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Responsible Official Certification





 

2016 Actual Emissions Summary



Milan Army Ammunition Plant
Conditional Major 
Permit No. 467630

Permit Limit (tons) Jan-16 Feb-16 Mar-16 Apr-16 May-16 Jun-16 Jul-16 Aug-16 Sep-16 Oct-16 Nov-16 Dec-16
Boilers Emissions (Tons/month) 0.04 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03
Boilers Emissions (Tons/12 consecutive months) 60 0.04 0.07 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.09 0.12
Open burning/detonation (Tons/12 consecutive months) 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33 1.33
Emergency Engine (Tons/12 consecutive months) 13.78 13.78 13.78 13.78 13.78 13.78 13.78 13.78 13.78 13.78 13.78 13.78
TOTAL NOx Emissions (12 consecutive months) 77 15.15 15.18 15.19 15.19 15.19 15.19 15.19 15.19 15.19 15.19 15.20 15.23
Boilers Emissions (Tons/month) 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Boilers Emissions (Tons/12 consecutive months) 0.01 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.03
Open burning/detonation (Tons/12 consecutive months) 3.24 3.24 3.24 3.24 3.24 3.24 3.24 3.24 3.24 3.24 3.24 3.24
Emergency Engine (Tons/12 consecutive months) 2.97 2.97 2.97 2.97 2.97 2.97 2.97 2.97 2.97 2.97 2.97 2.97
TOTAL CO Emissions (12 consecutive months) 22 6.22 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.23 6.24
Boilers Emissions (Tons/month) 0.14 0.10 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.11
Boilers Emissions (Tons/12 consecutive months) 96.6 0.14 0.24 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.28 0.32 0.43
Open burning/detonation (Tons/12 consecutive months) 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Emergency Engine (Tons/12 consecutive months) 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91
TOTAL SO2 Emissions (12 consecutive months) 98 1.45 1.55 1.59 1.59 1.59 1.59 1.59 1.59 1.59 1.59 1.63 1.74
Boilers Emissions (Tons/month) 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Boilers Emissions (Tons/12 consecutive months) 6.0 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02
Open burning/detonation (Tons/12 consecutive months) 85.00 85.00 85.00 85.00 85.00 85.00 85.00 85.00 85.00 85.00 85.00 85.00
Emergency Engine (Tons/12 consecutive months) 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98
LAP Emissions (Tons/12 consecutive months) 5.9 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Woodworking (Tons/month) 0.00E+00 2.00E-03 0.00E+00 2.00E-03 0.00E+00 0.00E+00 3.00E-03 0.00E+00 9.00E-03 0.00E+00 0.00E+00 0.00E+00
Woodworking (Tons/12 consecutive months) 0.03 0.00E+00 2.00E-03 0.00E+00 2.00E-03 0.00E+00 0.00E+00 3.00E-03 0.00E+00 9.00E-03 0.00E+00 0.00E+00 0.00E+00
Surface Coating (Tons/12 consecutive months) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL PM10 Emissions (12 consecutive months) 98 85.99 85.99 85.99 86.00 85.99 85.99 86.00 85.99 86.00 85.99 85.99 86.00
Boilers Emissions (Tons/month) 5.06E-04 3.63E-04 1.13E-04 2.77E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.17E-04 3.87E-04
Boilers Emissions (Tons/12 consecutive months) 5.06E-04 8.69E-04 9.81E-04 1.01E-03 1.01E-03 1.01E-03 1.01E-03 1.01E-03 1.01E-03 1.01E-03 1.13E-03 1.51E-03
LAP Emissions (Tons/12 consecutive months) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Surface Coating (Tons/12 consecutive months) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
TOTAL VOC Emissions (12 consecutive months) 50 5.06E-04 8.69E-04 9.81E-04 1.01E-03 1.01E-03 1.01E-03 1.01E-03 1.01E-03 1.01E-03 1.01E-03 1.13E-03 1.51E-03
Boilers, Single Largest HAP (Tons/12 consecutive months) 6.62E-05 1.14E-04 1.29E-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04 1.47E-04 1.98E-04
LAP, Single Largest HAP (Tons/12 consecutive months) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Surface Coating, Single Largest HAP (Tons/12 consecutive 
months) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total Single Largest HAP (Tons/12 consecutive months) 9.9 6.62E-05 1.14E-04 1.29E-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04 1.32E-04 1.47E-04 1.98E-04

Boilers, Total HAP (Tons/12 consecutive months) 8.88E-05 1.53E-04 1.72E-04 1.77E-04 1.77E-04 1.77E-04 1.77E-04 1.77E-04 1.77E-04 1.77E-04 1.98E-04 2.66E-04
LAP, Total HAP (Tons/12 consecutive months) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Surface Coating, Total HAP (Tons/12 consecutive months) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total HAP (Tons/12 consecutive months) 24.9 8.88E-05 1.53E-04 1.72E-04 1.77E-04 1.77E-04 1.77E-04 1.77E-04 1.77E-04 1.77E-04 1.77E-04 1.98E-04 2.66E-04

Notes:
(1)  The new conditional major permit was issued on October 18, 2016.  
(2)  Based on the issuance of the new permit, the first true emissions on a tons per 12 consecutive month basis is December 2016.  
(3)  The permit requires boiler emissions to be listed in tons/year as well as tons per 12 consecutive month. The December 2016 emissions 
represent tons/year, as well as tons per 12 consecutive month. 

VOC 
(conditions 6 

and 11)

HAP 
(conditions 3 

and 11)

Actual Emissions Summary (1,2,3)

NOx 

(condition 7)

CO (condition 
8)

SO2 

(condition 9)

PM10 

(conditions 
10 and 30)



 

Monthly Fuel Usage and Operating Hours



Milan Army Ammunition Plant
Conditional Major 
Permit No. 467630

Fuel Usage Tracking — Fuel Oil Usage (gal/mo.)
Jan-16 Feb-16 Mar-16 Apr-16 May-16 Jun-16 Jul-16 Aug-16 Sep-16 Oct-16 Nov-16 Dec-16

A115L-1 0 0 0 0 0 0 0 0 0 0 0 0
A115L-2 0 0 0 0 0 0 0 0 0 0 0 0
I3A-1 0 0 0 0 0 0 0 0 0 0 0 0
I4-A1 2247 1797 535 201 0 0 0 0 0 0 373 1874
I5A-1 0 0 0 0 0 0 0 0 0 0 0 0
V1L-1 0 0 0 0 0 0 0 0 0 0 0 0
B21L-1 0 0 0 0 0 0 0 0 0 0 0 0
B21L-2 0 0 0 0 0 0 0 0 0 0 0 0
J107A-1 0 0 0 0 0 0 0 0 0 0 0 0
J107A-2 0 0 0 0 0 0 0 0 0 0 0 0
T116A-1 1767 1082 360 19 0 0 0 0 0 0 557 1196
D88L-1 0 0 0 0 0 0 0 0 0 0 0 0
D88L-2 0 0 0 0 0 0 0 0 0 0 0 0

Operating Hours Tracking (hr/mo.)
Jan-16 Feb-16 Mar-16 Apr-16 May-16 Jun-16 Jul-16 Aug-16 Sep-16 Oct-16 Nov-16 Dec-16

A115L-1 0 0 0 0 0 0 0 0 0 0 0 0
A115L-2 0 0 0 0 0 0 0 0 0 0 0 0
I3A-1 0 0 0 0 0 0 0 0 0 0 0 0
I4-A1 235 188 56 21 0 0 0 0 0 0 39 196
I5A-1 0 0 0 0 0 0 0 0 0 0 0 0
V1L-1 0 0 0 0 0 0 0 0 0 0 0 0
B21L-1 0 0 0 0 0 0 0 0 0 0 0 0
B21L-2 0 0 0 0 0 0 0 0 0 0 0 0
J107A-1 0 0 0 0 0 0 0 0 0 0 0 0
J107A-2 0 0 0 0 0 0 0 0 0 0 0 0
T116A-1 177 154 38 3 0 0 0 0 0 0 84 144
D88L-1 0 0 0 0 0 0 0 0 0 0 0 0
D88L-2 0 0 0 0 0 0 0 0 0 0 0 0



 

Monthly Paint and Solvent Usage and LAP Production



Milan Army Ammunition Plant
Conditional Major 
Permit No. 467630

Surface Coating Operations - Paint and Solvent Usage (Condition No. 11)
Jan-16 Feb-16 Mar-16 Apr-16 May-16 Jun-16 Jul-16 Aug-16 Sep-16 Oct-16 Nov-16 Dec-16

Paint Usage 0 0 0 0 0 0 0 0 0 0 0 0
Solvent Usage 0 0 0 0 0 0 0 0 0 0 0 0

LAP Production (Condition No. 30)
Jan-16 Feb-16 Mar-16 Apr-16 May-16 Jun-16 Jul-16 Aug-16 Sep-16 Oct-16 Nov-16 Dec-16

Production 0 0 0 0 0 0 0 0 0 0 0 0

Production and Paint Usage provided by American Ordnance.  Since there was no usage during 2016, the emissions are 0.  



 

Monthly Woodworking Operations and Emissions



Milan Army Ammunition Plant
Conditional Major 
Permit No. 467630

hours of operation 
(hours/month)

Loading Rate 
(lbs/hour)

PM Emissions 
(lb/hour)

PM Emissions 
(tons/month)

Jan-16 0 0.00E+00
Feb-16 2 2.00E-03
Mar-16 0 0.00E+00
Apr-16 2 2.00E-03
May-16 0 0.00E+00
Jun-16 0 0.00E+00
Jul-16 3 3.00E-03
Aug-16 0 0.00E+00
Sep-16 9 9.00E-03
Oct-16 0 0.00E+00
Nov-16 0 0.00E+00
Dec-16 0 0.00E+00

240

Woodworking Operations (J-5)
Condition No. 30



 

Department of Defense Research on Alternative Methods for Open Burning
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CY2016 

Evaluation of Alternative Technologies to Open Burning and 
Open Detonation of Explosive and Explosive Contaminated or 

Potentially Explosive Contaminated Waste 

Milan Army Ammunition Plant 
 

Purpose 

The purpose of this document is to meet Condition No. 44 (AA1) of the Milan Army Ammunition 
Plant (MLAAP) Conditional Major Air Permit No. 467630 issued October 18, 2016.  Condition 
No. 44(AA1) states that MLAAP will conduct a review of all available DoD research related to 
alternatives to open burning of explosives and explosive-contaminated and or potentially explosive 
contaminated combustibles annually.  In the event a safe alternative is discovered, the report shall 
include a plan to implement the new method of disposal or a technical explanation of why such 
method is not technically feasible at the installation. 

Approach 

An evaluation was made of the feasibility and safety of technologies other than OB and OD for 
treating the energetic wastes generated by MLAAP using the below six-step approach.  

