-DNT, and 2,6-DNT were found in less than 40 percent of 
the soils. 

Method 8330 modified SW -846 is sufficient for most OB/OD situations. The potential 
for other energetics of concern (including transfonnation products) should be evaluated on a site
specific basis. However, there may be limited laboratory technology/capability (e.g., use of 
inductively coupled plasma technology) or no commercial laboratory capability for other 
energetics not covered by Method 8330, (and frequently laboratory standards are not available). 
For example, primary explosives (such as lead azide, mercury fulminate, lead styphrate, etc.) are 
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Table 4-2. Summary of EPA screening methods for energetics 

Parameter EPA Method il Background Area 
TNT Soil 8515 (colorimetric) i Soil 1 mg/kg 
TNT Soil/aqueous 4050 ! Aqueous Soil I 0.005 mg/L

I i 

I (immunoassav) 0.5 mg/kg 
RDX Soil/aqueous 4051 Aqueous Soil 0.005 mg/L 

i i (mmunoassay) 0.5 m12;/kg J 

aUSEPA, Test lvfethodsfor Evaluating Solid Waste, SW-846 
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4.2.2 

extremely dangerous to handle. Some DoD specialized laboratories may have additional 
capabilities. If there are site-specific energetics of concern that cannot be evaluated by 
laboratory analysis, the risk assessment should address these issues in the uncertainty analysis. 
In some cases energetic transformation products can be as undesirable as the parent energetic 
(e.g., TNT degradation at some sites). Additional information regarding the transformation and 
chemical fate properties of energetics is summarized in Sect. 6. 

Perchlorates (EPA Method 314.0), sulfides (SW-846 Method 9030B), and white 
phosphorous (SW-846 Method 7580) could be potential target analytes ifperchlorates, chlorine, 
sulfur andlor white phosphorous are constituents of the waste energetics treated by OB/OD. 
Perchlorates should be a target analyte at OB/OD units that treat solid fuel rocket motors or other 
energetics that contain ammonium perchlorate oxides. 

There is the potential for the emission of dioxins and furans associated with the treatment 
of chlorinated propellants and munitions/wastes with certain constituents (e.g., plastics, etc) as 
well as use of dunnage and/or liquid fuels. Therefore, the need to include dioxins/furans as 
target analytes (SW-846 Method 8290) should be evaluated on a site-specific basis (e.g., if 
available emissions factors based on BangBox tests did not include dioxins/furans as target 
analytes). 

As noted above, liquid fuels such as diesel have been used at some OB units. In addition 
some facilities (e.g., propellant manufactures) may use OB to treat energetic-contaminated 
solvents. Therefore, theses fuels/solvents should be target analytes for these situations. 

Herbicides have been used at some sites to control vegetation in the vicinity of OB/OD 
areas as a fire prevention measure. Therefore, herbicides (SW -846 Method 8151 A) should be 
considered a potential target analyte as appropriate based on their prior use. 

Total organic content (TOC) and pH should also be included as target analytes. These 
parameters are routinely used to evaluate water quality at RCRA facilities. Soil TOC and pH are 
needed input for constituent migration modeling purposes. 

Soil Sampling Strategy 

Surface soil sampling locations should include coverage of the following areas based on 
the potential for contamination: 

• Treatment source zone (e.g., pitJcrater areas for OD, ground-based burn area for 
OB, as applicable, or within 1-3 m of burn pans) 

• Ejecta zone (to be determined on a site-specific basis) 

• Remainder of OB/OD unit 
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4.2.3 

• Prevailing downwind location areas associated with maximum predicted 
gravitational settling/deposition potential (as practical) 

• Natural background 

The sample collection procedure, number of samples within each area, and statistical 
analysis approach should be based on standard EPA guidance (e.g., SW-846). Composite 
surface soil sampling commensurate with EPA Soil Screening Guidance (US EPA, July 1996, 
available at http://www.epa.gov/superfund/resources!soil/index.htm may be acceptable for 
baseline characterization for permitting purposes at OB/OD units where the location of the 
treatment source zone is stationary. However, followup discrete sampling may be needed if soil 
screening levels are exceeded or if there is a need to identify hot spots for corrective action or 
closure. The total number of discrete samples and sampling strategy (e.g .. systematic or random) 
should be consistent with available permitting agency guidance and be sufficient for statistical 
analysis (i.e .. significance compared to natural background). 

Discrete surface soil samples for energetics (even those used to obtain a composite 
sample) should be collected using a small area (i.e., within a 4-ft diameter) composite sampling 
pattern as illustrated in Fig. 4-3. This is based on surface soil sampling tests for energetics 
conducted by the U.S. Army at several OB/OD units and military ranges (U.S. Army, December 
1999). These tests indicate a heterogeneous distribution of energetics within surface soils and 
that use of the sample collection strategy as illustrated in Fig. 4-3 provided more reliable site 
characterization data. 

UXO Investigation 

At OB/OD sites that treat waste munitions or are located within active military ranges, 
there is the potential for the presence ofUXO, munition components, and fragments. UXO and 
potential energetic-contaminated debris may present a safety hazard during OB/OD treatment 
operations, site investigations, corrective action and closure; therefore hazard avoidance 
procedures should be addressed in the operating procedures and sampling and analysis plan 
(SAP). In addition, there may be potential sources of environmental contamination. Therefore, 
the site characterization process should qualitatively evaluate the nature and extent of UXO and 
energetic-contaminated debris at OB/OD sites to determine the need for mitigating operating 
procedures, permit or closure conditions, and/or corrective action. This information would also 
be used to determine the need for more detailed UXO investigations and clearance. 

A vailable guidance for UXO detection and clearance should be consulted and 
implemented as needed (USEPA, June 2001: USEP A, April 2000). Detailed UXO guidance and 
procedures have been developed by the U.S. Army Engineering and Support Center (Huntsville, 
AL) and are available at the Ordnance and Explosives Mandatory Center of Expertise and 
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Figure 4-3. Composite sampling pattern at each surface soil sampling location 



Design Center web site at vvww.hnd.usace.amw.milloew/index.asp. This web site is frequently 
updated and should be consulted for the latest information. As an example of the type of 
information available, the Corps of Engineers on November 20, 2000, issued a new 50-page 
Engineer Pamphlet that describes procedures for finding or avoiding UXO in the characterization 
and remediation of other hazardous waste. The title is Unexploded Ordnance (UXO) Support 
During Hazardous. Toxic. and Radioactive Waste (HTRW) and Construction Activities, and it 
can be found at http://vV\v\v.usace.armv.miJlinetiusace-docs!eml-pamphlets/ep75-1-2/toc.htm. 
The pamphlet discusses situations likely to be encountered at existing and closing OBIOD units. 
It outlines required procedures for sampling soil, soil gas and groundwater; for monitoring well 
construction and other drilling; and for excavating. 
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4.3 HUMAN HEALTH RISK ASSESSMENTS 

A human health risk assessment (HHRA) should be conducted to support permitting, 
closure, or potential corrective action. A summary of the HHRA process for OB/OD units is 
illustrated in Fig. 4-4. The process differs for existing units pursuing closure, existing units 
pursuing permits, and new units pursuing permits. However, in each case there is the need to 
evaluate potential contamination migration from the OB/OD unit source zone (i.e., potential soil, 
groundwater, and surface water contamination onsite at the unit) and potential direct/indirect 
exposures (onsite and offsite) attributed to air releases. 

Sects. 4.3.1 and 4.3.2 identify guidance for the conduct ofHHRAs for OB/OD units. 
However, a comprehensive HHRA protocol should be submitted for the permitting agency 
review and concurrence prior to implementation. The protocol should identify site-specific 
details that define how the guidance will be applied. 

4.3.1 OBIOn Unit Source Zone - HHRA 

The OB/OD unit source zone was previously defined for the OB/OD unit conceptual site 
model (see Sect. 2.3 and Fig. 2-11). This source zone is the potential existing contamination 
(i.e., soil, groundwater, and surface water) at the OB/OD unit (or nearby onsite) due to historical 
operations. Therefore, the OB/OD unit source zone HHRA is applicable to existing units 
pursuing closure as well as to existing units pursuing permits. 

The baseline site characterization sampling and analysis results are used as input for this 
assessment for existing units pursuing permits (see Sect. 4.2). Similarly, data from the site 
characterization program to be conducted at closure are the inputs needed for existing units 
pursuing closure. Generally some long-term environmental monitoring may be warranted as a 
permit condition for existing and new units pursuing permits. For these cases, dispersion and 
deposition modeling results/patterns (see Sect. 4.1) can be used to identify potential areas of 
maximum impact for the design of the sampling/monitoring program and for evaluation of 
potential exposure at these locations. 

Potential current and future receptors at these maximum impact locations should be 
evaluated for all media using the Guidance Document and Submission Package for Site 
Remediation and Cleanup U'iing Health Based Standards, Risk Exposure, and Analysis 
Modeling System (REAMS) (VIRGINIA DEQ, November 1994). This involves using 
sampling/monitoring data and REAMS guidance/software for the current exposure evaluation. 
Future exposure scenarios should be evaluated by using the REAMS fate and transport modeling 
capability to evaluate the potential for the migration of contaminants. The permitting agency 
should be contacted to determine the site-specific applicability of REAMS or alternative models. 

These results will support the identification of the need for corrective action and 
remediation goals for operational OB/OD units. Similarly, remediation goals can also be 
determined for units pursuing closure. Closure should address the historical impacts onsite and 
offsite (using the HHRA protocol for indirect pathways). 
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Fig. 4-4. HHRA process overview for OB/OD units 
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Based on the target levels used for REAMS, acceptable environmental performance 
standards for OB/OD units are as follows: 

• Total Hazard Index (HI) of 1.0 or less for noncarcinogens; 

• Total lifetime cancer risk of IE-06 or less for individual carcinogens 

• Total lifetime cancer risk of 1E-06 to 1E-04 or less for all carcinogens combined. 

Equations for the definition/calculation of HI and total cancer risk values are presented in 
REAMS (Virginia DEQ, November 1994), The permitting agency should be contacted to 
determine the applicability of REAMS and for site-specific requirements. 

4.3.2 OBIOn Operations Air Releases - HHRA 

The HHRA should also include the evaluation of future OB/OD air releases (see 
Sect. 4.1). Therefore, this future long-term (i.e., chronic) exposure modeling evaluation is 
applicable to existing and new OB/OD units pursuing permits. Dispersion modeling results 
(typically based on the OBODM model as discussed in Sect. 4.1) should be used to identify 
potential areas of maximum impact onsite and offsite. The dispersion modeling results are also 
used as input for the calculation of media-specific exposure concentrations, quantifying potential 
receptors exposure and risk characterization. The HHRA guidance for these calculations should 
be based on the Human Health Risk Assessment Protocol for Hazardous Waste Combustion 
Facilities (USEPA, July 1998 draft and subsequent revisions/updates). The Combustion 
Facilities HHRA Protocol is available at the EPA Region 6 web page at 
http://www.epa.gov/earth1r6/6pd/rcrac/protocol/protocoI.htm. Software for the implementation 
of the Combustion Facilities HHRA Protocol is commercially available. 

Portions of the Combustion Facilities HHRA Protocol, such as Sects. 1 and 2.2, are not 
applicable to OB/OD sources. In addition, Sect. 3, Air Dispersion and Deposition Modeling, 
includes generic guidance applicable to OBOD units, but information specific to the EPA's 
ISCST3 dispersion model used for the Combustion Facilities HHRA Protocol) is not generally 
applicable to the OBODM model. Therefore, the OBODM User's Guide should be consulted for 
details concerning the use of the OBODM model (U .S. Army, July 1997). In addition, site
specific adaptation will be needed to use OBODM modeling output files (as well as files for 
pretreatment and post-treatment emissions as warranted) as input for the Combustion Facilities 
HHRA Protocol. 

A conservative risk-based, air concentration screen may be used to determine if 
a more refined air pathway assessment is warranted. The maximum ground-level, air 
concentration location based on dispersion modeling results should be directly 
compared to EPA Region 9 PRGs for ambient air (residential exposure) at 
http://www.epa.gov/region09/waste/sfund/prg/index.htm. The potential receptors evaluated by 
this screening assessment should be identified to clarify who the screening evaluation confers 
protection to and those that would be subject to an unequal level of protection. Risk targets for 
the air pathway screening assessment are listed below and include an order of magnitude of 
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additional conservatism to account for potential modeling uncertainties (PROs correspond to a 
HQ of 1.0 and total cancer risk of E-06 for individual chemicals): 

• Equivalent HI of 0.1 or less for non carcinogens (for screening purposes) 

• Total lifetime cancer risk of I E-07 or less 

If the risk targets are not met for the screening assessment, then further evaluation of all 
pathways based on the Combustion Facilities HHRA Protocol should be conducted (e.g., 
selection ofHCOCs, exposure calculations, risk characterization, uncertainty analyses). If the 
screening air pathways risk targets are not exceeded then a further evaluation of the direct air 
pathway is not warranted. However. indirect pathways should be evaluated even if the direct air 
pathway modeling results are not above the screening risk targets. 

Commensurate with the Combustion Facilities HHRA Protocol the following standard 
exposure scenarios should be evaluated based on current and potential future land use: 

• Adult residence 
• Child residence 
• Subsistence farmer 
• Subsistence farmer child 
• Subsistence fisher 
• Subsistence fisher child 
• Sensitive receptors (as identified in the air pathway assessment) 

The assumptions and limitations section of the HHRA documentation should clarify the 
receptors that the permit would confer protection. In addition receptors for which or whom the 
permit (based on the HHRA) would provide an unequal level of protection. 

Exposure pathways should include the following as applicable based on current and 
potential future land use (additional details are provided in the Combustion Facilities HHRA 
Protocol): 

• Direct inhalation (chronic and acute) 
• Incidental ingestion of soil 
• Ingestion of drinking water (groundwater and surface water) 
• Ingestion of homegrown produce, meats and dairy produce 
• Dermal exposure (soil and groundwater) 

The Combustion Facilities HHRA Protocol does not include equations for calculating 
exposures for groundwater ingestion or incidental dermal contact pathways. However, the 
groundwater pathway may be significant for OB/OD units because they are ground-based 
operations (i.e., as discussed in Sect. 2.3.7, OB/OD residues in the vicinity of the treatment area 
may leach from the soil to groundwater). Potential groundwater contamination from OB/OD 
units are of particular concern for sites with shallow aquifers, or a karst environment, and 
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groundwater is useri as drinking water. The groundwater pathway should be based on the 
approach discussed in Sect. 4.3.1. 

Separate risk calculations of OB/OD treatment/post-treatment emission may be needed. 

Based on the Combustion Facilities HHRA Protocol, evaluations of the dermal water 
exposure pathway is not typically warranted. However, if a surface water body is impacted by 
OB/OD releases and is frequently used for recreation purposes, such as a swimming or boating, 
dermal absorption of contaminated water becomes another possible route for human exposure. 
Dermal exposure from soil at some sites may also be of concern. EPA guidance for estimating 
dermal exposure is available from the Risk Assessment Guidancefor Superfund (RAGS), Vol. 1
Human Health Evaluations Manual. Part E-Dermal Exposure Guidance. However, as indicated 
in the Combustion Facilities HHRA Protocol, available data indicates that the contribution of 
dermal exposure to soils to overall risk is typically small. 

Supplemental HHRA guidance not included in the Combustion Facilities HHRA Protocol 
or permitting agency, specific guidance document should be based on RAGS. This includes 
multiple documents (as well as associated tools and other technical resources) and updates as 
identified at the EPA Superfund Risk Assessment web page at 
http://www.epa.gov/superfund/programs/risk/toolthh.htm. 

The Combustion Facilities HHRA Protocol does not specify acceptable risk targets. 
However, based on the VIRGINIA DEQ target levels used for REAMS, acceptable 
environmental performance standards for OB/OD units are as folIows: 

• 	 Total Hazard Index (HI) of 1.0 or less for non carcinogens; 

• 	 Total lifetime cancer risk of lE-06 or less for individual carcinogens; 

• 	 Total lifetime cancer risk of 1 E-04 (for sites with multiple carcinogens) and 1 E-06 
or less for all carcinogens combined; 

Equations for the definition/calculation of HI and total cancer risk values are presented in 
the Combustion Facilities HHRA Protocol. 

If these criteria are exceeded, the implementation of risk management procedures (e.g., 
reduction in allowable treatment quantities) or a refined risk assessment may be warranted. For 
example, the summation methodology for the HI does not directly consider the portal of entry 
associated with each exposure pathway or the often unique toxic endpoints and toxicity 
mechanisms of the various HCOCs. Accounting for these factors may provide a rationale for 
segregating HI values for reevaluation based on the acceptance criteria. 

In addition to long-term chronic effects, short-term or acute effects should be considered 
from direct inhalation ofHCOCs. It is assumed that short-term emissions will not have a 
significant impact through indirect exposure pathways (as compared to impacts from long-term 
emissions). 
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To characterize the potential for adverse health effects from acute exposure to HCOC
specific emissions, the acute air concentration (Cacute) resulting from maximum emissions over a 
I-hour period (commensurate with the acute exposure criteria) should be compared to the 
HCOC-specific acute inhalation exposure criteria (AlEC) to calculate the acute hazard quotient 
(AHQinh). Although OB/OD emissions may be quasi-instantaneous or last only a few minutes, 
public health acute exposure criteria are not available for less than I-hr exposures. Guidance on 
the definition/calculation of AHQinh is provided in the Combustion Facilities HHRA Protocol. 

The environmental performance criteria for OB/OD sources is an AHQinh value of 1.0 or 
less for each toxic air pollutant. 

The hierarchical listing of information sources for the acute inhalation (I-hour) exposures 
is as follows (USEPA, July 1998): 

• Acute Inhalation Exposure Guidelines (AEGL)-l 

• Emergency Response Planning Guidelines (ERPG)-I 

• Acute Toxicity Exposure Levels (ATEL)-1 

• Temporary Emergency Exposure Limits (TEEL )-1 

• Subcommittee on Consequence Assessment and Protective Action (SCAPA) 
Toxicity-based approach 
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4.4 ECOLOGICAL RISK ASSESSMENTS 

An ecological risk assessment (ERA) should be conducted to support permitting, closure, 
or corrective action. Ecological risk assessment is conceptually similar to human health risk 
assessment but address potential effects on receptors other than humans or agricultural receptors. 
Whereas human health risk assessment tends to focus upon effects to individual human 
receptors, ecological risk assessment tends to focus on effects to populations and communities of 
terrestrial and aquatic plants, animals, and other ecological receptors. A summary of the ERA 
process for OB/OO units is shown in Fig. 4-5. A screening ERA can be conduted followed by a 
baseline ERA (if needed). It is similar to the HHRA process with the following exceptions: 

• 	 Methodology for conducting screening assessments 

• 	 Application of guidance developed by EPA Region 6 in Screening Level 
Ecological Risk Assessment Protocolfor Hazardous Waste Combustion Facilities 
(USEPA, August 1999 draft and subsequent revisions/updates). This Protocol is 
available for download at 
http://v-.,'v.,rw.epa.gov/epaoswer/hazwaste/combust/ecorisk.htm. 

The ERA process differs for existing units pursuing closure, existing units pursuing 
permits and new units pursuing permits. However, in each case there is the need to evaluate 
potential migration of contaminants from the OB/OO unit source zone (i.e., potential soil, 
groundwater, and surface water contamination onsite) and potential direct/indirect exposures 
(onsite/offsite) attributed to air release. A common element for both types of evaluations is the 
need to identify potential areas of maximum impact and receptors (including target populations, 
species and media as well as sensitive and endangered species). 

An ERA protocol (based on implementation of guidance in this section) should be 
submitted to the permitting agency for review and concurrence prior to implementation. The 
protocol should identify site-specific details that define how the guidance will be applied. 

4.4.1 OBIOn Unit Source Zone - ERA 

The OB/OD unit source zone, previously defined for the OB/OO unit conceptual site 
model (see Sect. 2.3 and Fig. 2-11), is the potential existing contamination (i.e., soil, 
groundwater and surface water) at the OB/OO unit (or near vicinity onsite) due to historical 
operations. Therefore, the OB/OO unit source zone ERA is applicable to existing units pursuing 
closure (i.e., evaluation of conditions at the OB/OO unit) as well as existing units pursuing 
permits (i.e., evaluation of fate and transport of potential contamination of the OB/OO unit). 

The baseline site characterization sampling and analysis results are used as input for this 
assessment for existing units pursuing permits (see Sect. 4.2). Similarly, data from the site 
characterization program to be conducted at closure are the inputs needed for existing units 
pursuing closure. Generally some long-term environmental monitoring may be warranted as a 
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Standards/Permit Conditions 


t 
Corrective Action or Closure 
Remediation Goals as Needed 

a Contact permitting agency to determine applicability and site-specific requirements 

Fig. 4-5. ERA process overview for OBIOn units. 
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4.4.2 

permit condition for existing and new units pursuing permits. For these cases, dispersion and 
deposition modeling results/patterns (see Sect. 4.1) can be used to identify potential areas of 
maximum impact for the design of sampling/monitoring programs and evaluation of potential 
exposure at these locations. 

For screening purposes the facility may use ecological toxicity reference values (TRVs) 
identified in the Combustion Facilities ERA Protocol followed by Oak Ridge National 
Laboratory (ORNL) published benchmark values for different media. ORNL provides separate 
sets of benchmarks for plants, soil and litter invertebrates, sediment-dwelling biota, aquatic biota, 
and terrestrial wildlife. The ORNL benchmark publications may be downloaded from 
http://wvvw.hsrd.ornl.gov/ecoriskireports.htmI. The facility must identify appropriate target 
ecological communities, popUlations, species, and media in applying the standards. If no TRV or 
benchmark values are available from these sources, the facility may use other appropriate 
sources. EPA Region III, has established a BTAG that provides technical advice on the ERA 
process. Guidance on the availability and use ofBTAGs is available (in USEPA, September 
]991), and can be downloaded at http://www.epa.gov/superfund/programs/risk/ecoup/. 

If the facility chooses to conduct a more detailed ERA, the Combustion Facilities ERA 
Protocol guidance is the recommended choice. This EPA Region 6 guidance can also be used to 
determine site-specific cleanup levels ifneeded. 

OB/OD Operations Air Releases - ERA 

The ERA should include the evaluation of future OB/OD air releases (see Sect. 4.1). 

