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Message from Mr. Michael A. Parker, Program Manager 

The Assembled Chemical Weapons Assessment (ACWA) program has satisfied the requirements 
of Public Law 104-208.  Four technologies have been demonstrated as viable alternatives to 
incineration for the disposal of assembled chemical weapons.  These four technologies have been 
further defined as likely to apply at the Pueblo and/or Blue Grass chemical weapons storage sites 
in regards to cost and schedule.  Based on a Defense Acquisition Board (DAB) recommendation, 
the Under Secretary of Defense for Acquisition, Technology and Logistics [USD (AT&L)] has 
selected the alternate technology of neutralization followed by biotreatment as the destruction 
technology for the Pueblo site.  This selection was reflected in a Record of Decision (ROD) 
issued this past summer.  For Blue Grass, the DAB recommended and the USD (AT&L) 
determined the agency preferred alternative of neutralization followed by supercritical water 
oxidation (SCWO) which will result in the release of the final Environmental Impact Statement 
(EIS) followed by the ROD in early calendar year 2003. 

 
Since the very onset of the ACWA program, stakeholder involvement has been the priority.  
Continued involvement by the Citizens Advisory Technical Team (CATT), in addition to 
periodic updates to all affected stakeholders, has helped maintain transparency of day-to-day 
operations in addition to public trust.  It is my commitment to continue to work diligently 
towards the swift and safe disposal of our nation’s chemical weapons stockpile with this same 
open, public-involved approach.  It is even more critical with the events of September 11, 2001 
still fresh in our minds, to move forward assertively to dispose of and remove the threat posed by 
chemical weapons from our communities.   

 
This final report completes the requirements assigned to the ACWA program through Public 
Law 104-208.  While the evaluation and demonstration of alternative technologies is completed, 
implementation of these technologies pending the direction of the USD (AT&L), still remains.  
The ACWA program continues to work towards the eventual construction and operation of full-
scale alternate technology facilities where so directed by the USD (AT&L) through the DAB 
decision process. 

 
It remains my intention to actively involve affected stakeholders through the construction and 
piloting of the full-scale facilities, and also to establish the framework for the operations and 
closure of these facilities that embraces public involvement.  The words I used in the 1997 
Annual Report remain true, “It has been my belief, now validated by experience, that 
establishing and promoting a cooperative working relationship and understanding between a 
broad spectrum of stakeholders can and will yield positive results.  Rather than giving up 
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authority, I have found that involving the public in the decision making process is a powerful 
tool for increasing the authority and legitimacy of the ultimate decisions.” 

 
In closing, I would like to express my gratitude to all those who have been involved with the 
ACWA program.  Your contributions have made the program the success that it is.  Community 
representatives, regulators, tribal representatives, technology providers and the government team 
all have represented a spectrum of interest that came together collaboratively to yield a result that 
exceeded expectations and provided the USD (AT&L) a viable alternative for consideration. 

 
My heart felt thanks and admiration go out to all of you. 
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The views, opinions, and recommendations expressed in this message from the Dialogue on Assembled 
Chemical Weapons Assessment do not represent official government positions. 

 
 

Message from the Dialogue on Assembled Chemical Weapons Assessment 
 

The Assembled Chemical Weapons Assessment (ACWA) program was established in 1996 
under Public Law 104-208 to facilitate and accelerate the ongoing destruction of chemical 
weapons stockpiles in the United States by demonstrating non-incineration, alternative 
technologies.  The ACWA Dialogue was established in May 1997 by the ACWA Program 
Manager to ensure the upfront integration of concerns and ideas of the diversity of individuals 
likely to be impacted by or having an impact on chemical weapons demilitarization.  The 
Dialogue, as noted by the signatories of this Message, includes individuals supporting and 
opposing incineration from the eight states with stockpiles of chemical weapons; federal, state, 
and tribal regulators and representatives; Department of Defense (DOD) staff from affected sites 
and headquarters; and representatives from national citizen groups such as the Chemical 
Weapons Working Group (CWWG), Global Green USA, and the Sierra Club, who regularly 
work on chemical weapons demilitarization issues. The Dialogue, through the ACWA program 
manager, formed a Citizens Advisory Technical Team (CATT), including an independent 
technical advisor, to assist the Dialogue in monitoring the demonstration and engineering studies 
conducted to evaluate various alternate technologies. 
 
The Dialogue held its thirteenth and final meeting in June 2002 at which the members reviewed 
the status of the alternate technology studies, the progress toward technology decisions for 
destruction of the stockpiled assembled weapons at Pueblo, Colorado and Richmond, Kentucky, 
and the possibility of additional applications at other stockpile sites. 
 
Based on our in-depth involvement in the ACWA program over the past five years, the Dialogue 
puts forth the following consensus recommendations and summary opinions.1 
 
Dialogue Views and Recommendations 
 
The Dialogue recommends that the four alternative technologies successfully demonstrated 
by ACWA be seriously considered by DOD, with input from relevant stakeholders, for use 
as a primary destruction method, a replacement of a current technology, or a supplement 
to current technologies at all stockpile sites that have assembled chemical weapons. 
Congress mandated that the ACWA program “shall identify and demonstrate not less than two 
alternatives to the baseline incineration process for the demilitarization of assembled chemical 
munitions.” The ACWA program, in coordination with the Dialogue, identified and 
demonstrated six technologies. Four of these technologies were determined by ACWA and the 
Dialogue to be effective, safe, and publicly acceptable to destroy assembled chemical weapons. 
These four technologies include: 1) neutralization followed by bio-treatment; 2) neutralization 
followed by supercritical water oxidation (SCWO); 3) neutralization followed by SCWO and gas 
phase chemical reduction; and 4) electrochemical oxidation. Due to increased security concerns, 

                                                 
1The reader may refer to past ACWA Reports to Congress for greater detail on the history of the ACWA Program and Dialogue 
or to review prior recommendations from the ACWA Dialogue. These documents may be obtained by calling the ACWA 
information line at (888) 482-4312, or logging onto the ACWA website at http://www.pmacwa.org.   
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The views, opinions, and recommendations expressed in this message from the Dialogue on Assembled 
Chemical Weapons Assessment do not represent official government positions. 

 
DOD is evaluating methods to accelerate destruction of chemical weapons at all stockpile sites. 
The Dialogue recommends that the successfully demonstrated ACWA technologies be 
considered in this process. 
 
