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1.0 INTRODUCTION TO THE SITE AND STATEMENT OF PURPOSE 
 
 
The Iowa Army Ammunition Plan (IAAAP) is a load, assemble, and pack (LAP) munitions facility 
located in Middletown, a rural area of eastern Iowa, 8 miles west of Burlington in Des Moines 
County, and approximately nine miles northwest of the confluence of the Skunk and Mississippi 
Rivers. 
 
The U.S. Environmental Protection Agency (EPA) added the IAAAP to the National Priorities 
List (NPL) in 1990.  The NPL is the EPA’s list of sites that appear to pose the greatest threat to 
human health and the environment, based on the site assessment process. The Department of 
Defense (DOD) has established the Defense Environmental Restoration Program to address sites 
under the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA), as amended by the Superfund Amendments and Reauthorization Act (SARA).   
 
The Army, as an agency within the DOD, is the lead DOD agency for implementing 
environmental restoration activities at the IAAAP.  The EPA and the Army signed a Federal 
Facilities Agreement (FFA) for site cleanup, which became effective December 10, 1990. The 
FFA provides a framework for CERCLA response actions to be performed at the IAAAP, 
including the investigation and cleanup of contamination. EPA is the support agency and ensures 
that cleanup activities conducted by the Army meet the requirements of CERCLA/ SARA, the 
National Oil and Hazardous Substance Pollution Contingency Plan (NCP), and the FFA. 
 
A remedy consisting of excavation/stabilization/solidification/disposal was selected for 
contaminated soils at 15 areas throughout the IAAAP designated as the Soils Operable Unit #1 
(OU-1).  An Interim Record of Decision (IROD) dated March 4, 1998 (informally known as the 
“excavation ROD”) presented the selected interim remedial action for OU-1 soils.  A Final ROD 
dated August 1998, (informally known as the “treatment ROD”) was issued for OU-1 to address 
the treatment and placement aspects of the contaminated soils at IAAAP.  
 
This Explanation of Significant Differences (ESD) documents significant changes to the August 
1998 Final ROD for Soils Operable Unit #1 as revised by the January 2003 Explanation of 
Significant Differences for the Final Record of Decision (ROD) for the Soils Operable Unit (OU-1).  
 
The January 2003 ESD documented the adoption of the contingent remedy (i.e., biological 
treatment of soils contaminated with explosives), presented in the August 1998 ROD, as the 
primary remedy.  In addition, the January 2003 ESD clarified that the remedy for soils 
contaminated with metals only would be solidification/stabilization and that the remedy for soils 
contaminated with explosives and metals would be a two-step process combining biological 
treatment and solidification/stabilization.  In 2006 an ESD was finalized that addressed specific 
remediation goals presented in the 1998 IROD.  Specifically, remediation goals for several 
naturally occurring radionuclides were eliminated after it became apparent that the goals were 
lower than natural background concentrations.  As a result, the specific remediation goals for 
those radionuclides were deleted from the IROD.  In 2008 an ESD was finalized that addressed 
the 1998 IROD’s list of sites in OU-1 and the ecological protectiveness of the proposed remedy.  
In that ESD, several sites that were in OU-4 and exhibited only soil contamination amenable to 
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the proposed remedy in the OU-1 IROD and Final ROD, were added to the list of applicable sites 
in the OU-1 IROD.  In addition, concern that the 1998 IROD did not clearly state that the 
remedy, while protective of human health, was also protective of the environment was addressed 
in the 2008 ESD.  The 2008 ESD described the approach to evaluating and eliminating 
ecological risk and thus clearly indicated the IROD remedy is protective of the environment.   
 
The changes described in this ESD are the result of new information that became available to the 
Army in 2008 regarding treatment residuals from biological remediation of explosives-
contaminated soils at IAAAP (Draft Remedial Action Report for Biological Soil Treatment, 
Tetra Tech, 2009a), and other information regarding chemical treatment of explosives-
contaminated soils (Draft Remedial Action Work Plan for Alkaline Hydrolysis Soil Treatment, 
Tetra Tech, 2009b). Specifically, alkaline hydrolysis chemical treatment using sodium hydroxide 
(caustic soda) provides a more effective (i.e., contaminant destruction (preferred) rather than 
transformation/immobilization) treatment of soils contaminated with 2,4,6-trinitrotoluene (TNT) 
(see Sect. 4.2). 
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2.0 SITE HISTORY, GENERAL CONTAMINATION SOURCES  
AND SELECTED REMEDY 

2.1 SITE HISTORY 

IAAAP was established in July 1941 as the Iowa Ordnance Plant.  The plant’s mission was to load, 
assemble, and pack 75 millimeter (mm) and 155 mm artillery shells and 100 pound to 1,000 pound 
aerial bombs.  It produced munitions for World War II until August 1945 and was operated by a 
private contractor.  Operations reverted to U.S. Army control from 1946 until 1951.  The plant has 
been a Government Owned/Contractor Operated (GOCO) under the operation of various 
contractors since that time producing projectiles; mortar rounds; warheads; demolition charges; 
antitank mines; anti-personnel mines; and the components of these munitions, including primers, 
detonators, fuses, and boosters for the joint armed forces.  The Army changed the name of the 
facility to the Iowa Army Ammunition Plant in the early 1960’s. The former Atomic Energy 
Commission (AEC) maintained a presence at the facility from 1947 until 1975.  