For screening purpose the facility may use ecological toxicity reference values (TRVs) 
identified in the Combustion Facilities ERA Protocol followed by Oak Ridge National 
Laboratory (ORNL) published benchmark values for different media. ORNL provides separate 
sets of benchmarks for plants, soil and litter invertebrates, sediment-dwelling biota, aquatic biota, 
and terrestrial wildlife. The ORNL benchmark publications may be downloaded from 
http://'v\'Ww.hsrd.ornl.gov/ecoriskireports.html. The facility must identifY appropriate target 
popUlation, species, and media in applying the above. lfno TRV or benchmark (values) are 
available from the above sources, the facility may use Region III BTAGs (see Sect. 4.4.1) or 
other appropriate sources. Media-specific concentrations should be calculated based on 
dispersion/deposition modeling results as input and the methodology specified in the Combustion 
Facilities ERA Protocol (Sect. 3.1 ]). If the facility chooses to conduct further detailed 
ecological risk assessment, the Combustion Facilities ERA Protocol (Sects. 3.11,4-6) is the 
recommended choice. 
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Major components of the ERA as addressed by the Combustion Facilities ERA Protocol 
(Sects. 4-6) are as follows: 

• Estimation of COPC Concentrations in Media 
+ Calculation of COPC Concentrations in Soil 
+ Calculation of CO PC Concentrations in Surface Water and Sediment 
+ Calculation of COPC Concentrations in Plants 

• Replacing Default Parameter Values 

• Problem Formulation 
+ Exposure Setting Characterization 
+ Food Web Development 
+ Selecting Assessment Endpoints 
+ Selecting Measurement Endpoints 

• Analysis 
+ Exposure Assessment 
+ Assessing Exposure to Community Measurement Receptors 
+ Assessing Exposure to Class-Specific Guild Measurement Receptors 
+ Assessment of Toxicity 

• Risk Characterization 
+ Risk Estimation 
+ Risk Description 
+ Uncertainty and Limitations of the Risk Assessment Process 

Results of the ERA for OB/OD units pursuing permits should be used for the determination of 
site-specific environmental performance standards and permit conditions. Ecological HQs are 
calculated by dividing the measured concentration of a constituent in a medium (for example, 
surface soil) against the corresponding benchmark concentration, or by dividing the estimated 
dose of a constituent in the diet of a specific receptor species (for example, deer mouse), by the 
corresponding benchmark. An HQ less than 1.0 can usually be interpreted as indicating little 
potential for ecological risk. An HQ equal to or greater than 1.0 is usually interpreted as 
indicating that further investigation is needed or professional judgment should be used to 
determine whether ecological risk exists. The magnitude of an HQ that exceeds 1.0 is not 
customarily interpreted as indicating the relative severity of potential ecological risk. 
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4.5 

4.5.1 

NOISE AND VIBRATION ASSESSMENTS 

Permit applications and conditions for OD units should address noise considerations 
commensurate with Sect. III.F.I (refs. 40 CFR 264.601 and 270.23(e)) of the Subpart X 
Checklist. Noise-related environmental impacts from OB/OD unit operation are primarily 
associated with high-energy, low impulsion sounds from detonations (i.e., OD operations). The 
C-frequency weighting scale is used to evaluate impulsive noise, and sound pressure levels are 
expressed as dBC (decibels C-weighted) units. The higher frequency noise from OB operations 
(e.g., a whistling noise) or static firing of rocket motors are not usually sources of noise impacts 
of concern and are not addressed in this section. The higher frequency noises are expressed as 
dBA (decibels A-weighted). However, noise impact criteria and measurements may also be 
expressed as nonfrequency-weighted dBs. The Day-Night Average Sound Level (DNL) is a 
time-weighted measure used for assessing environmental noise. 

The propagation of noise is complex and is affected by the following factors: 

• 	 Terrain (e.g., terrain between the source and the receptor may act as an 
intervening barrier) 

• 	 Ground surface (e.g., sound propagation is enhanced over hard surfaces and 
water) 

• 	 Trees, buildings and other structures (i.e., intervening barriers) 

• 	 Meteorological effects (in some conditions the atmosphere can focus noise or 
send it skyward so that little is heard at ground level). Meteorological factors that 
enhance the propagation of sound are nighttime temperature inversions, low 
overcast cloud layers that frequently occur in fall and winter, and wind shears. 

An overview of noise factors (including detonations) is provided in Environmental Noise 
Management: An Orientation Handbookfor Army Facilities (U.S. Army, May 2001), which can 
be downloaded at http://chppm-www.apgea.anny.mil/enp/enp.htm. 

NoiseNibration Effects and Criteria 

Noise and vibration effects associated with OD treatment can be classified as follows: 

• 	 Human impacts 
• 	 Structural impacts 
• 	 Ecological impacts 

A general summary of airblast damage thresholds is provided in Table 4-3 (DNA, 
October 198 I). 
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Table 4-3. Summary of airblast damage threshoid levels (DNA, October 1981). 

Effect 
Threshold of lethalitv 
+ Small animals in the open 
+ 50-pound animal in the open 
+ Small animals (rabbits or smaller) in burrows 
+ Larger animals in burrows 
Threshold of lung damage to animals in burrows 
+ Small animals 
+ Large animals 
Threshold of eardrum rupture to animals in the open 
Threshold of injury to birds in flight 

. Topplmg of trees (small leaves or defolIated or lIght 
crowned) 
Dama e to small ve etation or tree branches 
Damage to buildin walls/roofs 

• 

I 

i 

Corresponding Incident Peak 
Overpressure Level 

20-40 kpa 
>55 kpa 
190 kpaa 
320 kpa<l 

45 kpaa 
85 kpaa 

20 - 35 kpa 
35 -70 kpa 
35 70 kpa 

I 
I 

I 

I 

I 

I 

Skin penetrations from broken windows 3.5 kpa 
Flight hazard to light aircraft 1.4 kpa 
Window breakage (one window for each 1,000 of 200 pa 

i human population) 

I Impulsive noise level limit for industrial workers by 140 dB 
. Occupational Safetv and Health Administration (OSHA) (0.2 kpa) 

Tinnitus or ringing in ears 160 dB 
(2 kpa) 

°The peak overpressure levels shown are the levels that occur without reflections. 
Airblast filling a burrow can produce pressures that are 2 or 3 times these values and are 
sufficient to result in the effect described. 

pa Pascals 
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4.5.2 Human Impacts 

Effects of noise and vibration on humans include hearing damage and health effects, 
annoyance, speech interference, and sleep disturbance. Noise complaints from numerous 00 
operations indicate that there is some level of community annoyance. Speech interference is not 
of concern because the typical numbers and types of 00 operations do not generate long 
duration blasts during the day. Sleep disturbance is not an issue because the 00 operations are 
usually restricted to daylight working hours. Noise criteria identified in this study are therefore 
based on avoiding annoyance. 

Concerns at very high noise levels include hearing damage and non-auditory health 
effects. Hearing damage is well documented (generally at greater than 140 dB, e.g., tinnitus can 
occur at 160 dB, see Table 4-3). Chronic noise exposure is suspected as a risk factor in 
hypertension, cardiovascular disease, and nervous disorders. However, no such effects have 
been proven to occur at noise levels below those known to affect hearing. 

There are no federal environmental noise standards, but the EPA pioneered the use of A
weighted Day-Night Average Sound Level (DNL) and identified a level of 55 dB to "protect 
public health and welfare with an adequate margin of safety." ANSI S I 2.9 Part 4 [1996] 
recommends A-weighted DNL for assessment of general environmental noise. American 
National Standards Quantities and Procedures for Description and Measurement of 
Environmental Sound-Part 5: Sound Level Descriptorsfor Determination ofCompatible Land 
Use (ANSI S 12.9 Part 5, 1998) suggests 55 dB as the corresponding A-weighted DNL criterion 
in residential areas. 

Although there is great variation from one state or locality to another, a preponderance of 
state and local governments regulate industrial and neighborhood noise (air conditioners, lawn 
mowers, pets, etc.) using the maximum A-weighted DNL. The typical criterion level ranges 
from 55 to 65 dBA during daylight hours. 

Community sensitivity to noise annoyance is subjective and variable. Table 4-4 provides 
sample guidelines used by the U.S. Army for Installation Compatible Use Zone (ICUZ) planning 
(U.S. Army, May 2001). Alternative criteria can be applied to a site based on consultation with 
the permitting agency. For existing 00 units, a noise compliance log going back five years and 
available offsite noise monitoring data should be provided to support alternative criteria. 

4.5.3 Structural Impacts 

Adverse structural effects of blast noise range from low-level effects such as 
nondamaging vibration which is perceived or causes objects to rattle, up to high-level effects 
such as physical damage to structures. Perceptible vibration and rattling are factors that 
contribute to annoyance. Vibration criteria identified in this study are directed toward avoiding 
annoyance and are therefore protective of physical damage. 
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I 

i 

Table 4-4. Sample guidelines for community noise annoyance (U.S. Army, May 2001) 

Land Use Percent Noise Limit 
Acceptability Population Transportation and Noise Limit 

(Based on Noise Small Arms ADNL Highly Impulsive CDNL in 
Impacts) Annoved in A-weighted dB C-weighted dB 

Compatible <65 <62<15 
Normally Incompatible 15 39 65 -75 62-70 

! Incompatible i >39 >75 >70 
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No published standard exists to assess structural damage from airborne or ground 
impulsive waves, but a great deal of research has been conducted on the probability of damage 
from impulsive pressure waves. These studies have demonstrated that the peak level relates 
directly to the probability of damage from structural components such as windows, plaster walls 
and drywall, as well as falling bric-a-brac and other household items. 

In general, for impulsive noise, the threshold for minimal probability of the most 
superficial type of damage in residential structures begins when the peak sound level exceeds 
134 dB. In terms of structural vibrations due to ground-borne or air-borne blast waves, the 
threshold of damage has been defined as a resultant peak vibrational level of 0.50 in/sec for older 
homes and 1.0 in/sec for modern homes. 

4.5.4 Wildlife and Domestic Animals 

Assessing the effects of noise and vibration on animals is complex, because species vary 
greatly in their responses. Each species has adapted, physically and behaviorally, to fill its 
ecological role, and its hearing usually reflects that role. Animals rely on their hearing to avoid 
predators, to obtain food, and to communicate with and attract other members of their species. 
Noise may mask or interfere with these functions. Secondary effects may include non-auditory 
ones similar to those exhibited by humans: stress, hypertension, and other nervous disorders. 
Tertiary effects may include interference with mating and resultant population declines. 

There are many scientific studies of the effects of noise on wildlife, and wildlife flight 
due to noise has been reported. Some specific effects, such as panic and huddling of domestic 
fowl, have been documented. Other effects, such as bird egg hatch failure and reduced milk 
production from dairy cows, have been demonstrated not to occur. It is difficult to apply results 
from one species to others, so the studies have dealt with specific species of animals and cannot 
be generalized. 

In the absence of definitive data, the Committee on Hearing, Bioacoustics, and 
Biomechanics of the National Research Council has proposed that protective noise criteria for 
animals be taken to be the same as for humans. In general, the appropriate levels would be those 
corresponding to adverse health effects. For threatened and endangered species, which require a 
higher degree of protection, levels would be those corresponding to annoyance. 

4.5.5 Noise Modeling 

Existing and new OD facilities seeking permits should conduct a noise modeling 
assessment to characterize potential noise impacts. Available models include the following: 

• 	 BN01SE (U.S. Army, May 2001): The BNOISE model can be used for DNL 
characterization of detonation operations. The BNOISE model is currently being 
revised and updated to correct previous problems and to add the following 
capabilities: 

+ 	 Include the effects of topography in the calculation 
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+ 	 Include the effects of propagation over water. including the land-water 
interface 

+ 	 Improve the sound propagation algorithms 

• 	 SHOT (U.S. Army. May 2001): The SHOT computer model can be used to 
evaluate the potential impacts of single detonation events (Lewis, 1994). The 
SHOT model is used to predict the expected mean linear peak sound level and the 
distribution of the levels about this mean for the proposed detonation weights and 
selected receiver locations. The effect of topography features between the noise 
source and the receiver is included in the model. The inputs to this model are the 
explosive weight. distance between the source and the receiver, burial depth. and 
location and height of a barrier, if one exists, between the source and receiver. 
The accuracy of this model for large detonations was checked with the 
measurements taken at Sierra Army Depot. For the 29 measurements taken at 
Sierra, the mean level predicted by the SHOT model underpredicted the measured 
levels by an average of 1 .4 decibels. 

• 	 Sound Intensity Prediction SYstem (SIPS): SIPS is a tool developed by the U.S. 
Navy, employed to reduce complaints about noise from explosive operations at 
DoD facilities. It predicts the noise created by detonating explosive materials. 
SIPS deals with the long-range propagation of impulse noise in the atmosphere. 

Using data from weather balloons sent into the atmosphere near the detonation 
site, the SIPS computer system calculates the distribution of noise from the blast, 
the level of sound that may reach populated areas, and the location of high
intensity sound pockets formed by the current atmospheric conditions. SIPS uses 
a combination of sophisticated computer programming with the estimated TNT 
equivalent charge weight, terrain maps of the area, and current atmospheric data 
to generate a map showing the distribution of noise around the blast site, plus 
plots of sound speeds versus altitude and acoustic ray traees in directions of 
interest. All this information is then available to the decision-maker to help 
determine the noise risks involved in proceeding on any given day. 

SIPS also produces a long-term record ofthe atmospheric conditions during the 
blast situation and documents the reasons for not conducting a scheduled blast. 
Therefore, SIPS can be used as a noise complaint management tool. Information 
regarding SIPS is available at http://www.nswc.navv.millinserts/index.html. 

• 	 Noise Assessment and Prediction System (NAPS): 

A system has been designed to provide an assessment of noise levels that result 
from testing activities at Aberdeen Proving Ground, MD. The system receives 
meteorological data from surface stations and an upper air sounding system. The 
meteorological data are used as input into an acoustic ray trace model which 
projects sound level contours onto a two-dimensional display of the surrounding 
area. This information is also provided to the range control office where a 
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decision can be made to proceed or delay the test activity depending upon 
acoustic propagation conditions. To evaluate the noise level predictions. a series 
of microphones is located off the reservation to monitor sound-pressure levels. 
Any events of significant level are transmitted back to the central display unit. 
allowing for comparison between prediction and data. The computer models are 
modular, allowing for a variety of models to be utilized and tested to achieve the 
best agreement with data. This technique of prediction and model validation will 
be used to improve the noise assessment system (U.S. Army. November 1994). 

• 	 BLAST (USAF. April 1997): A blast overpressure prediction model developed 
by the U.S. Air Force. 

Noise modeling results should be used to identify worst-case offsite receptor exposures, 
sensitive receptors, and exposures at nearby population centers. Potential human, structural, and 
ecological impacts should be evaluated at potential/sensitive worst-case receptors and population 
centers. The noise modeling impact assessment results should be used to determine site-specific 
environmental performance standards and associated permit conditions. Potential OD 
operational restrictions may include a limited frequency and magnitude of detonations as well as 
meteorological, time-of-day, and seasonal restrictions. Buried detonations may be required. 
Modeling results can also be used to determine if a monitoring program is warranted for the site, 
the site boundary, or any offsite locations. 

4.5.6 Noise Monitoring 

Noise monitoring at or beyond the installation boundary may be warranted, depending on 
noise modeling results and the frequency and nature of community noise complaints regarding 
OD operations. Facilities should consult with the permitting agencyfor such a determination. 

Since the pattern of noise propagation is complex, noise monitoring at the installation 
boundary may not be adequate to evaluate offsite noise impacts. For some sites it may be 
appropriate to consider noise monitoring locations based on the following: 

• 	 Worst-case exposure receptors (based on modeling results) 
• 	 Location based on historical noise complaints 
• 	 Nearby popUlation centers 

Because representative meteorological data are needed to interpret noise monitoring data, 
an on site meteorological monitoring program may be needed to support the noise monitoring 
program. 

Following are alternative noise monitoring systems appropriate for OD sites (U.S. Army, 
May 2001): 

• 	 Off the shelf 

• 	 Smart controller/one microphone 

• 	 Smart controller/two transducers 
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Off the shelf systems (i.e .. capable of C-weighed equivalent and maximum/peak 
measurements) can be overwhelmed by false alarms caused by wind gusts and other non-OD 
transient events. Performance can be improved by the use of "smart" algorithms/software as 
well as additional co-located sensors (e.g., two microphones mounted vertically 1 to 2 meters 
apart). Smart algorithms also have the potential to reject some true detonation events as false 
alarms. but for a multiple noise monitoring station network the differences between the times 
when blast events are registered at monitors can be used as an independent validation of true and 
false events. Wind barriers should be used to reduce the potential for false alarms. 

In general, an off-the-shelf noise monitoring system is adequate if (i) the microphones are 
sheltered from the wind, (ii) the times of detonation are known and documented. and (iii) the 
primary interest is noise levels above 115 dB peak. Otherwise. a two-transducer system is 
recommended (U.S. Army, May 2001). 
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4.6 LONG-TERM SOURCE AND ENVIRONMENTAL MONITORING 

Source monitoring for OBIOD treatment is a technical challenge for nonstack, typically 
quasi-instantaneous, infrequent releases. Thus OBIOD source monitoring permit conditions may 
be limited. 

The primary operational indicators of OBIOD treatment effectiveness are source 
temperature and emission rates; therefore, the baseline source temperature and time duration of 
the event can be used to characterize treatment effectiveness. 

Source temperatures can be measured using remote infrared sensors, which can be 
applied to OB sources. Minimum acceptable baseline source temperature for OB treatment is a 
function of the candidate energetic wastes to be treated. These energetic source temperatures can 
be obtained from the technical literature or based on trial bums submitted by the applicant to 
assist the permit writer to specify appropriate permit conditions. A 10 sec duration from startup 
to attainment of the baseline treatment temperature can be used as a default permit condition 
value for OB sources. However, for 00 sources, the use of remote technology to measure the 
fireball temperature may not be feasible, considering explosive dangers (i.e., exclusion distances 
for equipment survivability). 

Emission concentration rate measurements from OBIOD sources usually are not 
practical, considering the limitations and uncertainties associated with available technology. 
Limited OBIOD cloud (but not source) measurements for some emissions constituents can be 
obtained by the application of remote sensing (i.e., "open path") technology. However, this 
evolving technology is prone to atmospheric interferences and provides an integrated dose mass 
for target constituents (i.e., within the OBIOD cloud at the measurement location). 

Open path technologies that could be considered for OBIOD source include lidar, fourier 
transform infrared (FT-IR), and ultraband radiation systems. Following are some sources of 
information for open path technologies: 

• 	 FT-IR Open Path Monitoring Guidance Document (USEPA, April 1996) included 
in the EPA Technology Transfer (TTN) web, along with additional open path 
information, at http://vvww.epa.gov Ittn/amtic/longpath.html. 

• 	 "Fence Line Monitoring of Facilities" based on lidar technology at 

http://Vv'VI.'W.epa.20v/eq/atlas/evprogram/cleanair.htm 


• 	 "Detection and Identification of Multiple Hazardous Air Pollutants at Extended 
Distances" (SERDP, undated a) CP-l 061 at http://Vv'WW.serdp.org/research/ 
compliance.html 

An alternative approach for obtaining OB/OD emission rates is to use data from 
applicable BangBox tests (i.e., a scaled down treatment quantity within a chamber), including 
available BangBox tests for applicable energetic wastes. Additional BangBox tests should be 
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conducted if available tests are not available to represent the expected site-specific range of 
candidate energetic wastes. 

Environmental monitoring may involve the following media: 

• Groundwater 

• Soil 
• Surface water/sediments 
• Ambient air 

A detection groundwater monitoring program is required for all OB/OD permits, but the 
need for routine, long-term monitoring of the other media is only warranted if baseline site 
characteristics or risk assessment results identify a particular site-specific environmental 
concern. For example, the baseline site characterization and risk assessment results for a small 
treatment quantity OB/OD unit may indicate minimal/acceptable impacts that do not warrant a 
long-term monitoring program. Guidance for the conduct of groundwater, soiL and surface 
water/sediments has been presented in Sect. 4.2. But ambient air monitoring for OB/OD sources 
is problematic. Successful installation of one upgradient monitor and one or more downgradient 
air monitors for each treatment event may not be achievable. This would require an extensive 
stationary air monitoring network or portable monitoring stations redeploying each time. Even 
data evaluation of a longer period (e.g., combination of all treatment events for one year) may 
not yield statistically significant data (because of variable wind conditions, the low frequency of 
treatment events and short release duration) and should be evaluated in conjunction with wind 
data and modeling predictions for the burn periods. Also, the maximum long-term level 
concentration location for OB/OD sources is typically within 3 km downwind. Standard EPA 
guidance for ambient air monitoring (for criteria pollutants as well as toxic air pollutants) is 
available from the TTNWeb-Ambient Monitoring Technology Information Center at 
http://www.epa.gov/ttn/amtic. Open-path technology, as previously discussed for source 
monitoring, is an alternative approach. 

In summary, air monitoring for these quasi-instantaneous, nonstack, intermittent 
(infrequent), release sources is a technical challenge. Therefore the use of BangBox emission 
tests (in conjunction with dispersion modeling) is an alternative to ambient air monitoring for 
OB/OD sources. The facility should contact the permitting agencyto determine the need for air 
monitoring based on site-specific considerations. 

Onsite meteorological monitoring is generally the most representative operational 
approach to determine if meteorological conditions are acceptable to conduct an OB/OD 
waste treatment event. A 10m height for wind measurements is the standard exposure 
used for dispersion modeling. EPA guidance for meteorological monitoring is available 
in Meteorological Monitoring Guidancefor Regulatory Modeling Applications 
(USEPA, February 2000), via the TTN-SCRAM Web page at 
http://\\rw\v.epa.gov IscramOO 1/!.!Uidanceimet/mmgrn1a.pdf. The application of remote sensing 
technology is an alternative approach to the use of meteorological towers and can be used to 
characterize dispersion conditions from the surface to heights of more than I kilometer. A 
prototype system, based on commercially available equipment for OB/OD sources has been 
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developed at Dugway Proving Ground (SERDP, undated b). This system includes wind
profiling radar equipment and a radio acoustic sounder and can be seen at 
http://www.serdp.org/research/Compliance.html. 
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5. OB/OD PERMIT CONDITIONS 

An OB/OD unit pennit consists of three types of modules. The first two apply to all 
pennits - the third specifies penn it conditions for OB/OD units - the modules are: 

• 	 Standard conditions 
• 	 General facility conditions 
• 	 Treatment of energetic wastes 
• 	 Sitewide (HSWA) Corrective Action (not addressed in this document) 

Module 1 contains the general conditions required by 40 CFR 270 for all Hazardous 

Waste Management Facility Penn its such as: 


• 	 Standard administrative conditions 
+ 	 Effect of penn it, pennit actions, duties and requirement, pennit expiration, 

inspection and entry, transfer of pennit, etc. 