The ACWA demonstrations show that three of the four technologies successfully 
demonstrated are specifically applicable to the stockpile in Kentucky, where a technology 
decision is now pending.  The Dialogue recommends that these three technologies 
(neutralization and SCWO; neutralization, SCWO, and gas phase chemical reduction; and 
electrochemical oxidation) be seriously considered for destroying the Kentucky stockpile.  
A technology decision may be made for the Kentucky site by the end of the calendar year 2002.   
 
The ACWA Dialogue recommends that DOD select the Agency preferred alternative of 
neutralization followed by bio-treatment, as the destruction technology for Colorado.  It is 
anticipated that the Defense Acquisition Executive (DAE) will certify that this technology is as 
safe, cost-effective, and timely as incineration for destroying the Colorado stockpile.2  
 
The ACWA Dialogue recommends that DOD implement public involvement mechanisms 
based on the ACWA model across the chemical demilitarization program at the site-
specific and national levels. The ACWA Dialogue has been an excellent forum for ensuring 
effective public involvement throughout the life of the ACWA program. As the chemical 
demilitarization program moves further into site-specific phases involving environmental 
permitting, construction, testing, operations and closure, we recommend that local groups, 
similar to the ACWA Dialogue, be established to assist the program manager in safely and 
efficiently completing this important task. There is also a need for a National Dialogue on 
chemical weapons destruction to address national and multi-site issues such as transportation, 
programmatic prioritization, safety enhancement, and closure. 
 
The ACWA Dialogue recommends that this dialogue process be considered by other 
federal agencies and the private sector as a potential model for consensus building and 
cooperative public policymaking.  The Dialogue provides a method for assuring the marriage 
of the best science available while incorporating the concerns of the communities and the 
political realities of hotly debated topics. 
 
Conclusion. The Dialogue wishes to thank Mike Parker, ACWA Program Manager, Bill 
Pehlivanian, Deputy Program Manager, and the entire ACWA staff for their extraordinary 
competence and flexibility in the execution of their goals, and for the opportunity to participate 
in this program.  Throughout the process, Mr. Parker has ensured that the Dialogue was 
consulted on all-important decisions. The comments provided by Dialogue members have been 
received in a respectful manner and from all appearances those comments have been seriously 
considered in the decision-making process. We cannot ask for more than the opportunity to be 
heard and we are confident that this program has given us that opportunity. 
                                                 
2 Facilitator Note:  Since the Dialogue developed consensus upon this message, the DAE has selected neutralization followed by 
biotreatment as the agency preferred alternative and has directed ACWA and the Army to execute this alternative.  However, the 
DAE has not yet certified that this technology is as safe, cost-effective, and timely as incineration.   
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We would also like to specifically thank four of our Dialogue members, Douglas Hindman, Irene 
Kornelly, Bob Palzer, and Paul Walker who served as the CATT.  It was through their eyes and 
ears that the Dialogue participated in behind-the-scenes deliberations and observed a multitude 
of demonstration tests. They dedicated literally thousands of hours of their time to this work and 
without their presence, objectivity and perseverance the coalition which comprises the Dialogue 
would not have held together. For this they have our most sincere gratitude. 
 
The Dialogue members hope that our participation has been helpful and we believe that in the 
long run our effort will facilitate the safe and environmentally sound destruction of the chemical 
weapons at all of the stockpile sites. It is this common and historic goal of destroying the 
stockpile that brought us together, and the completion of which will be the measure of our 
success. 
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Executive Summary 
 
This report responds to the requirements contained in Title VIII, section 8065 of the Omnibus 
Consolidated Appropriations Act, 1997 (Public Law 104-208), and describes the final activities 
associated with the evaluation on the effectiveness of alternative technologies demonstrated 
under the Department of Defense (DOD) Assembled Chemical Weapons Assessment (ACWA) 
program.  The submission of this report satisfies the requirements of Public Law 104-208.  
Significant activities included: 
 
• Completion of Engineering Design Studies (EDS) I for the two alternative technologies 

that were validated during Demonstration I testing to be effective in the destruction of 
assembled chemical weapons. 

 
The two technologies are: neutralization followed by biotreatment, which was validated for 
processing mustard-containing munitions only; and neutralization followed by supercritical 
water oxidation, which was validated for processing all chemical weapons.  The EDS I 
resulted in a preliminary full-scale design for the construction of a Pueblo Chemical Depot 
demilitarization facility with the associated cost, schedule, and preliminary hazard analysis.  
 

• Completion of EDS II for the two alternative technologies that were validated during 
Demonstration II testing to be effective in the destruction of assembled chemical 
weapons. 

 
The two technologies are: electrochemical oxidation, which was validated for processing all 
chemical weapons; and neutralization followed by transpiring wall supercritical water 
oxidation and gas phase chemical reduction, which was validated for processing all chemical 
weapons.  The EDS II resulted in a preliminary full-scale design for the construction of a 
Blue Grass Army Depot demilitarization facility with the associated cost, schedule, and 
preliminary hazard analysis.  This information will be available for reference in the request 
for proposals if the Under Secretary of Defense for Acquisition, Technology and Logistics 
[USD (AT&L)] selects one of these alternative technologies for Blue Grass. 
 

• Conducting additional testing to supplement the Engineering Design Packages. 
 

The ACWA program has identified areas where additional design and operating data are 
necessary.  These areas include the disassembly of rockets (Rocket Dismantling Machine) 
and the washout of munitions (Projectile Washout System).  The information from the testing 
will support a contract request for proposals and the Resource Conservation and Recovery 
Act permit application if the USD (AT&L) selects an alternative technology for Blue Grass. 
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I.  INTRODUCTION/BACKGROUND 
 

This report is submitted to the United States (U.S.) Congress in compliance with the 
requirements contained in Title VIII, section 8065 of the Omnibus Consolidated Appropriations 
Act, 1997 (Public Law 104-208).  This report presents the final activities associated with the 
evaluation on the effectiveness of alternative technologies demonstrated under the Department of 
Defense (DOD) Assembled Chemical Weapons Assessment (ACWA) Program. 

Public Law 104-208 required the Under Secretary of Defense for Acquisition, Technology and 
Logistics [USD (AT&L)] to “demonstrate not less than two alternatives to the baseline 
incineration process for the demilitarization of assembled chemical munitions.” Assembled 
chemical munitions for this purpose represent the chemical weapons stockpile configured with 
fuzes, explosives, propellant, chemical agents, shipping and firing tubes, and packaging 
materials. 