2.2 SUMMARY OF GENERAL CONTAMINATION SOURCES 

The primary source of contamination at the facility is attributable to past operating practices in 
which explosives-contaminated (TNT, Royal Demolition Explosive [RDX], High Melt 
Explosive [HMX]) wastewaters and sludges were discharged to uncontrolled on-site lagoons and 
impoundments. Additional sources of contamination included open burning of explosives 
materials and munitions and landfilling of waste material. Process wastewaters currently are 
treated and recycled, while only a small portion of the treated wastewater, containing residual 
explosives and other contaminants regulated under the plant's National Pollutant Discharge 
Elimination System (NPDES) permit, is discharged to surface water bodies. Pink/red 
wastewaters from TNT operations are a listed hazardous waste (K047) according to the Resource 
Conservation and Recovery Act (RCRA). Some areas of IAAAP are known to contain 
contamination (e.g., depleted uranium, explosives, and metals) resulting from AEC operations. 
The U.S. Army Corps of Engineers (USACE) is responsible for addressing contamination 
resulting from AEC operations at IAAAP.  They will take action to ensure that the environmental 
impacts associated with past AEC activities at the site are thoroughly investigated and 
appropriate remedial actions are taken to protect public health, welfare, and the environment.  
This will be accomplished under the Formerly Utilized Sites Remedial Action Program 
(FUSRAP) subject to a separate Federal Facility Agreement with EPA and the State of Iowa. 

2.3 SELECTED REMEDY 

Due to the complexity of the problems associated with the IAAAP, the facility has been divided 
into four OUs to facilitate project management. The four OUs are:  
 
• Soils OU (OU-1) , to address contamination in the soils, 
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• Groundwater OU (OU-3), to address contamination of the groundwater,  
 
• Installation-Wide OU (OU-4), to address other unacceptable risks not addressed in either 

OU-1 or OU-3, and 
 
• Military Munitions Response Program OU (OU-5), to address contamination at sites 

resulting from former active range activities. 
 
The IROD describes the interim remedial action for contaminated soils within OU-1.  The 15 sites 
addressed in the OU-1 IROD include: 
 
1. Line 1 
2. Line 2 
3. Line 3 
4. Line 3A 
5. Lines 4A/4B 
6. Lines 5A/5B 
7. Line 6 
8. Line 8 
9. Line 9 
10. Line 800 
11. East Burn Pads Area 
12. Demolition Area/Deactivation Furnace 
13. Burn Cages/West Burn Pads Area 
14. North Burn Pads Area, and 
15. Roundhouse Transformer Storage Area 
 
The future land use scenario at IAAAP is commercial/industrial. The general Remedial Action 
Objectives (RAOs) for the soil medium at IAAAP include the prevention of onsite workers and 
visitors from ingestion of site-specific constituents of concern (COCs) present in the soil 
medium.  The general RAOs also include the protection of onsite workers from ingesting 
groundwater that contains COCs that have migrated from the soil medium to the shallow 
aquifers.  The IROD did not explicitly address ecological risks but the environmental 
protectiveness was addressed in the 2008 ESD. 
 
The major components of the selected remedy under the OU-1 IROD are: 
 
• Excavation of soils contaminated at levels exceeding the soil remediation goals (RGs) for the 

remediation areas. 
 
• Verification sampling to ensure that RGs are met in the remediation areas. 
 
• Segregation of excavated soils according to contaminant type and concentration. 
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• Temporary storage of the most highly contaminated soils in the on-site Corrective Action 
Management Unit and treatment of those soils in accordance with the specification of the 
final ROD for the soils. 

 
• Permanent disposal of soil contaminated at lesser levels in the on-site Soil Repository or in 

the on-site Inert Landfill. 
 
• Solidification/stabilization of metals-contaminated soils containing metals at levels 

exceeding LDR criteria, and permanent disposal in the on-site Soil Repository. 
 
The Final ROD dated August 1998, was issued for OU-1 to address the treatment and placement 
aspects of the contaminated soils at IAAAP.  
 
The ROD presented an estimate of the volume of contaminated soils in OU-1 as 124,573 cubic 
yards.  In January 2003, an ESD for the OU-1 ROD presented a revised estimate of soil volumes 
to be treated and implemented a contingent remedy for the biological treatment of explosives in 
contaminated soils. The ESD revised the volume estimate of contaminated soils at IAAAP to 
168,122 cubic yards.  
 
The IROD, ROD and the 2003 ESD present the final remedy for contaminated OU-1 soils, which 
is to excavate and manage the soils based on the nature of contamination. Four different types of 
soil contamination were established: 
 
• Explosives-contaminated soils  
• Explosives-plus-metals-contaminated soils  
• Metals-contaminated soils 
• Semi-volatile organic compound (SVOC)-contaminated soils  
 
The major components of the selected remedy for the four types of soil contamination requiring 
treatment are summarized below. 
 
Explosives-Contaminated Soils 
 
• Excavate explosives-contaminated soil and transport to a temporary treatment facility onsite. 
• Process the soil using biological treatment. 
• Following confirmation sampling, dispose of treated soil according to the following criteria: 
 
A. For soils with cumulative risks less than 10-6, which are in compliance with land disposal 

restrictions (LDRs), and which exceed Summers model remediation goals, dispose the soil in 
an onsite engineered landfill cell such as the “Trench 6” Soil Repository, located at the Inert 
Disposal Area, or another EPA-approved onsite landfill. 

 
B. For soils with cumulative risks less than 10-6, which are in compliance with LDRs, and which 

satisfy Summers model remediation goals, dispose on IAAAP property in an appropriate 
manner protective of human health and the environment. The treatment residuals must also 
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be shown to be non-toxic or not bio-available at levels posing a threat to human health or the 
environment. 

 
Explosives-Plus-Metals-Contaminated Soils 
 
• Excavate explosives-plus-metals-contaminated soil and transport to a temporary treatment 

facility onsite. 
 
• Process the soil through a two-step treatment process: biological treatment for explosives 

contaminants and solidification/stabilization for metals contaminants. 
 
• Sample to confirm successful treatment for both explosives and metals. 
 
• Following sampling to confirm compliance with Toxicity Characteristic Leaching Procedure 

(TCLP) based remediation goals, dispose the soil in an onsite engineered landfill cell such as 
the “Trench 6” Soil Repository, located at the Inert Disposal Area, or another EPA-approved 
onsite landfill. 