Step 1. Identify and describe the energetic waste stream. 

Step 2. Identify safety issues. 

Step 3. Identify and categorize alternative technologies to OB and OD 

Step 4. Screen the technologies for general applicability to the energetic waste stream and 
technology maturity. 

Step 5. Provide more information about the technologies that pass the initial screening. 

Step 6. Evaluate the technologies for specific application to the waste stream and compare 
them with the current treatment methods. 

This approach was also used by Naval Air Weapons Station, China Lake, California (which we 
will refer to as China Lake for brevity) to support their Resource Conservation and Recovery Act 
(RCRA) OD permit application. China Lake completed a thorough evaluation of alternative 
technologies to OD to support their permit, and they continue to monitor technological 
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developments.  MLAAP was able to leverage much of China Lake’s research efforts to complete 
an evaluation of alternative technologies.  

Historical Background  

The MLAAP covers approximately 22,351 acres in Gibson and Carroll Counties of western 
Tennessee (Figure 1).  MLAAP is located 5 miles east of Milan, Tennessee (Gibson County) and 
28 miles north of Jackson, Tennessee.  Lavinia, a small town on the eastern side of the installation, 
is located in Carroll County.  Main access to the site is provided by Tennessee Highway 104 West, 
on which the MLAAP headquarters is located. 
 
The MLAAP opened in 1942 and is an active Army Special Installation.  Until late 2012 early 
2013, when production ceased, MLAAP’s mission provided for the load, assembly and pack (LAP) 
of medium-to-large-caliber ammunition and storage of military munitions.  MLAAP is a 
government-owned, contractor-operated military industrial installation operated by American 
Ordnance LLC.  MLAAP’s current mission is to maintain the capability to LAP medium-to-large 
caliber ammunition as well as munitions storage and demolition and to transition to a commercial 
distribution site.  MLAAP is currently inactive in the LAP areas.   

Figure 1. Location of Milan Army Ammunition Plant 

 



 

3 

Sources of Explosive Wastes 

MLAAP energetic waste streams, that are RCRA hazardous wastes, have historically been 
generated from production operations and from its storage mission as military munitions that are 
unstable are removed from storage for treatment or as military munitions are deemed as waste by 
the Designated Ammunition Authority at higher headquarters.  Thus MLAAP’s mission generates 
a diverse energetic waste stream.  MLAAP has a RCRA permit for the Open Burning/Open 
Detonation of Department of Defense military munitions.   

Hazardous wastes generated at MLAAP that are treated by OB/OD primarily include bulk 
propellants, explosives and pyrotechnics (PEP) and munitions and munition components, 
explosive sludges, and explosives contaminated carbon from the treatment of pinkwater that fail a 
reactivity test. 

In addition to the RCRA explosive hazardous wastes mentioned above, MLAAP generates 
explosive contaminated wastes that are not classified as RCRA hazardous wastes.  These explosive 
contaminated wastes pose significant safety hazard and are treated by “flashing” at the treatment 
area. 

Waste Reduction and Minimization 

Periodic reviews for waste minimization are essential for tracking progress and compliance to meet 
and satisfy the State of Tennessee Hazardous Waste Reduction Act of 1990 and the requirements 
of the Resource Conservation and Recovery Act (RCRA).  A hazardous waste reduction 
assessment is conducted annually as the annual hazardous waste summary is generated.  
Assessment of hazardous waste generation at MLAAP is ongoing as aspects and impacts are 
reviewed in conformance to the ISO 14001 Environmental Management System.  The purpose of 
this assessment is three-fold: 

 
 To determine conformance and compliance with Federal, State and internal hazardous waste 

regulations 
 To identify opportunities for reducing wastes of all types (solid, liquid, gaseous, hazardous, 

non-hazardous) at MLAAP and 
 To provide information on alternative methods of capturing those opportunities for use by 

MLAAP in deciding which, if any, options may be implemented.   

STEP 1. IDENTIFY AND DESCRIBE THE ENERGETIC WASTE STREAM 

MLAAP waste streams may be broadly classified into the following categories as listed in Table 
1.  These categories were used in the MLAAP RCRA Subpart X permit application in 2011. 
 
The MLAAP military munitions waste stream (Category A in Table 1) has been divided into 
thirteen distinct munitions categories, using treatment data from 2006 as a base year.  Calendar 
year 2006 was used in the Human Health and Ecological Risk Assessment for the Subpart X RCRA 
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permit application because that year represented a broad range of typical categories of military 
munitions that have been treated at MLAAP.  These categories were chosen based on MLAAP’s 
mission and applicability for evaluating alternative technologies.  Total breakdown of all materials 
in a category is complicated by the extreme variety of items in the category.  Although there are a 
wide variety of items in each category, the general composition is expected to include the 
components of commonly used explosives and explosive mixtures.  In 2016 there were no 
explosives open burned at MLAAP. The main treatment categories treated by OD in CY2016 
included fuzes, single base propellant and composition B munitions components.  Table 2 depicts 
the quantity treated by OD by total NEW.   
 
Table 1 includes a brief description of the “explosive contaminated” and “potentially explosive 
contaminated” waste streams.  The “potentially contaminated” explosive waste stream has been 
discontinued.  The “explosive contaminated” waste stream remains active.  The explosive 
contaminated waste stream is highly variable.  The weight treated includes the weight of metal 
that was recycled and dunnage used to build the fire. 
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Table 1 

Milan AAP Waste Stream Categories 
 

Waste Stream 
Categories 

Waste Stream Description 
Treatment 

Method 
Amount Treated 

CY2016 

A. Military 
Munitions 

1. Military Munitions 20mm 
through 155 mm, 
components and 
subassemblies 

2. Composition B based 
explosives 

3. Countermeasure Flares 
4. Single Base propellants 
5. Double Base propellants 
6. Triple Base propellants 
7. Ammonium Perchlorate 

Based propellants 
8. RDX based explosives 
9. Fuzes 
10. Illumination flares and 

pyrotechnics compositions 
11. Black Powder 
12. Insensitive munitions 
13. TNT 

Explosives 
Waste that are 
Open 
Detonated or 
Open Burned 

4,882 NEW Pounds 
treated by Open 
Detonation. 
 
0 Pounds treated by 
Open Burning. 

B.1.Explosive 
Contaminated 
Waste 

1. Comprised of equipment 
and packaging known to be 
contaminated with 
explosives 

2. Material Potentially 
Presenting an Explosive 
Hazard (e.g., munitions 
containers, munitions debris 
remaining after munitions 
use, range related debris) 

3. Explosives contaminated 
equipment from explosives 
processing 

Open Burning *204,527 Pounds 
 
379,840 pounds of 
metal were recovered 
for recycling 

B.2.Potentially 
Contaminated 
Explosive Waste 

1. Comprised of packaging 
from production areas likely 
contaminated with 
explosives 

Open Burning 41,640 Pounds 

* This quantity primarily includes the weight of the combustibles used to build the fire to 
“flash” the explosive contaminated equipment. 
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Table 2 
MLAAP Explosive (Military Munitions) Waste Stream Treated by OD 2016 

Waste Stream Category 
Total NEW 

(lbs.) 

Percent of 
Waste Stream 

by NEW 

M223	FUZE	 544.4613 11.15192	
M169	CTG.	CASE	ASSY.	 0.0101 0.000207	
M118	CTG.	CASE,	40MM	 0.0016 3.28E‐05	
M550	FUZE	WO/SPITBACK 0.0015 3.07E‐05	
COMP	A‐5	VACUUM	SCRAP 30 0.614475	
COMP	A‐5	 4 0.08193	
BLACK	POWDER	 2402 49.19895	
M767A1	FUZE	 0.4021 0.008236	
M74	GRENADE	W/M219A2	FUZE 1401.385 28.70386	
COMP	B,	GR.	A.	CLEAN	RISER	SCRAP 4 0.08193	
M55	STAB	DETONATOR	 283.82 5.813341	
EXPULSION	CHARGE	155MM 181.0565 3.708489	
EXPULSION	CHG.	ASSY.	 31.08 0.636596	

TOTAL	 								4882.2	 																100%	

   

 
Figure 2. Breakdown of Military Munitions Treated by OB/OD from 2016 
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Explosive contaminated wastes (Category B.1 in Table 1) are solid wastes that are segregated from 
non-explosive contaminated wastes due to their contact with explosives.  The explosive 
contaminated waste stream includes material potentially presenting an explosive hazard (MPPEH).  
MPPEH broadly contains such items as ventilation ducts, piping, holding tanks, range debris, etc.  
MPPEH items potentially contain a high enough concentration of explosives that the material 
presents an explosive hazard.  The size of MPPEH may range from a 40MM casing that can fit in 
the palm of a hand, to a 155MM casing weighing 75 pounds or equipment weighing many tons 
that has to be handled with heavy equipment.  Explosive contaminated wastes also include such 
items as packaging, personal protective clothing from explosive handling areas.     
 
One example of MPPEH includes vacuum piping.  In particular explosives operations, explosives 
are vacuumed from the operation to a remote location from the operation.  The contaminated piping 
at some locations was removed in 2016 and sent to the Burning Ground for flashing.  Contaminated 
piping is a particular risk as it is unsafe to cut and unsafe to decontaminate by any means other 
than open burning because the internal cavities of the pipe are not accessible for inspection.  

 
Potentially contaminated explosive wastes (Category B.2 in Table 1) are wastes that have 
historically been generated on production lines that have a potential to have come into contact with 
explosives.  These wastes include such items as packaging and containers and floor sweepings 
from locations that do not utilize bulk explosives or propellant.  Since production lines are shut 
down, the potentially explosive contaminated waste stream has been discontinued.  Testing and/or 
process knowledge will determine if the waste warrants treatment as explosive contaminated.  

 
When evaluating the applicability of alternative technologies, it is important to note that 
MLAAP’s waste stream changes with time as munitions developed change or as DoD mission 
requirements at MLAAP are determined, hence it is never homogenous.  Because MLAAP’s 
LAP mission is currently inactive but subject to change, future waste streams may not correlate 
well with past waste stream items. Hence, accurate prediction of wastes to be expected in the 
upcoming years is unlikely.  