• 	 Monitoring and records 
+ 	 Samples taken by facility must be representative 
+ 	 Records of monitoring must be maintained 

• 	 Record keeping and reporting requirements 
+ 	 Reporting planned changes 
+ 	 Documents to be submitted before operation begins 
+ 	 Documents to be maintained 
+ 	 24-hour reporting requirements 

• 	 Definitions 

• 	 Confidential Infonnation 

Module 2 contains conditions covering the general facility requirements of 40 CFR 264, 
Subparts B through Hand O. This module must be included in all RCRA permits. Land 
Disposal Restriction (LDR) (40 CFR 268) requirements may also be included in Module 2. The 
module should include the following: 

• 	 Required notices 

• 	 Location standards 

• 	 Procedures to prevent hazards 

• 	 Emergency procedures 

• 	 Personnel training 
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• Security 
• Closure and post-closure 
• Manifest system (only if offsite waste is accepted) 
• Recordkeeping and reporting 
• Liability requirements 
• Corrective action 

Sect. 5 provides a summary of recommended permit requirements that specifically 
address the OBIOD treatment of energetic wastes (Le., Module 3). including the following 
permit conditions: 

5.1 Permitted and prohibited waste 

) -...") Design and construction requirements 

5.3 Operating, inspection and maintenance requirements 
5.4 Operating conditions 
5.5 Monitoring requirements 

The technical basis for these permit conditions is in Sects. 2 through 4. 
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5.1 PERMITTED AND PROHIBITED WASTES 

The permit should specify the allowable types and quantities of waste energetics for 
OB/OO treatment as follows: 

• 	 Type of unit (OB or 00) 
• 	 Description of hazardous waste (e.g., bulk propellants for OB; see Sect. 3.2 for 

additional guidance) 
• 	 Hazardous classification codes (see Sect. 2.2 for criteria for burning and 

detonation of energetic) 
• 	 Hazardous waste number 
• 	 Allowable treatment quantities (i.e., lbs. NEW/event, lbs NEW/yr) 

Allowable waste energetics and treatment quantities selected as permit conditions should 
facilitate operational flexibility and should be protective of human health and the environment. 
This should be accomplished by use of site-specific, risk-based environmental performance 
standards (see Sect. 4). 

The emphasis should be placed on input waste composition limits for OB/OO units 
instead of emission concentrations (typically used for hazardous waste combustion facilities with 
stack releases) since monitoring the release concentrations may be impractical and associated 
with uncertainty. 

Chemical-specific waste-feed restrictions (in addition to NEW limits) should be specified 
in order to ensure that OB/OD emissions will not endanger human health or the environment. 
Typically this will involve restricting waste composition (i.e., of the energetic, including trace 
chemicals but not the inert components of waste munitions) for the following HCOCs: 

• 	 RCRA metals 
• 	 Chlorine 
• 	 Sulfur 

Additional HCOCs may be warranted for some OB/OD units based on site-specific 
environmental performance standards (see Sects. 4.1 - 4.3). 

The waste stream for metals should be limited as follows: 

nw 
HV, =L _" :::;LO 	 Eq.5-1 

1=1 Ail 

where: 

HVt hazard value for energetic waste stream (dimensionless) 

the actual treatment amount for the ith metal constituent (Ibs) 
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the allowable treatment amount for the ith constituent that is equivalent to 
a Hazard Quotient = 0.1 for noncarcinogen or a cancer risk of 1 E-6 for 
carcinogens (Ib) 

t 	 the time-weighting period (1-hr for acute exposures. an 24-hr for chronic 
exposure) 

For some situations it may be appropriate to have separate HV calculations for 
carcinogens and noncarcinogens. 

The chlorine and sulfur content of the waste stream should be separately limited as 
follows: 

r ~IH T7 = 
A 

S 10. 	 Eq.5-2 
I 

II 

The allowable treatment amounts can be determined from risk assessment results (Sects. 
4.1-4.3) as follows: 

WI JAll = _" (T) 	 Eq.5-3( RII 

where: 

as previously defined 

the treatment amount for the ith constituent modeled in the risk assessment 

the HQ for noncarcinogens and cancer risk value for carcinogens based on 
the human health risk assessment 

T 	 target acceptable risk (i.e., Hazard Quotient 0.1 for noncarcinogens or a 
cancer risk of 1 E-6 for carcinogens) 

For some sites allowable treatment values may also need to account for potential 
ecological impacts. 

Operational OB/OD treatment records of items treated, waste composition and HV
related calculations should be required to document compliance with the waste stream limits 
discussed above. 

If a permittee wishes to treat hazardous waste not specified in the permit. the permitting 
agencymust be notified in advance. The permitting agencywill either grant written authorization 
or modify the permit to cover the new waste stream. 
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All nonenergetic wastes are prohibited from routine OB/OD treatment. Some energetic 
wastes are prohibited as well, due to the potential for toxic releases or due to the availability of 
alternative treatment technologies - prohibited items include: 

• 	 Small arms ammunition (since this is not considered to have RCRA explosive 
reactivity characteristics based on EPA policy, and alternative treatment 
technologies are available) 

• 	 Chemical agent munitions 

• 	 Riot-control munitions 

• 	 White/red phosphorous 

• 	 Incendiaries (such as napalm) 

• 	 Colored smokes 

• 	 Depleted uranium (DU) munitions 

The items listed may be excluded from routine OB/OD operations, but there may be site
specific need for emergency treatment to mitigate safety hazards. 

The permittee should be required to implement a Waste Analysis Plan (WAP) that 
addresses both pretreatment wastes and post-treatment wastes. It is generally dangerous, 
infeasible or impractical to disassemble energetic items to determine whether a waste is 
appropriate for OB/OD treatment. Therefore, a facility may use generator knowledge to make 
the determination. In this case, the generator should demonstrate and document that the waste is 
potentially explosive, through means other than the use of test data or analytical data. Post
treatment waste with an energetic content of 12 percent or greater should be retreated, and the 
W AP should include such retreatment (see Sect. 3.3) for details). 

The WAP submitted in the permit application can be incorporated by reference as a 
permit condition as appropriate. The permit writer may also specify additional W AP 
requirements on a case-by-case basis. 
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5.2 DESIGN AND CONSTRUCTION REQUIREMENTS 

The pennit should specify the design and construction characteristics of the OB or 00 
unit preferably based on infonnation in the application. as follows: 

• 	 Type of unit (OB or 00) 
• 	 Location of unit (including unit boundary and treatment areas within the unit 

boundary) 
• 	 Design dimensions and construction materials based on engineering drawings 

(type of soil for 00) 
• 	 Engineering controls 
• 	 Firing control systems 

An OB unit should be designed and constructed to minimize the potential for 
environmental contamination (i.e., wastes should not be in direct contact with the ground) and 
migration of contaminants (i.e .. to control the effects of precipitation and runon/runoff). At a 
minimum, an OB unit should include burn pans with precipitation covers. Additional features 
(e.g., cement pads to prevent direct contact ofwaste/residue spills with the ground, pan liners, 
ejecta control screens, soil liners, etc.). may be warranted on a site-specific basis (see Sect. 2.4). 

An 00 unit should be designed and constructed to minimize the potential for 
environmental contamination and migration of contaminants. At a minimum an 00 unit should 
include a benn system or similar structures to control runon and runoff. Additional features 
(e.g., mounds, soil liners, special fill material), may be warranted on a site-specific basis (see 
Sect. 2.4). 
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5.3 OPERATING, INSPECtION AND MAINTENANCE REQUIREMENTS 

Permit conditions for OB/OD units should address the Waste Minimization Plan (WMP) 
and Standard Operating Procedures (SOPs). Components of the permit application (e.g., SOPs, 
WMP, PTWMP, maintenance schedules) may be incorporated by reference if acceptable. The 
permit writer may also specify additional requirements on a case-by-case basis (see Sect. 2.4). 

5.3.1 Waste Minimization Plan Requirements 

The permittee must comply with 40 CFR Part 264.73(b)(9) and must certify, no less often 
than annually, that: 

• 	 The permittee has a program in place to reduce the volume and toxicity of 
hazardous waste generated, to the degree economically practicable. 

• 	 The proposed method of treatment, storage or disposal is the most practicable 
method available that minimizes the present and future threat to human health and 
the environment. 

• 	 The permittee shall maintain copies of certification in the facility operating record 
as required by 40 CFR 264.73(b)(9). 

The waste minimization program requirement should include the implementation of the 
WMP (see Sect. 3.4) and treatment effectiveness demonstration (see Sect. 3.5). The DRE (as 
defined in Sect. 3.5) requirement for energetics should be 99.99 percent by weight. 

5.3.2 SOP Requirements 

Functional requirements for OB/OD operations should be documented in site-specific 
SOPs, which are typically attachments to the permit application pursunt to Sect. III-A of the 
Subpart X Checklist and 40 CFR 270.23(a)(2). They can be incorporated by reference as permit 
conditions. SOPs should address the following: 

• 	 Loading/unloading procedures 

• 	 Procedures for managing waste for treatment operations (e.g., quantity of waste 
placed in each burn pan) 

• 	 Special storage/accumulation requirements for waste before and after OB/OD 
treatment 

• How the waste will be treated 

• Duration of burns, duration of a treatment campaign, and number of treatment 
events per day, week and year. 
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5.3.3 

• 	 Explosion hazard safety precautions 

• 	 Post-treatment waste management (see Sect. 3.8) 

• 	 Prevention of unintended ignition or reaction of waste. 

The SOPS should provide a framework for the consistent conduct of OB/OD operations 
that are protective of human health and the environment. However, the SOPs should be 
reasonably flexible because minor revisions may be needed (e.g., use of functional job 
classifications instead of the names of specific individuals). 

Inspection and Maintenance Requirements 

Permit conditions for OB/OD units should include inspection requirements (procedures 
and schedule) as follows: 

• 	 Inspection of physical integrity of unit/treatment device 
• 	 Inspection of secondary containment devices, berms. erosion control devices, etc. 
• 	 Inspection of safety and emergency equipment specific to the OB/OD unit 
• 	 Inspection for untreated energetic items, UXO, etc. 
• 	 Inspection to determine brush fire potential (e.g., vegetation cleared treatment 

area and condition of surrounding area) 

Typically these inspections are conducted before each OB/OD treatment event and 
afterwards at a prescribed time for safe reentry of site personnel. 

The following inspections should be conducted periodically: 

• 	 Inspection of the general area (e.g., fences, gates, locks, warning signs, 
monitoring devices) 

• 	 The unit should be inspected (regularly) for signs of erosion and other conditions 
that might result from washouts. 

• 	 The condition of the monitoring well casing, cap, and lock should be checked 
when the well is sampled. 

• The integrity of surveyed benchmarks should be inspected regularly. 

Permit conditions should include preventive and corrective procedures such as: 

• 	 Security. Signs should be replaced if they become illegible. The security fence 
and gate should be repaired or replaced as necessary to maintain unit security. 

• 	 Erosion. Washouts should be repaired whenever they occur. The vegetative 
cover should be restored as needed. 
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• 	 Vegetative cover. Tree or bush growth should be controlled by mowing or 
prescribed bums. The vegetative cover should be reasonable height as a fire 
prevention measure. 

• 	 Runon and runoff controls. Drains and ditches should be cleaned and maintained 
to allow free drainage of stormwater. High-rate runoff areas (if any) should be 
protected with coarse stone to minimize erosion. 

• 	 Monitoring wells. Damaged monitoring wells should be repaired or replaced. 

• 	 Drainage collection/venting systems. Routine and emergency maintenance 
should be conducted for each system as warranted. 

• 	 Surveyed benchmarks. Missing benchmarks should be replaced and damaged 
benchmarks should be repaired. 

Corrective maintenance action should be taken if a potential exists for exposure that 
could endanger human health or the environment. All maintenance actions should be 
documented in the OD unit maintenance log. 
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5.4 OPERATING CONDITIONS 

The following operating conditions are applicable to all OB/OD units: 

• 	 Minimum safe distance from the property of others (40 CFR 265.382) 
• 	 Operation only during daylight hours (i.e., from 1 hour after sun rise to I hour 

before sunset) 
• 	 Required to operate within a wind speed range (between 3 and J5-20 mph) 
• 	 No operations during electrical storm within 3 miles 
• 	 No operations during inclement weather or if storms are forecasted 
• 	 No operations during a weather inversion or if an inversion is forecasted 

Alternative (more or less stringent) and additional operational limits may be warranted 
based on site-specific conditions (see Sect. 4). 

Another potential operating condition is source temperature which is typically a function 
of type of energetic and mode of treatment, OB or 00. But this parameter may be difficult to 
monitor, especially for 00 units. Similarly, measurement of emission concentrations of HCOCs 
is frequently impractical and associated with great uncertainties. Therefore, it is often easier to 
enforce permit conditions based on input waste stream restriction (see Sect. 5.1). 
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5.5 MONITORING REQUIREMENTS 

Monitoring requirements for OB/OD permits may include the following: 

• Source monitoring 
• Meteorological monitoring 
• Air monitoring 
• Other environmental monitoring 

Source and ambient air monitoring for OB/OD treatment is a technical challenge for 
these nonstack, typically quasi-instantaneous and infrequent releases (see Sect. 4.6). Therefore, 
site-specific factors should be considered to determine if source monitoring or ambient air 
monitoring requirements should be included as permit conditions. 

Operation of an onsite meteorological monitoring station should be required if real-time 
offsite wind data are unavailable are nonrepresentative of onsite conditions (see Sect. 4.6). 

A baseline site characterization program (i.e., groundwater, soils, surface water) should 
be implemented (see Sect. 4.2) for all existing units if acceptance baseline data are not submitted 
with the permit application. Soil and surface water monitoring permit requirements should be 
considered on a site-specific basis depending on the relative risk and unit design/engineering 
controls. 

A standard RCRA groundwater monitoring program should be a permit condition for all 
(existing and new) OB/OD units. Exemptions from the requirement should meet the criteria in 
40 CFR 264.90(9). 
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6. 	REMOVAL AND/OR REMEDIATION OF ENERGETIC 
CONT AMINATED EKVIRONMENT AL MEDIA 

Corrective action or closure of an OB/OD unit may involve the following: 

• 	 Management ofUXO and munition fragments (see Sects3.8 and 4.2.3) 
• 	 Management of non energetic wastes (based on specific requirements of the 

permitting agency) 
• 	 Management of energetic-contaminated environmental media. 

The permit application should address the proposed management of OB/OD wastes. The 
management of energetic-contaminated soil and groundwater may involve removal and/or 
remediation actions. 

Safety is the first consideration for handling energetic contaminated media that may be 
reactive. The permit application should define a methodology for evaluating reactivity, 
including cyanide and explosive reactivity. This may involve generic knowledge, reactivity 
tests, or field surveying analysis. Reactivity tests by DoD have indicated that an energetic 
concentration of 12 percent or more is a conservative criterion for determining explosion 
reactivity, and DoD sampling indicates that environmental media at OB/OD sites are not 
typically reactive. 

Safety concerns necessitate remediation of energetic-contaminated soils, sediments, and 
sludges. Safety measures should include elimination of spark and static electricity hazards. 
Nonsparking equipment, such as beryllium tools instead of ferrous tools, conductive and 
grounded plastic, and no-screw tops developed for manufacturing explosives are standard 
equipment at explosive waste sites. 

If contamination is above the 12 percent limit in some areas of a site, the contaminated 
material could be blended and screened to dilute the contamination and produce a homogenous 
mix below the 12 percent limit. This blending is not by itself a remedial action but a safety 
precaution; soils containing less than 12 percent secondary explosives by weight occasionally 
experience localized detonations but usually resist widespread propagation. Foreign objects and 
unexploded ordnance within the contaminated soil often impede the blending process and require 
specialized unexploded ordnance management procedures. Such blending is considered a 
treatment of a hazardous waste and, thus required a permit prior to treatment. 

Once blending is completed, soil treatments such as incineration and bioremediation can 
proceed. Equipment used in treatment should have sealed bearings and shielded electrical 
junction boxes. Equipment also should be decontaminated frequently to prevent the buildup of 
explosive dust. 
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Common treatment technologies for energetics in soil. sediment and sludge include the 
following (FRTR, undated): 

• 	 In-situ biological treatment (e.g .. enhanced biodegradiation. land treatment and 
phytoremed iation) 

• 	 Ex-situ (assuming excavation) biological treatment (e.g., biopiles, composting. 
fungal biodegradations, landforming and shing-phase biotreatment) 

• 	 Ex-situ (assuming excavations) physical/chemical treatment (e.g., chemical 
extraction, soil washing and solar detoxification) 

• 	 Ex-situ (assuming excavations) thermal treatment (e.g .• hot gas decontamination, 
incineration. thermal desorption and excavation with offsite disposal) 

Common treatment technologies for energetics in ground water, surface water and 
leachate include the following (FR TR, undated): 

• 	 In-situ biological treatment (e.g., co-metabolic treatment, enhanced 
biodegradiations and phytoremediation) 

• 	 In-situ chemical treatment (e.g., passive treatment wells) 

• 	 Ex-situ (assuming pumping) biological treatment (e.g .. bioreactors and 
constructed wetlands) 

• 	 Ex-situ (assuming pumping) physical/chemical treatment (e.g .. UV oxidation) 

• 	 Containment (e.g., deep well injection) 

Detailed information on alternative remediation technologies, including success stories, 
are available from information resources at EPA, DoD. et al. Following are some sources of 
information: 

• 	 Federal Remediation Technologies Roundtable at www.frtr.gov 

• 	 Strategic Environmental Research Development Program at www.serdp.org 

• 	 U.S. Army Environmental Center Cleanup Technology at \vww.aec.armv.mil 

• 	 U.S. Army Environmental Security Technology Certification Program at 
www.estcp.org 

• 	 U.S. Army Corps of Engineers Environmental Research and Development Center 
at www.wes.armv.mil 
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• EPA Technology Information Dffice at vlww.epa.gov/swertioll including: 

+ 	 EPA Remediation and Characterizations Innovative Technologies at 
www.epareachit.org 

+ 	 EPA Tech Direct at www.epa.gov/swertiol/techdrct/indextext 

+ 	 Hazardous Waste Clean-up Information (CLU-IN) web site at www.c1u
m.org 

There have been many success stories regarding the application of treatment technologies 
to energetic contaminated environmental media. Bioremediation is typically an attractive 
treatment technology based on cost factors. Nevertheless, most of the current technologies fail to 
demonstrate complete destruction of explosives. Rather, explosives are transformed to related 
conjugation products that are recalcitrant to further characterization. Although these products 
are suspected of being relatively unavailable for transport in the short term (weeks or months) 
and not significantly toxic, their ultimate fate in the long term (years) is not known. This lack of 
understanding of the ultimate fate of explosives severely limits the credibility of certain 
remediation technologies (SERDP, undated c). Therefore, documentation should be submitted to 
the permitting agency for evaluating, selecting, and implementing treatment technologies for 
energetic-contaminated media (if removal is not planned). 

Natural attenuation may be an attractive alternative at DBIDD units compared to more 
expensive remediation technologies at sites that meet well-defined selection criteria, fall within 
acceptable risk levels, and satisfy specific regulatory concerns. However, a significant 
unanswered question associated with natural attenuation is what transformation processes are 
relevant and should be monitored to assure that attenuation is effective (SERNP, undated d). 

The concept of natural attenuation may initially appear to be an alternative approach to 
remediation to achieve closure of an DBIDD unit. The "natural attenuation processes" that are at 
work in such a remediation approach include a variety of physical, chemical, or biological 
processes that act without human intervention to reduce the mass, toxicity, mobility, volume, or 
concentration of hazardous waste constituents in soil or groundwater. These in-situ processes 
include biodegration, dispersion, dilution, absorption, volatilization, and chemical or biological 
stabilization or destruction of contaminants. Natural attenuation processes occur at all sites, but 
effectiveness varies depending on the types of hazardous waste constituents present and the 
physical, chemical, and biological characteristics of the soil and groundwater. 

The EPA has issued a policy memorandum entitled "Use of Monitored Natural 
Attenuation at Superfund, RCRA Corrective Action, and Underground Storage Tank Sites" 
(USEPA, April 1999) that reaffirms the EPA's position that natural attenuation is an alternative 
to remediation in some cases, providing the following criteria are met: 

• 	 The site-specific remediation objective will be achieved within a reasonable time . 
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• 	 A site-specific site characterization and risk assessment indicates that human 
health and the environment will not be endangered. 

• 	 Additional source controls will be implemented as necessary. 

• 	 A site-specific performance test has been conducted which demonstrates the 
effectiveness of natural attenuation. 

• 	 Performance is monitored as long as constituent levels in soil and groundwater 
remain above required cleanup levels on any portion of the unit. 

The EPA does not consider monitored natural attenuation to be a "no action" remedy. 
Furthermore, its applicability to OB/OD units may be significantly limited, since metals (which 
are less amenable to short-term natural attenuation) are expected to be major constituents of 
concern at many sites. 

Natural attenuation, or alternative treatment technologies for energetic-contaminated 
media, is dependent on many site-specific factors, especially fate and transport processes. 
Important chemical fate processes for energetics include the following (Fauth, undated): 

1. 	 Adsorption-desorption 

This is probably the most important process. For organic contaminants it 
is generally related to the aqueous solubility of the solute and the organic carbon 
content of the soil. Other variables such as clay content, mineralogy, and soil pH 
may strongly influence adsorption. especially if the solute has ionic properties. 
Adsorption processes are usually exothermic and desorption endothermic, so 
increasing temperature generally results in increased desorption or reduced 
adsorption. 

2. 	 Volatilization 

Volatilization is controlled by three main equilibrium conditions: 
concentrations of the compound in the soil, in soil air, and in the atmosphere. 
Seven major factors affect these equilibria: physical and chemical properties of 
the compound and the soil, adsorptive properties of the compound, concentration 
of the compound, soil-water content, air movement, temperature, and diffusion. 
Soil water is probably the most important factor. In dry soils, the compounds 
adsorb more to the soil particles, so overall volatilization is decreased. 

3. 	 Degradation 

The most important degradation processes are hydrolysis, photochemical 
degradation and microbial degradation. 
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Factors affecting hydrolysis include pH. temperature. functional group and 
properties of the reaction medium. Types of functional groups susceptible to 
hydrolysis include: alkyl halides, amines, epoxides, and nitriles. Generally 
resistant to hydrolysis are hydrocarbons. aromatic nitro compounds, and aromatic 
amines. Four of the compounds of interest are aromatic nitro compounds: 
namely two dinitrotoluenes (DNTs), trinitrotoluene (TNT), and trinitrobenzene 
(TNB). RDX is not hydrolyzed under acidic conditions, but 27% has been shown 
to be hydrolyzed under basic conditions. 

Primary photochemical processes in organic molecules include 
fragmentation into free radicals or neutral molecules, rearrangement and 
isomerization, photoreduction by abstracting hydrogen atoms from other 
molecules. dimerization, photoionization, and electron transfer reactions. 

Microbial degradation may bring about mineralization, detoxification, 
cometabolism activation, and change in toxicity. Man-made compounds are 
biodegradable only if the relevant microbes can use enzymes they already 
possess. The environmental factors are moisture, temperature, aeration and depth 
of application. 

The transformation process and products for energetics can be complex and are not 
always fully understood. The half-life of typical OB/OD energetics varies significantly 
(Table 6-1). 

Table 6-1. Chemical Fate Properties for Typical OBIOn Energetics 

Energetics 
Half-life (Years) 

Soil 
Relative Mobility 

(Soil) 
Transformation 

Products 
DNB Longa Moderate3 

DNT Longa,C Moderate3 

HMX 39° Leasta Non-toxic chemicalsa 

NC Longb Moderatea 

NQ Mosta 

RDX 36D Leasta Non-toxic chemicals3 

Tetryl Longa,C Moderatea Picric acida 

TNB Longa . c Moderatea 

TNT Ib Moderatea DNT and other toxic chemicalsa 

aFauth, undated 
bDuBois and Baytos, undated 
cPersistent in soil for more than 35 years 

Potential information resources for the chemical fate properties of energetics include the 
following: 

• "The Environmental Fate of Some Energetic Materials" (Fauth, undated) . 
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• 	 "Weathering of Explosives for Twenty Years" (DuBois and Baytos. undated). 