The Program Manager for Assembled Chemical Weapons Assessment (PMACWA) completed 
demonstrations of six alternative technologies and determined that four of those technologies 
may be viable for pilot testing.  The four technologies include: neutralization followed by 
biotreatment; neutralization followed by supercritical water oxidation; electrochemical oxidation; 
and neutralization followed by transpiring wall supercritical water oxidation (TW-SCWO) and 
gas phase chemical reduction. 

PMACWA has completed Engineering Design Studies (EDS) of the four successfully 
demonstrated technologies to develop the information necessary to satisfy the requirements in 
the Strom Thurmond National Defense Authorization Act for Fiscal Year 1999 (Public Law 105-
261).  This report presents the final activities associated with the EDS testing.  The submission of 
this report satisfies the requirements of Public Law 104-208. 

 
II. ENGINEERING DESIGN STUDIES 
 
Public Law 105-261 mandated that if an alternative technology is chosen to be piloted, the USD 
(AT&L) must certify in writing to Congress that the technology to be implemented is as safe and 
cost effective for disposing of assembled chemical munitions as incineration; and, is capable of 
completing the destruction on or before the date by which the destruction of the munitions would 
be completed if incineration were used.  The EDS were conducted in support of this certification. 
 
A. Engineering Design Studies I (EDS I) 
 
The EDS I were completed for the two alternative technologies that were validated during the 
Demonstration I program as having the potential to be effective in the destruction of chemical 
weapons.  These two technologies use neutralization as the main destruction mechanism for the 
agent and energetics contained in the chemical weapons.  The technology proposed by 
Parsons/Honeywell is neutralization followed by biotreatment, which was validated for 
processing of mustard-containing munitions only.  The technology proposed by General Atomics 
is neutralization followed by supercritical water oxidation and was validated for processing all 
chemical weapons. 
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The EDS I has resulted in a preliminary full-scale design for the construction of a Pueblo 
Chemical Depot (PCD) demilitarization facility with the associated cost, schedule, and 
preliminary hazards analysis (PHA) for each of the two technologies validated during 
Demonstration I.  This information is the basis for certification under Public Law 105-261.  The 
design packages were available for reference in the request for proposal (RFP) for 
implementation of a technology at PCD. 
 
1. Neutralization Followed by Supercritical Water Oxidation 
 
The approach proposed by General Atomics for a total solution for the destruction of all 
assembled chemical weapons and associated propellant and packaging materials uses baseline 
shearing for rockets followed by water washout of residual agent.  For the projectiles, baseline 
reverse assembly is used for fuze and burster removal, where they are then conveyed to the 
Energetics Rotary Hydrolyzer (ERH).  Cryofracture is used for agent access in projectiles instead 
of the suction draining method used in the baseline process. Cryofracture is a process, developed 
and tested by General Atomics for the U.S. Army in the 1980’s and 1990’s, in which munitions 
are embrittled by cooling in liquid nitrogen and then fractured to access the agent after the 
energetics have been removed.  General Atomics proposes to neutralize (hydrolyze with water 
and caustic) the agents and energetics separately.  Agent hydrolysate and energetics hydrolysate 
combined with shredded dunnage will be destroyed using separate supercritical water oxidation 
(SCWO) units.  SCWO mineralizes the hydrolysates at temperatures and pressures above the 
critical point of water, and produces solid and liquid effluents that can be held and tested before 
release.  General Atomics proposes to recover process water for reuse and to dispose of dry salts 
and solid residues in a permitted waste landfill.  Recovered metal parts will be thermally treated 
using resistance heating and released as scrap. 
 
Previous testing of the General Atomics unit operations is discussed in the December 2000 and 
December 2001 Annual Reports to Congress and the June 2001 Supplemental Report to 
Congress.  This testing included the ERH, Dunnage Shredding/Hydrolysis System (DSHS), and 
SCWO.  The planned testing was expanded to include SCWO testing of VX hydrolysate 
simulant to support both the PMACWA and the Program Manager for Alternative Technologies 
and Approaches (PMATA) programs.  This testing is described below. 
 
a. Supercritical Water Oxidation of VX Hydrolysate Simulant 
 
Testing was conducted using VX hydrolysate simulant in order to gain additional knowledge not 
available through the Engineering Scale Test that was conducted in support of the Newport 
Chemical Demilitarization Facility.  Testing on this feed was conducted from September – 
November 2001 and supported both the PMACWA and PMATA programs.  The objectives of 
the test included the following: 
 

• Verify long-term, continuous operability of the SCWO system as proposed for the full-
scale. 

• Verify corrosion protection. 
• Determine need for feed additives for salt transport.  
• Determine maintenance schedule and frequency of flushes and shutdowns. 
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• Determine liner materials of construction. 
In addition to over 500 hours of configuration and parameter testing conducted in support of the 
PMATA program, a continuous 500-hour test was conducted in support of the PMACWA 
program.  The PMACWA testing demonstrated an 84% availability of the SCWO system, which 
was well within the needs established in the engineering design packages developed for the 
program.  
 
2. Neutralization Followed by Biotreatment 
 
The approach proposed by Parsons/Honeywell for a total solution for the destruction of mustard 
chemical weapons uses modified reverse assembly for chemical agent access.  Modifications to 
reverse assembly include a high-pressure water washout of burster energetics and a different 
method is used for accessing agent than was used for baseline incineration.  These modifications 
include cutting open mortars or crushing in the burster well of projectiles to gravity-drain the 
agent and washout residual agent or solids with high-pressure water.  Parsons/Honeywell 
proposes to neutralize (hydrolyze with water and caustic) the agent and energetics and then 
destroy the hydrolysates using a biological treatment process operated at ambient temperature 
and pressure.  Organic vapors and odors will be passed through a catalytic purifier (similar to an 
automotive catalytic converter) developed by Honeywell.  Parsons/Honeywell proposes to 
recover process water for reuse and to dispose of dry salts and solid residues in a permitted waste 
landfill.  Recovered metal parts will be thermally treated, in the presence of steam, and released 
as scrap. 
 