 
Metals-Contaminated Soils 
 
• Excavate metals-contaminated soil and transport to a temporary treatment facility onsite. 
 
• Process the soil through solidification/stabilization step for metals contaminants. 
 
• Following sampling to confirm compliance with TCLP-based remediation goals, dispose the 

soil in an onsite engineered landfill cell such as the “Trench 6” Soil Repository, located at the 
Inert Disposal Area, or another EPA-approved onsite landfill. 

 
SVOC-Contaminated Soils 
 
• Excavate SVOC-contaminated soil. 
 
• Transport the soil to a commercial waste treatment and disposal facility off-site. 
 
 
Implementation of Biological Treatment 
 
The Army implemented full-scale biological treatment of explosives- and explosives-plus-
metals-contaminated soil at the IDA in June 2008.  The plans for biological treatment were 
presented in the Draft Final Remedial Action Work Plan for soil Treatment at the Inert disposal 
Area (Tetra Tech, 2008).  The results of the biological treatments were reported in the Remedial 
Action Report for Biological soil Treatment (Tetra Tech, 2009).  Approximately 2100 cubic 
yards of contaminated soil were treated biologically to achieve a cumulative risk below 10-6. 
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3.0 BASIS FOR THE ESD 
 
 
This ESD is necessary because biological treatment of TNT-contaminated soils at IAAAP, 
cannot be completed as efficiently as RDX remediation and thus has resulted in residual 
concentrations of TNT that exceed the soil remediation goals. Even with more time, the 
biological transformation of TNT results in transformation of the contaminant that makes it more 
strongly attached to soils and thus not bioavailable.  While the transformation products (e.g., 
amino-dinitrotoluenes) may be less toxic than TNT (U.S. EPA, 2009), residual contamination 
remains in the treated soil. Chemical treatment (alkaline hydrolysis) of explosives-contaminated 
soils using sodium hydroxide (caustic soda) has demonstrated the capability of meeting 
remediation goals and ensuring destruction to safe end products (see Appendix A). Section 3.0 
describes the background and rationale for the change proposed in this ESD.  Section 4.0 
discusses the resulting changes in performance standards, scope of work and costs. 

3.1 CHANGE OF SELECTED REMEDY FOR TREATMENT OF  
EXPLOSIVES-CONTAMINATED SOILS 

Biological treatment of explosives-contaminated soils at IAAAP has resulted in residual 
concentrations of TNT that exceed the soil remediation goals (Tetra Tech 2009a). Treatment of 
explosives-contaminated soils (with and without metals contamination) using biological 
treatment as specified in the Final ROD (Contingency Remedy) and modified in the January 
2003 ESD involves excavating the soil; blending of the soil with liquid carbon amendments; and 
sampling the mixture periodically. 
 
The revised remedy proposed within this ESD is chemical treatment (alkaline hydrolysis) of 
explosives-contaminated soils (with or without metals contamination). This process has been 
shown in bench-scale and pilot field tests at Volunteer Army Ammunition Plant (VOAAP) and 
IAAAP to destroy TNT rapidly enough that the resulting compounds formed are less toxic than 
the original contaminant (Tetra Tech, 2009b). The revised remedy will more quickly and cost-
effectively meet the ROD-specified performance standards for the treatment of the contaminants 
and it will meet the ROD-specified management standards for treatment residues.  
 
Soil Contaminated with Explosives Only 
The revised remedy proposed in this ESD will treat explosives contaminants to reduce 
cumulative soil exposure risk to less than 10-6 levels and will test the treated soil to ensure that it 
meets RCRA LDRs. Successfully treated soil will be disposed in on-site engineered landfill cells 
such as the “Trench 6” Soil Repository or another EPA-approved on-site landfill. 
 
Soil Contaminated with Explosives-plus-Metals 
The revised remedy proposed in this ESD remains a two-step process by replacing the biological 
treatment with an alkaline hydrolysis chemical treatment for the explosives contaminants in the 
first step.  A solidification/stabilization method for metals contaminants will remain the same as 
the second step. The revised remedy will meet the ROD-specified performance standards for 
treatment of explosives contaminants, as identified for soil contaminated with explosives only. 
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The revised remedy will also meet ROD-specified performance standards for treatment of metals 
contaminants (using solidification/stabilization), determined by compliance with LDRs, as 
measured by TCLP limits established under RCRA. Successful soil treatment will require that 
the applicable treatment standards be met for the explosives treatment and the metals treatment 
steps. Successfully treated soil will be disposed in on-site engineered landfill cells such as the 
“Trench 6” Soil Repository or another EPA-approved on-site landfill, as specified in the ROD. 
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4.0 DESCRIPTION OF SIGNIFICANT DIFFERENCES 
 
 
The basis for this ESD is presented in Section 3.0.  Section 4.0 provides a detailed description of 
the significant differences and the changes to performance standards, scope of work and costs. 

4.1 CHANGE OF SELECTED REMEDY FOR TREATMENT OF EXPLOSIVES-
 CONTAMINATED SOIL, WITH AND WITHOUT METALS CONTAMINATION 

The fundamental process in alkaline hydrolysis involves the replacement via nucleophilic 
substitution of the methyl and nitrite groups on the ring structure of TNT followed by likely ring 
cleavage and the formation of low-molecular weight organic compounds such as formate, acids, 
aldehydes, and alkanes. Studies have examined the use of lime (calcium hydroxide) as well as 
stronger caustic compounds such as sodium hydroxide (caustic soda) and potassium hydroxide 
for the destruction of explosives (e.g., Brooks, et al., 2003; Felt, et al., 2007).  The results of 
those studies indicate that elevated environmental pH (pH>10) can destroy simple explosives, 
such as RDX, whereas a higher pH (pH>12.5) is often required to efficiently destroy more stable 
explosives such as TNT. 
 