• 	 Health Advisories for specific energetics issued by the EPA Office of Drinking 
Water. 

• 	 "The Fate and Transport of Munitions Residues in Contaminated SoiJ'" (USEPA, 
undated) available at 
http:// es.epa. gov Incerqa abstracts! centers!hsrc/fate/fate trans.hUn I. 

• 	 "Distribution and Fate of Energetics on DoD Test and Training Ranges (SERDP. 
undatede) available at http://wv./w.serdp.org/research/Compliance.html. 

TNT. with a half-life of one year, is the best energetic candidate for monitored natural 
attenuation (Table6-1), but the transformation products may be as undesirable as TNT because of 
toxicity or mutagenicity and may also be more stable in the environment (U.S. Army, September 
1999). Therefore. if monitored natural attenuation is a candidate treatment approach for an 
OBIOD site, a protocol for evaluation. selection. and implementation of monitored natural 
attenuation as a remedial alternative should be provided that addresses both primary energetic 
constituents and transformation products. The protocol should, at a minimum, address the 
following elements: 

• 	 Step 1. Evaluate adequacy of existing data for development of a preliminary 
conceptual model of the site 

• 	 Step 2. Evaluate existing data and conceptual model for evidence of natural 
attenuation 

• 	 Step 3. Develop numerical modeJ(s) 

• 	 Step 4. Collect additional data specific to natural attenuation of explosives 

• 	 Step 5. Inform stakeholders and coordinate further evaluation 

• 	 Step 6. Refine the site conceptual and numerical models 

• 	 Step 7. Assess feasibility of monitored natural attenuation 

• 	 Step 8. Evaluate protectiveness of monitored natural attenuation for human health 
and the environment 

• 	 Step 9. Compare monitored natural attenuation to other alternatives using 
established evaluation criteria 

• 	 Step 10. Finalize long-term monitoring and contingency plans 
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A sample monitored natural attenuation protocol for energetic-contaminated sites has 
been developed by the U.S. Army (U.S. Army, September 1999). It has been published by 
SERDP and is available as Technical Report EL-99-l0 from the U.S. Army Corps of Engineers, 
Engineer Research and Development Center, Environmental Laboratory, Vicksburg, MS, at 
http://wv..rv.·.wes.annv.millellelpuhs/serdp.htmL 

Evaluation criteria developed by EPA for selection of corrective measures (Table 3-3) are 
also useful in the selection of remediation technologies. 
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Checklist for Technical Review ofRCRA Part.8 Permit Application tor SubpartX Units 

..... ,.,.1. PART AGENERAL INFORMATION REQUIREMENTS
'. ",Vf'»""r:" ,', ,,' :,,' . ',-" ..,,,,,~':>'_"" _ '''0''','''\' _ - ,','" ~",.A,_,,),~,,__ ;. __ ""_' ,. ;,' _' ";oM, .. _"",'_' ""'''' 

Authority
<1"_".",,,,",: ,"','';,"'"". 

A. PARTA GENERAL INFORMATION 

, 

.C;ommellts ollRequiremefits 

Location of 
Inronnation 

In the 
Application 

Addressed 
(¥}llI) 

Technically 

A1V1Mte 

See 
Attached 
Comment 
Number 

Descli plion ofactivities conducted which qui r e facil ity 
to obtain a permit Wlder RCRA and brief description of 
natore of the business 

14OCFR270.l3(a) and (m) 

Name, mailing address, and location of facility for which 
the application is submitted including a topographic map 

I4OCFR270. I 3 (b) and (I) 

Up to four Standard Industrial Classification(SIC) Codes 
which best reflect the products or services provided by the 
facility 

14OCFR270.l3(c) 

Operalor/owner's name, address, telephonenumber, and 
ownership status 

4OCFR270.13(d) and (e) IOwnership status must inc1udestatus all federal, state, private, public, or other 
entity. 

Facility is new, existing, or located on Indian lands 4OCFR270. 13(0 and Ig) IAlso, descriptionmll'lt include infurmation on whether this is a first or revised 
application with date of last signed penult 

Description ofprocesses to be used for trenting, storing, 
and disposing of hazardous waste 

I4OCFR270.l3(i) Description must include the capacity for these items. 

Specificationofthe hazardous wastes listed or designated 
under 40CFR26! 

14OCFR270.13(j) Specificationsmust include an estimate on the quantityofw3stes to be 
treated, stored, or disposed. 

Listing ofall permits or construction approvals received or
applied for 

I4OCFR270.l3(k) Permits include the following programs: Hazardous Waste Management 
under RCRA, UIC under Solid Waste Disposal Act (SWDA); Prevention of 
SignificantDeterioration (PSD), Nonattainment Program, and National 
Emissions Standardsfor H=dious Pollutants (NESHAPS) under the Clean 
Air Act (0\.1\); ocean dumping permits under the Marine Protection 
Research and Sanctuaries Act; dredge and fill permit~ under Section404 of 
the Clean Water Act (CWA); orolherrelevantenvirollmental permits 
includillgstate permits. 

EPA Region IX, January 1992 
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Location of See Attached 
llll'ormal\on Technically Comment 
. lli. th~ Addressed Adequate Nwnber 

Item Authority Comments 011 Requirements 
Application (YIN) (YIN) 

SECTION II 

A FACILITY DESCRIPTION 

AI. General Description 4QCFR270 J4{b)(J) 

._ ,A.!'plicability of BItt B to this facility 4QCFR264.1 

Manages waste generated on-site and off-site 

Location 

Owneror operator's name 

Types ofwaste management a::t:i.vit:is!l conducted 

Type of treatment unit 

Engiueering drawings 

Specificationof all wastes that have been managed at 
the treatment unit 

Wind rose The frequency ofOccurrenceof various wind directions should be compared to 
sensitive(iocal and regional) receptor points downwind. 

General dimensions and structural description 

A2. Topographic Map 4OCFR270.14(b)(19) A distanceofl,OOO feet around the unit at a scale of I inch to oot more t:han200 
feet (multiple maps may he submitted at this scale) should be shown and should 
he similar to BItt A topographic map. 

-

Scale and date Other scales may be used ifjustified. 

The 1nO-year flcx:d plain ar:ea 

Surface waters 
I 

Surrounding land use 

Map orientation 

legal boundaries 

Access control 

Injection and withdrawal wells (on-site and off-site) . 
--

Buildings and other structures 8:B4OCFR270.l4{b)(I9)(x) for an example list. 
--

Drainage and flcxxi control barriers ! 

Location of tta treatrnentunit(s) and decontamination 
areas 

---

• Distanceto property boundaries I 

. D:i.stm:le to buildings on- and off-site 
- -- -- ~---

EPA Region IX, January 1992 
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Location of See Altached-
Information Technically Comment 

In the Addressed Adequate Nuni:ler 

Item Authority Comments on Requirements 
Application (VIN) (YIN) 

· Distance to public roadways 

• Distance to passenger railroads 

· Distanccto cJosestreceptor 4OCFR270.23(e) Receptors include human and environmental receptors within the facility 
Iboundary. 

Additional information on the topographic map 40CFR270.14{c)(3) 

Uppennost aquifer and hydraulically connected 4OCFR270.l4{c)(2) 
aquifers beneath facility property 

· Ground water flow direction 4OCFR270.14(c)(2) 

· Waste management arms 4OCFR270.14(c)(3) 

· Property boundaries 4OCFR270.l4(c)(3) 
...

· Point of compliance location 4OCFR270.l4(c)(3) Point of compliance is defined in 4OCFR264.95: however. for open burning/open 
detonation (OBIOD) units. this will be detennined on a ca~e-by-case ba~is and 
may be at the unit boundary. 

· Location of ground water monitoring wells 4OCFR270.I4{c)(3) 

· Extent ofany ground water contaminantplume 4OCFR270.14(c)(4)(i) 

· Location of unsaturated zone monitoring 4OCFR270.23(e) If unit incorporates the soil as prui of the mne of engineering control. the 
monitoring of this zone should be shown. 

Al Description ofTreatmentUnlt(s) 40CFRZ70.Z3(a)(Z) Includes detailed plans and engineeringDp%l:s. 

Location i 

· Design 

• Operation 

· Maintenance 

· Monitoring 

· Inspection 

• Closure 

A4, Facility Location Information 4OCFR270.l4(b)(11) and 
I 

264.18 

A4a. Seismic Requirements 4OCFR270.l4(b)(lI)(i), Seismic requirements applicableonly to new facilities, 
(ii) and 264J8(a) 

Politicaljurisdiction in which facility is proposed to be 4OCFR270.J4(b)(Il)(i) 
located 

Indication ofwhether facility is listed in Appendix VI 4OCFR270.J4(b)(II)(i) 
of40CFR264 (new facilities) 

-----

EPA Relrlon IX, January 1992 
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Copy of Federnl Jnsurance Association (FIA) or other 
flood 

Engineering analysis to indicate the various 
hydrodynamic and hydrostatic forces expected to 
result from the 1000vearflood •. 

Demonstration that facil ity is designed, constructed, 
operated, and maintained to prevent washout, or 
dctailed description of procedures to be followed to 
remove hazardolL~ waste to safety before facility is 
flooded 

Volume and 
of the waste 

"tlVl'ro" .. ff"l'.tQ will result from 

Concentration ofhazardous constituents !llat would 
potentially affect surface waters as a result of 
washout 

Impact of such concentrationon current or potential 
uses of, and water quality standards established for, 
thc affected surface waters 

lmpact of hazardous constituentson the sediments 
of affected surface waters, or the soils of the 100· 

flood plain. thaI could result from washout 

Plans and schedulefor future compliance 

determine whether the facility is located in a 1000yearflood plain 
be indicated. 

14OCFR270.14(b)(1I)(iv) IFloodplain requirements applicable iffacility is located in a 1000yearflood plain. 
and 264.18(b) 

plain requirements applicable if facility is located in a I OO-yearflood plain. 

plain requirements applicable iffacility is located in a 1 oo-year flood plain. 

plain requirementsapplicableiffacility is located in a I OO-yearflood plain. 

Flood plain requirements applicable if facility is located in a I OO-year flood plain. 

Flood plain requirements applicableif facility is located in a 100·yell! flood 

Flood plain requirements applicable if facility is located in a lOO-yearflood plain. 

/ 

4OCFR270J4(b)(II)(V) /Flood plain requirements applicableif facility is Iocafed in a lOO-yearflood plain 
and not in comnliancewith 4OCFR264.816. 

~------------------------------+--------------4 

Estimateofnumber and types ofvehicles around tl:e 
facilitv 

Road surface composition and load-bearingcapacity 

~;PA Relion IX. Januar/ 1992 
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I . ' ....,' In the Addressed Adequate NUIHber,
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I·' A__ ..e ,cj,_,"., >1 
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B. WASTE CHARACTERISTICS 

Bl. Physical and Chemical Characteristics ofWasles 40CFR270, 14(b)(2) and Data generated by testing the waste, published data on the hazardous waste, or 
and Residues 264,13(0) data gathered from similar processes may be used. 

Volume and composition of wastes 4OCFR270.l4{b){2) and 
264,13(a) 

Wastes in containers 4OCFR270.15 

Wastes in tanks 4OCFR270,16 

Wastes in surface impoundments 4OCFR270, I7 

Wastes in waste piles 40CFR270.18 

Wastes in land treatment facilities 40CFR270.20 

Wastes in landfills 4OCFR270.21 

Wastes in miscellaneous units 40CFR270,23 

Wastes at facilities with process vents 40CFR270.24 

B2. Copy ofthe Waste Analysis Plan 4OCFR270.14(b){3) and 
264.13(b) and (c) 

Parameters for which each hazardous waste will be 
analyzed 

4OCFR264.13{b)(1) 

Rationale for parameters 4OCFR264.13(b){ I) The plan must discuss how analysis for these parameterswill provide physical 
and chemical characteristics representative of the waste. 

Methods uscd to test the parameters 4OCFR264.13{b)(2) ------- 
Methods used to obtain representative samples of the 4OCFR264.13{b){3) and If a sampl ing method described in 4OCFR26 I Appendix I is not used, the facility 
waste being analyzed 26 I Appendix I must provide a detailed description oflhe proposed method and demonstrate its 

equivalency. 

Frequency of revisions or repetition of analysis 4OCFR264.13(b)(4) 

Facilities managing wastes generated off-site 4OCFR264.l3(c) 

· Copy of the waste analyses supplied by the waste 4OCFR264.13(b)(5) 
generators 

• P.!x:x:JldJrEsused to inspect and analyze (if 
necessarv) each shinment 

~ Procedures used to inspect each movement of I 1 I I• hazardous",aste received at the facility 
---  ----~ 

EPA Re~ion IX Januarv 1992 
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For highly 
waste can 

wastes, a certification that the 
treated 

Additional waste analysis for demonstrating I4OCFR264.13(b)(6) and 
compliancewith requirement of ignitable, reactive, or 264.17 
incompatiblewaste management (safe handling) 
methods 

1"U\..rl\,/;/V.I"\OI\"} and 

Demol1.~tration that unknown or unauthoru..ed contact I4OCFR264. I4(a)(I) 
with waste is not harmful 

Demonstration that disturbance ofwaste or equipment 14OCFR264.I 4(a)(2) 
willoot cause violation of40CFR264 

Description ofa 24-hoursurveillancesystem 

Method to control entry and number ofpersonnel in 
the treatment area 

Sign posted at each entrance with legend "Danger
Unauthori7.ed Personnel Keep Out" 

14OCFR264.14(c) 

samplingmethod described in 4OCFR261 Appendix I is not used, the facility 
a detailed description of the proposed method and demonstratcits 

Applicant must provide 
detonateor is bulk 

data which demonstrate waste has potential to 

This item required ifrequesting a waiver to the security procedures. 

This item required if requesting a waiver to the security procedures. 

Copy of il1.~pection schedule 14OCFR270.14(b)(5) and IInspection is required fur monitoring equipment,safety emergency equipment, 
264.15 communication and alann systems, decontamination equipment, security devices, 

and overatinll and structural eOllinment 

Daily inspection for leaks, spills, and fugitive 14OCFR265.377(a)(3) This must be provided as appl icablefor miscellaneous units (SubpartX units), 
thermal treatment unit~, and associated equipment.emissions, and all emergencyshutdown controls and 

(3. Preparedness and Prevention and IThe facility must submitjustification ofany waiver to the requirements of this 
section. 

EPA Rel!ion IX, January 1992 
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Description and location ofinternal communications 4OCFR264,32(a) 
and alarm system to instruct facility=pell=.;so=nn=::e=I__-t________-t-______________________----jf-----+----t-----I-------j 

Device (telephone,ladio)to summon emergency 4OCFR264,32(b) 
assistance from outside the facility 

Access to communicationol alarm control 40CFR264J4 

Description of tire control, spill, and decontamination 4OCFR264.32(c) 

equipment 


Documentation of water volume and pressure required 4OCFR264.32(d) 

to operate equipment listed above 


Testing and maintenanceschcdule and nrocedllfCS for 4OCFR264J3 

the above mentioned equipment 


equipment, spill control equipment, and decontamination equipmentin case of 
emergency. 

Docmnentation of arrangement~witlr 4OCFR264.37 

• Police 


· Fire Department 


· Emergency Response Tcams 


· Local Hospitals 


C4. 	 General Hazard Prevention 40CFR270.t4(b)(8) 


Identification ofpossibleloadingand unloading 4OCFR270.l49(b)(8)(i) 

hazards and documentation of steps taken to minimize 

oreliminate the possibility of these hazards 


Descn ption ofmechanisms to prevent runoff and 4OCFR270.I 4(b)(B)(ii) 

flooding 

Description of mechanisms to prevent contamination 4OCFR270.14(b)(B)(iii) 

of water supplies 


Identification of equipment failure and power outage 4OCFR270.l4(b)(8)(iv) 

ha7ard~ and descriptionofprocedures to mitigate 

effects of equipment failure and power outages 


Personnel protection procedures 4OCFR270.14(b)(8)(v) 


Procedures to minimize releases to the atmosphere 4OCFR270.1 4(b)(8)(vi) 


CS. Prevention ofAccidental Ignition or Reaction of 4OCFR264.7(a) and 

1IIitE;s 270.14(b)(9) 


EPA Region IX, January 1992 
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Location of See Attached 
Infonnation Technically Comment 

in the Addressed Adequate NI.miber 
Application (YIN) (YIN)Item Authority Comments on Requirements 

Description ofprocedures to prevent accidental 
ignition or reaction ofwastes 

4OCFR264.l7(a) and OJ) 

Documentation of adequacy of procedures 4OCFR264.17(c) 

O. CONTINGENCY PLAN 
--

OJ. Copy or Contingency Plan 4OCFR270.l4(b)(7) 

Actions to take in case ofemergency 4OCFR264.52(a) and 
264.56 

Arrangements with local authorities 4OCFR264.52(c) 

Names, addresses, and phone numbers of emergency 4OCFR264.52(d) and 
coordinators 264.55 

Location and description of emergency equipment at 4OCFR264.52(e) 
the facility 

Evacuation plan for facility personnel 4OCFR264.52(f) 

Location and distribution of contingency plan 4OCFR270.I 4(b)(7) and 
264.53 

02. Emergency Procedures 4OCFR264.56(a) 

Immediate procedures for emergency coordinator 10 4OCFR264.56(a) 
alert all facility personnel in case of emergency and 
notify state and local agencies if help is needed 

Plans for the emergency coordinalor 10 identify the 
character, source, amount, and areal extent of any ._ 

4OCFR264.56(b) 

explosion, fire, or release 

Means for assessmenl ofpossible hazards 10 human 4OCFR264.56(c) 
health or !he environment from an explosion, fire, or 
relea~e 

Procedures to be followed by emergency coordinator 4OCFR264.56(d) 
in ca.<re of a threat to human health or the environmenl 
oUlside the facility 

Procedures to be followed by emergency coordinator 4OCFR264.56(e) 
to prevent fires, explosion or release from occurring. 
recurring. or spreading to other hlll'Mdous wastes at 
the facility 

Stomge, treatment, and disposal of released material 4OCFR264.56(g) 

Waste musl be prolected from sources of ignition or reaction. Precautions must 
be taken to prevent reactions which generate toxic emissions, heal, or pressure, 
and cause explosions. 

Published literature, II lriallest, waste analyses, or similar processes may be used. 

The actions to be taken in response to any unplanned release of hazardous waste 
to air, soil, or surface water must be described. 

Police and fire departments. hospitals. and emergency response teams must be 
notified. 

There must alleast be one primary emergency coordinator available al all tilnes. 

II should include decontamination equipment and the capabilities of each item. 

Evacuation plans must include evacuation signals and primary and alternate 
evacualion routes. 

A copy of the contingency plan must be maintained althe facility and submitted 
10 local authorities. 

Observation, records or manifest, or chemical analysis may be used by emergency 
coordinator. 

Direct and indirect effects must be considered. 

Local authorities and either EPA l; on-scene coordinator or the National Response 
Center mnst be notified. 

---

-

.

EPA Region IX, January 1992 
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Location of See Attached 
Information Technically. Comment. 

In the Addressed Ade?N)te Number

};-j.~0~~·'; :\:',I,,;! .1',;,;1;.::_. '" ., .', ".' Item Authority Comments on Requirements 
Application (YIN) (Y 

Monitor for leaks, pressure buildup, gas generation or 4OCFR264.56(f) This item applies if facility stops operations. 
ruptures of released material 

Procedures for preventing handling of incompatible 4OCFR264.56(h)( 1) 
wastes untH cleanup is complete 

Decontamination procedures 4OCFR264.56(h}(2) Decontamination is required tor emergency equipment 

Notification of EPA and state and local authorities 4OCFR264..56(i) EPA (or state) must be notified within 15 days ofoccurrence. 
before reslnning operations - .
Procedures for record keeping and reporting to EPA 4OCFR264..56(j) 

~- PERSONNEL THAINlNG 

Outline of both the introductory and continuing 4OCFR270.14(b)(12) AD fhcilitypersomlel must be trained to perfonn their duties safely. 
training programs 

A descriptionofhow training will be designed to meet 4OCFR270.16(a).(b), and The training must be conducted by a qualified person; there must also be an 
actualjob tasks (c) annual review of the training. 

Trainingforemergency response 4OCFR264./6(3)(3) Personnel must be made familiar with emergency procedures, emergency 

i-
equipment, and emergency systems. 

Mllintenanceoftrainingrecords/copy of personnel 4OCFR264.I6(d)(e) and The owner or operator must maintain records of job titles, nanles ofemployees, 
training documents 270. I4(b)( 12) job descriptions, and the types and amount of training given to each employee. 

-

· Training content, frequency, and techniques Trainingmust also be applicable to site conditions. 

• Training director is properly trained 
-

F. CLOSURE AND POST -CLOSURE PLAN 

Fl. Closure Plan Documentation 4OCFR270.14(p)( I3l . . 
Description of partial or fmal closure procedures 4OCFR264.l12(1)(I) and Final closure must minimize the need lor further maintenance and must control 

(2) post-closure release to ground water, surface water, soil, and the atmosphere. 

Description of maximum unclosed portion during the 4OCFR264.112(b)(2) 
active life of the Ihcilitv 

II 
Estimateofmaximum waste inventory in storageand 14OCFR264.112(b)(3) 
treatment during facilitv life I I I I , Description of procedures for removal or 4OCFR264.112(b)(4) and I Idecontanlination ofhazIlrdous waste residues, 264.114 
equipment, structures. and soils 

• Location of disposal facility (equipment, structures, 
and soils when removed) 

-- -

· Methods for sampling and testing surroundingsoils 

· Criteria for detenniningdecontaminationlevels 
--....... --...... ~-

FPARrgmlX, January 1992 
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Description of additional activities perfonned during 14OCFR264.l12(b)(5) 
c1oswe: 

Ground water monitoring 

Leachate collection 

Run-oo and run-off control 

Description of closure schedule including: 

• Total time to close each unit 

. Tirnetableof closure activities 

Estimateofyear of closure 

4OCFR264.l12(b)(6) and 
264.1\3 

4OCFR264.l12(b)(7) 

The hlI7ardous waste must be treated, removed, or disposed of within 90 days 
afterreceiving the final volume of waste: all closure activities must be completed 
within 180days after receiving the fmal volume of waste. 

Estimate of year ofcloswe is required for those facilities that use trust funds to 
establish financial assurance and are expected to close befure expiration of the 
permit. 

Extension ofclosure time 4OCFR264.113(a) and (b) i Justification is required ifextension is expected to exceed 90 days fur treatment, 
removal, and disposal ofwastes and 180 days for completion of closure activities. 

1!2. Copy ofPost-Closure Plan 

Post-closure care mechanisms 

Wa~te-fabricated structures 

Facility monitoring equipment 

40CFR264.117.264.118, 
and 264.603 

4OCFR264.603 

4OCFR264.118(b)(I ) and 
(2) 

Identification and location ofperson respotlsiblefor i4OCFR264.118(b)(3) 
storage and for updating facility copy of post-closure 
plan during post-c1osureperiod 

Procedu re for updating all other copies of post-closure i4OCFR264.118(b)(2) 
plan 

Fl. Copy ofMst:. Recent Closure and Post-Closure (if 4OCFR264 .142. 264.144, 
applicable) Cost Estlmatas and 270.14(b) (15) and 

Post·c1osure plan is expected when the OS/OD unit incorporates the soil as part 
ofthe zone ofengineering control, unless clean closure is to be attained. 