The following Parsons/Honeywell unit operations were tested during the May – April 2001 
timeframe as part of the EDS I program in order to provide the engineering basis for the designs 
being developed for the Water Hydrolysis of Explosives and Agent Technology.  Four primary 
process systems were tested separately and concurrently by the Parsons/Honeywell team at 
locations including:  Edgewood Chemical and Biological Center (ECBC) at Aberdeen Proving 
Ground (APG), Maryland; Illinois Institute of Technology Research Institute (IITRI) in Chicago, 
Illinois; and Chemical Agent Munitions Disposal System (CAMDS) in Tooele, Utah.  These 
systems included:  an Immobilized Cell Bioreactor (ICBTM) to treat neutralized mustard and 
energetics, Continuous Steam Treater (CST) to treat metal parts and miscellaneous dunnage, a 
Catalytic Oxidation Unit (CatOx) to treat organics in the gaseous phase prior to carbon filtration, 
and a Projectile Washout System (PWS) to wash out mustard munitions that may contain heels.   
 
Additional testing of the PWS is planned to gain additional knowledge specific to the properties 
of HT and H and their ability to be washed out and hydrolyzed.  These tests are scheduled to take 
place from October 2002 to January 2003. 
 
3. Engineering Design Package 
 
The Engineering Design Packages (EDP) in support of the EDS I have been completed as 
reported in the June 2001 Supplemental Report to Congress. 
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B. Engineering Design Studies II 
 
The EDS II were initiated in 2001 for the two alternative technologies that were validated during 
the Demonstration II program as having the potential to be effective in the destruction of 
chemical weapons. This report presents the EDS II activities that were conducted in 2002.  The 
EDS II activities that were conducted in 2001 are presented in the December 2001 Report to 
Congress. 
 
One technology, proposed by AEA Technology/CH2M Hill, uses electrochemical oxidation as 
the main destruction mechanism for the agent and energetics contained in the chemical weapons.  
The other technology, proposed by EcoLogic/Foster Wheeler/Kvaerner, uses neutralization as 
the main destruction mechanism for the agent and energetics contained in the chemical weapons.  
Neutralization is then followed by TW-SCWO and gas phase chemical reduction. 
 
The EDS II resulted in a preliminary full-scale design for the construction of a full-scale 
chemical demilitarization facility at the Blue Grass Army Depot (BGAD) using these two 
alternative technologies.  The associated capital cost, projected schedule, and PHA were also 
developed.  This information is being used by PMACWA to develop the life cycle cost and 
schedule estimates.  The life cycle cost and schedule estimates will be the basis for certification 
under Public Law 105-261.  In addition, the design package will be made available as part of the 
RFP if the USD (AT&L) selects an alternative technology for Blue Grass. 
 
1. Electrochemical Oxidation 
 
The approach proposed by AEA Technology and CH2M Hill for a total solution for the 
destruction of all assembled chemical weapons uses modified baseline reverse assembly for 
chemical access, AEA Technology's patented SILVER IITM process for destroying chemical 
agent and energetics, a Metal Parts Treater for the treatment of metal parts, and a Dunnage 
Treater for the treatment of dunnage.   

Modifications to reverse assembly for accessing rockets include tube cutting, burster washout, 
propellant removal and grinding.  Rockets are punched and drained to remove the chemical 
agent.  The drained agent is treated in the SILVER IITM process.  Rockets are cut in a Rocket 
Dismantling Machine.  The first cut removes a portion of the firing and shipping tube; the second 
cut separates the fuze.  Fuzes are deactivated in the Metal Parts Treater.  The burster is then 
washed out and the third cut removes the warhead section and exposes the motor.  Once the 
propellant is exposed, it is removed and sent to a grinding machine for size reduction.  The 
washed out burster energetics and milled propellant are treated in a separate SILVER IITM 
process.  Any metal fragments are processed in the Metal Parts Treater.  Shredded dunnage is 
treated in a Dunnage Treater.   

 
The SILVER IITM process uses an electrochemical cell containing nitric acid and silver nitrate to 
generate silver (II) ions.  Energetics and agents are oxidized either directly by the silver (II) ions 
or by other oxidizing compounds produced from reactions involving silver (II) ions.  The process 
operates at 190°F and near atmospheric pressure (14.7 psia).  All effluents from the SILVER 
IITM process will be contained and tested to be agent-free before release, recycling or disposal. 
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The following unit operations were tested as part of the EDS program in 2001 in order to provide 
the engineering basis for the preliminary designs being developed for the AEA 
Technology/CH2M Hill total solution:  energetics feed system, 12-kW SILVER II™ (Comp 
B/M28 Propellant and Agent Simulant), cell membrane life, fluoride removal system, 
hydrocyclone, high shear mixer, organic transfer, silver recovery, and evaporator. Information on 
this testing can be found in the December 2001 annual report. 
 
The following unit operation was tested as part of the EDS II program in 2002 in order to 
confirm the engineering basis for the preliminary designs developed for the AEA 
Technology/CH2M Hill total solution: 12-kW Silver IITM (Tetrytol test run).  The 12-kW and 
organic transfer testing was conducted at the Aberdeen Test Center (ATC) in APG, Maryland.  
All other lab scale testing was conducted at AEA facilities in the United Kingdom. 
 
a. 12-kW SILVER II™ Plant - Tetrytol 
 
The purpose of this test was to validate the ability of the SILVER II™ process to achieve and 
maintain a steady-state electrochemical efficiency and achieve a destruction and removal 
efficiency (DRE) of 99.999% for tetrytol.  The specific objectives of this test included the 
following: 
 
• Validate the ability of the SILVER II™ unit operation to achieve a DRE of 99.999 percent 

for Tetrytol (TNT and Tetryl). 
• Further demonstrate continuous operability, reliability, and maintainability (i.e., operation of 

the full length of the test without unintended shutdown) of the SILVER II™ system as 
proposed for full-scale.  For example: 

– Demonstrate that organic, silver, acid, and water in the catholyte circuit can be 
effectively managed over prolonged operational periods. 

– Demonstrate that process impurities that build-up in the anolyte circuit can be 
effectively managed over prolonged operational periods. 

– Determine the cell current efficiency to be used in the full-scale design. 
• Determine impact of operations on materials of construction to be used in a full-scale system 

such as polymer-lined pipework. 
• Demonstrate the operation and performance of the following key process components for 

future scale-up:  
– Instrumentation, valves, pumps, etc. 
– Electrochemical cell (electrodes and membranes). 
– Full height NOx reformer. 
– Off-gas scrubber operating in conjunction with NOx reformer. 