Even the use of large quantities of lime cannot feasibly raise the pH in soil to greater than 12.5 
units. Caustic soda has the ability to raise the pH above the critical range to levels that are more 
conducive to TNT chemical attack with the use of lesser quantities of the treatment chemical. 
These pH levels are reported to destroy TNT rapidly enough that the resulting compounds 
formed are less toxic than the original contaminant. 
 
Biological degradation of TNT-contaminated soils required maintenance of a low-oxygen 
(anaerobic) environment within the soil treatment pile.  Reliance on anaerobic biological 
processes, which can be relatively slow, extends the time required for treatment.  Further, 
maintenance of an anaerobic soil environment limits the optimal treatment zone to a limited 
depth range within the pile.  Furthermore, the advantage of biological degradation of TNT under 
these conditions is that it results in formation of amino-dinitrotoluenes which, while probably 
less toxic than TNT, is more strongly bound to soil particles and less bioavailable. 
 
While there could be several low-molecular weight organic end products of TNT degradation, 
which would likely be predominantly in the form of alkanes and their derivatives, the inorganic 
compound nitrite (NO2) and its oxidized form nitrate (NO3) are the primary compounds of 
concern following alkaline hydrolysis.  
 
Soils will be treated in 300 cubic yard (CY) batches using sodium hydroxide and water. Each of 
the 300 CY batches will be placed in the treatment area in 48-inch lifts using front-end loaders, 
bulldozers, and/or excavators prior to the addition of caustic soda. 
 
Caustic soda will be in the form of beads, stored onsite near the treatment area, and used as 
needed for treatment. The first step in chemical addition will involve the even spreading of 
caustic soda on each soil treatment batch. Caustic soda will spread on the treatment cells after 
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staging the soils. Approximately twelve hundred pounds of caustic soda will be added per 
300 CY of soil. The spreader will ensure that the caustic soda is spread as evenly as possible 
across the treatment soil pile. Following spreading of caustic soda, an excavator or a front-end 
loader will be used to work the chemical into the soil uniformly in all locations to obtain as 
homogenized a dry mix as possible. 
 
Following application and mixing of the caustic soda, the treatment piles will be wetted with 
water at a ratio of approximately 1,500 gallons per 300 CY as necessary. The final mixing step 
will involve application of additional water onto the soil. Because water is an essential ingredient 
in the reaction process and contaminant destruction occurs predominantly in the aqueous phase, 
sufficient quantities of water are added until saturated conditions are attained based on visual 
observation. Standard equipment will be used to mix the wet soil in place once during the 
addition of water. Water will continue to be added until a thin layer (approximately 0.1 inch) is 
visible on top of the soil, which ensures that the soil has attained saturated conditions. 
 
The mixing procedures outlined herein assumes a 10-day overall treatment period from the start 
of chemical addition. During this one week period, the soil will be mixed two to three times. 
Target concentrations of contaminants are expected to be reached by the end of the treatment 
period. 
 
Confirmation samples will be collected from treated soils to determine that cleanup goals have 
been met and that contaminant concentrations meet toxicity standards in each 300 CY pile. The 
arithmetic mean of three 5-point composite samples per 300 CY pile will be used to determine that 
treated soils have met the cleanup goals or target concentrations. If required, TCLP samples will 
consist of a composite of the final three 5-point composites collected from the treatment pile. 

4.2 CHANGES IN COST, EFFECTIVENESS, AND PERFORMANCE 

Changes in expected outcomes resulting from this ESD include the following: 

4.2.1 Cost Issues 

• A significant decrease in unit costs versus those presented in the ROD for the treatment of 
explosives-contaminated soil (approximately $100 per CY for the revised remedy versus 
$510 per CY for Low Temperature Thermal Desorption (LTTD) and $490-$785 per CY for 
biological treatment estimated in the ROD.  

 
• A significant decrease in unit costs versus those presented in the 2003 ESD (approximately 

$100 per CY for the revised remedy versus $175 per CY estimated in the 2003 ESD). 

4.2.2 Short- and Long-Term Effectiveness 

• Efficient and effective chemical treatment of explosives-contaminated soil with minimal 
increase in soil volume when using the revised remedy (as compared to the large volumetric 
increase expected in the ROD for soil treated by composting, and as compared with the 
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minimal increase expected in the 2003 ESD for technological improvements in biological 
treatment). 

 
• Significant increase in treatment effectiveness for chemical treatment of explosives-

contaminated soil (especially for TNT-contaminated soil) as compared to biological 
treatment in the ROD and revised biological treatment in the 2003 ESD.  Specifically for 
TNT-contaminated soils, chemical treatment using the proposed method destroys the ring 
structure of TNT whereas the biological treatment method slowly modifies the chemical 
entities attached to the ring structure such that the transformation products are more strongly 
attached to the soil particles and less bioavailable.  Results of a pilot study on IAAAP soils 
(Appendix A) clearly demonstrate the effectiveness of the proposed treatment. 

 
• The revised remedy, the ROD-selected (LTTD) remedy, and the Contingency Remedy from 

the 2003 ESD will all permanently reduce contaminant levels to below ROD-specified 
treatment goals and are considered equally protective of human health and the environment. 
The revised remedy and the ROD-selected remedy will provide a greater degree of reduction 
in contaminant toxicity and mobility than the Contingency Remedy from the 2003 ESD. This 
is due to the fact that thermal and chemical treatment will permanently destroy explosive 
contaminants that are present above remediation goals, while biological treatment will 
degrade and stabilize them. Because destruction of explosives contaminants may be less 
complete using biological treatment, the revised remedy of chemical treatment may be 
considered more effective. 