This includes procedures to prevent any releases that have adversely affected 
human health or the environment due to migration ofwastes in the ground water, 
surfilcewater, wetlands, soils or air. 

Aprocedure is required to cover changes in operatingplans, facility design, 
expected yean to closure, or other events. 

Cost estimates must be detailed and assume the hiring of a third party to conduct 
closwe and post-closwe care. 

~~____________________________+(l6) __________~r-________________________________________T-______'  __' 

F4. Copy ofDocuments Used as Financial Assurance 4OCFR264 .143, 264.145. For lSi facilities, the documentation may be substitutedup to 60 days befure 
Mechanisms and 264.146 initial receipt of hazardous waste. 

Pi nandal assurance document for closwe 

EPA RegimlX, January 1992 
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FS. nocumentation of Notice ofDeed 

F6. COPY oflnsurancePolic 

Coverage for sudden accidental occurrences 

Coverage for nonStldden accidental occmrences 

G. PROTECTION OF GROUND WATER 

Unit is a regulated unit 

Existing ground water monitoring data 

Jdentificationof upper-most aquifer and aquifers 
hydraulically interconnected beneath the facility 
Drope!1y 

C'Tffiund water flow, direction, rate, and source of 
information 

Description ofany plume of contamination that has 
entered tlte ground water from a regulated unit 

Indication of tllC extent ofthe plumes on tbe 
tOlXJllral)hic map 

Concentration ofJXlllutants in tlte plmne 

Proposed ground water monitoring program 

Description ofwell design and location 

Samplecollection 

Samplepreservotion and shipment 

4OCFR270.14(b)(14) and IThis notice applies ro a c10seli unit 
264,119 

4KFR264.147 

4OCFR264.147(a) 

4OCFR264.I 47(b) 

40CFR270.l4(c), 
270.23(b), and 
264.t)O(a)(2) 

40CFR270.l4(c)(I) and 
270.23 

4OCFR270.14(c)(2) and 
.270.23 

40CFR270.l4(c)(2) and 
210.23 

4OCFR270.l4(c)(4) and 
270.23 

4OCFR270.14(c)(4)(i). 
264.600, and 270.23 

4OCFR270./4(cX4)(ii) 

4OCFR270.14(c)(5}. 
264.97,264.600, and 
270.23 

Liability coverageof$1 minion per occtlITcnceand $2 million for annual 
aggregate is reqttired. 

Liability coverage of $3 million per occtlITenceand $6 million fllr annual 
aggregate is required 

Protection ofground water must be addressed only fur regulated units. 

lhedescriptionmust identityconstihlentsof4OCFR264 Appendix IX, waste 
open burned or detonated, and JXltential comJXllmds funned in OS/OD. 

40CFR264.97,264.600, The description should includedisCllssion or in~pection orwell to witltstmd 
and 271121 IOB/OD o.ro1hetactivl/ies. 

4OCFR264.97(d)( I), 
264.600, and 270.23 

4OCFR264.97(d)(2), 
264.600, and 270.23 

EPA Re~ion IX, Jaruuy 1992 
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Item 
Samplingand analysis procedures 

Authority 
4OCFR264.97(d)(3), 
264.600, and 270.23 

Determination ofthe grolll1d water swfaceelevationI4OCFR270.23(e) 
each time ground water is sampled 

Vadose zone monitoring 

Field merulUrements 

- Water level 

- pH 

4OCFR270.23(e) and 
210.32(b)(2) 

4OCFR210.23(e) 

Well evacuation 140CFR210.23(e) 

Sampiepreparation 14OCFR210.23(e) 

Analytical procedures 14OCFR270.23(e) 

QAlQC procedures 140CFR270.23(e) 

Data evaluation and reporting 4OCFR270.23(e) 

Chain-or-custody control 4OCFR264.97(d)(4), 

Detection monitoring program information: 

. Indicator parameters 

Hazardous constituents 

A proposed grotmd water monitoringsystern 

Backgrotmd values for each proposed roonitoring 
parameter or constituent 

Description of proposed sampling, analysis, and 
statistical comparison procedures 

Record keeping ofgrotmdwater analytical dit:t:a 

264.600, and 270.23 

4OCFR210.14(c)(6), 
264.98,264.600, and 
210.23 

4OCFR210.14(c)(6)(i), 
264.98(a)(i), 264.600, and 
270.23 

4OCFR270.14(c)(6)(i), 
264600, and 270.23 

4OCFR270.l4(c)(6)(ii), 
264.600, and 270.23 

4OCFR270.14(c)(6)(iii). 
264.600, and 270.23 

4OCFR270.14(c)(4)(iv), 
264.600, and 270.23 

4OCFR264.98(c) and (g) 

This applies 'Mlen hazardous constituentshave not been detected in the ground 
water at the time ofpenni t application. 

1bis can include waste constituents. 

Compliance monitoring program 4OCFR270.l4(c)(1) and IThis applies'Mlen hazardous constituentshave been detected in tlBgrotmd water 
264.94 at ilic point ofcompliance. 

Des(;ription ofwastes previously handled at the 
fucility 

4OCFR270.l4(c)(7)(i) 

EPA Regi:n IX, January 1m 
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,':i•• i,:~;:;."" •• '''.''.,::',i:i)':::;;,fr!(,\~;;,.\:.,,:: . :; Inllie Addressed Adeqtu~te, .' :, ,NilitIbei' '. 
,.. 'A ;~I;~rihl:i::,i ••,i;.::t~,h" ,•.."',' ':".';""""", ':' ,':~i;;;'xj';:::i ••"""',;':') ::,.:, Applltiltion (vINJ,; "<&<NJ',' "".,:'"!:'i,';'"lteitt', ,,';', " ' , .·ii. '" '" "", ,', ,' .."

: CharacterizationofgrOlUld water 4OCFR270,14(c)(7)(ii) Any hazardous constituents should be included, 

• Use ofGround Water Information Tracking System 40CFR270.32(b)(2) and 
(GIUTS~rother system 270.23(e) 

• List ofhw.ardous constituents for which compliance 4OCFR270.I4(c)(7)(iii) 

r-' 
monitoring will take place 

· Proposed concentration limits for each hazardous 
constituent 

4OCFR270.l4(c)(7)(iv) 

• Detailed plans and an engineeringreport describing 4OCFR270.14(c)(7)(v) 
the proposed ground water monitoring system ,-I" 

· Description of proposed sampling, analysis, and 
statistical comparison procedures 

4OCFR270.14(c)(7)(vi) 

,
· Ground water flow rate and direction reported 4OCFR264.99(e) 

annually 

• Reporting when concentration limits exceeded 4OCFR264.99(h) and (i) 

Correctiveaction program or data showing that the 4OCFR270.l4(c)(8) When level ofcontaminants exceeds background level or the limits established 
existing levels IlI9 not harmful under 4OCFR264.94 Table I, the facility may present data demonstratingthat the 

levels IlI9 not harmfiJl in place of a corrective action progranl. 

· Characterizationofthe contarninatedground water 4OCFR2?O.14(c)(8)(i) 

· Concentration limit for each hazardous constituent 4OCFR270.l4(c)(8)(ii) 

Detailed plans and engineeringreport describingthe 4OCFR270.I 4(c)(8)(iii) A schedulefor submittingthis information may be presented. 
corrective action to be implemented 

,

Description of l..re of the ground water monitoring 4OCFR270.14(c)(8)(iv), A schedulefor submitlingthis information may be presented. 
progrnm to demonstratethe adequacy of the corrective 270.14(d), and 264.101 
ru.iion 

H. PROTECTIONOFS1.J'RFACEWATER 
Prevention of migration ofwastes to surface water 4OCFR264.60I(b) Location of surfacewaters must be depicted on a topographic map. • 

Unit is classified as a "miscel1aneousunit" 4OCFR264.600 To address miscellaneous units, see Section m, 
Unit is classified as a process vent 4OCFR264.1 030 To address process vents, see Sectionrv. 

-

Unit is subject to equipment leaks 40cFR264.l 050 To addrcssequipmcnt leaks, see Section V. 

EPA Region IX, January 1992 
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1;:1 Checklist for Technical Review of RCRA Part B Pennit AppUcation for Subpart X UIi:I:s 
. 

IJI. SPECIFIC INFORMATION REQUIREMENTS FORMISCELLANEOUS UNITS (SUBPARTX)I"f" ....____c.'. ,-., -,- -- "",'.,-"""" "", "'" " ,'. ,,', -''''''."... ._," ... ," Location of ".', , ". ',- ,  . See Attached 
Information Technically Conunent 

1:,: In the Addressed Adequate Number 

H Item Authority 
Application (YIN) (Y11'i) 

····"·'--l',_::>,,'-'=·_,-~ ;~~J:;' ."",---,-1. ,;,;L=-;. , .. Commentson Requirements 
SlECIloNID 

A, PRO<..:ESSlNFORMAllON 

Applicability as a "miscellaneousunit" 40CFR264.600and 270.23 The SubpartX regulations cover "miscellaneous"units. Among these units are 
56FR720002(2J21191) and OS/OD units for propellants, explosives, and pytro!echniques (PEP), geologic 
52FR469252(12I10I87) repositories and thermal treatment wuts such as microwave destruction, 

At. Wien Burning (OB) in Containment Devices 4OCFR270.23and 270.32 
ihere Unit Incorporates Soil III Part ofthe Unil 

Appropriateness of treatment melhods 4OCFR270,32(b) The applicant must demonstrate that the treatment rechnology is protectiveof 
public health and various environmental media, in addition to being safe for the 
waste handler. 

Containment device description 4OCFR270.23(a) Dimensions, construction materials, and controls must be de.~cribed. 
, 

· Ph;rcical characteristics, constructionmaterials, 
an dimensions of the unit 

4OCFR270,23(a)(I) 

\ 
Engineering drawings of the fabricated device 4OCFR270.23(a)(2) DnlwinBs must be provided to detemline design specificationsand dimensions. 

· Lining material within device 4OCFR270.23(a)(l) and (2) Construction materials and applicablephysica1 properties must be described. 

• Lining material below device 4OCFR270.23(a)(I) and (2) Dimensions, type ofmaterial, applicablephysical properties, and depth below the 
fabricllted device must be described. 

leak detection provisions 4OCFR270.23(a)( I) and (2) Items and equipment used, functions, tw;sofmaterials, dimensions, and physical 
properties must be described 

Precipitation cover 4OCFR270.23(a)( I) and (2) For nonoperational periods, dimensions, construction materials, physical 
properties, and method ofcoverin.g device must be described. 

Control ofreleases of ashes and residues during 08 
(integrity 0 f containment devices) 

4OCFR270.23(a)(I) and (2) Control must be by preventing releases or collecting the ashes and residues. 

Methods to control deteriorationof fabricated devices 4OCFR270.23(a)(l) and (2) When organic compounds are present in the waste, the device must be located 
above ground with secondary containment below the device. 

Prevention of accumulationof precipitation 4OCFR270,23(a)( I) and (2) Precipitation can cause releases of a~hes or waste or prevent complete thennal 
treatment of wastes. The type ofcover must be indicated. 

Handling ofprecipitation accumulated in fabricated 
devices 

4OCFR270.23(a)(l) and (2) Treatment and disposal must be described. 

Controls to prevent wind dispersion of a~h and other 4OCFR270.23(a)(l) and (2) Contmls during and betweeo bums must be described. 
residue 

Inspection, monitoring, and maintenanceplan 4OCFR210.23(a)(2) A scheduleshould be included. 

Ash and residue management 4OCFR270.23(a)(2) Treatment and disposal must be described. 

CQI!)' ofstandardoperating procedures (SOPs) 4OCFR270.23(a)(2) 46 
-- 

EPA RcgioolX, January 1992 
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:1 

< .. •• '< ..•...••.• ' cc. ~ .... 
Checklist for Technical Review of RCRA Part B Permit Application for Subpart X Units 

I 

ill, SPECIF.ICINFORMATlON REQUIREMENTS FOR MISCELLANEOUS UNITS (SUBPARTX),,,,n ", .. , 
-",', ,,:',' ,,,, ,,-, , ' . -. ".".".,' ." -," --, ~ ,'~" ',' ,,-'-'  " , " .. ',- - "',, "" ,"," "'-;-, ' "-,,..... , "., "', '. ," ,',' "'",,- -', ",, , ,,," ,', ", .. , -,,' ,.. -, ..,," , . .. - ,," -'"  - , .._ .. " , . ..... .'. . .... 

Location of I 
Information 

.[ See Attached 
Techmcally' Comment 

in the Addressed Adequate Number 
Application (YIN) (YIN) . 

1;::·:··).•,·:,;·".·······.·.:· Item. .......,. ........ ..... ' ,Authority .. :..,•. I. r.' ..• ,.: •.••• , .. CommentsoD Requirements: .. '., ... " .. 

Al. OB on the G IS r Where Unit 
Incorporates the Soil as Part of the Unit 

4CKFR270.23 and 270.32 Acceptance of this method basis. 18 

Appropriateness of treatmenttechnology 4OCFR270,32(b) The applicant must demonSlmte that the treatment technology is protective of 18 
public health and various environmental media, in addition to being safe for the 
waste handler. 

Description ofOB unit 4OCFR270.23(a) A brief overview must be provided. 18 

· Physical characteristics, construction materials, 4OCFR270.23(a)(l) 18 
and dimensions of the unit 

Engineeringdrawingsofthe OB unit 4OCFR270.23(a)(2) To determine design speciftcationsand dimensions, the drawings must indicate. 18 
how the boundaries of!be OR unit are marked. 

• I'll£! descnption tu anyJ 4OCFR17U.23(a)(2) I Marenat' dimenSions, compatibility With wastes, slope (itany), and permeability 18 
must be provided. 

· Lmmgmatenal (It anYI 4llCFlmO.!3{ii}(Z) Ihe gracteJusffiilfow~snould Ix able to Withstand OB. 18 

Precipitationcover for nonoperational periods 4OCFR270.23(a)(2) Dimensions, construction materials, applicable physical properties, and method of 18 
covering the device must be described. 

Mle!u:EB to minimize subsurface contamination 4OCFR270.23(ll)(2} Use ofunderground liner may be limited because accidental detonations may 18 
damage the liner. 

Prevention of accumulationof precipitation 4OCFR270.23(a)(2) Precipitation can cause releases of a~hes or waste or prevent complete thermal 18 
treatment of !be wastes. The type ofcover must be indicated. 

Inspection. moniloring, and maintenance. I 4OCFR270.23(a)(2) A schedule should be included. 18 
copy of SOPS 40CFR270.23(a)(2) J8 

AJ. Open Detonation (00) 40CFR27fi23and 270.32 

Appropriateness of treatment technology 4OCFR270.32(b) The appl icant must dcmonstrate that the treatment technology is protective of 

I 
flbliC health and various environmental media, in addition to being safe for the 

aste handler. 

Description of00 Unit 4OCFR270.23(a) 

Physical characteristics, materials ofconstruction, 4OCFR270.23(a)( I) 
and dimensions of the unit 

• Engineering plan and drawings of the OD unit 4OCFR270.23(a)(2) To determine design specificationsand dimensions, the drawings must indicate 
l'mv the edges of the OD unit all! m'arked. 

Inspection, monitoring, and maintenance plan 4OCFR270.23{a)(2) The schednleshould be included. 
Ash and residue management 4OCFR270.23(a)(2) Although little or no ash is generated in 00 units, provisions should be ma& to 

demonstrate that soils and surface water have not been contaminated (such as soil 
and surfacewater sampling from designated areas and depths at required 
frequencies). 

-. 

EPA Region lX, Janual}' 1992 
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Sludge dryer refers to any enclosed thermal treatment device used to dehydrate 
sludgeand that has a maximum thermal input of 1,500 British Themlal Unit~ per 
pound (BtL1llb) sludge treated on a wet-weight hasis. A description ofunit should 
be included. 

land treatment 

indicates the maximum amount of wastes that could migrate to the 
water. 

19 

19 

19 

20 

EPA Region IX, January 1992 
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Solubilityin water 

Mobility in soil 

40CFR264.601 (a)( I) and ISolubility should re provided for each compound 
270.23 
4OCFR264.601(a)(l) and Mobility in soil should be provided for each compound. 

47 

47 
. 270~.23~______~+=~~__~~~__~~~~__~~~____~~~____-r____-t______tM____~I Physical state and molecular properties 140CFR264,60I (a)( I) and Physical state and molecular properties should be provided for each compotmd 

H2. 

m. 

Mobility in grotmd water 

Sorption properties ofwaste material relativeto 
environmental media 
Biodegradability, bioconcentration,alld 
biotrans formation relative to environmental media 

I'hotodegradation rates ofwaste 

Hydrogeological Characteristics of the Site 

Depth to water beneath the unit 

Estimate of net recharge rate 

Description ofuppermost aquifer 

Description ofsoil types and depth range ofeach soil 

Topography oftte unit area 

Protection ofGround Water and Subsurface 
Environment 

Potential formi&ration through soil, liners, and
contatnlllg stru ures 

Grotmdwaf!:r quality and all possible sources of 
contarmnatlon 

210,23 

OCFR264,601 (a)(I) and IMobility in ground water should be provided for each compotmd 
7{),23 

4OCFR264,60I(a)(1) and 
270.23 
4OCFR264,60I(a)(I) and 
270.23 

4OCFR264.60l(a)(I) and 
270.23 

4OCFR270.23(b), 
264,60 I (a)(2), and (b)(3) 

4OCFR264.601 (a)(2) and 
270.23(b) 

~OCFR264.601(a)(2) and 
270.23(b) 

4OCFR264.601(a)(2) and 
270.23(b) 

4OCFR264.60I(a)(2) and 
270.23(b) 

4OCFR264.60 I (a)(2) and 
270,23(b) 

4OCFR264.60I(a) and 
270.23(b)(c) 

4OCFR264.60I(a)(l) 

14OCFR264.60I(a)(3) 

This information should be obtained from boring logs a~sociated with the process 
of idenlifying the uppermost aquifer. The source of this information should be 
referenced. 

et recharge =(precipitation +runon) - (evapotranspiration +nrnofi) 

Between the grotmd surface and the water table. 

A brief description and I11!pS showing natural surface drainage ba~ins and storm 
water collection systems for the area affected by the operation should be provided. 

Applicant nrust conduct an assessment of the potential for a release to ground 
water or subsw::taceenviromneot 

To determine whether a particular contaminant is introduced by tm 08/00 unit 
and evaluatethe cumulative effect on grotmd water 

47 
47 

47 

47 

22 

22 

22 

22 

22 

23 

24 

EPA REPm IX, Januaryl992 
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for deposition or migration ofw~ 
constituents into subsurface physical structures, and 
into root zone of food chain crops and other 

Effectsofexplosionon geologic units and ground 
water flow under the unit 

Potential impacts on human health 

Potential for fauna, and physical 

When the uppermost aquifer is used as a drinking water supply, a risk evaluation 
should be developed. Potency factors by hazardous constituentshould be used to 
determine risks. 

m. Protection of Surface Water. Wetlands. and Soil !4OCFR264.60HP).270.23
Surface (b). and (c) 

and collectingsystems and structures in preventing 
migration 

Effectivenessand Reliability of Systems and 
Structures to Reduce or Prevent Emissions 

Operating Conditions ofthe Unit (Case by case) 

If operation does not affi:ct surface waters. 
actual uses ofsurfacewaters 

Emissions fiom evaporation or reru.1ion processes should be evaluated [or potential 
dispersal ofgases, aerosols, and particulates. The emissions may be determined by 
direct measuremenlor by using emission faclolli. Emission factors for all 
suspected hazardous air pollutants and compounds formed in DBIOD should be 
determined. 

4OCFR264.601(c)(2) and IEmissions duringprebum phase should be zero. 
270.23(d) 

The fullowingoperatingconditionsshould be addressed: allowable quantities of 29 
waste per unit, operating time frames, ambient alI monitoring requirements, 
acceptable ~e~rol~gi~conditions,meteorological requirements, and 

EPA Regi:n IX, January 1992 
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Atmospheric, Meteorological, and Topographic I4OCFR264.601(c)(4) 
Cha raetensUes of the Unit and Surrounding 
Areas 

Frequency of inversions 4OCFR264.601(c)(4) 

Uike nnd pond evaporation 4OCFR264.601 (c)(4) 

Annual and 24-hour rainfall data 4OCFR264.60I (c)(4) 

Seasonal temperatures 4OCFR264.601(e)(4) 

Relative humidity 4OCFR264.601 (cX4) 

Wind rose 4OCFR264.601(eX4) 

C5, ExistingAir Quality (ToxiePollutants) and Other I 4OCFR264.601(c)(5) 
Sources ofContamination 

C6. Potential Impacts to Human Health and the 
Environment 

C6!l. Screening Assessment 

40CFR264.601(c)(6) 

4OCFR264.60l(c) and 
264.602 

Types and quantities ofwastes 140CFR264.60 1 (c)(l) 

Number of fabricated devices, bom m&I, or I4OCFR264.601 (c)(3) 
detonation pits involved in a bum or detonation event 
and the number of events per day 

Total amounts ofeach pollutant emitted per event 14OCFR264.60 I(c)( I) 
and the total combined amounts of pollutants emitted 
pelyenr 

Duration of release (from a few seconds to a few 
hours) 

4OCFR264.60I(c)(3) 

Description ofemissions (plum e) to the atmosphere 14OCFR264.601(c)(I) 

Releaseheight f4OCFR264.60 I(c)(l) 

Temperature 

Downwind concentrationsof each known or 
suspected hazardous waste constituent emitted, 
including earcinogeniccompounds 

4OCFR264.601(c)(1) 

4OCFR264.601(c)(J) 

The mechanisms for using meteorological data to underslllnd and manage air 
emissions should be specified. 

Relative humidity should re considered in tenns ofpossible funnation of hannful 
chemicals from the combll'ltion products. 

Restriction should be applied when the direction is not appropriatefor release 
emissions. 

Applicant must: detennine general ambient air quality conditions prior to releases. 
Ifnot available, such datashould be generated. Applicant must use EPA-approved 
air monitoring methods III provide data 

These impacts should be evaluated for the entire treatment process through 
modeling or emissions monitoring of hazardous constituents. 

The models and calculations used to detennine the emission rectors should be 
clearly identified. Emission faetors for all suspected haz..ardous air pollutants 
should be de1ennined. Units of measure should be presented in Illl!S! of pollutant 
emitted per mass of material bumed. 

For bums and detonations conducted on the ground surface, the release height will 
be ometers. 

Typical values az:e around 6,700 degrees FahrenheiWF) for open burning. No 
dctonation temperatures az:e given. 

Air monitoring or an EPA-approved dispersion model can be Il'll:d. The selection 
ofthe model will be a runction ofthe geometry of the treatment uni~ duration of 
the retea'll:, and local topography. Sped fie models used by the applicant must be 
evaluated and approved by EPA. 