STEP 2. IDENTIFICATION OF SAFETY ISSUES 

Safety issues present the most significant constraints when evaluating alternative treatment 
methods for energetic wastes. Once a propellant or explosive is initiated, the energy reactions are 
extremely rapid and violent. Therefore, safety is of prime importance when working with 
propellants, explosives, and ordnance containing energetic materials. One of the fundamentals of 
safety is to minimize the exposure of people and equipment to energetics. Methods for destruction 
are based upon the quantity and nature of the materials to be destroyed. 
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Treatment at the OD unit occurs both aboveground and in subsurface configurations. Aboveground 
thermal treatment by OD may be required in the case of machine-damaged, dropped, and other 
dangerous rounds.  Aboveground OD is only used on munitions items that are too dangerous to 
manage via standard subsurface treatment.   Subsurface thermal treatment at the OD unit is for 
bulk military high explosives, completed military ammunition, and munitions components.  
Treatment at the OB unit takes place in elevated burn pans on concrete pads. At MLAAP, 
explosives are stored in special explosive storage igloos located on the MLAAP facility. The 
proximity of explosives and explosives contaminated wastes to the MLAAP OB/OD site 
minimizes the handling, transportation and subsequent exposure of personnel and transients to 
potential explosive mishaps. 

MLAAP places great emphasis on the safety and health of its employees, especially those 
performing potentially dangerous operations such as working with propellants and explosives and 
explosive contaminated wastes. The Plant Safety Committee which is comprised of subject matter 
experts in occupational health, environmental regulations, industrial hygiene and explosive safety, 
meets on a monthly basis to detail all of the potential hazards associated with explosive operations.  

The Department of Defense Explosives Safety Board (DDESB) established explosives safety 
standards (DoD 6055.09-STD, DoD Ammunition and Explosives Safety Standards, February 
2008), policy, and guidance applicable to military munitions, including demilitarization and 
disposal.  All explosives safety procedures at MLAAP follow the DoD requirement set forth in 
DoD Directive 6055.9E, to “expose the minimum number of people for the minimum time to the 
minimum amount of explosives…”.  The OB and OD of energetic wastes at MLAAP are within 
acceptable risk limits, provided excessive unpacking or manipulation of energetic wastes is 
avoided.  Each explosive operation being conducted must ensure the exposure time that personnel 
physically interact with explosives is minimized as much as possible to mitigate the likelihood of 
an explosive Accident or Incident (A/I). 

Department of Transportation and DoD regulations prohibit many of the energetic wastes 
generated by MLAAP from being transported on public roadways, either because they are 
materials that have not been fully classified for transportation, or because they have been damaged 
or otherwise altered through production activities causing them to have unpredictable stability and 
sensitivity.  

Additionally, alternative treatment methods that involve pretreatment such as cutting, grinding, 
or other significant manipulation of the energetic material such as repackaging and 
transportation, would involve unacceptable risk because of the variety and unpredictable 
explosive hazards associated with energetic waste. These pretreatment operations would also 
result in greatly increased manipulation requirements for the energetic wastes, increasing the 
exposure time of people to explosives and therefore increasing the probability of an accidental 
injury or death incident.  
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STEP 3. IDENTIFICATION AND CATEGORIZATION OF ALTERNATIVE 
TECHNOLOGIES 

Numerous sources were used to identify and obtain information about alternative technologies. 
Of special note are:  

1. Evaluation of Alternative Technologies to Open Detonation for Treatment of 
Energetic Wastes at the Naval Air Weapons Station, China Lake, California, January 
2004.  

2. Status of Alternative Technologies to OB/OD Events, Naval Air Weapons Station, 
China Lake, California, July 2010.  

3. Status of Alternative Technologies to OB/OD Events, Naval Air Weapons Station, 
China Lake, California, July 2012.  

4. Status of Alternative Technologies to OB/OD Events, Naval Air Weapons Station, 
China Lake, California, July 2014.  

5. OB/OD Alternatives Meeting. Joint Ordnance Commanders Group, Environmental 
Subgroup, February 2015 

6. Review of International Technologies for Destruction of Recovered Chemical 
Warfare Materiel, National Academy of Sciences. 2006. 

7. Human Health and Ecological Risk Assessment Report for the Open Burn/Open 
Detonation Unit, Naval Surface Warfare Center Dahlgren, April 2005. 

8. Review and Evaluation of Alternative Technologies for Demilitarization of 
Assembled Chemical Weapons, National Academy of Sciences, 1999. 

9. CDC (Centers for Disease Control and Prevention). 2006. M55 Rocket 
Fire/Explosion Concerns, March 1. Aberdeen Proving Ground, Md.: U.S. Army 
Chemical Materials Agency. 

10. Investigation Report: Donaldson Enterprises Inc., Fireworks Disposal Explosion and 
Fire, US Chemical Safety and Hazard Investigation Board, April 8, 2011. 

11. Pollutant Emission Factors for a Transportable Detonation System for Destroying 
UXO. UXO Countermine Forum, New Orleans, LA 2001. 

12. Disposal Options for the Rocket Motors from Nerve Agent Rockets Stored at Blue 
Grass Army Depot, National Academies Press. 2012. 

13. Santoleri, J.J., Theodore, L. and Reynolds, J. 2000. Introduction of Hazardous Waste 
Incineration, 2nd Edition. Wiley-Interscience, New York. 

14. Human Health and Ecological Risk Assessment – Subpart X Permit Application, 
Milan Army Ammunition Plant, November 2011 
 

The technologies identified as potential alternatives to OB and OD are grouped into two categories: 
destruction technologies, and recovery and reuse technologies. In addition, pretreatment 
technologies that facilitate either the removal of energetic material from the casing or the 
disassembly of munitions are listed (Figure 3). Table 3 is a comprehensive list of the technologies 
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identified by category, with a brief description of each. All identified technologies are included in 
Table 3, regardless of their level of maturity or their applicability to MLAAP’s energetic waste 
stream.  

 

 

 

 

 

 

 

Table 3. 
Identified Technologies With Description Summaries. 

Technology Description 
Pretreatment: Disassembly 

Flexible Workcell/Robotic 
Disassembly 

Robotics unpack, handle, repack, and help in the disassembly 
process.  

Laser Cutting of Munitions Ultra-short laser pulses ablate the energetic as an alternative 
to conventional explosive machining. 

Pretreatment: Removal Technologies 
Washout, High-Pressure 
Waterjet 

A high-pressure washout nozzle directs streams of water 
against the energetic. The energetic is eroded, removed and 
collected. 

Washout, Steam Steam removes TNT-based explosives 
Washout, Carbon Dioxide A carbon dioxide pellet blaster removes press-loaded 

explosives 
Washout, Liquid Nitrogen High-pressure liquid nitrogen erodes and thermally spalls 

propellant from a rotating rocket motor.  
Meltout, Microwave Microwaves melt out TNT-based explosives. 
Dry Machining Energetics are removed from their casings by machining. 
Cryofracturing, Cryocycling Liquid nitrogen freezes energetics or munitions and then 

fractures them for size reduction or to disassemble small 
cased munitions. 

Ultrasonic Removal Focused ultrasonic energy fragments the cast-loaded 
energetics and enables removal. Recovery/reuse would 
follow. 

Figure 3. Technology Categories 
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Primary Treatment: Destructive Technologies 
Open Burn Described in permit (Most of which is similar to “Contained 

Burn #2” without treatment of combustion gases.) 
Open Detonation Described in permit  
Contained Detonation Energetics are detonated in a steel chamber, constructed to 

dampen the blast. After-burning reactions are suppressed to 
protect the integrity of the chamber. Particulates are filtered 
from the detonation gases. 

Contained Burn #1, Solid Rocket 
Motors 

Rocket motors are burned in a confined chamber. The 
combustion gases are contained, treated, and released. 

Contained Burn #2, Confined 
Burn Facility 

Energetic wastes are burned in a blast-reinforced chamber. 
The combustion gases are contained, treated, and released. 

Incineration, Rotary Kiln Enclosed incineration. Rotary kiln slowly moves waste from 
one end to the other. Waste detonates or combusts. Emissions 
are treated. Uniform waste streams are treated most 
efficiently. Small explosive items (< 40 grams energetics) 
with casings are acceptable in some units. 

Incineration, Plasma Arc Molten slag (soil with iron fluxing agent) destroys organic 
compounds and traps inorganic compounds. Emissions are 
treated. Enclosed alternative to incineration.  

Incineration, Fluidized Bed Waste is injected into a turbulent bed of hot sand, created by 
forced air. Emissions are treated. Limited to liquids, slurries 
and powders with low organic content. Enclosed incinerator. 

Oxidation, Base Hydrolysis Waste is heated to mild temperatures (90 to 150⁰C) and 
usually elevated pressures (200 psig) with a strong base (pH 
>12). Energetic waste is converted to water-soluble, non-
energetic products. Resulting solution is still hazardous and 
must be treated. 

Oxidation, Supercritical Water 
(Hydrothermal Oxidation) 

Organic waste, water, and an oxidant (e.g., air or oxygen are 
subjected to high temperature and pressure (>374⁰C, >3,000 
psig). Organics are decomposed. Very severe operating 
requirements and usually reserved for the more difficult to 
treat wastes 

Oxidation, Molten Salt Air and water are injected into a molten salt bed. The product 
gases are forced to pass through the molten salt before 
exiting, which results in good retention of metals and acidic 
gases. Operating temperatures are typically from 850 to 
1,000⁰C. 

Oxidation, Electrochemical An electrochemical cell is used to destroy organic waste. 
Organic liquids are oxidized either directly by metal ions, or 
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by other oxidizing compounds produced from reaction 
involving the metal ions. This technology is being considered 
for primary explosives such as azides and styphnates, but has 
not been developed for this application yet. 

Oxidation, Wet Air Aqueous phase oxidation is used to treat organic and 
inorganic wastes at elevated temperatures (150 to 320⁰C) and 
pressures (300 to 3,000 psig). Similar to supercritical water 
oxidation (SCWO), but with slightly lower temperatures and 
pressures. Limited to slurries and liquids. 

Oxidation, Peroxydisulfate An aqueous process that uses sodium or ammonium-
peroxydisulfate to destroy organic liquids or solids. 

Oxidation, Adams Sulfur Organic wastes are reacted in an atmosphere of elemental 
sulfur vapor at low temperatures. Products are carbon-sulfur 
residue, hydrogen sulfide gas, and sulfides. Emission must be 
treated. 

Molten Metal A molten metal medium destroys energetic wastes. 
Hypergolic Non-Detonative 
Neutralization 

Bulk energetic wastes are reacted with a hypergolic chemical 
(the combination would instantly ignite), which neutralizes 
the energetic waste in a controlled exothermic reaction. 

Charged Particle Beam Energetic electron beams detect and detonate high explosives. 
Applicable for clearance of unexploded ordnance from 
military ranges. 

Primary Treatment: Recovery and Reuse 
Liquid Ammonia Extraction Propellant and explosive fuel and oxidizer ingredients are 

extracted, separated, and recovered using liquid ammonia. 
Reuse Solid Propellant for 
Commercial Mining/Quarry 
Applications 

Reformulation of reclaimed explosives and propellants into 
commercial blasting explosives for use in mining application. 