 
• Compared to the ROD-selected remedy (LTTD) and the Contingency Remedy (biological 

treatment), the revised remedy (chemical treatment) provides for soil treatment that has 
equivalent or greater effectiveness and permanence, reduction in toxicity/mobility/volume, 
implementability, overall protection of human health and the environment, and compliance 
with ARARs. In addition, no significant change is expected in time required to implement 
any of these remedies. In summary, the revised remedy will provide equivalent or greater 
performance (compared to the ROD-selected remedy and the Contingency Remedy) in 
meeting remedial action objectives established in the ROD. 

4.2.3 Performance Issues 

No significant performance issues are associated with implementation of the revised remedy 
(alkaline hydrolysis chemical treatment).  The proposed remedy requires mixing of a chemical 
material with the contaminated soils in a manner similar to implementation of the biological 
remedy.   
 
The elevated pH (pH>12) of treated soils poses minimal risks to human health and safety as 
treatment is conducted by personnel trained and equipped to deal with the associated hazards.  
Treated soils remain in a lined treatment cell within the fenced area of the IDS until sample 
results indicate the cumulative risk from contaminants is less than 10-6.  At that time, trained 
personnel move the treated soil to an adjacent lined disposal cell.  As the alkaline reagents react 
with contaminants and soil minerals, the pH slowly decreases.  The pH also decreases as 
rainwater or added water percolate through the treated soil and carry reactants through 
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underlying soils in either the treatment or disposal cell where additional neutralization reactions 
occur.   
 
Ecological risks during active soil treatment are minimized by the level of human activity and 
disruptive activities at the IDA, making it unattractive for wildlife species.  While the IDA is 
partially fenced, wildlife still traverses the area suggesting short-term exposures are possible. 
However, the high water content of soil undergoing treatment would make the footing 
treacherous and unattractive to wildlife. 
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5.0 STATUTORY DETERMINATIONS 
 
 
Considering the new information that has been developed and the changes that have been made 
to the selected remedy, the Army and EPA believe that the remedy remains protective of human 
health and the environment, complies with Federal and State of Iowa requirements that are 
legally applicable or relevant and appropriate to this remedial action, and is cost-effective. 
Therefore, the revised remedy satisfies the statutory requirements of Section 121 of CERCLA.
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6.0 PUBLIC PARTICIPATION COMPLIANCE 
 
 
In accordance with the requirements of Section 300.435(c)(2)(i) of the National Contingency 
Plan (NCP), the Army published a notice of availability and a brief description of the ESD in 
The Burlington Hawk Eye newspaper on August 27, 2009 (see Appendix C). This ESD will also 
be made available to the public by placing it in the Administrative Record file. 
 
The electronic Administrative Record file for the IAAAP site is located at: 
 
www.iaaap.adminrecord.com 
 
A public meeting to address this change is not currently planned. However, a meeting will be 
scheduled upon public request. 
 
The point of contact for public inquiries is:  
 

Matthew Jefferson 
USEPA – Region VII 
901 North 5th Street 

Kansas City, KS 66101 
913-551-7520 

 
 

Rodger Allison 
SJMIA-ENR 

Iowa Army Ammunition Plant 
17571 State Highway 79 

Middletown, IA 52638-5000 
319-753-7130 
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INTRODUCTION 

 

This technical memorandum documents the treatment approach and analytical results for soil 

treated by alkaline hydrolysis in Trench 6 at the Inert Disposal Area (IDA) located at the Iowa 

Army Ammunition Plant (IAAAP).  The information contained in this document further supports 

the continued use of alkaline hydrolysis for treating explosives contaminated soils at the IDA.  

The approach, rationale, and initial results for alkaline hydrolysis treatment of IDA soils were 

provided in the Status Report for Soil Chemical Treatment at the IDA dated March 2009 (Tetra 

Tech, 2009a).  Details of the treatment approaches for soil in Trenches 6 and 7 are provided in 

the Draft Remedial Action Work Plan for Alkaline Hydrolysis Soil Treatment at the Inert 

Disposal Area submitted in the fall of 2009 (Tetra Tech, 2009b). 

 

 

REMEDIATION AND SAMPLING APPROACH  

 

Field work for Trench 6 soil treatment was conducted from May 14 to June 09, 2009.  The total 

soil treatment volume in Trench 6 is approximately 3,375 cy.  To facilitate treatment decisions, 

Trench 6 was divided into 6 decision units (DUs) numbered DU1 through DU6 and ranging in 

volume from 300 cubic yards (cy) to 740 cy each (Figure 1).  The locations and lateral extents of 

the decision units coincide with those established for biological treatment in 2008.  Field work 

consisted of the following activities: 

 

 Baseline soil sampling 

 Amendment with sodium hydroxide 

 Mixing 

 Field parameter sampling  

 Analytical performance sampling 

 

Baseline Soil Sampling 
 

The sampling strategy was derived based on the size of each decision unit, in a pseudo-gridded 

approach (Figure 1). One composite sample was collected from each decision unit of 350 cy of 

soil, in accordance with a previous agreement established between EPA and Tetra Tech during 

the biological phase of the soil treatment.  Where a DU contained more than 350 cy but less than 

700 cy, two composite samples were collected (labeled north and south).  One DU (DU6) 

contained more than 700 cy and three composite samples were collected (labeled north, center 

and south). Baseline samples were collected between May 14 and 19, 2009, prior to sodium 

hydroxide amendment, and sent to Accutest for analysis.  The 20 point/aliquot composite 

samples were collected by a tracked excavator instead of a hand auger to limit worker exposure 

to highly alkaline materials. Aliquots for composite samples were collected from fairly evenly 

spaced locations and from random depths, to reduce error due to compositional heterogeneity. 

Samples were homogenized using a stainless steel bowl and spoon, and a single 1 kilogram 

composite sample was placed in two certified clean, 16-oz. wide-mouthed glass jars with Teflon-

lined lids.  All samples were labeled according to nomenclature provided by the Tetra Tech data 
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manager and stored at 4
o
C. Baseline samples were analyzed for pH, moisture content, 

explosives, nitrate and nitrite (Table 1). 