3) 

31 

45 

EPA Regm IX, January 1992 
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Compare concentmtions with ellisting tode air 
pollution standards 

Risk analysis 

EPA's guidance docmnents (Superfund and RFI) should be used for the risk 
Iassessment This result will determine whether a more detailed risk assessment is 

that 

assessment 

Illis value is th...um of thl> "Y""" rAn"", risk due to the inhalation 01 alltlome 
carcinogens j til excess i k due to exposure fum other paths (ingestion and 
dermal absorptioJ!). 

Potential for the public to beexposed to hazardou~ 
wasles 

33 

33 

33 

33 

33 

34 

35 
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time to complete burning 

Protection or shelter for persormel during burning or I4OCFR270.23(e) 
detonation 

Meteorological conditions under which burning or-14(lCFR270.23(c) 
detonation will be pemlitted or restricted 

Length of time aiteroperationofthe unit before 14OCFR270.23(c) 
reentry of personnel to the burning ground or 
detonation site is allowed 

D1. PotentialHuman and Environmental Receptors I4OCFR270.23(c) 

Locations of reeeptors relative to the site 

Sensitive populations 

02. Potential Exposure Pathways 

Releasesource.~. characteristics,quantities, and 
duration 

Release mechanisms 

Reeeiving media 

Fate and transport in reeeiving media 

Exposure points 

Probable exposure routes 

Wetting ofthe burning area 

D3. Potential Magnitudeand Nature of Exposure 

Exposure concentrations 

Total risk 

4OCFR270.23(c) 

4OCFR270.23(c) 

40CFR270.23{c) 

4OCFR270.23(c) 

4OCFR270.23(c) 

4OCFR270.23(c) 

40CFR270.23(c) 

4OCFR270.23(c) 

4OCFR270.23(c) 

4OCFR270.23( :) 

40CFR264,601 and 
270.23(c) 

Description of personal protection equipment (PPE) should be included. 

Based on current and futureland use, including both short-term and 
exposure receptors, receptors of indirect exposure, such as consumers 
agricultural products from the site area, must be considered. 

Include subpopulations such as children,elderly people, and endangered species, 
that are at increased risk 

Use Risk Assessment Guidanee fur Superfund and RFI. 

Releases can occur from the waste itself, from contanlinated soil and water, or 
from the compounds formed in OB/OD. 

Volatilization, fugitive dust, particulate emissions, surfacerunoff, leaching. and 
tracking am common mechanisms. 

Media include air, surface water, ground water, soil, sediment, and biota. 

Fate and transport include physicallransport (convection), physical transformation 
(volatilization; precipitation), chemical transformation (photolysis. oxidation), 
biological Iransformation(biodegradation) and accumulation. 

Any point, both on-site and off-site, where any of the potential human and 
environmental receptors can contact the receiving media is considered an exposure 
point 

If Ii, m a h )1 i j 1 ,p ing I :II • I ipi If If I 
l~ eee and '0 :lsto ,ilni2 releas ofha t h S\I\lISte8 ~r III I ~ eats 

""'" nel d 

Arithmetic _.._- -" _. concentration that is contacted over the exposure period at 
exposure points in air, surface water, ground water, soil, sediment, and biota is 
sufficient. 

36 

37 

37 

37 

38 

38 

38 

38 

38 

38 

39 

40 

EPA ~IX. January 1992 
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Wlit, or a.re.a, from off-plant 

Wind direction 

Airblast 

• Airblast mmtimum levels 

Monitoringofcirblll.lt effects at several receptors 

blast-

Procedure 

Map showing monitoringreceptors 

Range of sizes ofexplosive charges in the 
monitoring data 

A1mospheric conditions during the monitoring 

GroWld vibration 

SpecificllaXim:.m ground vibration 

Mannerofplacing the waste in the unit 

U;eof su~plementa1 fuels, type, amoWlt, and 
manner ofplacing them in the waste 

4OC'FR264.601 and 
270.23(e) 

4OCFR264.60l.270.23(e), 
and 3OCFRBI6.61(d)(69) 

4OCFR264.601 and 
270.23(c) 

4OCFR264.601 and 
270.23(e) 

4OC'FR264.601 and 
270.23(e) 

4OCFR264.601 and 
270.23(e) 

health and the environment primarily related to 00 Wlits is 

and control of adverse effucts are covered by 
It presents a table of the maximum acceptablelevels of 

see 30CFRBI 

See 3OCFR8I 6.67(b)(69). 

EPARegmlX, January 1992 
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CheckliStfor Teelinic81.ReView orJlCRAPart BPeqDitAppJieaHon f'or Subpart XUnitS 
" 

L 010 IOOlb- 670ft 
2. 101 to 1,000 Ib - 1,250 ft 
3. I,OOlto 10,000 Ib -1,730 ft 
4. 10,000 to 30,000 Ib • 2,260 ft 

or other distances as demonstrated to protect hllll1an health and thc environment 

Note: Miscellaneous gcneral guidance documents such as: 

Risk Assessment Guidance fur Superfund, Volume l, HlIII1an Health Evaluation Manual- BI:t A 
RCRA Guidance Manual for PermittingCommercial Explosive Industry Open BumingiOpen Detonator Units; 1989 

may also be used fur guidance purposes 

EPA ReghJ IX, January 1992 
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Bl. 

H2. 

00. 

BIt 

BJ. 

$. 

Description ofprocess vent 4OCFR2641030 and 264.1031 IA process vent is any open-ended pipe or sta:k that is vented to the 
atmosphere either directly, through a vacutun-producing system, or through a 
tank. 

Appl icability - operations that manage hazardous 14OCFR264J03O{b} and 
waste with organic concentrationsofat least 10 264.1031 
parts per million by weight (ppmw) 

DlstillationErrorl Bookmark not defined. - a batch 14OCFR264.1030(b) and 
or continuous operationwhich separatesone or 264.1 031 
more reed stream(s) into two or more exit streams, 
each exit stream having component concentrations 
different from those in the feedstream(s) 

Fractionation· a distillation operationor method 14OCFR264.103O(b} and 
used to separate a mixture of several volatile 264.1031 
components of differentboiling points in successive 
stages 

Thin-film Evaporation - a distillationoperation 14OCFR264.I03O{b) and 
that employs a heating surface consistingof a large 264.1031 
diametertube that may be either straight or tapered, 
horizontal or vertical 

Solvent Extraction - an operationor method of 14OCFR264.1030(b) and 
separationin which a solid or solutioncontacts a 264.1031 
liquid solvent(the two being mutually insoluble)to 
prererentiallydissolveand transferone or more 
components into the solvent 

Air Stripping - a desorptionoperationemployed 10 j4OCFR264.1030(b) and 
transfer one or more volatile componentsfrom a 264.1031 
liquid mixture into a gas (air) eitherwith or without 
the applicationofheat to the liquid 

Steam Stripping - a distillationoperation in which 14OCFR264.1030(b) and 
vaporization of the volatile constituents of a liquid 264.1 031 
mixture takes place by the introduction of stream 
directly into the charl!e 

ME1BODSFOR REDUCINGEMlSSIONSFROM PROCESS VENfS 

::oncentrations should be determined by a time-weighted average. annually or 
)lhen waste or process changes. 

\ descriptionof process should be included. 

4 descriptionofprocess should be included. 

4 descriptionof process should re included. 

Adescriptionofprocess should be included. 

Adescriptionofprocess should re included. 

Adescriptionofprocess should re included. 

EPA RqI;;n IX. January 1m 
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.............:.. ,i c.: ..' '! ':',' .•..• ;;.1 Cbecklistfor Technicw.Re~ew:otRCRApart B PehnitApplicatiort.F6tSitbpartxuoHs ., ........ ':< .. ' :' 
''':' "...!..':', ....: .. i: .. :.-"., .,,' _:'''',." ;_ .. :-';._'-. c"., ....-:. :;:,','1';,"".,,_",-.,':11,""'" .: " ... : •... .".:,. .. 

I 
iW .. SPE~IF1C~FQRMA.1:iQN.ru;QpI~MEN#.¥9~1?1!9¢J!;s~.N~N~(~lJll~~ItTAA).,I:,·: . ,,;: . .',;'.:".:.. :. . 

I·: '. :.•.• ~j.:~.':';••....: .• Ii. '....:'," ... i' . . " .' ','i i.'".;" .... . ). Location of 
, 

"i> See .. 

I·,' ., 
Information Technically Attached.: ,: ~, 

I I fritb~ Acldrfssed Adequate . comiltent ... 
·Appllclltlon (r1N); Q'IN) N~t 

Item . Arithoritji F~ .',COrmheotSt)n RtqUir~ments:i.: 

Cl. Reduce Total Organic Emission Below 14 4OCFR264.1032(a)(I), (c), and Engineering calculations or performance test may be used 
Kilogram Per Hour (3pound per hour) and 2.8 270.24(b) 
Million G ram Per Year (3.1 tons per year), or 

C2. Reduce Total organic Emissions of95% by 4OCrR264.1032(a)(2), (b), and 
Weight with the Use of a Control Device, or 270.24(b) 

C3. Reduce Emissions for Various Control Devices 4OCFR264.1032(a) and (b), Closed-vent systems am optional devices but must complywiili if 
with Closed-ventSystem Under the Following 264.1033 (b-j), and 270.24(b) iliey amused. 
OucratiOlml Conditions: 

~ 
• Control device involving vapor recovery 264.1032(a)(1) and (b) A lass ilian 95 percent recovery is permissible if the control devices meet 

(condenseror absorber) shall recover at least 95 emission limits set in 40CFR264.1032(a)(I). 
percent by weight of 1he organic vapors 

Closed combustion device (3 vapor incinerator, 4OCFR264.1033(c) The device must achieve 20 ppmw or Y2 second residence time at 760 degrees 
boiler, or process heater) shall recover at least 95 Celsius (oC). 
percent by weight of organic emissions 

A flare shall operate under the following four 
conditions: (1) no visible emissions, (2) a flame 
present at all times, (3) an acceptable net heating 
value. and (4) uooTomiate exit velocity 

I Carbon adsorption system shall recover at least 4OCFR264.I 032(a)(2), (b), and 
95 percent by weight of the organic vapors 270.24(b) 

D. MONITORING AND INSPECTION 0 F CONTROL DEVICES 

Inspection readings are conducted at least daily. 
Vent stream flow infonnation is provided at least 

WCfR264.1 033(1)(1) and (3) 

hourlv. 
01. Continuous Monitoring ror tbe Following 4OCFR264.1033(f)(2) 

Control Devices: 

Thermal vapor incinerator(one temperature 4OCFR264.1033(f)(2)(i) Sensor must have accuracy 0 ff I percent"C or ± 0.5 ·C, whichever is greater. 
sensor) 

Catalyticvapor incinerator(two temperature 4OCFR264.1033(f)(2)(ii) Sensors mu~t have accuracy of:f: 1 percent CC or ± 0.5 "C. whichever is 
sensors) greater. 

. Flare (heat sensing device) 4OCFR264.1033(f)(2)(iii) 

Boiler or process heaterwiili heater input 4OCFR264.1033(1)(2)(v) 
capacity equal or greater ilian 44 megawatts 
(recorder which indicatesgood combustion 
Dractices) 

EPA Regm LX, January lem 
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. . . . .... . ... .... .. ..... 
Checklist for Technical Review ofRCRA Part 8 Pennit Application For SubpartX Units 

I .....;'";;,,:,;,,, ............. '; .....{:.. ... ;, ;"';C'''•. ",.:,. :.:.: ....IY... §~E,qF.'IflN,F'()~'fIQNltEQV!!mMENTSF.'QRPROCJ!:SSVENTS(SllBPARTAA) .. . .... '.:' ;c.• .~ 
LOcalionof See.: 
Information Technically Attached 

in the Addressed Adequate Comment 

....... :.' .>.~t.~~··;' .. >.; .......:.: ... > ..•A:;. .... · 

Application (YIN) (YIN) Number .. 
1.:.':;':-;,;,: 1~:··Authority.: i·';" ..:', .." ..Comlllents on Requiremen~, ""y., . .. ';; .." I ..·.:::c:....,. .... .== 

Condcnser(device to measure organic vapors or 4OCFR264.I033(t)(2)(vi) Sensor has accuracy of± I percent QC or ± 0.5 °C. whichever is greater. 
temperature sensor) 

Carbon adsorption system (dev ice to measure 4OCFR264.I033(f)(2)(vii) 
organic vapors or a recorder that verifies 
predetermined regeneration cycle) i 

D2. Alternate MOnitoring of Control Device 40CFR264.I 033(i) and Infonnation should be provided deseribing measurement of applicable I I 

270.23(c) monitoring parameters. 

D3. Inspedion • the ~'ollowing , • Ilevlces rn and (h) I 
• Regcnerable carbon adsorption system 4OCFR264.1033(g) Carbon replacement schedule must be acceptable. 

Nonregenerable carbon adsorption system 4OCFR264.1033(h) Carbon must te replaced when breakthrough is observed or on an acceptable 
schedule. i 

04. Use of Reference Method 21 for Compliance 4OCFR264.60 and 1034 
Testin~ : 

E. BASIC OPERATIONAL PROPERTIES OF CLOSED-VENT SYSTEMS 

No detectableemissions 4OCfR264.1033(k)(1) Emissions must te less than 500 parts per million (ppm) above background. 

Monitoring to verifY no detectable emissions 4OCFR264.1033(k)(2) The monitoring shall te done: (I) the date the system is subject to the 
regulation, (2) annually, and (3) other tira reqLeStedhy the regional 
administratorofthe EPA. 

F. RECORD KEEPING REQUIREMENTS FOR CONTROL DEVICES AND CLOSED-VENTSYSTEMS 

Owner complies with record keeping requirements 4OCFR264.1035and 270.24(d) Closed-vent systems are optional devices but must comply with regulations if 
they are used. 

Semiannual report is submitted according to subpart 4OCFR264.1036 Closed-vent systems are optional devices but must comply with regulations if 
AA requirements they are used 

Implementation schedule is provided 4OCFR264.I033(a)(2) and A schedu1emust te provided when fucili1iescannot install a closed-vent 
270.24(a) syslem and conlrol device 10 comply with 40CfR264 on the dale the facility is 

subject to the requirements. 

Perfonnance test plan is provided 4OCfR264.1035(b)(3) and A perfonnanoe lest plan must be provided where an owner/operator applies for 
270.24(c) permission to use a control device other than II thermal vapor incinerator, 

~wpor incinerntor, !IlIII!, boiler, process h.eMher, condenser, or carbon 
adsorption system. and chooses to use test data to determine the organic 
removal efficiency achieved by the control device. 

EPA Rfgion lX, January 1992 
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SECTION V 

Defmitionofequipment leaks 

monitoring for leaks 

Visual inspection for pump seal leakage on a 
weeldy basis 

Leak detection 

Leak repair as soon as practicable 

Specificexceptions to these standards 

Barrier fluid pressure greater than the compressor 
stuffing box nressure 

Barrier fluid system connected by a closed-vent 
I)'llem to a control device as described in Subpart
AA 

4OCFR264.1050 

40CFR264.I052(a)(l) 
and 270.25(d) 

4OCFR264.I052(a)(2) 
and 270.25(d) 

40CFR264.1052(b). 
264.1063, and 270.25(d) 

4OCFR264.1052(c). 
1059,and 270.25(d) 

4OCFR264.I052(d), 
(e), (I), and 270.25(d) 

40CFR264.1053(b)(1) 
and 270.25(d) 

4OCFR264. I053(b)(2) 
and 270.25(d) 

No delectable aUnospheric emissions of haZ!ln:lou~ 14OCFR264.I053(b)(J) 
contaminants f!'!!m~: ~:::':'!:~ =,=::'::: and 270.25(d) 

Sensors checked daily or an audible alarm checked 14OCFR264.1 053(d),(e) 
and 270.25(d) 

Leak detection 

Leak repair as soon as practicable 

Specific exceptions to these standards 

4OCFR264.1053(f) and 
270.25(d) 

4OCFR264.1 053(g)( I). 
264.1059, and 270.25(d) 

4OCFR264.I053(h),(i). 
and 270.25(d) 

B,.J:l~~t Applic~ti()~fOiSubPllrt.X.Vlii.ts 
",::;;>~, " 

.~()oontn~~~i~equirtDIentS 

Equipment leaks aD!! associated witb operations that manage hazardous waste with 
organic concentrations ofat least 10 ppmw. Equipment in a vacuum is excluded from 
Subpart BB requirements. FAlch piece ofequipment shall be marked. 

Leak detected if: (I) A leak detection instrument reads 10,000 ppm or greater or (2) 
there are indications of liquids dripping from the pump seal. 

Repairs are to be made within 15 calendar days after detection. Repairextensionsam 
allowed under conditions specified in 4OCFR264.1059. 

Exceptions to these standardsare dual mechanical!eal systems or no detectable 
emissions. 

A leak is detected ifsensor indicates a fililureof: ( I) the msystem or (2) the barrier 
fluid system. 

Repairs are to be made within 15 calendar days afterdetection. Repair extensions am 
allowed under conditions specified in 4OCFR264J059. 

Exceptions to these standardsare certain closed vent systems or no detectable 
emissions. 

EPA Region IX. January 1992 
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. Checklist fOT Technical Review ofRCRA Part B Pennit Application fOT SubpartX Units 

",>~; "..;:;civ':'i"'i.y~§I:Jfq~~!C;:J~;F,QIlMA'1JQNI,!EQm~MENTSFQR,.;fi:QUIPMEm:LEAI\S (SUBJ>i\RT BJl) 

Comments on RequirementsAuthority ..... 
STANDARDS FOR PRESSURE RELIEF DEVICES IN GASNAPORSERVICE 

Except during pressure releases, no pressure relief I4OCFR264. I054(a) and IEmissionsshall be less th!n 500 ppm above background levels. 
device shall release detectableemissions. 270.25(d) 

Within 5 calendardays after a pressure release, no 14OCFR264.1054(b) and IEmissions shall be less t:hanSOO ppm above background levels. 
detectableemissions shall emanate from pressure 270.25(d) 
release device. 

Spcciftcexceptionsto these standards I4OCFR264.1 054(c) and IExceptions to these standards are certain closed vent systems. 
270.2S(d} 

E. STANDARDS FOR SAMPLING CONNECUNGSYSTEMS 

Sampling connectiJw.systemequipped with a 
closed-purge system or closed-vent system 

Spcciftcexception to these standards 

4{)CFR264.1 033, 
264J055(a).(b). 
264.1060. and 270.2S(d) 

40CFR264.1O(c) and 
270.25(d) 

Each closed-purge system or closed-ventsystem shall either: (I) release no detectable 
air emissions inlo the hazardous waste management process line, (2) release no 
detectable air emissions to the recycled h37.ardous waste stream, or (3) meet operational 
conditinnsof control devices as found in 4OCFR264.1033 and 40CFR264.1060. 

Exceptions to these standards are in situ ~ampling systems. 

" STANDARDS FOR OPKN·ENDED VALVES OR LINES 
Open-ended valve or line 4OCFR264.1056(a).(c) IEach open-ended valve or line shall be equipped with a cap, blind flange, plug, or a 

and 270.25(d) second valve that seals the open end at all time~ except doringoperations. A double 
block and bleed system will follow the sameoperating procedures except when 
operations qui r e venting the line between block valves. 

Second valve I4OCFR264.1 056(b) and IA second valve shall be operated such that the primary valve must re closed before the 
270.25(d) second valve is opened. 

G. STANDARDS FOR VALVES IN GASNAPOR SERVICE OR IN LIGHf LIQUID SERVICE 

Monitoring schedule based on detection ofleaks 
and predetermined schedule 

4OCFR264.1057(a-e), 
and 270.25(d) 

Areading of I0,000 ppm denotes a detected leak. 

Speciftcexceptionsto the monitoring schedule I4OCFR264.1057(f-h), IExceptions to the scheduleincludeunsafi:-to-monitorvalves, no detectableemissions, 
264.1 061,264, I 062, and and dimcult-to-monitor valves. 
270.25(d) 

~ Location of 
information 

In the 
Application 

~,2.::'.:...::... 

Addressed 
(YIN) 

See 
Techoically Attached 
Adequate Comment 

(YIN) NUiDber . 

JI. STANDARDSFOR PUMPS AND VALVES IN REAVY LIQUID SERVICE, PRESSURE RELIEF DEVICE IN LIGIff LIQUID OR IlEAVY LIQUID SERVICE,AND FLANGES AND OTHER 
CONNECIORS 

Monitoring 4OCFR264.1058(a). 
264. 1063(b). and 
270,25(d) 

Monitoring is required within 5' days after a leak is found by sight, sound, srnel~ or 
(lther detection method. 

EPA Regin IX, January 1992 
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.' Checklist. lilt TechnicatRevlewof ({eRA fart Bp'eriai~~ppl~cati9nf~" SubpllrlX:Unlt.§" : "",.. . "">~'i:' .; .,',. : . '.: '~;l' . '.' "(..... ·1 ,'.: , ' 

Leak repair as soon as practicable 4OCPR264.10S8(c). 
264J059, and 270.25(d) 

264.1034 

J. 	 RECORD KEEPING AND REPORTINGREQUIREMENTS 

Owner complies with record keeping mJuirements 14OCFR264.1 064 

Semiannual report 4OCFR264. I065 

Implementation schedule 4OCFR270.2S(b) 

Performance lest plan 4OCFR270.25(e) 

The semiannual report must be submitted according to requirements. 

An implementation schedule must be provided if the facility cannot install a c[ osed· 
vent system and control device to complyWth the provisions of4()CFR264 Subpart 
BB on the effective ebb! that the facilitybecomes subjectto the provisions of 
40CFR264 and 265. 

A test plan must be provided if the owner/operator applies for permission to use a 
control device for other than a !hemlal vapor incinerator, fllml, boiler, process heater, 
condenser, or carbon adsorption system and chooses to use test data to determine the 

removal efficiency achieved by the control device. 

EPA Regm IX, January 1992 
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APPENDIX A.2 

SUPPLEMENTAL OBIOD 

CHECKLIST 




------

SUPPLEMENTAL 08/00 CHECKLIST 
PAGE 10F 14 

r----

OB/OD 
::luide lines 

Section Requirements 

Location of 
Information 

in the 
Application 

Addressed 
(YIN) 

Technically 
Adequate 

(YIN) 

See 
Attached 
Comment 
Numbers 

3 OBIOD Permit Application 
3.2 Waste Description 

• Waste item identification 
+ Munition nomenclature (based on standard 000 terminology) 
+ Munition family (see example families in Table 3-1) 
+ 000 National Stock Number (as applicable/available) 

+ 000 Information Code (as applicable/available) 

• Gross weight per item 

• Net explosive weight per item 

• Chemical composition by weight ofthe NEW per item (including energetic and other 
hazardous constituents of concern [HCOCs Jas well as any inert constituents of the NEW) 

• Donor to be used for OD (not RCRA regulated since the donor is being used for its intended 
purpose, but should be provided to completely describe the treatment operation) 
+ Donor type and NEW per item treated 
+ Chemical composition of donor (including energetic and other HCOCs as well as any 

inert constituents of the NEW) 

• EPA hazardous waste codes (D003, et. al.) 