Commercial Resale Sale of obsolete U.S. munitions 
Commercial Conversion Chemical conversion of recovered explosives and propellants 

to form other products  
Co-Firing in Boilers Energetics are desensitized so that they can be co-fired with 

traditional fuels in commercial boilers for heat. 
Actodemil Oxidation Explosive waste slurry or granular solids are fed into the unit. 

Oxidation occurs at moderate temperatures (70°C to 90°C) 
and atmospheric pressure with a potassium hydroxide/humic 
acid reagent over a period of two to four hours. After 
hydrolysis, the waste stream is neutralized using hydrogen 
peroxide. (Actodemil is a patented process of Arctech Inc. 
based in Chantilly, Virginia.) 
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STEP 4. TECHNOLOGY SCREENS 

Two initial screening criteria were applied to the identified technologies: 1) basic applicability of 
the technology to MLAAP’s waste stream, and 2) maturity of the technology.  

Basic Applicability Screen  
Most of the alternatives to OB and OD identified are being developed to treat the growing 
stockpile of homogenous unusable munitions at production or demilitarization facilities. As a 
result, technology development is focused on treating a large volume of homogenous munitions.  
MLAAP is not a typical demilitarization facility that handles large volumes of homogenous 
wastes nor an active ammunition plant with low variety of products and wastes.   The energetic 
waste stream at MLAAP is variable and is currently being generated by wastes coming out of the 
storage area as determined by the DoD Designated Disposition Authority (DDA).  If MLAAP 
was active and generating a high volume of specific wastes, then specific demil capabilities 
could be emphasized to a greater extent. 

Disassembly 
Manual disassembly of the compromised munitions of MLAAP’s waste stream poses an 
unacceptable risk to the workforce.  Disassembly technologies typically involve assembly line 
operations, with preprogrammed machinery that can repeat the same task for multiple iterations. 
Programmable assembly line operations work well for large quantities of homogenous items which 
are in good to near pristine condition.  

The energetic waste stream at MLAAP currently exhibits a complete lack of uniformity regarding 
geometry, explosive type, fuzing cavity spaces, degree of corrosion/degradation and country of 
origin. Items are frequently misshapen from environmental stressors such as heat, cold, humidity, 
age or other safety and stress tests. Thus, reprogramming would be impractical if not impossible 
to adjust for the unique configurations of each item.  MLAAP is unaware of assembly line systems 
for disassembling compromised munitions from conventional weapons.   

Additionally, Sandia National Labs is attempting to create a prototype system at McAlester 
Army Ammunition Plant in Oklahoma to disassemble 40mm fixed round munitions. Testing has 
found that although the munitions were thought to be identical, nose closure threads on the pitch 
of the projectile varied resulting in the inability of the disassembly machines to unscrew the nose 
closures.  Thus even small differences in the configuration of unstressed munitions prove to be 
challenging to automated disassembly processes. 

It is important to note that the explosive contaminated waste stream composed of MPPEH is 
completely non-homogenous. 

Removal 
Technologies in the “removal” category are considered ancillary treatments. These technologies 
must be coupled with a primary treatment technology as a pretreatment of the wastes. Removal 
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technologies are applicable to a wide variety of munitions and munitions components with minor 
changes to the procedure. Washout by water jet, steam, carbon dioxide, or liquid nitrogen can be 
done to different munitions by changes to cutting nozzles, pressures and locations of the cuts. 
However, these technologies increase risks to ordnance workers since the munitions are unstable 
or misshapen after testing.  Each individual item would have to be assessed on a case-by-case 
basis to determine, if possible, where to make efficient cuts and how much pressure is required to 
safely cut open the munition without causing a reaction. The additional handling and exposure 
required for each munition item poses unacceptable risks to the workforce. The other 
disadvantage to abrasive water jet cutting is that an additional waste stream is created because 
the water used in the cutting becomes contaminated with explosives, metal particles, and grit.  

Likewise, dry machining evokes serious safety concerns. Dry machining involves the mechanical 
shearing, sawing or punching of test items to remove fuzes or detonators or to expose explosive 
fillers. Explosive hazards and safety concerns of an ordnance worker mutilating unstable munitions 
are the obvious risks.  In addition, most of the equipment developed for this application is utilized 
for a specific munition or specific family of munitions and would not be appropriate for the diverse 
and evolving waste stream of MLAAP.  

Microwave meltout involves a process that melts and erodes the explosive. Through unique 
fixturing, the condensate/explosive mixture is collected and processed by separating/melt kettles 
and the explosive cast into bricks or flaked. Insensitive munitions composed of polymer bonded 
explosives present a particularly difficult challenge because they cannot be removed from the 
munition by autoclave techniques.This method produces large quantities of pink water that would 
add a hazardous waste stream and require treatment prior to discharge. Additionally microwave 
meltout is labor intensive and hazardous to the health of operators.  

Cryofracture involves the cooling of the munitions in a liquid nitrogen bath, followed by fracture 
of the embrittled item(s) in a hydraulic press and the subsequent thermal treatment of the fractured 
munition debris in order to destroy the explosives and decontaminate any residual metal parts 
(which may be recovered for scrap value). Cryofracture itself is not an alternative to OB/OD, but 
is a component of a larger process to destroy munitions items which are then treated to neutralize 
or drive off the energetic hazard. Cryofracture has been implemented at large demilitarization 
facilities such as Fort McAlester, Oklahoma. This technology requires a large infrastructure 
investment. Cryofracture has been demonstrated for industrial-scale, and very specific, 
applications. Cryofracture has not been demonstrated or tested on heterogeneous, small-scale 
waste streams resembling what MLAAP generates; furthermore, there are additional, safety 
concerns regarding the unintentional detonation of these munitions as they are crushed, if the liquid 
nitrogen has not completely inundated the explosive materials. This problem is significantly 
magnified when attempting to treat non-homogenous items that have undergone destructive 
testing, environmental stressors, and/or are experimental explosives developed through various 
R&D initiatives. 
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Recycle and Reuse 
Propellant or explosive removal is the first step in implementing recycle and reuse processes for 
solid rocket motors and munitions. Subsequent steps include size reduction and preparation of the 
material for recycle and reuse. Once it is suitably prepared, the processed propellants and 
explosives can be introduced into the feed streams of the commercial explosives industry for direct 
reuse. Alternatively, the high value constituents of these materials can be chemically extracted for 
reuse. 

Once the energetics have been recovered, they may be used as a supplemental fuel in boilers (co-
firing) to provide energy or converted into other commercial products for resale such as explosives 
used in mining. Quarry and mining explosives are generally “ANFO like” materials (ammonium 
nitrate and fuel oil) and the use of a nonconventional blast explosive (e.g., an explosive removed 
from a waste munition) would need to be approved by the state’s Fire Marshal. Approval is only 
given in cases where there is a continuous source of a material, the product is ensured to be safe 
for the environment and there are industries willing to use the product. MLAAP does not process 
enough material for commercial interests.  Thus such a program for commercial recovery is not 
viable.  

Some technologies (liquid ammonia extraction and Actodemil oxidation) use explosives that have 
been removed from disassembled munitions as a feedstock for the production of propellants or, 
after neutralization, use as a fertilizer. Documented cases of fires that occurred during the cutting 
of rocket motors (Ref 9) and the removal of black powder from fireworks (Ref 10) have proven 
that the sensitivity of the explosives is often a significant safety issue for munition items that must 
undergo disassembly prior to any type of treatment. Due to these safety concerns, the technologies 
which require disassembly or removal of the energetic prior to treatment are not appropriate for 
the MLAAP waste stream.  

Maturity Screen 
The alternative technologies listed in Table 3 are at varying stages of development – ranging from 
conceptual ideas to commercially available. Technologies in very early stages of development, 
including those that are in the conceptual idea, feasibility study, or bench-scale stage, have been 
eliminated from the current evaluation because their degree of success and the potential for 
implementation cannot be reasonably predicted. Additionally, unproven or immature technologies 
pose unacceptable safety risks. If any of the technologies eliminated exhibit promising results for 
development, they can be evaluated in the future.  

Unproven or immature technologies 

Electrochemical Oxidation 
An electrochemical cell is used to destroy organic waste. Organic liquids are oxidized either 
directly by metal ions or by other oxidizing compounds produced from a reaction involving the 
metal ions. This process has been proposed as a possible alternative for treating chemical warfare 
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agents but is not applicable to metal parts, energetics, or dunnage. A substantial research and 
development program for the application of this technology to energetic compounds would be 
required. No lab-scale or pilot plant demonstration data have been published or are available for 
evaluating applicability of this technology to the MLAAP waste stream. The application of this 
technology on MLAAP’s explosive waste stream is currently unproven or immature and will not 
be further evaluated in this report.  

Wet Air Oxidation 
Organic materials in a dilute aqueous mixture are oxidized at elevated temperatures and pressures, 
detoxifying and converting residual organics to carbon dioxide. Despite long residence times, 
refractory organic compounds remain. Application of this process to the treatment of energetics 
will require additional research and pilot plant studies. The application of this technology on 
MLAAP’s explosive waste stream is currently unproven or immature and will not be further 
evaluated in this report. 

Peroxydisulfate Oxidation 
Peroxydisulfate salts can be used to oxidize organic compounds to CO2. This technology has been 
proposed as a potential treatment method for wastes generated during chemical agent 
detoxification. However, this process has not been shown to be applicable to contaminated metal 
parts or energetics and is not considered appropriate for the MLAAP’s waste stream. The 
application of this technology on MLAAP’s explosive waste stream is currently unproven or 
immature and will not be further evaluated in this report. 

Adams Sulfur Oxidation 
This process used a patented method that relies on the reactivity of elemental sulfur vapor to 
destroy organic materials at temperatures of 500 to 600 °C. Liquid (chemical) agent and sulfur 
vapor are fed to a reactor that is maintained at a constant temperature. The gas leaving the reactor 
contains nitrogen and unreacted sulfur vapor along with products of the reaction such as carbon 
disulfide, hydrogen sulfide, carbonyl sulfide, disulfur dichloride, thiophosgene, and hydrochloric 
acid. The application of this technology on MLAAP’s explosive waste stream is currently 
unproven or immature and will not be further evaluated in this report. 

Molten Metal 
Metals such as copper, iron, or cobalt are used at high temperatures (3,000°F) to thermally 
decompose organic compounds such as chemical agents. Inorganics are dissolved to form a slag 
that is insoluble in the liquid metal and rises to the top of the vessel where it can be removed 
(skimmed off the top). Gasses from the furnace would be very dirty, containing soot from the metal 
pyrolysis and possible form slag particulate matter. A separate purifier unit would be needed to 
clean the gas before it is released. The molten metal furnace and catalytic extraction process are 
essentially developed technologies as they are very similar to those used in steel production. 
However, the use of these technologies in the destruction of munitions or propellants has not been 
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tested or evaluated. The application of this technology on MLAAP’s explosive waste stream is 
currently unproven or immature and will not be further evaluated in this report. 
 