 

Amendment with Sodium Hydroxide 

 

Chemical amendment was initiated on May 14 and completed on May 22, 2009. Sodium 

hydroxide was added at the rate of approximately two percent by weight to DUs 1, 2, 3, 4, and 6 

and 1.5 percent by weight to DU5.  The application rate at DU5 was adjusted lower because DU5 

had been previously amended with sodium hydroxide and exhibited an elevated residual pH.  The 

amendment rate equated to approximately 18,000 pounds (lbs) (9 Super Sacs at 2,000 lbs each) per 

350 cy of soil, with a soil density of 100 lbs per cubic foot (ft
3
) or 2,700 lbs per cy.  The number of 

Super Sacs of sodium hydroxide added to each Trench 6 DU is shown in Table 2.  

 

Sodium hydroxide was added and mixed into the soil in each decision unit as follows: 

 

1. Transport 2,000 lb Super Sacs of sodium hydroxide beads to the soil to be treated. 

2. Place Super Sac on top of decision unit and slice open. 

3. Sweep Super Sac carefully over soil with excavator bucket and spread sodium hydroxide as 

evenly as possible. 

4. Apply additional Super Sacs of sodium hydroxide over soil until top surface of soil to be 

treated is covered. 

5. Mix sodium hydroxide over entire depth/thickness of soil being treated (4 feet).  Repeat 

mixing until soil is mixed three times. 

6. Collect aliquots of soil to field test for moisture and pH. 

 

Mixing 
 

Three successive rounds of mixing were performed after amendment at each DU, from May 14 

to May 22, 2009, in order to promote dissolution of the amendment in the soil water phase and 

contact of the hydroxyl ions with the explosives.  

 

Field Parameter Sampling 

 

Field measurements for soil pH and moisture content occurred after the second round of mixing, 

between May 18 and 22, 2009 (one to five days after amendment) to assess adequate soil 

moisture content and mixing effectiveness. Samples for field measurement of soil pH and 

moisture content were obtained as grab samples using a tracked excavator to limit worker’s 

exposure to highly alkaline materials. Three grab samples (north, center and south) were 

collected for each DU, regardless of their size. The results from this field sampling event 

(Table 3) were used to determine whether immediate treatment optimization was required (e.g. 

additional sodium hydroxide addition, irrigation, mixing).  
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Analytical Performance Sampling 

 

Actual treatment efficiency and contaminant destruction were assessed through two rounds of 

performance sampling. The first performance sampling event occurred between May 29 and 30, 

2009 (eight to 13 days after amendment). The second performance sampling event occurred 

10 days after the first. Performance samples were collected as described for the baseline samples 

and analyzed by Accutest for pH, moisture content, explosives, nitrate, and nitrite (Table 1).  

 

While other end-products of the alkaline hydrolysis reaction of nitroaromatic compounds appear in 

the literature (e.g. formate and oxalate), it was decided that they would not be included in this 

sampling plan. The rationale for this decision is mainly based on the uncertainties associated with 

the detection of these end-products and their documented reduced toxicity. Nitrate and nitrite are 

the only end-products routinely detected by most researchers (Emmrich, 2001), while other end-

products have only been episodically detected. The identification of possible products and reaction 

mechanisms is complicated by the nature of the hydrolysis reaction itself. The chemistry makes 

possible the production of all reduced forms of CH3
 
 and NO2 through cleavage of the nitroso 

groups and the aromatic ring, and only little progress has been made in their identification (Wu, 

Y.C., 2001). Felt et al. (2001) also established that several unidentified compounds were formed in 

a sequential manner during alkaline hydrolysis of TNT, and found that 98 percent of the products 

were polar compounds. These researchers also indicated the possibility of TNT polymerization at 

ambient temperature during the alkaline hydrolysis treatment, producing large TNT-like 

molecules. However, Davis et al. (2007) showed that this phenomenon can be avoided by running 

the reaction at pH greater than 11.0 standard units. Under such conditions (at pH 11.5 and 12.5), 

similar to those implemented at Trench 6, the alkaline hydrolysis end-products included nitrate, 

and other small molecular weight polar compounds. And, while such compounds might not be 

clearly identified yet, several studies to date have shown that the alkaline hydrolysis process 

significantly reduced the acute toxicity of solutions containing nitroaromatic compounds (Hansen 

et al., 2001; Felt et al., 2001; Brooks et al., 2003), especially at pH greater than 11. Furthermore, 

the lining and subsequent capping of the landfill at Trench 6 prevent complete exposure pathways 

by leaching to groundwater or through direct contaminant contact. Hence, even the only routinely 

detected end-products of alkaline hydrolysis, i.e. nitrate and nitrite, do not present a threat to 

human health and the environment. 

 

Explosives results were evaluated against remedial goals (RGs) for individual contaminants as 

well as the cumulative risk remedial goal at 1E-06 in accordance with the Final Record of 

Decision (ROD), Iowa Army Ammunitions Plant, Soils Operable Unit #1 (USEPA, 1998). The 

methodology and acceptable target risk level for OU-1 RGs are referenced in the ROD on page 

44.  As indicated in the ROD, specific input parameters and calculation methodologies were 

adopted from OSWER Directive 9285.6-03. For constituents specified in the ROD (e.g. RDX, 

HMX, and TNT), the specified RG was used. For those constituents without a specified RG, 

such as 2-amino-4,6-DNT, 4-amino-2,6-DNT, nitrate and nitrite, RGs were derived using  the 

following equations from the referenced OSWER directive and current toxicity values (reference 

doses or slope factors).  
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Soil RGs for treatment of the COCs listed in the ROD were developed using the 1E-06 cumulative 

risk level criterion, as follows.   