• DOT hazardous classification code (Tables 2-1 to 2-3) 

• Type treatment (OB or 00 commensurate with Table 2-4) 

• Safety data (e.g., industry/military special handling requirements, Material Safety Data 
Sheets, etc.) 

• Waste treatment quantities 
+ Per treatment event 

+ Annual --

3.3 Waste Analysis Plan 

• Waste analysis parameters 

• Rationale for parameters 

• Test methods 

• Sampling methods (to ensure representativeness) 

• Sampling frequency 

• Management of wastes generated offsite 



---

SUPPI,EMENT AI,OB/OD CHECKLIST 
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SeeLocation of 
Attached 

Guidelines 
TechnicallyInformationOBIOD 

Comment 
Section 

AdequateAddressedin the 
NumbersApplication ... (YIN)Requirements .lY/N) 

... -- 
3.4 Waste Minimization Plan 

• 	 Measures to minimize input waste stream 
• 	 Goal to minimize annual OBIOD treatment quantities commensunt with installation mission 

+ 	Gross weight 
+ 	NEW weight 

• 	 Potential offsite treatment options 

• 	 Alternative treatment technologies application - .. 

3.5 Treatment Effectiveness Demonstration 

Destruction and removal efficiency (DRE) 
" + 	OB 
+ 	OD 
Post Treatment Waste Management Plan " 
3 to 5-yr historical treatment effectiveness data (existing units) . " 

Ir,.6 OBIOD Treatment Justification 

II Treatment wastes are appropriate for OBIOD treatment 

II> Explosive safety hazards associated with transport and availability of appropriate offsite 


treatment 

Availability of alternative technologies for onsite treatment and associated feasibility and 
" 
explosive safety hazards 

• 	 Can the installation meet mission requirements without a permitted OBIOD unit? 
• 	 Is there a reliable alternative to onsite treatment? 
• 	 Does operating the unit create an unacceptable environmental liability? 

-

3.7 OBIOD Unit Location, Design and Operation 
• 	 Location information and demonstration of compliance with RCRA location standards (40 


CFR 264.18). 


• 	 Topography map, including identification of unit boundary, based on surveyor or GPS data, 

as well as OB and OD treatment areas within the unit. 


• 	 Design and construction of engineering controls (e.g., screens to control OB ejecta, run
on/run-off controls, containment structures, and liner systems) 


• 	 Operational procedures or plans should be provided in the permit application for the 

following: 

+ 	Treatment operations 

+ 	 Inspection/maintenance 

+ 	 Recordkeeping 
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SUPPLEMENTAL OB/OD CHECKLIST 
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Location of See 
OD/OD Information rechnically Attached 

Guidelines in the Addressed Adequate Comment 

Section Requirements AJ1plication (YIN) 
- 

(YIN) Numbers 

+ Security 

+ Preparedness and prevention 

+ General hazard prevention 
+ Prevention of accidental ignition or reaction of wastes 
+ Emergency procedures contingency plan 
+ Personnel training 
+ Source monitoring 

" Procedures for OB/OD treatment operations should include the following: 
+ Staff responsibilities and qualifications 

+ Waste energetics storage, handling and transportation to the OB/OD unit 
+ Allowable waste for OB/OD treatment 
+ Waste treatment limits (as discussed in Sect. 3.2) 
+ Use of donor charges for 00 
+ Operational conditions (c.g., meteorological conditions, brush fire hazard potential) 
+ Safety measures -

iPost-Treatment Waste Management Plan 
Post-treatment OD/OD site inspections " • 	 Characterization and reactivity evaluation of post-treatment waste based on the W AP (see 

Sect. 2.1) 


• 	 Identification ofejecta and fragmentation distances 

• 	 Dispersion patterns 

Possible effects on groundwater or surface water 
• 

• 	 UXO/energetic safety sweep 

• 	 Assessment of effectiveness 

• 	 Recovery protocols 

Management of UXO and other reactive wastes 
" 

• 	 Management of other hazardous wastes 

Management of energetic-contaminated wastes (residues) 
" 
Management of solid waste • 
Waste accumulation or storage requirements " Recordkeeping to document compliance with the Post-Treatment Waste Management Plan • 
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Location of See 
OB/OD 

Guidelines 
Section Requirements 

Information 
in the 

Application 
Addressed 

(Y/N) 

Technically 
Adequate 

(YIN) 

Attached 
Comment 
Numbers 

• 

3.9 Closure Plan 
• Delay of closure support information (as appropriate) 

+ Conduct of a pre-closure site investigation (see Sect. 4.2) considering historical treatment 
operations/dispersion patterns and risk assessments (see Sects. 4.3 and 4.4) to 
demonstrate that OB/OD residues will not endanger human health or the environment. 

+ Implementation of long-term security measures to control unit access. 

+ Long-term detection monitoring to demonstrate that hazardous waste constituents are not 
migrating off the unit. 

+ Li l11 ited land use. 
3.10 Additional Site Factors 

• 	 Emergency treatment operations 

+ 	 3 to 5-yr history of emergency treatment operations (existing units) 

+ 	 Potential for military EOD use of the OD unit to detonate an improvised explosive 
device that could be transported from an offsite location. 

+ 	Potential for treatment at the OB unit of propellant in storage that has been determined to 
be unstable. 

+ 	 Potential for discovery of UXO at a construction location onsite that can only be 
transported to the onsite OD unit for detonation. 

• Co-I()c;~tt:4military training, testing, and range clearance operations 
~~~~~ 

3.11 Submission Instructions 

• 	 Format/Completeness 
+ 	Compliance with Subpart X Checklist 
+ 	One original and three additional hard copies of the permit application should be 

submitted to the permitting agency 
+ 	Electronic version of the text should be submitted 
+ 	The format of the electronic version should be compatible with computer systems of the 

permitting agency 

• 	 Modeling Input/Output Files 
+ 	Electronic Files 
+ 	Hard copy examples 

• 	 Sampling Data 
+ 	Validated data listing 
+ 	Summary documentation of analytical data validation 
+ 	Summary tables (statistical tables and comparisons to applicable impact criteria) 



--

---

---

---
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OB/OD 

Guidelines 


Requirements 

4. OB/OD Environmental Performance Standards 
4.1 Air Pathway Assessment Protocol ist"

4.1.1 Step 1 - Determine OB/OD Air Emission Factors/Quantities 

• 	 Pretreatment emissions 

• 	 Treatment emissions 

• 	 Post-treatment emissions !------ ---- - 
4.1.2 Step 2 - Identify Criteria 

• 	 Ambient air quality standards 

• 	 Air toxics 
4.1.3 Step 3 - Conduct Dispersion Modeling 

• 	 Select and justifY model 

• 	 Specify meteorological data set 

• 	 IdentifY potential receptors 
+ 	 Adult residence 
+ 	 Child residence 
+ 	Subsistence farmer 
+ 	Subsistence farmer child 
+ 	Subsistence fisher 

+ 	 Subsistence fisher child 
+ 	Onsite worker 

4.1.4 Step 4 - Evaluate Air Pathway Modeling Results 

• 	 Source-specific and additive air pathway impacts 
• 	 Compliance with Ambient Air Quality Standards 

Input information for noncriteria pollutants to support the risk assessment process • 

Step 5 - Conduct Air Monitoring (As Warranted)4.1.5 
, • 	 Facilities should contact the permitting agency for site-specific determinations on the need 

for air monitoring 
Baseline Site Characterization4.2 

• 	 Groundwater 

• 	 Surface water 

• 	 Surface soil 

• 	 Subsurface soil 

• 	 Sediments 

Add] essed 

_ex IN) 

SeeLocation of 
fcchnically AttachedInformation 
Adequate Commentin the 

YIN) Numbers _Application 
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Location of See 
OB/OO 

Guidelines 
Section Requirements 
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4.2.1 Target Analytes/Analytical Methods 

• Energetics (SW -846 Method 8330 modified or Method 8321) 

• Other semi volatiles (i.e., base, neutral and acid extractables - BNA; SW-846 Method 8270C) 

• Total ReRA metals (SW-846 Method 601OB, Methods 7470A (aqueous) and 7471A (soil) 

• 
for mercury) 
Other metals (as appropriate based on waste characterization information for the site) 

• Cyanide (SW-846 Method 90 JOB) 

• Volatile organic compounds (VOCs; SW-846 Method 8260B) 

• Nitrates/nitrites for water only (EPA 353.3) 

• Other potential contaminants (as appropriate on a site-specific basis). 
4.2.2 Soil Sampling Strategy (soil sampling locations) 

• Treatment source zone (e.g., pit/crater areas for 00, ground-based bum area for OB, as 
applicable, or within 1-3 m of bum pans) 

• Ejecta zone (to be determined on a site-specific basis) 

• Remainder ofOB/OO unit 

• Prevailing downwind location areas associated with maximum predicted gravitational 
settling/deposition potential (as practical) 

• Natural background 
4.2.3 UXO Investigation 

• Nature and extent ofUXO and energetic-contaminated debris 

• Need for mitigating operating procedures, permit or closure conditions, and/or corrective 
action 

• Need for more detailed UXO investigations and clearance. 
4.3 Human Health Risk Assessments 

4.3.1 OBIOD Unit Source Zone - HHRA 
• Protocol based on Guidance Document and Submission Package/or Site Remediation and 

Cleanup Using Health Based Standards, Risk Exposure, and Analysis Modeling System 
(REAMS) (VAOEQ, November 1994) 

• Contact permitting agency to determine its applicable of REAMS and alternative or site-
specific guidanceAcceptable results 
+ Total Hazard Index (HI) of 1.0 or less for noncarcinogens; 
+ Total lifetime cancer risk of lE-060r less for individual carcinogens 
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+ Total lifetime cancer risk of lE-06IE-04 or less for all carcinogens combined 

OBIOn Operations Air Releases - HHRA 

• 	 Protocol based on Human Health Risk Assessment Protocol fbr Hazardous Waste 


Combustion Facilities (EPA, July 1998 draft and subsequent revisions/updates 


• 	 Following standard exposure scenarios should be evaluated based on current and potential 

future land use 

+ 	Adult residence 
+ 	 Child residence 

+ 	 Subsistence farmer 
+ 	Subsistence farmer child 
+ 	Subsistence fisher 
+ 	 Subsistence fisher child 
+ 	Sensitive receptors (as identified in the air pathway assessment) 

• 	 Exposure pathways should include the following as applicable based on current and potential 

future land use 

+ 	Direct inhalation (chronic and acute) 
+ 	 Incidental ingestion of soil 
+ 	 Ingestion of drinking water (groundwater and surface water) 
+ 	Ingestion of homegrown produce, meats and dairy produce 

• 	 Results acceptable 
+ 	 Total Hazard Index (HI) of 1,0 or less for non carcinogens; 
+ 	 Total lifetime cancer risk of IE-06 or less for individual carcinogens; 
+ 	Total lifetime cancer risk of lE_O·6 and lE-O-4 or less for all carcinogens combined 

• 	 Short-term or acute effects should be considered from direct inhalation of HCOCs, 
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4.4 Ecological Risk Assessments 
• 	 Methodology for conducting screening assessments 

• 	 Application of guidance developed by EPA Region 6 in Screening Level Ecological Risk 

Assessment Protocol/or Hazardous Waste Combustion Facilities (EPA, August 1999 draft 

and subsequent revisions/updates). This Protocol is available for download at 

htto:lIwww.etm !!:ov/cnaoswcr/hazwastc/combustlccorisk.htm. 


4.4.1 OB/OD Unit Source Zone - ERA 

• 	 For screening purposes the facility may use ecological toxicity reference values (TRVs) 

identified in the Combustion Facilities ERA Protocol followed by Oak Ridge National 

Laboratory (ORNL) published benchmark values for different media 


• 	 The facility must identifY appropriate target population, species, and media in applying the 

standards. 


• 	 If no TRV or benchmark values are available from these sources, the facility may use other 

appropriate sources 


• 	 EP A Region III, has established a BTAG that provides technical advice on the ERA process 

• 	 Guidance on the availability and use of BTAGs is provided in EPA September 1991 

• 	 Ifthe facility chooses to conduct a more detailed ERA, the Combustion Facilities ERA 

Protocol guidance is the recommended choice. This EPA Region 6 guidance can also be 

used to determine site-specific cleanup levels if needed. 


4.4.2 OB/OD Operations Air Releases - ERA 

• 	 For screening purpose the facility may use ecological toxicity reference values (TRVs) 

identified in the Combustion Facilities ERA Protocol followed by Oak Ridge National 

Laboratory (ORNL) published benchmark values for different media 


• 	 The facility must identifY appropriate target population, species, and media in applying the 

above 


• 	 If no TRV or benchmark values are available from the above sources, the facility may use 

Region III BTAGs (see Sect. 4.4.1) or other appropriate sources 


• 	 Media-specific concentrations should be calculated based on dispersion/deposition modeling 

results as input and the methodology specified in the Combustion Facilities ERA Protocol 

(Sect. 3. I 1) 


• 	 If the facility chooses to conduct further detailed ecological risk assessment, the Combustion 

Facilities ERA Protocol (Sects. 3.11,4-6) is the recommended choice. 


• 	 Major components of the ERA as addressed by the Combustion Facilities ERA Protocol 

(Sects. 4-6) are as follows 


+ 	 Estimation of CO PC Concentrations in Media 
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+ 
+ 

+ 

+ 

-
-
-

Calculation of COPC Concentrations in Soil 
Calculation of COPC Concentrations in Surface Water and Sediment 
Calculation of COPC Concentrations in Plants 

Replacing Default Parameter Values 
Problem Formulation 
- Exposure Setting Characterization 
- Food Web Development 
- Seleeling Assessment Endpoints 
- Selecting Measurement Endpoints 
Analysis 
- Exposure Assessment 
- Assessing Exposure to Community Measurement Receptors 
- Assessing Exposure to Class-Specific Guild Measurement Receptors 
- Assessment of Toxicity 
Risk Characterization 
- Risk Estimation 
- Risk Description 
- Uncertainty and Limitations of the RiskAssessment Process 

4.5 Noise and Vibration Assessments 
4.5.1 NoiseIVibration Effects and Criteria 

• 3 to 5-yr historical noise complaint records (existing units) 

• Human impacts 

• Structural impacts 

• Ecological impacts 

• Noise monitoring (as appropriate) 

+ Worst-case exposure receptors (based on modeling results) 
+ Location based on historical noise complaints 
+ Nearbv oooulation centers 

4.6 Long-Term Source and Environmental Monitoring 
• Groundwater 

• Surface soil 

• Surface water/sediments 

• Ambient air (as warranted) 
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3B/OD Permit Conditions (permit application support information provided) 
• Module I (general conditions required by 40 CFR 270 for all Hazardous Waste Management 

Facility Permits; see Subpart X Checklist) 
+ Standard administrative conditions 

- Effect of pennit, permit actions, duties and requirement, permit expiration, 
inspection and entry, transfer of permit, etc. 

+ Monitoring and records 
- Samples taken by facility have to be representative 

- Maintain records of monitoring 
+ Record keeping and reporting requirements 

- Reporting planned changes 
- Documents to be submitted prior to operation 

- Documents to be maintained 
- 24-hour reporting requirements 

+ Definitions 

+ Confidential Infonnation 

• Module 2 (conditions covering the general facility requirements of 40 CFR Part 264, 
Subparts B through Hand 0. This module must be included in all RCRA Permits. Land 
Disposal Restriction (LDR) (40 CFR 268) requirements may also be included in this module; 
see to Subpart X Checklist. 
+ Required notices 

+ Location standards 

+ Procedures to prevent hazards 
+ Emergency procedures 
+ Personnel training 
+ Security 

+ Closure and post-closure 

+ Manifest system (only if offsite waste is accepted) 
+ Recordkeeping and reporting 
+ Liability requirements 
+ Corrective action 

Location of 
Infonnation 

in the 
Application 

Addressed 
(YIN) 
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Adequate 

(YIN) 

See 
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Module 3 includes the following permit conditions: 
Permitted and prohibited waste (Sect. 5.1) • 

• 	 Design and construction requirements (Sect. 5.2) 
Operating, inspection and maintenance requirements (Sect. 5.3) • 

• 	 Operating conditions (Sect. 5.4) 

• 	 Monitoring reQuirements (Sect. 5.5) 
Permitted and Prohibited Wastes 
• 	 Type of unit (OB or 00) 

• 	 Description of hazardous waste (e.g., bulk propellants for OB; see to Sect. 3.2) 

• 	 Hazardous classification codes (see Sect. 2.2 for criteria for burning and detonation of 
energetic) 

• 	 Hazardous waste number (0003, etc.) 

• 	 Allowable treatment quantities (Ibs. NEW/event, lbs NEW/yr) 

• 	 Prohibited items include: 
+ 	Small arms ammunition in the absence of RCRA explosive reactivity, characteristics 

based on EPA policy and alternative treatment technologies are available) 

+ 	 Chemical agent munitions 
+ 	Riot-control munitions 
+ 	White Ired phosphorous 

+ 	 Incendiaries (e.g., napalm) 
+ 	Colored smokes 
+ 	Depleted uranium (DU) munitions 

Design and Construction Requirements 
• 	 Type of unit (OB or 00) 

• 	 Location of unit (including unit boundary and treatment areas within the unit boundary) 

• 	 Design dimensions and construction materials based on engineering drawings (type of soil for 
00) 

• 	 Engineering controls (e.g., berms, etc.) 

• 	 Firing control systems 

• 	 Minimum design requirements for an OB unit include the use of burn pans with precipitation 
covers. 

• 	 Additional features (e.g., pan liners, ejecta control screens, soil liners, see Sect. 2.4) may be 
warranted on a site-specific basis to mitigate the impacts ofrunonlrunoff and the potential for 
environmental migration. 
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The minimum design requirements for an OD unit is for a berm system to control 
runon/runoff (e .g.• berms, etc.). 
Additional features (e.g., use of mounds, soil liners, special fill material; see Sect. 2.4) may 

See 
Technically Attached 

Adequate Comment 
(YIN) Numbers 

be warranted on a site-specific basis. 
5.3 Operating, Inspection and Maintenance Requirements 

5.3.1 Waste Minimization Plan Requirements 
• 	 Comply with 40 CFR Part 264.73(b)(9) and certify, no less often than annually, that: 

+ 	A program is in place to reduce the volume and toxicity of hazardous waste generated to 
the degree determined by the permittee to be economically practicable to meet 
installation mission requirements. 

+ 	The proposed method of treatment, storage or disposal is the most practicable method 
that minimizes the present and future threat to human health and the environment. 

+ 	Maintain copies of certification in the facility operating record. 

• 	 The waste minimization program requirement includes implementation of the WMP (see 

Sect. 3.4) and treatment effectiveness demonstration (see Sect. 3.5). 


• 	 The DRE (defined in Sect. 3.5) reQuirement for energetics should be 99.99 percent by weight. 
5.3.2 SOP Requirements 

• 	 Loading/unloading procedures 

• 	 Procedures for managing waste for treatment operations (e.g., quantity of waste placed in 

each bum pan) 


• 	 Special storage/accumulation requirements for waste prior to and after OB/OD treatment 

• 	 How the waste will be ejected 

• 	 Duration of burns, duration oftreatment campaign, number of treatment events per day, week 

and year. 


• 	 Explosion hw.,ard safety precautions 

• 	 Post-treatment waste management (see Sect. 3.9) 

• 	 Prevention of unintended ignition or reaction of waste. 
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5.3.3 Inspec :ion and Maintenance Requirements 

• In 
pr 

pections are conducted before each OB/OD treatment event and afterwards (at a 
scribed time duration for safety reentry of site personnel). 

+ 
+ 
+ 
+ 

Inspeetion of physical integrity of unit/treatment device 
Inspection of secondary containment devices, berms, erosion control devices, etc. 
Inspection of safety and emergency equipment specific to the OB/OD unit 
Inspection for untreated energetic items, UXO, etc. 

+ Inspection to determine brush fire potential (e.g., vegetation cleared treatment area and 
condition of surrounding area) 

• Th 
+ 

e following inspections should be conducted periodically. 
Inspection of general area (Le., fences, gates, locks, warning signs, monitoring devices) 

+ The unit should be inspected regularly for signs of erosion and other conditions that 

+ 
might result from washouts. 
The condition of the monitoring well casing, cap, and lock should be checked at the time 
the well is sampled. 

+ The integrity of surveyed benchmarks should be inspected regularly. 

• 
• 

Pr 
Se 
sh 

~ventive and corrective procedures to be implemented, including: 
curity. Signs should be replaced if they become illegible. The security fence and gate 

Ie repaired or replaced as necessary to maintain unit security . 

• ErosIOn . Washouts should be repaired as they are detected. The vegetative cover should be 
re as needed. 

• ~lOv._.ive cover. Tree or bush growth should be controlled by mowing or prescribed burns. y
The vegetative cover should be kept mowed to a reasonable height as a fire prevention 
m asures. 

• non and runoff controls. Drains and ditches should be cleaned and maintained to allowRu 
fr :e drainage of storm water . High-rate runoff areas (if any) should be protected with coarse 
st me to minimize erosion. 

• MDnitoring wells. Damaged monitoring wells should be repaired or replaced as necessary. 
rainage collection/venting systems (as warranted). Routine and emergency maintenance • D.

shlould be conducted for each system. 

• ,S.ulTveyed benchmarks. Missing benchmarks should be repaired or replaced. 

• C 
en 

mective maintenance action should be taken if a potential exists for exposure that could 
danger human health and environment 

• AJ maintenance actions should be documented in the 00 unit maintenance log. 



---------
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Operating Conditions 

• The following operating conditions apply to all OBIOD units. 
+ Minimum safe distance from the property of others (40 CFR 265.382) 
+ Operation only during daylight hours (from I hour after sun rise to I hour before sunset) 

+ Required to operate within a wind speed range (between 3 and 15-20 mph) 
+ No operations during electrical storm within 3 miles 
+ No operations during inclement weather or if storms are forecasted 

+ No operations during a weather inversion or if an inversion is forecasted 

• Alternative (more or less stringent) and additional operational limits may be warranted ba.,ed 
on site-soecific conditions 

Location of 
Information 

in the 
Application 

Technically 
Addressed Adequate 

(Y/N) (YIN) 
~~---

~~~~~-

-------- ~ ~~~~~- ~ ~ ~ -------

Monitoring Requirements (as warranted) 

• Source monitoring 

• Meteorological monitoring 

• Air monitoring 

• Other environmental monitoring 

• Operation of an onsite meteorological monitoring station should be required if real-time 
offsite wind data are unavailable or nonrepresentative of onsite conditions. 

• A baseline site characterization program (i.e., groundwater, soils, surface water) should be 
implemented (see Sect. 4.2) for all existing units if acceptance baseline data were not 
submitted with the permit application. 

• Soil and surface water monitoring permit requirements should be considered on a site-
specific basis depending on the relative risk and unit design/engineering controls. 

• A standard RCRA groundwater monitoring program should be a standard permit condition 
for all (existing and new) OBIOD units. Exemptions should meet the criteria of 40 CFR 
264.90(9). 