• Characterize gas, liquid and solid process streams of the SILVER II™ process for selected 
chemical constituents and physical parameters and for the presence/absence of hazardous and 
toxic compounds.   

• Demonstrate the ability/inability to recycle, reuse or dispose of nitric acid (i.e., within the 
plant). 
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Testing of tetrytol in the 12-kW SILVER II™ system was successfully completed in January 
2002. All of AEA/CH2M Hill’s EDS II test reports were completed by May 2002.  
 
2. Neutralization Followed by Transpiring Wall Supercritical Water  

Oxidation and Gas Phase Chemical Reduction 
 
The approach proposed by EcoLogic/Foster Wheeler/Kvaerner for a total solution for the 
destruction of all assembled chemical weapons uses:  modified reverse assembly for chemical 
access to separate agent, energetics, and metal parts; chemical neutralization followed by 
supercritical water oxidation for treatment of the liquid; and gas phase chemical reduction for 
treatment of the gas effluent from agent/energetics neutralization and for the treatment of the 
metal parts and dunnage. 
 
Modifications to reverse assembly include:  extracting and grinding the propellant from rockets, 
using a high pressure wash to remove agent heels from projectiles and rockets, and using a 
Continuously Indexing Neutralization System (COINS™) to remove the energetics.  The 
chemical agents and energetics are neutralized (hydrolyzed with water and caustic).  The 
resulting product, known as hydrolysate, is processed in a transpiring wall supercritical water 
oxidation system TW-SCWO.  The TW-SCWO oxidizes the Schedule 2 compounds and other 
organic compounds in the hydrolysate at conditions above the critical point of water.  A 
continuous supply of clean water is introduced at the inside liner surface of the reactor to create a 
continuous film on the liner protecting it from corrosion and salt deposition.  Liquid effluent 
from the TW-SCWO is processed in an evaporator.  The resulting salts are sent to a landfill.  The 
washed out metal parts, dunnage, solid process wastes, and gaseous emissions from the 
neutralization process are processed in the Thermal Reduction Batch Processor (TRBP)/Gas 
Phase Chemical Reduction™ (GPCR)™ system.  By heating in a hydrogen-rich atmosphere, 
metal parts and dunnage are decontaminated to a 5X3 level and volatile organic vapors are 
chemically reduced.  The decontaminated solids can then be disposed.  The gaseous effluent is 
scrubbed and potentially used as a fuel to generate steam in the boiler.   
 
The following Eco Logic and Foster Wheeler unit operations were tested as part of the EDS 
program in 2001 in order to provide the engineering basis for the preliminary designs being 
developed for the EcoLogic/Foster Wheeler/Kvaerner Total Solution: M28 propellant grinding 
and gas phase chemical reduction. Information on this testing can be found in the December 
2001 annual report.  
 
The EDS II testing of the TW-SCWO was initiated in October 2001 and was successfully 
completed in April 2002. The evaporator/crystallizer tests were successfully completed in 
February 2002. 
 
a. Transpiring Wall Supercritical Water Oxidation 
 
The TW-SCWO system is used to treat the products of the agent and energetic neutralization 
process.  This unit was tested at Dugway Proving Ground (DPG), Utah.  The testing was 
comprised of two phases: Optimization Testing and Long Term Operability Testing.  
                                                 
3 5X refers to chemical agent decontamination achieved through treatment at 1000oF for 15 minutes. 
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Optimization Testing occurred in March and April 2001. The Long Term Operability testing was 
initiated in October 2001 and completed in April 2002. The specific objectives of the Long Term 
Operability Testing included the following: 
 
• Verify long-term, continuous operability (i.e., operation for the full length of the test without 

unintended shutdown) of the SCWO system as proposed for full-scale with no plugging.  
Long-term, continuous operability includes, but is not limited to the following:  
− Operation with materials of construction proposed for the full-scale system. 
− Operation with all expected full-scale operating procedures (i.e., any SCWO system 

flushing sequences at expected intervals). 
− Operation with downstream solids separation units, new reactor, and oxygen. 
− Operation without plugging/fouling upstream and downstream of the reactor. 
− Operation without liner cracking/deformation. 
− Operation without feed port plugging. 
− Operation with minimal or no corrosion of the SCWO reactor. 
− Operation without plugging of the SCWO reactor. 
− Operation without erosion of the pressure control valve. 
− Destruction of Schedule 2 compounds. 

• Characterize all operability issues to determine their causes and impact on the full-scale 
design. 

• Confirm and supplement Demonstration II process effluent characterization. 
• Improve the monitoring of effluent quality and develop an effective control strategy with 

respect to Schedule 2 compounds and organic carbon destruction. 
 
The TW-SCWO Long Term Operability Testing was successfully conducted with feeds 
consisting of agent hydrolysates (or simulated agent hydrolysates) and energetics hydrolysates. 
Three different feeds were conducted: GB/energetics hydrolysate (conducted in 2001), 
VX/energetics hydrolysate, and HD/energetics hydrolysate. The energetics hydrolysate consisted 
of Comp B and propellant hydrolysates. 
 
b. Evaporator/Crystallizer 
 
The Evaporator/Crystallizer is used to concentrate the SCWO effluent, by evaporation, in the 
full-scale system.  The Evaporator/Crystallizer testing occurred at the vendor’s facility and with 
a pilot-scale unit that was located along with the TW-SCWO in DPG, Utah.  The specific 
objectives of the testing include the following: 
 
• Determine critical design parameters for the full-scale evaporator/crystallizer, including: 

– Maximum salt concentration in evaporator/crystallizer effluent. 
– Filterability of salt crystals and solids in the evaporator/crystallizer effluent. 
– Operating parameters for the filter press. 

• Demonstrate the ability of the evaporator/crystallizer to operate as proposed for full-scale. 
 
Lab testing was conducted on actual TW-SCWO effluent from the three test campaigns to 
determine the critical design parameters.  In addition, the Evaporator/Crystallizer pilot-scale unit 
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was tested with actual VX/energetics hydrolysate effluent from the TW-SCWO at DPG, Utah 
and was successfully completed in February 2002. 
 
3. Engineering Design Package 
 
The EDS II testing conducted in 2001 supported the preparation of an EDP that was the basis for 
the cost, schedule, and safety criteria development.  The EDPs included drawings and 
documentation sufficient to generate capital and operational and maintenance costs to within +/– 
20%.  The design package also included a capital cost estimate that was evaluated and is being 
used to develop a program life cycle cost estimate.  A program schedule was also included in the 
package that is being used to develop the life cycle schedule.  Finally, a PHA was included and 
will be used as a tool in the safety assessment and certification process.  This information will be 
made available as part of the RFP if the USD (AT&L) selects an alternative technology for Blue 
Grass. 
 