Hypergolic Non-Detonative Neutralization 
Amine compounds are reacted with bulk TNT, RDX, and Comp B, leading to spontaneous burning 
of the explosive materials supposedly without detonation, deflagration, or uncontrolled cook-off. 
The high costs of degrading explosives by this method have discouraged further research and 
development of this technology. MLAAP is unaware of any pilot plant demonstration data that 
have been published or are available for evaluating applicability of this technology to the MLAAP 
waste stream. The application of this technology on MLAAP’s explosive waste stream is currently 
unproven or immature and will not be further evaluated in this report. 

 
Charged Particle Beam 
Energetically-charged (electron and proton) particle beams can penetrate significant distances into 
dense media and deposit significant fractions of their energy in the form of secondary electrons, 
gamma rays, x-rays, and neutrons. Such energy deposition can lead to heating, melting, material 
dispersal and thermal shock of energetic materials. It has been shown experimentally that under 
proper conditions both sensitive and insensitive high explosives can be detonated by electronic 
beams. However, the technology to efficiently deliver electron beams of sufficient energy and 
current in the field has not been demonstrated. Research is ongoing at Lawrence Livermore 
National Laboratory (NAWCWD TP 8559). No lab-scale or pilot plant demonstration data have 
been published or are available for evaluating applicability of this technology to the MLAAP waste 
stream. The application of this technology on MLAAP’s explosive waste stream is currently 
unproven or immature and will not be further evaluated in this report. 

 
Base Hydrolysis Oxidation 
Energetic wastes are mixed with a strong base and heated to 90-150⁰C, causing the waste to be 
decomposed into a water soluble product. Since all influent waste material must be separated from 
any non-energetic material, reduced in size so the energetic material can fit through a 1” x 1” mesh, 
and treated within a slurry, this technology is appropriate only for bulk high explosives and 
propellants. The base used for the reaction must be periodically replaced and the resulting 
secondary waste, which is highly toxic and corrosive, must be subjected to additional treatment 
and disposed of in a secure landfill.  
 
This technology requires the energetic material to be removed from munitions and, due to the 
safety concerns outlined above, would not be applicable to cased munitions. However, this 
technology may be applicable to bulk high explosives and bulk propellants. The processes require 
further testing and development to ensure explosives safety of hydrolysis reaction (NAWCWD TP 
8559). No lab-scale or pilot plant demonstration data have been published or are available for 
evaluating applicability of this technology to the MLAAP waste stream. The application of this 
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technology on MLAAP’s explosive waste stream is currently unproven or immature and will not 
be further evaluated in this report. 

 
Molten Salt Oxidation 
A bed of molten salt, usually sodium carbonate, oxidizes organic material at 900 – 1000⁰C. 
Volatile organic compounds in the waste feed material are broken up into their constituents; 
chlorine, sulfur, and phosphorous, are converted into inorganic salts and retained within the salt 
bed. Inorganic compounds and heavy metals sink into the melt and accumulate at the bottom where 
they remain in-situ. This accumulation allows for the possibility of recovering and recycling 
certain metals from the melt during melt disposal. This technology has not been fully developed 
for technology transition. The units were tested on small scale and met with explosives safety 
concerns with product limitations in waste preparation for treatment, reactive residue formation 
and runaway reactions and environmental concerns with the volumes of hazardous waste generated 
verses open burning an open detonation. Operational concerns include the need for expertise by 
users, a slow feed stream process, and significant handling of explosive waste prior to treatment. 
MLAAP is unaware of any applications of this technology on waste streams similar to MLAAP’s. 
The application of this technology on MLAAP’s explosive waste stream is currently unproven or 
immature and will not be further evaluated in this report. 
 
Supercritical Water Oxidation 
The waste feed stream is mixed with an oxidant (air, oxygen, or hydrogen peroxide) in water at 
pressures and temperatures above the critical points (374⁰C and 22.13MPa). At this point, the 
property of water as a polar solvent is diminished and its solubility behavior is reversed allowing 
for a single-phase reaction between an aqueous waste material and a dissolved oxidizer. The 
reactions are enclosed within a pressure vessel maintained at 400-650⁰C and occur relatively 
quickly from only a few seconds to several minutes. This technology is still very much in the early 
stages of development and bench-scale reactors must be lined with gold to prevent corrosion. Solid 
feed waste must be pre-treated by either dissolving or atomizing into a water solution mixed with 
an oxidizer such as hydrogen peroxide. Salts within influent waste will precipitate within the 
oxidation reactor. The unit requires an off-gas treatment facility. Most supercritical fluid 
technology has been confined to the laboratory since it is expensive and usable only on a small 
scale. MLAAP is unaware of any applications of this technology on waste streams similar to 
MLAAP’s. The application of this technology on MLAAP’s explosive waste stream is currently 
unproven or immature and will not be further evaluated in this report. 
 
Fluidized Bed Incineration 
A fluid bed is a dense, uniform suspension of solids (usually sand) maintained in a turbulent motion 
by upward moving air, behaving as a fluid. When fluidized, all particles are suspended and fully 
exposed to the gas stream, increasing the surface area available for reaction. Combustible solids 
are dispersed rapidly and are held for a long enough time to achieve high combustion efficiencies. 
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Influent solid waste requires significant size reduction (shredding) and the removal of alkali 
metals. Solid waste feed particles in a bubbling fluidized bed combustor and a rotating fluidized 
bed combustor must be <10mm and <30mm respectively. Off-gases can be treated; however, 
effluent products can contain high amounts of mercury salts. The process requires a long start-up 
time to bring the bed to the required temperature and the bed material must be regularly 
replenished. This technology requires pretreatment processes which may cause accidental 
detonation of the feed stream, introducing safety hazards and risks to personnel or equipment. 
MLAAP is unaware of any applications of this technology on waste streams similar to MLAAP’s. 
The application of this technology on MLAAP’s explosive waste stream is currently unproven or 
immature and will not be further evaluated in this report.  

 
Plasma Arc Incineration 
Electric current heats gasses to 5,000 – 15,000oC, dissociating waste into atomic elements which 
can re-combine into environmentally safe products. This concept has been proven for municipal 
waste where organic waste is heated and converted into a gas which is fed into a plasma arc for 
refining to be used for electricity generation. Remaining solid waste is fed into another plasma arc 
to be melted and cooled into an inert slag. This process has the potential to create volatile metals 
which must be sent to appropriate air scrubbers for off-gas treatment.  

There were two plasma arc units tested by the Army, one at Hawthorne Army Depot and one at 
NSWC Crane. The Hawthorne unit was called the Plasma Ordnance Demilitarization System 
(PODS).  MSE Technology Applications, Incorporated designed and constructed the PODS for 
Hawthorne Army Depot to treat small caliber, and hand-emplaced pyrotechnics, smokes, and 
flares, canisters removed from 155mm projectiles, and munition components containing small 
quantities of high explosives. The system at Hawthorne was unsuccessful and is currently inactive. 
NSWC Crane tested a Mobile Plasma Treatment System (MPTS). The MPTS was a smaller system 
that was designed to be moved from installation to installation. The MPTS was never proven out, 
nor was it ever used for production demilitarization operations. The MPTS at Crane has been 
dismantled. The application of this technology on MLAAP’s explosive waste stream is currently 
unproven or immature and will not be further evaluated in this report. 

Ultrasonic Fragmentation and Laser Cutting 
Ultrasonic fragmentation and laser cutting are immature and unproven technologies and will not 
be explored further. 
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Table 4. Summary of the Results of the Applicability and Maturity Screens.  

Technology Determination 
Pretreatment: Disassembly 

Flexible Workcell/Robotic Disassembly Not appropriate for MLAAP 
Laser Cutting of Munitions Not appropriate for MLAAP; immature technology 

Pretreatment: Removal Technologies 

Washout, High-Pressure Waterjet Not appropriate for MLAAP 
Washout, Steam Not appropriate for MLAAP 
Washout, Carbon Dioxide Not appropriate for MLAAP 
Washout, Liquid Nitrogen Not appropriate for MLAAP 
Meltout, Microwave Not appropriate for MLAAP 
Dry Machining Not appropriate for MLAAP 
Cryofracturing, Cryocycling Not appropriate for MLAAP 
Ultrasonic Removal Not appropriate for MLAAP; immature technology 

Primary Treatment: Recovery and Reuse 

Liquid Ammonia Extraction Not appropriate for MLAAP 

Reuse Solid Propellant for Commercial Not appropriate for MLAAP 

Commercial Resale Not appropriate for MLAAP 

Commercial Conversion Not appropriate for MLAAP 

Co-Firing in Boilers Not appropriate for MLAAP 

Actodemil Oxidation Not appropriate for MLAAP; immature technology 

Primary Treatment: Destructive Technologies 

 

Oxidation, Electrochemical Immature technology 
Oxidation, Wet Air Immature technology 
Oxidation, Peroxydisulfate Immature technology 
Oxidation, Adams Sulfur Immature technology 
Molten Metal Immature technology 
Hypergolic Non-Detonative Neutralization Immature technology 
Charged Particle Beam Immature technology 
Oxidation, Base Hydrolysis Immature technology 
Oxidation, Molten Salt Immature technology 
Oxidation, Supercritical Water Immature technology 
Incineration, Fluidized Bed Immature technology 
Incineration, Plasma Arc Immature technology 
Contained Detonation Candidate for evaluation 
Contained Burn #2, Confined Burn Facility Candidate for evaluation 
Incineration, Rotary Kiln Candidate for evaluation 
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STEP 5. REVIEW OF REMAINING ALTERNATIVE TECHNOLOGIES 

This section provides information on current OB/OD operations followed by the technologies 
listed in Table 4 that were found to be suitable candidates for further evaluation. The intent of 
these descriptions is to provide an overview of the technology, its developmental status, and a 
general understanding of how the technology fits into the treatment of energetic wastes. Detailed 
qualitative and quantitative data are typically not provided because consistent data do not exist for 
the technologies. Available data vary significantly with the composition of the waste feed streams, 
throughput, operating conditions, and the use of scrubbing and filtration systems. Inclusion of 
these inconsistent data could mislead the reader into assuming that a qualitative and quantitative 
comparison of technologies exists, when in fact it does not. An in-depth analysis, evaluation, and 
comparison of existing data for specific technologies would be required before a final decision to 
implement an alternative technology. 

Each technology description consists of the following outline: 

Summary: Describes how the technology works 

Current status: Describes current reported status of development or implementation of the 
technology 

Applicability to MLAAP energetic wastes: Provides analysis of waste that could 
theoretically be treated by the technology if all considerations of mission impacts, space, 
costs, etc. could be successfully mitigated.   