Removal and/or Remediation of Energetic - Contaminated Environmental Media (as 
applicable) 

• Management of UXO and munition fragments (see Sects.3.8 and 4.2.3) 

• Management of non energetic wastes (based onapplicable waste management requirements) 

• Management of energetic-contaminated environmental media. 
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1. Executive Summary

• This ooon:nent., prr:pa.n:d by VJl:rnr.'l'ec:h E.nJ:ineaI, lnc.., pmMda piQeJines lor thr sltin,g of 
znonia:ninC weill near ~ CJrdn.anI:z deumatian a.n:u.. and the Jat.i.DnaIe far thoR ~ 
Ii.nes. 

1M condu.aions aft at the cad of this dac:u.me:nt; bDwew:, in arrmmlry: 

• For oept.ha of c::hup las than 10 feet. and far cidDnatian in ~teci llll.aterial,. thr 
distarICt ahDu1d _ pul:l:r tba.n 15 feet in all cuc:a ., Ir¥'Qid db:ruptian due ., aatf:I'inC. 

• II Ibe c:Na.rp it peata' than 100 pou:nr!s, .. thi! distua::I caleu1ated in the foUowinc 
Q~ . 

Weidat t'POUftcb) Dittanft' (ft) 

sao 2S 
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5000 5J 

10.000 61 
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U Elastic Wave Ge:.:..e.ratiOli by Exploaiva 
The pWR prociw:ed by the explosive deciys as it propaptes f:rDm the bord\ole, due to the 
,work clone by &agmcnD.tion. hat ~ted by uw:lutic proc:rues, and pometric ~ 
EventuaD:r the at:n:II • below abe elutiI: limit al abe lid.. and ,.... tivcIuP the ra:k as aft 
e1utic W'lIVCo It is beyond the accpe cl tbit ftPDI'l,. and DOt I'IIII!:CISHry.. lID dit;c,,·· in detail tht
typeI ol body and ~ Wllva which may be propapted &em aft ~ detonation. It 
b auffiOcnt lID raote that W3I'¥eS me I'efleded ad Idmcsed • tbey put thnJuP the nd" and 
the puIae.. wJdch initially had a ciwatian app'minwtely equal lID the ddonatian time of the 
~ II ~ into • 'Waft b:IIiD which may be IIe'ft'ZIIlIloelCCDda tans fat. amp 
barehDIe at .. d1atance of a lew huncired meII:Is. 

'The method for detm:minalion of probable viba.tion 1eve1a is hued upon .. cr:mc:ept caW 
Sedal DiaGer: Two fac::.tcra c:mnpdM a Scaled DiItancz: h d.iII:tanct .&ar.n the expJo.i'¥e 
c:harp. D ..1 and Ibe wcip.l of the c::harp, IV. Canvent.ianally, in the US, D is in feet and IV 
is in pounds.. Sc::a1ed DiAmce SD is Ibm a ,.,.....·Jjntim rtl the distaDcc bum an exp'laIift 
detDnatian by the c:haJp weipt to 8CIIDe powec. 

SD.JL w· 
WN:re H depends upon whether the ~ are takera at the ..,dace CII." ~ 

• 
In INJ"I)" cues, the corelli for the e:fIt:.d:a of ~ on ~ Id:nId:u::ra 111im1ted lID 
abaw-poWld Jt:rw::t:uru such &I bullciinp. 'The apptoptiate 1De.&SUre is then t:h.r pa.rtic:'le ~ 
aty of wava Ineuured at the lI'LU'fac::L 1fte acaled d.i.Jiance for amfac:e ~ IIIMS a 
value for N 01 lI2. and is called Iq'U&ft"'I'OOl JCaled d.isiance. Fer auriac:e JDe.UI.IJe:I:ne:nta. the 
rebtionship between SD and peak particle velcdl)' Ii Cattaw.ation) has been shown to be of 
the foUowin& tam:&: 

Ii • A(SD,)E 

WN:re A and ~ an: expcri.menl.llly det.en:nined con.st:a:nts. "I'hae CDftStanIS 11ft &lte-spedfic: 
however. for. broad rarase of explosive types and po1opc:al settinp, It has been found. pnu:l" 
tical to use the following values (frum Ibe Ou Pont BIMtar' HaDdbookI't): 

(1)' 

'tot JneuUJ'ftr'lC:l\tl below the .u.rfaao (u inth.ia lthldy). the app.t0p2We Scaled DiJ~ for 
such Ineuu.rr:z:nents usa a value of N of 113: 
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SD.JL  (2)

Will 

and II called CIIhe-t.uot IICIled diItanI:::L Far the effect at Yibaltian on a pipe emplac:ed in • 

bc:fthD1e., the atnIia ... the pipe raeds aD be cIetI::aDinecL AIl wiD be shown, IDe strain can be 

alaIed aD the :patIde wJDdty IbrDush the aabHoat .:aIed dlsIaneL . 


All WIIftII .1ft the propepI:iaD olltn!n tbn:up IX' an the IUIferp 01 • IUtaiI) Stzain.. IDI!III 


unci ill .. in Ieftsth per u:nlt length (and theadrxe ~ detm::m.i:nes the 

amDUDI 01 tde:fanIUlI:ian of a IIlI.tZrial. It II .,-mtoJi:red. by .1IIUI1 Greek epDan... A.uumi:rts 

isDtrDpic eJ·""c::ttJ, 8IaID II _ted aD .... " (wbic:h .. fIII'ce per 1IIIIt area) tbzDuP • 

modnb-E. 
 .. 


.-- (3)£ 
w~ ~tin& outside the crater z.one lID Janp.r f.au:tme the IUtaiaJ aD any ~ 

e:dI!ftt.. IiDwI"ll'U, the ... auodeted wUh the WII¥IS ..." in f8d. be pea_1Nn1be )ieJd 

tItIlIin (the atnd:n at which the mataiaJ 'wiD lID Ianpr aetum aD Its pamaua ~te unaltered) 01 

_ other material which II I:Iade4. . 

2..3 RatraiDed Respmue at Bmied SI:mc:t&Ires 

n.ere are two ..,.. in wh.ic:h we can d.eta:mine the 8traift .... bu.decl IIt:nactu:re 8UIICh ... 

pipe::' . 

• Rdatin& peak puticle veIodty aD .tn.In 

• ~~ataJnlaeJf •
rasure 1 fa1JDwinc (repmdueed from Dowdlnc"I) &tKMI the mlatI.t:.mddp between peak pri 
de Ye.kdty and ac:aIed travel cli.sta.nce for ~ aperia...naa, which __ the cube loat 

K:&Ied cIi.stance .pp"""iu...~ app'gpriate for buried duup, buried tarp:t relationship ~ 

EquaIion2. 


1b.is can du:n be ldated aD the strain by the equaliorl'1
i 

•. 
• - 2c;. . (t) 

where Ii 11 peak putide Yelac:ity, and C. is the ahear waw w:Ioc:ity in the material duaugh 

which the WIIW propap-.. 


We then need to relate thia .train to the .train on the pipe. or In bI:nDs of the .tress on the 

pipe. Oowd.ini" indi.c:ala that for IS'UI.teri&ls 1i.ke thin-W&lJed steel pipe in mc:k or aoU" the 

pipe .iI 0ed'bIe enoup that the .train in the pipe b IDe ume .. that 01 tht .~ 

materiaL 


This ml1 be tested by adIIaD1 detennining the 8c:dbWty ..tic: 

t1lOra-tech engineers, inc. ". 
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where the appropriate qLUnti ties An Uv moduli t and Poisson', ratios ., fI ~ pipe and the 
IW1'Dundin, matmal, the thidcncss .nd ndius cf tM pip, and the moment c£ inertia 1 of the 
pip. U this ntio is gt'9ter than 10, thm the pip behaves like the sunound.ing materiaL 
Althoup we do not ha~ aD c£ the INtrrW ~ten necessary for the calculations, the 
examples pvm by Dowding indiate that for tM situation he~, the likely value of1 wiD be cf 
thr order :zo to 40. 
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2.3.2 
naef'Cft, the st:reu an the J"DCi ar aail may be URd to dete.mUne the IItJaS an the pipe, and 
the IIppeDpda. equation CXJrDbines Equatiana 3 and 4: 

._AA ~ 
2t., 

We now need lID find the appaupria. c:IiIIance ~ a bow:n abtuglh DE the pipe' (ira 
compresaioa) firII the weight of charp W II arad tJ. shear waft velocity C. and elastic modulus 
E 01 the material ill which the pipe is a:abeddecl 

WelOlve ....: 

• 
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1
-IosD - ilogW 

IagD - tlagW - Cl.381ag(~J 

D - w'" (:-.:)..... (I) 

2.3.2 Ddt:rmininz Stnria Din:dly 
'l"he study by Duvall and ~fI detamined that peak amain II ftlIted liD the cbup
weifht and dWtance in • manner similar to the partide wIDcity c:but a'hcnm in FipI'e 1 -
Le•• proport:ionIl to cn.tance, and inYeneIy proportional to the cube !'DOt of the duup 
weight. lbe snin JcovelI depended upon the type of mataial thToush wblc:h the 'WaftS pv
pap. more than to the type of e:xplosive~ Fisura 2 through 5 are for diffenmt mck typeI 
obt.a.ined &om that study. Note that the abidSH axil b LR-this is equivalcm liD our prt'Vi
OUI cube-root scaled dist:anc:e DM"'. 

We can detem1ine the allowable .uain, and then find the appopriate distmct for • pven 
~ weight &a:m thac figu.res. We c::annot 'fIR .the'sa.DIlC prDCeIII .. we did for det:cnn.inins 
Equation" becauae, .. can be N!'eft fmm the figures. the !dation between c and LIT ill n0n

linear. Therefore we IDUIt IOIve Equation 3 using the strength of the pipe .,. and the modulus 
E of the su.nvu.n.dins material. We find the .pprvpria~ scaled d.istanc:e &om one of tht: fiS
W"CS. We then aolvr: for dist:ant::e .&om Equation 2: 

D - SD x W"" (9) 

2..4 Czatering Procesa 
When an c:xplcaM II clet:anated ne.v the swfac:e. without • wrtical free fact•• prcxaa 
known AI crate:rin& oa:u:rr.. The fragmentation mt'Chanism,s and effect of PI pn=u;ures aft the 
a.a.zne as in the previcnD aedions; hDwcvr:t. the prneay of the crat:erl:ng configwation lea. 

1J1OrQ-tech engineers, inc. 
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tospec:ial properties c£ material ~ fip.re 6 shows theappopdate variables, and tm 
situ.ation for optim.wn aa1er df!"'lt'elopment.. and (onthc- kft) for t:I:e charge below optimum 
depth, but above critic:al depth 

Cratmn, theory WaJ dne10ped by CWo Livinpton.P"I Assumlng that 8 charge has a lmph 
to diameter ratio C£:S: 6:1. be determined. both tlu!oreticaUy and experimentally, that ~ is' 
a burden distance I.. betwten the c:n..rgt and frte swiaee, c:alJed the optimum distance_ 
which yitld.s the largest crater. lbcre is also. burden dislanCe N I" CIDed the a i ti a I distance, 
below which there no crater <r rxpuJ.sion of rnatrriAl to the swia~ results. 1heft is 8 rela
tionship betwten the critical burden dist.anct N a d the weight cf explosiye W: 

H - E X WII.I 

where £ is 8non.d..imension.al proportion.a.l.ity constant ~Ued tte 5tNtiJl Lu:rn r.d"".2 E is 

ViOTil:-tech engineers, znc. "'. 
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Figa:re 3. Strain Data, awistone - fnxn DuvaJl and A.t:ch.i.sonf4 

constant for a given e:xplosive-rock C'Ombination. but genen.Ily in tiegnp &am 1.8 10 4.6. £ 
incr'U.ses with the brittleness c£ tie ro::.k.. and the opti:num c:ratl:f volume oa:ws at lower 
values of the depth ntio At where 

6 _ Dt!p,,, of 8.m., 
N 

1N.- Strain Energy :Factor £ is erperimen~ly determin.ed for each explosive/rock configura
Lion. It is lik.ely that for shallow detonations (d~ in the assumptions below) and the 
types of m.aterials considete"d. that these detonations will be above the a::i.t:iaIl depth, although 
~rNPS below the optimum depth. For the sm.all~t charge W ('50 Ibs). and sm.allesl £ (1.8). 
lht- critical depLh would be 6.63 fC'f:t. It is also not likly that an unconsolidated material 
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would have E of the order 1.8 fir.ny aplosiw 1ype. 

n.nefaft. we will &SS\Ufte' that the c::ram- df"Yelops at 1M charge depth, and has 8 breakout 
angle de~ experimentally, &.S cIisa.wed in the next section. 

2..5 Crater Bre.akallt 
0uvaIl and.A.tchison.fCl besides dctrrm.inin!j stra.in relationship d.i.sc:Ussed earlier. investigated 
the relationship betweoen c:harp depth and the sh.a pe and siu c£ the crater for various ap~ 
rives and rock types. 1hcy indiatf.'d that., depend.ing on roc.k type. there ~ characteristic 
brukout angles,- T, such that ~ enter floor bc-comes flatter (the angle becomes higher) as 

. the rock ~ becomes more brittle: 

vzofiz-tech engineers, inc. 
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FiJlZl't S. Strain Data. chalk - from Duvall and A.tc'hbonI4l 

, fTA,lrt.El, Cn~r .n~leos or VIInous tnaterill'Is 
)lo('kT~ C~trr AJ'IJt'r. r- from VntiraU 

112Marlstc:rftt 
121Chalk 

",130Sandstone 
Cnnitp 152 

The aaler ... dius Kt can ~ dett:rmined from tJv: depth D C£ the charp (given the- a~ 
assumptious) and the breakout ansle: 

D x tan.i.
2 

- R. (10) 

If we .usum~ pnile~ tant is about 4, ..nd for m.arlstone. 1.5. l'n an unconsolidated 

1'NItt:ria1. It is ~ I1krly to be lib tht maristonc data. and for depths Of 10 fed or kss. 
brr:~kout will be c£ the order of 15 fed from the charge, In a britUe material lib granite, the 
brr:~kout will be of the order C£ 40 feeL Ezl.ra brse ch.al!es wiD simply throw mOft' material 
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into the air (pnwid.ins other hazan!s).. but sboul.d not suJ:.tantiaII)r cbanp the brukout. 

3. Development of Guidelines 
31 Intmduc:Doa 
There: are two bask CDllICCtns for the irEpact d the detonations on tiB monitoring wen: 

• The disnlption of Ite weD casing due to propaption cf the detonation CDRI"' t.b.roup the 
well CI.Jin&. 

• The c:rushinS of the weD due to the strain waYf! propagated from the detonation. 

We wiD eonsider three c:::ues to .ddress thos.e two cona:ms: 

Cue I We will use Equation 10 to determine likely distances for d:i.:mlpt:icn c£ the well 
c::a..slns due to enter brewuL This would only occur near the surface. 

Thebuis for the results is in Section U. 

Cue D We will use Equation 8 to determine d.is~ for possible collapse c£ the pipe 
from the peak particle vclmty a.lc:ulations in Figure 1. 

vi'bta-fech engineers, inc. 
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'the buia far the :nsu!t:I is in Sed:ion U.L 

Cue m 	 We wJIl use Equation, to detzrm.ine dlstanea for possible coIlape of the pipe 
&am the d.irect .aain ~ shown in Figun::s 21:hrc:1uP s. 
'DIe bull fer the nsubs iI in Sedian. %.3.2. 

The foDowinc Mdian outlinet the ~ uaumptions an which the guUidi.nes are bued.. 
and c:zitaja .....of the cues described .,... 

3.2 AuWllp6DD1 
The foDowinc auumptions are made, bued upoa i:nformatian obtained &am HAtl.lBtmTON 
NUS and ......nninJ wmst-cue candltionL . ". 

• The detona~ of the explc.iYe wD1 be at depthJ solO .. 

• lbr dell:mationa wm oc:::cur in Hunc::ansoUdated pa1ap: faaDatiDnl"" ar .umlar materials. 

TbiI USUIIIa that" in pnaal. the material in which IDe deb::.liuatiana cc::c::u:r does D&:It jtseJf 
Iaeecl to be b1uted to be a:caYaled.. ... If this aau:a:sption II DOt ~ 1AICh .. if the detD
natiCInI U'C to cc::c::u:r in IIOlid pralle, we will need -to hne 1IU:IIR Jnformat:ian a1xJut the 
1'n.1tzri&J pxuperties of the material in which ~ c:letanat.ianI U'C to taIIz place.. 

• 	lbr mc:.t critical "., the weakest pert 01 the wen. are the WCIIIDd acn:ena: the CDDape 
strength II 01 the order of ac:beduJe 5 c.uinJ foe both IDe atain1eu atee1 and PVC pipe. 

• w~ wiD &SS1.IZDC that thi.s IDOIJt critical point ia at the same depth .. the chap. "I'hadoie 
the dismna: or the weD frmn the detonatian point,. .. meuwed on the InDfac:e (plan view) 
is the bi.m of the c:.ala.1latianl for c::ube-mot scaJed distance 

3.3 Guidelines for Sah Distances from Exploaive DetoDatiou 

nw request .foe pn:rpcul wu for weD aline for permutations of aD the foDowi.ns elc:mem:s: 


• Various ExpIasive Weipa 

- SOpoundi 

- lOOpoundi 

- 500 pounds 

- 1[0) pounds 

- 5IXlO poundI 
- 10,[0) pounds 

• Detonation in OiHen:nt Geologic:al Fonnations 

- Unconsolidated Material 
- SoUd R.cck 

• 	Oiffc::n:nl Well Mabi::rialt 


- Stainless: Steel 

-I'VC 

'Dz"bra-tech engineers, inc. 
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We 111M' DR the ~ de¥elaped eadier, the ~ &am the J.ut IIed::ian" and the 
e1e:wadl above to dea:mJrae the appsoptW:e pidcline:L '1'he faIlowinI tables ahDw the 
app'opdate mataial ~ 

TAnEi~=r~~;;;r 

'Ibac wlues aft 'i'Jbe d.f.- - we wID ....IIN a vabae 01.100 .... 

TAlItE t'fna::InIolIda Material and Soli' Rock:3. Material °es for ted d 

Material c:. (fII.) Co fmlsed E ('DSi) 

UncarwoIidated Material tsom IOD 9fiOO to' 
Solid R.od: faandstorwl 5000 100m 10' 

We wID now CDnIldcr a.c:b 01. the cua deIcrlbecl a:bIwe.' 

Cue J Sc:alvi:na Equatian 10, and asauming that the ~ II .:10 feet: 

TA.BtE C. o.t:er dIst:anI:.a for detonation .:10 feet

l=:=mdl:1ftl1 • 
rar dcpt:ha ol detonation ,Jeder than 10 fect: 

TABLE 5 . CnteT cIist.anceI for detonatilXl >10 feet 
M.taiaJ Dbt:aaee flU 

UN:DnSOIid&aed 
Granite 

1..5xDqlll 
4X~ 

vibra-tech engineers, inc. ". 
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, 
TABLES. Dis1Irnce c:alo.tlated from ~ 

... ) Ddt:anre (ft)WeiRht ( 

50 
100 ,5" 500 

1D U 
!5DOO D 

10 IXIO 23 

TABtE'I. ~ ca1o.datrd from 'eX 'ftlcdty- Sandstone 
Wei ) D.ida:n.C!'e (ft) 

50 
1(1) 

12 
15 

500 25 
lOOO 
!iCXJO 

10000 

31 
S 
67 

'l'he value. from till! pipe e:mbed.cied in a.aradau:me aft deady mare CQCi8C!N'III.ift. 
Since we do not haft infaImaticn about &be ernbeddtnc mate:rial. we wouJd JIKXIIDo' 

mend ua.ins 'J'ah1e 7. 

c:.....e m 	 We nDW cxma.Ider the approach uain& the direc:t .train~. CiY'C1'l the 
.traa " and valUd 01 E. tor IIOIl and aand.ItDne &am the mataiaJ ~ and 
Equation " we c:x:=e up with valua 01 strain .. fo1lc.JwII: 

TA'BtE I, Strain c:alo.da~ from sandstont- and ICIiJ

IEm"":, M.tmol ! - -=-10-*1 ~ 
1 S.ndstone' 1 100 _ 

If we refer to any 01 t:hc figw'l!S 2 IhmuP 5, we He that I:he:se w.lua IpUl &be 
whole ~ of attain deten::nined.. It. pauJble way to n.a.nvw this down ia to deter-. 
mine aCNal fallurr: .t:rains tar the pipe, and then hOt to haYC to &IIIII.IZbe mall:rial 
pope:n:ia of the nx:k and t.IIIe the stm.in method.. HDweYe:r. we would a:JI1Iider 
that the method of c:.u.e n ahould Fw apptopxiaR re:tnalta. 

4. summary 
1lv:rr:fcm. we ca.n ~ the results as. fOllow'5. as. I'IOb!d in the ExecutiveSwru::nary: 

• For oepthl of c:h.arze less than 10 fHt. and for d~tion in unconscUdated materiaL the 
distance ahould be p-eater than IS feet in all c::ucI to.void diaruption due to c::ra1le.rirr.J. 

• If tht charp i.s pouter than 100 pcundr.. UK tht dist:anees calculated In 'Table 7. 

tJlOra-tech engineers, inc. 


http:c:alo.da


.. 16.. • 
• II charps 1ft at cIepIh'pata' tbm 10 feet. cansuIt T~5I« the apptapdll. "'*" diI

tI.nI:Is., - alIo .... Table 7 • 
• II chazpI .1ft! detxmaied .tn dd ftd,. me the Npn!iI! fipI:e &am 'Table .. CII' 5 _ 

appicpete 

We have IXIt UIed lID'!' Mafety fador'"' becaue we believe that the ~ nal.ure cl the 
uaumpHanI aaed 1ft ;p:obabIy auIfic:irnt; Ia.owcvu.. JDa may modlfy theM n:sultI tD IIIltisfy 
c:ar.ass. ,.au. may haYe. 

JlJUIl h.ne any ~ aft tbia, pIeue feel free to t:aIL 

JtapedfuD;y mbadtted. 

• 
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APPENDIXC 


OBODM MODELING INFORMATION 




Table C-l. Comparison of Alternative MODels for OBiOn Sources 

Capability Evaluation Criteria OBODM INPUFF ISCST ADORA 
Instantaneous sources Yes Yes No Yes 
Quesi-continuous sources Yes Yes No Yes 
Intermittent sources Yes Yes Yes Yes 
OB/OD-specific model Yes No No Yes 
Internal OB/OD emission factors/model Yes No No Yes 
Topography Yes Yes Yes Yes 
Annual sequential meteorology Yes No Yes 
Long-term concentrations (;>24 hrs) Yes Yes Yes 
Short-term concentrations ~1 hr) Yes Yes Yes Yes 

! Acute concentrations « 1 hr) Yes Yes No Yes 
Dry depositions No Yes Yes 
Wet depositions No No Yes 
Gravitational settlinl1: Yes Yes Yes 
Depletion No Yes Yes 
Refined cloud behavior No No No Yes 
EPA model No (Army) Yes Yes No (commercial) 
Comprehensive documentation No Yes Yes Proprietary 
Ease of use No Yes Yes Yes 
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