 

For carcinogens, 
SFHIF

TCR
RG  

 

For noncarcinogens, 
HIF

THQxRfD
RG  

 

Where RG =  Remediation Goal 

 TCR =  Target Cancer Risk 

 HIF =  human intake factor 

 SF =  slope factor 

 THQ =  Target Hazard Quotient 

 RfD =  reference dose 

 

HIF is calculated as follows: 

 

ATBW

FDEFCR
HIF  

 

Where CR =  contact rate (medium contacted per unit time) 

 EF =  exposure frequency 

 ED =  exposure duration 

 BW =  body weight (kg) 

 AT =  averaging time (days) 

 
Where CR = 50 mg/day, EF = 250 days/year, ED = 25 years, BW = 70, and AT = ED for 

noncarcinogens and 70 years for carcinogens. 

 

Cumulative risk was calculated by comparing concentrations of individual explosives to their 

corresponding remedial goal at a risk of 1E-06.  The result of this comparison is a cumulative 

risk value for each sampling event at each DU or portion thereof (Table 1).   
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REMEDIATION AND SAMPLING RESULTS 

 

The following sections provide a detailed discussion of amendment and sampling results for each 

Trench 6 DU or sub-unit thereof.  The analytical results for each DU/sub-unit are detailed in 

Table 2.  Field pH and moisture results are provided in Table 3. 

 

Decision Unit 1 – DU1 

 

This decision unit contained 640 cy of soil and was therefore divided into two sub-units, referred 

to as DU1 North and DU1 South. Chemical amendment was performed on May 18, 2009, with a 

total of 32,000 lbs of sodium hydroxide (16 Super Sacs of 2,000 lbs each) added to the entire soil 

volume of 640 cy (1.7x10
6
 lbs), yielding an amendment rate of 1.85% by weight. Three 

successive rounds of mixing were performed after amendment on May 18, 19, and 20, 2009 in 

order to promote dissolution of the amendment in the soil water phase and contact of the 

hydroxyl ions with the explosives.  

 

DU1 North 

 

Baseline Composite Sampling - May 14, 2009 

Baseline sampling showed RDX, TNT, and HMX concentrations of 0.494, 1.84 and 2.06 mg/kg, 

respectively, with other explosive concentrations ranging from non-detect to 0.17 mg/kg. At 

baseline, all explosive, nitrate, and nitrite concentrations were below their individual RG values. 

The combined explosive results yielded a human health cumulative risk at baseline of 2.6x10
-8

, 

below the cumulative risk RG of 10
-6

. The baseline soil pH and moisture content were 6.2 and 

21.6%, respectively. 
 

Day 0 - Chemical Amendment – May 18, 2009 
 

Day 1 - Field Grab Sampling - May 19, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 13.4 and 21.7%. Because these values were above the target values 

of 12.5 and 20%, respectively, further amendment or irrigation was not deemed necessary. 
 

Day 12 - First Performance Composite Sampling - May 30, 2009 

The first performance sampling event showed RDX and TNT concentrations were reduced to 

non-detect, while the HMX concentration was reduced to 1.46 mg/kg. All other explosive 

concentrations ranged from non-detect to 0.807 mg/kg. All explosive, nitrate, and nitrite 

concentrations were below their individual RG values. The combined explosive results yielded a 

human health cumulative risk at Day 12 of 9.4x10
-9

, below the cumulative risk RG of 10
-6

. While 

Day 12 moisture content at 17.7% was slightly below the target value of 20%, pH at 12.9 was 

above its respective goal of 12.5. Further amendment or irrigation was not deemed necessary. 
 

Day 22 - Second Performance Composite Sampling - June 9, 2009 

The second performance sampling event showed a TNT concentration remaining at non-detect, 

while the RDX and HMX concentration slightly increased to 0.214 and 1.60 mg/kg, respectively. 

These variations in explosive concentration are due to the heterogeneity of the soil and that of the 

mixing process, and are expected during normal soil chemical treatment. All other explosive 
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concentrations ranged from non-detect levels to 0.398 mg/kg. All explosive, nitrate, and nitrite 

concentrations remained below their individual RG values. The combined explosive results 

yielded a human health cumulative risk at Day 22 of 1.1x10
-8

, below the cumulative risk RG of 

10
-6

. While Day 22 pH at 12.4 was slightly below the target value of 12.5, moisture content at 

24.8% was above its goal of 20%. Since the cumulative risk was consistently and significantly 

maintained below the RG of 10
-6

 between Day 12 and 22, and since high residual pH and 

moisture were observed at Day 22, no further action was taken and the treatment at DU1 North 

was deemed successful. 

 

DU1 South 

 

Baseline Composite Sampling - May 14, 2009 

Baseline sampling showed RDX, TNT, and HMX concentrations of 2.04, 2.80 and 4.51 mg/kg, 

respectively, with other explosive concentrations ranging from non-detect to 0.716 mg/kg. At 

baseline, all explosive, nitrate, and nitrite concentrations were below their individual RG values. 

The combined explosive results yielded a human health cumulative risk at baseline of 6.6x10
-8

, 

below the cumulative risk RG of 10
-6

. The baseline soil pH and moisture content were 6.3 and 

24.9%, respectively. 
 

Day 0 - Chemical Amendment – May 18, 2009 
 

Day 1 - Field Grab Sampling - May 19, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 13.3 and 24.3%. Because these values were above the target values 

of 12.5 and 20%, respectively, further amendment or irrigation was not deemed necessary. 
 

Day 12 - First Performance Composite Sampling - May 30, 2009 

The first performance sampling event showed the TNT concentration was reduced to non-detect, 

while RDX and HMX concentrations were reduced to 0.0931 and 1.49 mg/kg, respectively. All 

other explosive concentrations were at non-detect.  All explosive, nitrate and nitrite 

concentrations were below their individual RG values. The combined explosive results yielded a 

human health cumulative risk at Day 12 of 9.0x10
-9

, below the cumulative risk RG of 10
-6

. Day 

12 pH and moisture content at 12.9 and 21.3% were still above the target values of 12.5 and 

20%, respectively. Further amendment or irrigation was not deemed necessary. 
 