Impact to MLAAP’s mission: Describes the considerations of locating another explosive 
operation or facility at the MLAAP.  

Environmental Releases: Describes environmental emissions and secondary waste streams. 

Safety: Describes the safety risks posed to the MLAAP workforce. 
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OPEN DETONATION AND OPEN BURNING 

Summary: The methods for conducting OB and OD are described in depth within the MLAAP 
RCRA permit.  Treatment at the OB unit takes place in elevated burn pans.  Treatment at the OD 
unit occurs both aboveground and in subsurface configurations.  Subsurface thermal treatment is 
for bulk military high explosives, completed medium to large caliber military ammunition, and 
munitions components.  Aboveground thermal treatment associated with the OD Unit is for 
treatment of machine-damaged, dropped, and other dangerous rounds.  Aboveground OD is only 
used on munitions items that are too dangerous to manage via standard subsurface treatment.    

Current status: OB and OD are mature technologies and are the current methods of treatment 
for MLAAP energetic wastes at MLAAP.  

Applicability to MLAAP energetic wastes: 100% of MLAAP’s energetic waste stream is 
currently treated using OB and OD. The MLAAP OB and OD sites are located at strategic safe 
distances from the general pubic, other mission essential explosive storage igloos, and inhabited 
areas on MLAAP. 

Impact to MLAAP’s mission:  The area is already secured with qualified, experienced and 
certified personnel on-hand so the handling, movement and overall exposure to explosive 
hazards are minimized to the greatest degree possible. 

Environmental Releases: Environmental releases from MLAAP’s OB/OD activities were 
evaluated in the 2011 Human Health and Ecological Risk Assessment (HHERA) Report for the 
Subpart X Application, Milan Army Ammunition Plant (Ref. 14).  For the dispersion modeling 
of OB/OD ordnance, the USEPA model, OB/OD Dispersion Model (OBODM) was used as 
recommended by the TDEC and USEPA Region 4.  This model was developed by the 
U.S. Army for use in evaluating the potential air quality and depositional impacts of the OB/OD 
of obsolete munitions and solid propellants. 

OBODM contains emission factors for approximately 40 different classes of ordnances. The list 
of contaminants used at MLAAP for identification as contaminants of potential concern (COPC) 
and evaluated in the human health and ecological risk assessment is provided in Appendix C. At 
MLAAP, 13 of the OBODM classes were used reflective of a typical disposal inventory.  In 
order to accurately depict a worse-case hourly quantity to use in the modeling for MLAAP, the 
maximum amount was derived for each disposal type.  

For OB, a total of 11 burn pans can be used in an hour:  nine pans with a maximum capacity of 
333.33 pounds each and two pans with a maximum capacity of 500 pounds each.  Due to 
safety reasons, the burn pans are not typically filled to capacity; therefore, in the modeling, a 
burn amount of 300 pounds was used for each of the nine burn pans and 500 pounds was used 
for the remaining two pans.  The resulting maximum amount burned per hour 3,700 pounds.  The 
lesser of the maximum per hour and the annual inventory quantity was used in the modeling.   
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In total, 380 individual OBODM model runs were made to reflect all combinations of ordnance, 
chemical, receptor grid, concentration, and deposition modeling.   

For the human health risk assessment, risk screening was conservative and was performed in 
accordance with the Risk Assessment Guidance for Superfund (RAGS).  Specific 
characterization was not warranted because no air or soil contaminants of potential concern 
(COPCs) were identified. 

The ecological risk assessment summary indicated that ecological threats are almost, or entirely, 
absent and therefore no further work is warranted based on ecological risk and the estimated 
concentrations used to develop the screening level ecological risk calculations in this SLERA 
(USEPA, 1997).   

Generally, OB/OD generates air emissions and, on rare occasions, OB generates ash that must be 
managed as a potentially hazardous secondary waste stream.  Metal fragments are recovered 
certified and verified to be free of explosive materials, and recycled.   

Emissions from the OB/OD of a wide variety of energetic materials and ordnance items have 
been measured using various air sampling systems such as the BangBox, the Nevada Test Site X-
Tunnel, the Hypervelocity Lab Chamber, the Fixed-Wing Aircraft mounted sampler, an airborne 
“Flyer”, a raised scissor-lift equipped with air emissions sampling devices, and Micro-Pulse 
LIDAR.  Although not every test used the same sampling methods and/or included the complete 
list of target analytes, the combined test results account for all constituent types (e.g., gases, 
metals, particulates) and can be considered representative of OB/OD emissions at MLAAP. The 
sampling equipment and analytical methods used during the various testing programs are listed 
in Appendix B. 

The initial detonation products are: carbon (C) (soot), carbon monoxide (CO), hydrogen (H2), 
methane (CH4), ethane (C2H6), formaldehyde, nitrogen (N), carbon dioxide (CO2), water vapor 
(H2O), small hydrocarbons and small CxHy fragments.  The initial stage of the typical detonation 
process is over in less than 10 microseconds and is followed by a 2 to 5 second duration fireball 
(after burn).  In this second stage of the process, combustible detonation reaction products (e.g., 
CO, CH4, C2H6, formaldehyde, H2 and the CxHy fragments) are spontaneously oxidized 
(combusted) to CO2 and H2O.   

Test data have shown that unconfined detonations, lightly-confined detonations, and burns yield 
similar emission products but the mix of products is different.  The emission products from the 
energetic materials are carbon dioxide, water, and nitrogen, along with small quantities of NOx 
and light hydrocarbons. Consistent with detonation theory, test data have also shown that 
molecules larger than the starting molecules are not formed, even when the detonation is 
partially confined. Emission products from most energetic materials destroyed by OB and OD 
processes are adequately represented by carbon dioxide, carbon monoxide, nitrogen oxide, 
nitrogen dioxide, total saturated hydrocarbons (ethane, propane, and butane), acetylene, ethylene, 
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propene, benzene, toluene, and particulate.  Compared to an unconfined detonation of the same 
material, detonating an energetic material under a soil cover (buried detonation) or other 
conditions which inhibit the formation of a fireball will cause a decrease in CO2 and an increase 
in soot (free carbon), carbon monoxide, light saturated hydrocarbons, acetylene, ethylene, 
propene, benzene, and toluene.  

Emission data generated from these tests represent emissions from uncontained treatment of 
explosives and are often used to conduct risk assessments to evaluate releases from the OB/OD 
units. Emission factors based on these tests have been published, typically on a pound of 
compound per pound of net explosive weight (NEW) basis, and can be used to predict the types 
and quantities of pollutants released during open burning. 

Safety: The MLAAP has in place standard operating procedures (SOPS) for OB and OD 
activities in an effort to mitigate risks/hazards to acceptable levels to prevent a mishap from 
occurring.  See Step 2 of this report.    

CONTAINED DETONATION 

Summary: Contained detonation of munitions can be performed in detonation chambers.  
Usually the munition to be destroyed is bundled with donor charges and carried by hand into a 
detonation chamber where it is placed in a preconfigured location and arranged for detonation. 
The detonation is initiated with electric blasting caps. The chamber is designed to withstand the 
detonation pressure and fragmentation. Expanding gasses are vented and cooled within an 
expansion tank before being filtered through an air pollution control unit for discharge to the 
atmosphere. Airborne particulates are collected on filters in the final stage. Filters create a 
secondary waste stream and must be removed as hazardous wastes. The systems can be 
transportable or fixed.  
 

Emissions generated during the detonation are vented to an expansion chamber to reduce 
pressure and then to a baghouse system to filter out particulates. The remaining emissions are 
vented to the air. Noise, overpressure, particulates, and thermal and debris hazards are 
significantly reduced. The water used to prepare the munition quenches the after-burning, which 
leads to an increase in products of incomplete combustion that may not be captured by the 
particulate filters.  

Current status: This technology has been used by some DoD organizations.  For example, 
NSWC Crane procured a D-200 model contained detonation chamber (CDC) over 10 years ago 
(2004). Crane conducted a stress test on the chamber prior to conducting treatment but, due to 
failures of the door and walls, the CDC has never been used for treatment at Crane.  The 
structure is currently being utilized as an explosive staging site to support demolition operations 
as well has a holding cell for the temporary storage of material potentially presenting an 
explosive hazard (MPPEH). 
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MLAAP has had two Donovan Blast Chamber (DBC’s) that were RCRA constructed in 1997 
and used in 1997-98.  They were RCRA closed in 2008.  The DBC’s were specifically 
constructed to treat M42/M46 grenades downloaded from the 155MM DDICM round.  Each 
DBC was 12 feet by 16 feet by 18 feet, totally enclosed, and constructed of approximately two 
feet thick steel walls that are filled with sand.  Each had a front entrance hydraulic door, a 
hydraulic exhaust door in the rear and a venting system for overpressure control.  The 
overpressure was directed from each chamber through a venting system to expansion chambers.  
The expansion chambers were fabricated from low carbon steel.  Each expansion chamber was 
approximately ten feet in diameter and twenty-five feet long. 
 
The chambers were large enough to accommodate munitions of different types.  The blast 
chambers were located inside a metal fabricated building.  Each chamber contained an eleven 
thousand pound, open top, fragmentation containment unit (FCU) that was partially filled with 
gravel. 

An explosive munition was placed in the FCU with an appropriate explosive donor charge.  A 
detonator was inserted into the energetic material.  The hydraulic doors were sealed shut and the 
detonator was connected to a firing unit outside the chamber.  The chamber was at ambient 
pressure and temperature before and after the detonation.  A large voltage was delivered from the 
firing unit to the detonator.  Upon detonation the overpressure was directed from the chamber 
through a venting system to a partitioned cylinder expansion chamber approximately ten feet in 
height by sixty feet in length.  The expansion chamber was partitioned to ten feet in height by 
thirty feet in length for each blast chamber with an approximate inside area greater than 2,350 
square feet per partition.  From the expansion chamber, the decomposition gases and particulate 
were vented to an air pollution control unit (APCU).  Each APCU was a Torit filter cartridge 
system dust collector, Downflo II Model No. DTF3-36.  Collected contaminants were deposited 
into 55 gallon drums.  Both APCU stacks were tested by Ramcon Environmental Corporation, 
Memphis TN October 20-22, 1998 for particulate, multi-metals, chlorine, explosives and 
nitrogen oxide. 