AEA Technology/CH2M Hill and EcoLogic/Foster Wheeler/Kvaerner generated an EDP for the 
chemical demilitarization facility at the BGAD.  The Final EDPs were provided on December 
14, 2001.  Design presentations to the independent evaluators, including the National Research 
Council (NRC), Mitretek Systems, Army Materiel Systems Analysis Activity (AMSAA), the 
Operational Risk Assessment consultants, and the Cost Analysis Improvement Group (CAIG) 
were conducted in March 2002.  PMACWA used the final design packages to conduct design 
and PHA assessments and develop life cycle cost and schedule estimates in June 2002. The 
independent evaluations were completed in October 2002. 
 
III. NEXT STEPS 
 
PMACWA has identified areas where additional design and operating data are necessary. These 
areas include the disassembly of rockets, the characterization of HT and H agent/heels, and the 
washout of HT and H munitions. 
 
PMACWA is conducting additional testing to supplement the EDPs, which in turn will support a 
contract RFP and the Resource Conservation and Recovery Act (RCRA) permit application. This 
information will be made available as part of the RFP if the USD (AT&L) selects an alternative 
technology for Blue Grass. 
 
A. Rocket Dismantling Machine 
 
For the AEA/CH2M Hill and Eco Logic/Foster Wheeler/Kvaerner total solutions, a Rocket 
Dismantling Machine (RDM) is used to disassemble the rockets, which includes punching and 
draining the agent, burster removal, propellant removal, and separation of the fin assembly. The 
main purpose of this effort is to gather basic unit operations data, during testing, that will support 
a systems contractor’s design, fabrication and testing of an RDM that is applicable to any 
alternative technology that is selected for the BGAD. 
 
The data from testing basic unit operations, (i.e., cutting, gripping, extraction, and punch-drain 
and washout) to support the RDM design will be compiled in a final report by December 2002. 
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Testing occurred at the vendor’s site in Salt Lake City, Utah and at the Naval Surface Warfare 
Center in Crane, Indiana from September through November 2002.  
 
B. Projectile Washout System 
 
Parsons/Honeywell developed a Projectile Washout System (PWS) to allow PMACWA to 
evaluate projectile agent access by use of a cutting wheel as well as agent cavity washout 
parameters.  The washout parameters included washout water pressures, washout times, and 
water consumption at various pressures.  This system is an alternative to cryofracture of 
munitions and supports the Parsons/Honeywell total solution design for PCD as well as the 
AEA/CH2M Hill and Eco Logic/Foster Wheeler/Kvaerner total solutions for BGAD. 
 
The PWS was successfully tested using HD-filled mortars in July and August 2001, and yielded 
numerous design parameters that would satisfy the washout requirements for HD mortars.  To 
verify that these washout parameters will also work for HT-filled mortars, PMACWA will 
conduct a washout test of these mortars in November 2002 at CAMDS. 
 
A different method to access the agent cavity of projectiles will be employed on H-filled 155mm 
projectiles, and this will be done by crushing the burster well of projectiles to enlarge the agent 
cavity orifice.  Similar washout parameters used on HD mortars will be employed on these 
155mm projectiles.  This test using 155mm projectiles will be conducted in January 2003, and a 
preliminary report of the effectiveness of the washout parameters will be available one month 
after the completion of testing. 
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List of Dialogue Participants and Alternates 
(As of 18 October 2002) 

 
Elizabeth Crowe Barbara Burgess 
(Alternate for C. Williams) Office of the Special Assistant for 
Chemical Weapons Working Group    Chemical Stockpile Matters 
128 Main Street 3050 Defense Pentagon 
Berea, KY 40403 Washington, DC 20301-3050 
859-986-0868 (telephone) 703-588-1983 (telephone) 
859-986-2695 (fax) 703-588-1984 (fax) 
elizabeth@cwwg.org barbara.burgess@osd.mil 
  
Carl Daly Kathryn Cain 
(Alternate for EPA) Director of Operations 
Environmental Engineer US Army 
US Environmental Protection Agency Pueblo Chemical Depot 
Region VIII 45825 Highway 96 East 
999 18th Street - Suite 500 Pueblo, CO 81006-9330 
Denver, CO 80202-2466 719-549-4201 (telephone) 
303-312-6416 (telephone) 719-549-4318 (fax) 
303-312-6064 (fax) krcain@pcd-emh1.pcd.army.mil 
daly.carl@EPAMAIL.EPA.GOV  
 David Christian 
Dennis Downs Serving Alabama’s Future Environment 
Director 1302 Noble Street, Suite 3A 
Division of Solid and Hazardous Waste Lyric Square 
Utah Department of Environmental Quality Anniston, AL 36201 
288 North 1460 West 256-237-0317 (telephone) 
Salt Lake City, UT 84114-4880 256-237-0325 (fax) 
801-538-6170 (telephone) oxian@wwisp.com 
801-538-6715 (fax)  
eqshw.ddowns@email.state.ut.us Daniel Clanton 
 Engineering Supervisor 
Joe Elliott Active Sites Branch, Hazardous Waste Division 
(Alternate for D. Maddox) Arkansas Department of Environmental Quality 
Project Engineer 8001 National Drive 
Blue Grass Army Depot Little Rock, AR 72209 
ATTN:  SIOBG-MO (Bldg. 219/Elliott) 501-682-0834 (telephone) 
  SMABG-IO-EN (Bldg.S14/Elliott) 501-682-0565 (fax) 
2091 Kingston Highway clanton@adeq.state.ar.us 
Richmond, KY 40475-5070-5060  
859-625-6021 (telephone) Ralph Collins 
859-625-6409 (fax) Deputy Commissioner 
elliott.joe@bluegrass.army.mil Natural Resources 
 Kentucky Dept. for Environmental Protection 