Provided below are typical restrictions for use of a contained detonation: 
a) The unit would not be used for propellants which are generally considered inappropriate 

for detonation because donor charges required to detonate them exceed the weight of the 
waste propellant, often by a ratio of 3:1. Excessive amounts of donor charges would be 
counter to the waste minimization goals of RCRA. Propellant by definition, produced 
large amounts of gas that would overwhelm the capacity of the DBC expansion chamber.  
Gun propellants are most efficiently treated in a burn pan;  

b) Except when small items could readily be formed into a bundle, the unit would not be 
able to treat items less than 0.5 lbs. NEW (which require more donor charge than waste).  
Multiple manipulation to configure the bundle would be a safety hazard. 
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c) The unit would not be able to treat explosive contaminated equipment because of 
differing geometries, sizes or range residue since these items have unknown quantities 
(NEW) of energetic contamination and require a large donor charge to ensure that the 
suspect residue is completely eliminated in the OD reaction.  

d) Munitions that are large in size or contain a large amount of energetic material must be 
reduced in size and/or net explosive weight before loading into blast chamber.  

e) The munitions must also be stable enough for loading into the CDC. Explosive waste 
generated at MLAAP may not safely be cut or dismantled due to the need to minimize 
handling. 

f) Munitions with a significant amount of casing metal would fragment during detonation 
and accelerate wear and tear on replaceable armor plates that are suspended on the inside 
of the chamber.  
 

Applicability to MLAAP energetic wastes:  

The upper explosive limit for one blast chamber was 25 pounds NEW, including donor charges. 
The total explosive involved in one treatment operation for a “stack” of grenades was 
approximately 9.7 pounds per shot.  2.8 pounds NEW initiator was used per shot, leaving 6.9 
pounds NEW waste treated.  The production rate objective was 110 shots per day for a total of 
759 pounds NEW treated per day.  

 
The treatment log for open burn and open detonation at MLAAP’s permitted treatment units was 
analyzed for year 2016 to determine items that would have been appropriate for treatment in a 
CDC. Specifications for the non-operations DBC at MLAAP were used for this analysis.  

The MLAAP CDC had an explosive limit of 25 pounds net explosive weight (NEW) including 
donor charges. The MLAAP treatment log was filtered to eliminate the following sets of items:  

 NEW greater than 20 +/-5 lbs.—with donor charge these items would exceed the 
explosive capacity of the CDC; 

 Propellants—these items are generally considered inappropriate for detonation because 
donor charges required to detonate them will exceed the weight of the waste propellant. 
They are most efficiently treated in a burn pan; 

 Small items less than 0.5 lb. NEW—require more donor charge than waste, therefore 
these items are more efficiently treated by other methods; 

 
Applying exclusion filters to individual items rather than sets and allowing for smaller items to 
be bundled for detonation were not considered here as these adjustments would impose more 
hazards on the explosive workers due to more priming operations, and increase the risk of 
incomplete detonation and hazardous recovery of live small items from pea gravel and corners 
and crevices within the chamber.  
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Impact of a Permanently Sited Confined Detonation Chamber to MLAAP’s mission: 
Operation of a permanent DBC has occurred at MLAAP.  If the DBC was repaired, permitted, 
and placed back into service, the facility would take several years to add to the RCRA permit and 
CAA permit.  Additionally the DBC would have to be tested and proven out for specific 
energetic items.  Another complicating design factor is the lack of homogeneity of existing 
materials that could potentially be considered for disposal. The portion of the MLAAP CY2016 
waste stream suitable for treatment in the detonation chamber would only be items that were 
suitable for detonation and not open burning.  

Environmental Releases: Contained detonation chambers have the potential to reduce the 
emissions of metals and particulates (Ref. 11).  Long-term chamber stability necessary for 
continuous use as RCRA permitted hazardous waste treatment unit has not been confirmed. 

Secondary waste streams include the filters and wastes from cleaning the inside of the detonation 
chamber or exhaust handling components. 

Safety: Significantly more handling would be required to treat MLAAP’s waste stream if 
contained detonation was adopted. Increased handling and safety risks include factors such as: 

 The limited capacity of contained detonation chambers requires multiple trips to the 
chamber from the magazine where items are stored and the magazine where donor charge 
is stored vs. one trip to each magazine for OB/OD.  This inherently increases risk to all 
involved, plus the public, when items for treatment come from storage igloos.   

 When considering operating a permanent or portable detonation chamber, existing 
technologies (e.g. Donovan Chamber) do not have the explosive capacity to meet or 
match the current 500 lb. limit at the MLAAP OD site.  The maximum NEW that existing 
detonation chambers are able to safely handle at one time is 25 lbs. NEW.  This is only 
5% of the current limit for OD at MLAAP.  The small capacity of a detonation chamber 
would require multiple detonation chamber operations to match a single OD explosive 
operation.  For example, if the grenades from ten (10) 155MM projectiles needed to be 
thermally treated in the Detonation Chamber, it would require ten separate detonations 
versus one at the current OD site.  This translates to multiple explosive movements to the 
Detonation Chamber site, versus a single movement of all demolition materials to an OD 
site for a single demolition operation.  It quickly becomes apparent that use of a 
detonation chamber poses an increased in risk to human health for MLAAP workers. 

 The contained detonation chamber limits on net explosive weight would require that 
contained detonations be conducted in smaller batches than current OD practices. An 
increased number of operations would increase the number of entries and exits from 
explosive storage igloos, travel along public-use routes, and iterations for set-up, to 
include placement of detonators, initiators, squibs, blasting caps or other initiating 
devices. The placement of such detonators is inherently dangerous, significantly 
increasing the risk to human health and safety.  
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CONTAINED BURN #2, CONFINED BURN FACILITY 

Summary: This technology involves burning waste propellants and small explosive munitions in 
a chamber. The chamber is designed to contain an unintentional detonation. Emissions are 
contained, treated using conventional pollution control equipment, and released to the 
environment.   

Current status: A pilot-scale contained burn facility unit was attempted at Naval Surface 
Warfare Center Indian Head Division on a 10-pound scale; however, the oxygen supply design 
for complete combustion and gas temperature control were never completed. Since small 
munitions are likely to detonate rather than burn, the design of the contained burn system must 
consider the chamber damage that could occur from the fragmentation of metal casings and high 
burn temperatures required for the smokeless powders/propellants.  Research, development, and 
on-site demonstration of a full-scale treatment unit have not yet been completed. A contained 
burn facility is being used at Camp Minden, LA to treat over 15 million pounds of M6 propellant 
and approximately 320,000 pounds of Clean Burning Igniter that will test the concept of full-
scale treatment of uniform waste streams.  
 

Applicability to MLAAP energetic wastes: When and if this technology becomes available, it 
may be appropriate for uncased propellants and small explosive munitions.  Based on the 
CY2016 data for MLAAP, this technology would not be appropriate for MLAAP. 

Impact to MLAAP’s mission: Siting of a permanent facility would have negligible impact on 
MLAAP operations. 

Environmental Emissions: Gaseous and particulate emissions from the combustion process are 
stored in a holding tank for later processing before release into the environment. Handling is 
minimized, but gas storage capacity can be a limiting factor (Ref. 12). Secondary hazardous 
waste streams include the filters and wastes from cleaning the inside of the chamber.  

Safety: Increased handling and safety risks would be similar to those for the CDC. 
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ROTARY KILN INCINERATION 

Summary: The waste is fed into the rotary kiln through either a continuous or positive feed 
system. The kiln rotates, slowly moving the waste from one end to the other. The waste 
detonates or combusts, becomes part of the flue gas that leaves the kiln, and goes to the 
secondary combustion chamber. From the secondary combustion chamber, the flue gas is 
quenched, then scrubbed and filtered through a bag house before it is discharged. Another type 
of rotary kiln is the “Deact” furnace, a modified Ammunition Peculiar Equipment (APE) Model 
1236 furnace designed to handle grenades, fuzes, and cut up hardware from pyrotechnics, white 
phosphorous, riot control devices, colored smoke munitions, and small explosive items. The APE 
1236 can also be used to deactivate bulk energetics, small arms, rocket motors and other 
munitions which can be cut into pieces shorter than 10 inches to allow them to pass through the 
feed chute. The M1 version of the APE-1236 has been upgraded with a state-of-the-art bag 
house, afterburner, modern control circuitry, fugitive emission control, and an automatic feed 
system. Disadvantages include high capital and operating costs, highly trained personnel to 
ensure proper operation, frequent replacement of the refractory lining if very abrasive or 
corrosive conditions exist in the kiln, and the generation of fine particulates (which become 
entrained in the exhaust gases) due to the cascading action of the burning (Ref. 13). 

Current Status: This technology is considered to be mature for small arms ammunition, small 
munitions, and bulk energetics.  It is capable of processing up to ~40 grams of confined 
explosives per item. Several Army bases operate rotary kiln incinerators for small munitions.  

 

Figure 4. APE1236 Deactivation Furnace at Tooele Army Depot, Tooele, Utah  
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Applicability to MLAAP energetic wastes: Rotary kiln furnaces, such as the APE, are 
configured to specific munitions and configurations. The feedrate and other settings must be 
retooled for each munition type. This technology is appropriate for large volumes of 
homogeneous waste. Since none of MLAAP’s waste stream is homogeneous or continuous, 
MLAAP’s waste is not appropriate for a rotary kiln incinerator.  

Impact to MLAAP’s mission: Siting of a permanent facility would have negligible impact on 
MLAAP operations. 

Environmental Emissions. Incinerator off-gas requires treatment by an air pollution-control 
system to remove particulates and neutralize and remove acid gases (HCl, NOx, and SOx). 
Baghouses, venturi scrubbers, and wet electrostatic precipitators remove particulates; packed-bed 
scrubbers and spray driers must be installed to remove acid gases. The furnace is equipped with 
conveyors and feed systems, and most are also equipped with air pollution control equipment to 
limit gaseous pollutant emissions by removing particulates and hazardous gaseous wastes such as 
HCl, NOx and SOx. Rotary kiln designs incorporate high-temperature seals between the 
stationary end plates and rotating section. The seals are inherently prone to leaks, which creates 
the potential to release unburned wastes. The kilns are almost always operated at a negative 
pressure to circumvent this problem; however, difficulties often still arise when batches of waste 
are fed semi-continuously. This phenomenon is known as “puffing” and poses a major problem 
if toxic or otherwise hazardous materials are being burned (Ref. 11). Few atmospheric filtration 
devices are capable of handling the extreme changes in pressure and flow rate that occur during a 
large detonation event (Ref. 10). Also, unstable and inconsistent waste stream increases chances 
of “puffing.” Secondary waste streams would include fly ash and filters. 

Safety: This technology requires pretreatment processes which may cause accidental detonation 
of the feed stream, introducing safety hazards and risks to personnel/equipment, and has 
therefore been dismissed from further evaluation by MLAAP since this technology is not 
appropriate for any portion of MLAAP’s waste stream. 

STEP 6. EVALUATION OF ALTERNATIVE TECHNOLOGIES. 

OB and OD are currently the only treatment methods that can safely and effectively treat all of 
MLAAP’s energetic waste.  Of the reviewed alternatives, only the contained detonation chamber 
and a confined burn facility have the potential to treat any portion of MLAAP’s energetic wastes.  