14 Reilly Road 
Frankfort, KY 40601 
502-564-2150 (telephone) 
502-564-4245 (fax) 
ralph.collins@mail.state.ky.us 
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Worley Johnson Pamela Ferguson 
Co-Chair Indiana Citizens’ Advisory Commission 
Kentucky Citizens’ Advisory Commission RR#4, Box 292 B 
Department of Environmental Science Rockville, IN 47872 
Eastern Kentucky University 765-569-3622 (telephone) 
219 Dizney Building 765-569-3362 (fax) 
Richmond, KY 40475-3135 jpaaj@ticz.com 
859-622-1940 (telephone)  
859-625-1502 (fax) Wm. Gerald Hardy 
worley.johnson@eku.edu Chief 
 Land Division 
Karyn Jones Alabama Dept. of Environmental Management 
G.A.S.P. PO Box 301463 
Chairperson, Board of Directors 1400 Coliseum Blvd. (package delivery only) 
PO Box 1693 (for RTC/SRTC) Montgomery, AL 36110 
1010 West Highland Ave. 334-271-7732 (telephone) 
Hermiston, OR 97838 334-279-3050 (fax) 
541-567-6581 (telephone) wgh@adem.state.al.us 
541-567-6581 (fax)  
karynj@oregontrail.net Kay Harker 
 (Alternate for R. Collins) 
Cindy King Manager of Planning & Program 
Utah Chapter Sierra Club    Coordination Branch 
2963 South 2300 East Commissioner’s Office 
Salt Lake City, UT 84109 Department of Environmental Protection 
801-486-9848 (telephone) 14 Reilly Road 
801-467-9296 (fax) Frankfort, KY 40601 
cynthia_king_84109@yahoo.com 502-564-2150 (telephone) 
 502-564-4245 (fax) 
Steve Konkel harker@nrdep.nr.state.ky.us 
(Alternate for W. Johnson)  
Department of Environmental Health Science Hugh Hazen 
Eastern KY University (Alternate for EPA) 
Dizney Building, Room 220 Environmental Engineer 
521 Lancaster Avenue US Environmental Protection Agency 
Richmond, KY 40475 Region IV 
859-622-6343 (telephone) 61 Forsyth Street 
859-622-1939 (fax) Atlanta, GA 30303 
steve.konkel@eku.edu 404-562-8499 (telephone) 
 404-562-8439 (fax) 
Irene Kornelly hazen.hugh@epa.gov 
President  
Kornelly and Associates Douglas Hindman 
Colorado CAC Co-Chair 
4015 Loring Circle South Kentucky Citizens’ Advisory Commission 
Colorado Springs, CO 80909 300 Center Street 
719-591-5157 (telephone) Berea, KY 40403-1735 
719-591-1305 (fax) 859-985-0022 (telephone) 
ikornelly@pcisys.net 859-985-1515 (fax) 

douglas.hindman@eku.edu 
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Wanda Munn Thomas Linson 
Oregon CAC Branch Chief 
1104 Pine Street Indiana Dept. of Environmental Management 
Richland, WA 99352 100 North Senate Avenue 
509-943-4391 (telephone) PO Box 6015 
509-943-4391 (fax) Indianapolis, IN 46206-6015 
wimunn@aol.com 317-232-3292 (telephone) 
 317-232-3403 (fax) 
John Nunn tlinson@dem.state.in.us 
Co-Chair  
Maryland Citizens’ Advisory Commission Dane Maddox 
PO Box 141 Director, Business Management 
Worton, MD 21678 Blue Grass Army Depot 
410-778-5968 (telephone) 2091 Kingston Highway (Bldg. 219/Maddox) 
410-778-0809 (telephone) Richmond, KY 40475-5070 
410-778-6004 (fax) 859-625-6319 (telephone) 
 859-625-6409 (fax) 
Sue Oliver maddox.dane@bluegrass.army.mil 
(Alternate for W. Thomas)  
Senior Hazardous Waste Specialist Catherine Massimino 
Chemical Demilitarization Program (Alternate for EPA) 
Oregon Department of Environmental Quality Senior RCRA/Superfund Technical Specialist 
256 East Hurlburt, Suite 105 Environmental Protection Agency 
Hermiston, OR 97838 Region X 
541-567-8297 (telephone) 1200 Sixth Avenue - WCM-127 
541-567-4741 (fax) Seattle, WA 98270 
oliver.sue@deq.state.or.us 206-553-4153 (telephone) 
 206-553-8509 (fax) 
Bob Palzer massimino.catherine@epamail.epa.gov 
Chair  
Sierra Club Chemical Weapons Task Force Sara Morgan 
501 Euclid Street Citizens Against Incineration at Newport 
Ashland, OR 97520 Rt. 1, Box 159 
541-482-2492 (telephone) Montezuma, IN 47862 
541-482-0152 (fax) 765-498-4472 (telephone) 
bob.palzer@sierraclub.org  /  palzer@mind.net 765-569-3325 (fax) 
  
Michael Parker Don Morrow 
Program Manager (Alternate for W. Stites) 
PM Assembled Chemical Weapons Assessment Adjutant General 
CDR USA SBCCOM Arkansas National Guard 
ATTN:  AMSSB-DC (Mike Parker E5101) Camp Joseph T. Robinson, Bldg. 6000 
5183 Blackhawk Road North Little Rock, AR 72199-9600 
Aberdeen Proving Ground, MD 21010-5424 501-212-5001 (telephone) 
410-436-4364 (telephone) 501-212-5009 (fax) 
410-436-5398 (fax) don.morrow@ar.ngb.army.mil 
michael.parker@sbccom.apgea.army.mil  
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Joan Sowinski William Pehlivanian 
Federal Facilities Program Manager  Deputy Program Manager 
Hazardous Materials & Waste PM Assembled Chemical Weapons Assessment 
   Management Division CDR USA SBCCOM 
Colorado Dept. of Public Health & Environment ATTN:  AMSSB-PM-ACWA 
4300 Cherry Creek Drive South (Bill Pehlivanian E5183) 
Denver, CO 80246-1530 5183 Blackhawk Road 
303-692-3359 (telephone) Aberdeen Proving Ground, MD 21010-5424 
303-759-5355 (fax) 410-436-3498 (telephone) 
joan.sowinski@state.co.us 410-436-1992 (fax) 
 william.pehlivanian@sbccom.apgea.army.mil 
Wesley Stites  
Arkansas CAC Member Sonya Sasseville 
Associate Professor of Biochemistry Acting Chief for the Permits Branch 
University of Arkansas Permits and State Programs Division 
Department of Chemistry & Biochemistry Office of Solid Waste 
Fayetteville, AR 72701-1201 US Environmental Protection Agency 
501-575-7478 (telephone) 1200 Pennsylvania Ave., NW 
501-575-4049 (fax) Mail Code 5303W 
wstites@uark.edu Washington, DC 20560 
 703-308-8648 (telephone) 
Debra Strait 703-308-8638 (fax) 
(Alternate to K. Cain) sasseville.sonya@epa.gov 
Chief, Chemical Division  
Team Leader, Lab and Monitoring Charles Schindler 
US Army Pueblo Chemical Depot (Alternate for D. Hindman) 
45825 Highway 96 East Common Ground 
Pueblo, CO 81006-9330 311 Forest Street 
719-549-4273/4357 (telephone) Berea, KY 40403 
719-549-4582 (fax) 859-986-9341 (telephone) 
dastrait@pcd-emh1.pcd.army.mil 859-985-3914 (fax) 
 schindlers@snapp.net 
Michael Svizzero  
(Alternate for EPA) Rodney Skeen 
US Environmental Protection Agency Chemical Engineer 
401 M Street, NW Special Sciences Resources Program 
Washington, DC 20460 Confederated Tribes of Umatilla 
703-308-0046 (telephone) PO Box 638 
703-308-8638 (fax) Pendleton, OR 97801 
svizzero.michael@epamail.epa.gov 541-966-2413 (telephone) 
 541-278-5380 (fax) 
John Swartout rodskeen@ctuir.com 
(Alternate for I. Kornelly)  
Senior Policy Analyst George Smith 
Office of the Governor Alabama Citizens’ Advisory Commission 
State of Colorado 317 Sky Drive 
136 State Capitol Anniston, AL 36207 
Denver, CO 60203 256-236-2968 (telephone) 
303-866-6338 (telephone) 256-236-2968 (fax) 
303-866-6368 (fax) rsmith41@mindspring.com 
john.swartout@state.co.us 
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Craig Williams Wayne Thomas 
Spokesperson Administrator 
The Chemical Weapons Working Group Chemical Demilitarization Program 
Kentucky Environmental Foundation Oregon Department of Environmental Quality 
128 Main Street 256 East Hurlburt, Suite 105 
Berea, KY 40403 Hermiston, OR 97838 
859-986-7565 (telephone) 541-567-8297 (telephone) 
859-986-2695 (fax) 541-567-4741 (fax) 
craig@cwwg.org THOMAS.Wayne@deq.state.or.us 
  
Jane Williams Ross Vincent 
(Alternate for B. Palzer) Senior Policy Advisor 
California Commission Against Toxics Sierra Club 
PO Box 845 PMB #300 
Rosamond, CA 93560 1829 South Pueblo Boulevard 
661-256-0968 (telephone) Pueblo, CO 81005-2105 
661-256-0674 (fax) 719-561-3117 (telephone) 
dcapjane@aol.com 253-295-0998 (fax) 
 ross.vincent@sierraclub.org 
Lisa Woodward  
(Alternate for J. Sowinski) Patrick Wakefield 
Hazardous Waste Permit Writer Special Assistant for  
Colorado Dept. of Public Health & Environment    Chemical Stockpile Matters 
4300 Cherry Creek Drive South 3050 Defense Pentagon 
Denver, CO 80246-1530 Washington, DC 20301-3050 
303-692-3451 (telephone) 703-588-1983 (telephone) 
303-759-5355 (fax) 703-588-1984 (fax) 
lisa.woodward@state.co.us patrick.wakefield@osd.mil 
  
Evelyn Yates Paul Walker 
Pine Bluff for Safe Disposal Legacy Program Director 
103 Talbot Street Global Green USA 
Pine Bluff, AR 71601 1025 Vermont Avenue, NW, Suite 300 
870-575 7048 (office telephone) Washington, DC 20005-6303 
870-872-7311 (home telephone) 202-879-3181 (telephone) 
870-543-8440 (fax) 202-879-3182 (fax) 
yates_e@hotmail.compwalker@globalgreen.org 

 
Chip Ward 
(Alternate for C. King) 
West Desert HEAL 
PO Box 1005 
Grantsville, UT 84029 
801-715-6740 (telephone) 
801-715-6767 (fax) 
wardchip@hotmail.com 
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Acronyms and Abbreviations 
 
ACWA Assembled Chemical Weapons Assessment 
AMSAA Army Materiel Systems Analysis Activity 
APG Aberdeen Proving Ground (Maryland) 
ATC Aberdeen Test Center 
BGAD Blue Grass Army Depot 
CAMDS Chemical Agent Munitions Disposal System (Utah) 
CatOx Catalytic Oxidation 
CAC Citizens’ Advisory Commission 
CAIG Cost Analysis Improvement Group 
CATT Citizens Advisory Technical Team  
COINS Continuously Indexing Neutralization System™ 
CST Continuous Steam Treater  
CWWG Chemical Weapons Working Group 
DAB Defense Acquisition Board 
DAE Defense Acquisition Executive  
DOD Department of Defense 
DPG Dugway Proving Ground (Utah) 
DRE  Destruction and Removal Efficiency  
DSHS Dunnage Shredding and Hydrolysis System 
ECBC Edgewood Chemical and Biological Center (Maryland) 
EDS Engineering Design Studies 
EDP Engineering Design Packages 
EIS Environmental Impact Statement  
ERH Energetics Rotary Hydrolyzer  
GB Designation for Nerve Agent Sarin 
GPCR™ Gas Phase Chemical Reduction™ 
HD Designation for Distilled Sulfur Mustard H 
HT Designation for Blistering Agent Mustard (H) with T 
ICB™ Immobilized Cell Bioreactor™ 
IITRI Illinois Institute of Technology Research Institute  
kW Kilowatt 
NRC National Research Council 
PCD Pueblo Chemical Depot 
PHA Preliminary Hazard Analysis 
PMACWA Program Manager Assembled Chemical Weapons Assessment 
PMATA Program Manager Alternative Technologies and Approaches 
PWS Projectile Washout System 
RDM Rocket Dismantling Machine 
RFP Request for Proposal 
ROD Record of Decision  
SCWO Supercritical Water Oxidation 
TNT Trinitrotoluene 
TRBP  Thermal Reduction Batch Processor 
TW Transpiring Wall 
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U.S. United States 
USD (AT&L) Under Secretary of Defense for Acquisition, Technology and Logistics 
VX Designation for Nerve Agent Methylphosphonothioic Acid 
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