Additionally, contained detonation chambers have a poor performance history, and contained 
burn technology is still being developed for broader applications.  Rotary kiln incinerator 
technology is not appropriate for any portion of MLAAP’s waste stream. A summary table of the 
evaluated technologies is provided in Table 5.  
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Table 5. Summary of Evaluated Technologies 

Technology  Maturity  Environmental 
releases 

Safety 

OB Mature Contaminants of 
potential concern listed 
in Appendix C.  
Negligible human health 
and ecological risk. 

Risk hazards mitigated  

OD Mature Contaminants of 
potential concern listed 
in Appendix C. 
Negligible human health 
and ecological risk. 

Risk hazards mitigated  

Contained 
Detonation  

Limited use within DoD; 
Useful for small regular waste 
streams.  High maintenance 
costs. 

Contaminants of 
potential concern are the 
same as for open 
detonation. Some 
particulate releases can 
be controlled by APC 
Equipment. 

Increased safety and handling 
risks over OD 

Contained 
Burn 

This technology has been 
evaluated with respect to the 
types and quantities of 
explosive waste currently being 
treated by OB at NSWCDD.  
Useful for consistent high 
volume waste streams.  High 
capital and maintenance costs.  

Contaminants of 
potential concern are the 
same as for open 
burning. Some emissions 
can be controlled by 
APC Equipment. 

Increased safety and handling 
risks over OB 

Rotary Kiln 
Incinerator 

Several Army bases operate 
rotary kiln incinerators for 
demilitarization.  Not usable for 
large or irregular shaped items.  
High capital and maintenance 
costs. 

Contaminants of 
potential concern are the 
same as for open burning 
or open detonation; 
Some emissions can be 
controlled by APC 
Equipment. 

This technology requires 
pretreatment processes which may 
cause accidental detonation of the 
feed stream, introducing safety 
hazards and risks to 
personnel/equipment, and has 
therefore been dismissed from 
further evaluation. 

 

CONCLUSION 

None of the identified alternative technologies are suited to address MLAAP’s energetic waste 
streams. OB and OD remain the safest, most flexible, simplest, and most effective method for 
treating MLAAP’s energetic hazardous waste stream and that is approved by DDESB.  Although 
contained detonation and contained burning units may be suitable for treating a small portion of 
the MLAAP waste stream, they are not suitable for highly variable waste streams.  Neither 
contained detonation, contained burn units nor the rotary kiln incinerator are suitable for 
explosive contaminated waste that is variable in size and configurations. 
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FUTURE EFFORTS 

Although this effort was unable to identify any feasible alternatives to the OB or OD of energetic 
wastes at MLAAP, technology development is far from stagnant. Alternatives to OB and OD are 
continuously being evaluated at the DoD level for applicability to the military’s energetic waste 
streams. As appropriate alternatives are identified at the DoD level, MLAAP will evaluate each 
for applicability to the MLAAP explosive and explosive contaminated waste streams.  The 
MLAAP energetic waste stream will continue to be monitored for changes to the energetic waste 
stream mix that could make alternatives more applicable.  
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APPENDIX A – Munitions Definitions & Terminology 

 
I.  Robust Munitions - For purposes of determining Sensitivity Group, Robust Munitions are 
those hazard Class/Division (C/D) 1.1 (mass detonating)  and C/D 1.2 (fragment producing) 
military munitions that meet two of the following criteria: 
1) Have a ratio of the explosive weight to empty case weight less than 1;  
2) Have a nominal wall thickness of at least 0.4 inches;  
3) Have a case thickness/NEW 1/3 > 0.05 inches/pound 1/3......  (NOTE: As depicted 1/3 
represents the cubed root & "NEW" is the Net Explosive Weight) 
-Examples of Robust Munitions include 20 mm, 25 mm, and 30 mm cartridges, General Purpose 
(GP) bombs, artillery projectiles, and penetrator warheads.  
-For purposes of determining case fragment distances for intentional detonations, Robust 
Munitions are those that meet the definition above, or meet the definition of Fragmenting 
Military Munitions. 
 
II. Fragmenting Military Munitions - These military munitions have cases that are designed to 
fragment (for example, naturally fragmenting warheads, continuous rod warheads, items with 
scored cases and military munitions that contain pre-formed fragments). See also Sensitivity 
Group. 
 
III. Extremely Heavy Case Munitions - These military munitions are defined as having a 
cylindrical section case weight to explosive weight ratio greater than 9.   
-Examples of Extremely Heavy Case Munitions are 16-inch Projectiles and most armor piercing 
(AP) projectiles. (The Fragmentation Data Base is located on the Department of Defense 
Explosives Safety Board (DDESB) secure web page to determine if a specific item is extremely 
heavy case munition.)  
-For purposes of determining Sensitivity Group, Extremely Heavy Case Munitions are 
considered Robust Munitions. 
 
III. Non-Robust Munitions - For purposes of determining Sensitivity Group, Non-Robust 
Munitions are those hazard Class/Division 1.1 and 1.2 military munitions that are not categorized 
as SG 1, SG 3, SG 4, or SG 5.  
-Examples of such munitions include torpedoes and underwater mines. See also Sensitivity 
Group.  
-For purposes of determining case fragment distances for intentional detonations, Non-Robust 
Munitions are those military munitions that do not meet the definition of Robust Munitions. See 
Robust Munitions. 
 
IV.  Sensitivity Group (SG) - A category used to describe the susceptibility of hazard 
Class/Division 1.1 and 1.2 military munitions to sympathetic detonation for the purpose of 
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storage within a high performance magazine (HPM), or where ARMCO, Inc. revetments or 
substantial dividing walls are used to reduce the maximum credible event. Each hazard 
Class/Division 1.1 and 1.2 military munition is designated, based on its physical attributes, into 
one of five sensitivity groups, which are listed in the Joint Hazard Classification System (JHCS). 
The sensitivity groups are: 
a. SG 1 - Robust Military Munitions. 
b. SG 2 - Non-Robust Military Munitions. 
c. SG 3 - Fragmenting Military Munitions. 
d. SG 4 - Cluster Bomb/Dispenser Unit Military Munitions. 
e. SG 5 - Sympathetic Detonation Sensitive Military Munitions. 
 
V. Sympathetic Detonation - The detonation of a munition or an explosive charge induced by the 
detonation of another munition or explosive charge. 
 
VI. Sympathetic Detonation Sensitive Military Munitions - Munitions for which high 
performance magazine (HPM) non-propagation walls are not effective. Military munitions are 
assigned to SG 5 when either very sensitive to propagation or the sensitivity has not been 
determined. 
 
VII. Non-Fragmenting Explosive Material - Self-explanatory, as there is no casing material that 
can produce fragmentation, or the explosives are actually bare.  In either event the detonation of 
such material only produces blast-overpressure. 
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APPENDIX B. Target Analytes and Sampling Methods Used to Develop Emissions Data 

Target Analyte   Sampling Equipment/Method 

Particulates (0.01 – 0.5µm 
diameter) 

TSI differential mobility particle sizer 
TSI aerodynamic particle sizer 
PMS active scattering aerosol spectrometer probe 

Particulates (2 – 47 µm 
diameter) 

PMS Forward Scattering Spectrometer Probe 

Particulates/Metals Teflon filter for gravimetric analysis 

Particulates Nuclepore for characterization by scanning electron microscope 
High-volume Sampler with quartz fiber filter 

Particulate concentration Nephelometer 
PM-2.5 40 CFR Part 50 

PM-10 EPA Method 201A 
40 CFR Part 50 

PM-10 real-time analysis TEOM Series 1400A 

Total Suspended Particulate EPA Reference Method for Determination of Suspended Particulate 
Matter in the Atmosphere (High-Volume Method) 

Hydrocarbons 6-Liter SUMMA Canister 
Total hydrocarbons Detector 
Sulfur Dioxide (SO2) Pulsed Fluorescence SO2 Analyzer 
SO2 real-time analysis TECO Model 43 
Ozone (O3) UV Photometric O3 Analyzer 
O3 TECO Model 49 

Carbon monoxide (CO) 
Gas Filter Correlation CO Analyzer 
EPA Method 10 
SUMMA canister analyzed using EPA Method 25C 

CO real-time analysis TECO Model 48 

Carbon dioxide (CO2) 

Gas Filter Correlation CO2 Analyzer 
EPA Method 3A 
Non-dispersive infrared (NDIR) continuous emissions monitor 
(CEM) 
SUMMA canister analyzed using EPA Method 25C 

CO2 real-time analysis TECO Model 41H 

Oxides of Nitrogen (NOx) Chemiluminescent Nitrogen Oxides Analyzer 
EPA Method 7E 

NOx real-time analysis TECO Model 42 
Hydrogen Cyanide (HCN) Bubbler 

HCN MDA Scientific Model 7100 
SW-846 Method 9012 

Hydrogen Chloride (HCl) 

Bubbler 
MDA Scientific Model 7100 
Dual-train Midget Impingers analyzed using EPA Method 26 
ISO Method 21438-2 and NIOSH Method 7903 

Ammonia (NH3) Bubbler 
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Target Analyte   Sampling Equipment/Method 

Semivolatile Organics 
(SVOCs) 

EPA Method TO-13 
High-volume Sampler with quartz fiber filter, analyzed using 
supercritical fluid chromatography (SFC)/mass spectrometry (MS) 
and gas chromatography (GC)/MS Method 8270 
Quartz fiber filters, modified resin cartridge train 
SUMMA canister analyzed using EPA Method TO-13A 

Volatile Organics SUMMA canister analyzed using EPA Method TO-14, EPA Method 
TO-12, and EPA Method TO-15 

Metals 
High-volume Sampler with quartz fiber filter, analyzed using 
inductively coupled plasma (ICP), cold vapor atomic absorption 
(CVAA), and flame atomic absorption (AA) 

Dioxins and Furans PS-1 samplers analyzed using Method 8290 
Chlorine Dual-train Midget Impingers analyzed using EPA Method 26 

Residues 
EPA Method 8330 (energetics), EPA Method 8270 (SVOCs), 
Method 1311 (TCLP metals), EPA Method 6010 (metals), EPA 
Method 7470 (mercury) 

Benzene SUMMA canister (Method TO-15) analyzed using GC/low 
resolution mass spectrometry (LRMS)  

Naphthalene Method TO-13 analyzed using GC/LRMS 

Lead Filter analyzed using compendium method IO-3.3, energy dispersive 
X-ray fluorescence  

Chlorate (ClO3-) ISO Method 21438-2 and NIOSH Method 7903 
Perchlorate (ClO4-) ISO Method 21438-2 and NIOSH Method 7903 

TECO = Thermo-Electron Corporation 
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APPENDIX C. Contaminants of Potential Concern 
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