Day 22 - Second Performance Composite Sampling - June 9, 2009 

The second performance sampling event showed TNT remaining at non-detect, while RDX and 

HMX concentrations increased slightly to 0.194 and 2.42 mg/kg, respectively. These variations in 

explosive concentration are due to the heterogeneity of the soil and that of the mixing process, and 

are expected during normal soil chemical treatment. All other explosive concentrations ranged 

from non-detect to 0.222 mg/kg. All explosive, nitrate and nitrite concentrations remained below 

their individual RG values. The combined explosive results yielded a human health cumulative risk 

at Day 22 of 1.1x10
-8

, below the cumulative risk RG of 10
-6

. Day 22 pH and moisture content at 

12.5 and 38.7% were still above the target values of 12.5 and 20.0%, respectively.  Since the 

cumulative human health risk was consistently maintained at a level significantly below the RG of 

10
-6

 between Day 12 and 22, and since high residual pH and moisture were observed, no further 

action was taken and the treatment at DU1 South was deemed successful.  
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Decision Unit 2 – DU2 

 

This decision unit contained 375 cy of soil and was therefore divided into two sub-units, referred 

to as DU2 North and DU2 South. Chemical amendment was performed on May 22, 2009, with a 

total of 20,000 lbs of sodium hydroxide (10 Super Sacs of 2,000 lbs each) added to the entire soil 

volume of 375 cy (1.0x10
6
 lbs), yielding an amendment rate of 1.97% by weight. Three 

successive rounds of mixing were performed after amendment on May 22, 2009 in order to 

promote dissolution of the amendment in the soil water phase and contact of the hydroxyl ions 

with the explosives.  

 

DU2 North 

 

Baseline Composite Sampling - May 19, 2009 

Baseline sampling showed RDX, TNT, and HMX concentrations of 6.86, 9.83 and 5.63 mg/kg, 

respectively, with other explosive concentrations ranging from non-detect to 2.78 mg/kg. At 

baseline, all explosive, nitrate, and nitrite concentrations were below their individual RG values. 

The combined explosive results yielded a human health cumulative risk at baseline of 2.0x10
-7

, 

below the cumulative risk RG of 10
-6

. The baseline soil pH and moisture content were 6.7 and 

22.9%, respectively. 
 

Day 0 - Chemical Amendment – May 22, 2009 
 

Day 0 - Field Grab Sampling - May 22, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 12.9 and 19.0%. While moisture content was slightly below the 

target value of 20.0%, pH was above its goal of 12.5%. Further amendment or irrigation was not 

deemed necessary. 
 

Day 8 - First Performance Composite Sampling - May 30, 2009 

The first performance sampling event showed TNT and HMX concentrations were reduced to 

non-detect, while the RDX concentration was reduced to 0.457 mg/kg. All other explosive 

concentrations ranged from non-detect to 2.14 mg/kg. All explosive, nitrate, and nitrite 

concentrations were below their individual RG values. The combined explosive results yielded a 

human health cumulative risk at Day 8 of 1.6x10
-8

, below the cumulative risk RG of 10
-6

. Day 8 

moisture content at 20.1% and pH at 12.9 were above their respective goals of 20.0% and 12.5. 

Further amendment or irrigation was not deemed necessary. 
 

Day 18 - Second Performance Composite Sampling - June 9, 2009 

The second performance sampling event showed a TNT concentration remaining at non-detect, 

while the RDX and HMX concentration slightly increased to 0.725 and 1.61 mg/kg, respectively. 

These variations in explosive concentration are due to the heterogeneity of the soil and that of the 

mixing process, and are expected during normal soil chemical treatment. All other explosive 

concentrations ranged from non-detect levels to 0.431 mg/kg. All explosive, nitrate, and nitrite 

concentrations remained below their individual RG values. The combined explosive results 

yielded a human health cumulative risk at Day 18 of 2.1x10
-8

, below the cumulative risk RG of 

10
-6

. While Day 18 pH at 12.3 was slightly below the target value of 12.5, moisture content at 

22.9% was above its goal of 20%. Since the cumulative risk was consistently and significantly 
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maintained below the RG of 10
-6

 between Day 8 and 18, and since high residual pH and moisture 

were observed at Day 18, no further action was taken and the treatment at DU2 North was 

deemed successful. 

 

DU2 South 

 

Baseline Composite Sampling - May 19, 2009 

Baseline sampling showed RDX, TNT, and HMX concentrations of 0.690, 46.4 and 5.33 mg/kg, 

respectively, with other explosive concentrations ranging from non-detect to 7.64 mg/kg. At 

baseline, all explosive, nitrate, and nitrite concentrations were below their individual RG values. 

The combined explosive results yielded a human health cumulative risk at baseline of 2.7x10
-7

, 

below the cumulative risk RG of 10
-6

. The baseline soil pH and moisture content were 6.8 and 

22.4%, respectively. 
 

Day 0 - Chemical Amendment – May 22, 2009 
 

Day 0 - Field Grab Sampling - May 22, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 12.8 and 22.3%. Because these values were above the target values 

of 12.5 and 20%, respectively, further amendment or irrigation was not deemed necessary. 
 

Day 8 - First Performance Composite Sampling - May 30, 2009 

The first performance sampling event showed the RDX and TNT concentrations were reduced to 

non-detect, while HMX concentration was reduced to 1.25 mg/kg. All other explosive 

concentrations ranged from non-detect to 3.10 mg/kg. All explosive, nitrate and nitrite 

concentrations were below their individual RG values. The combined explosive results yielded a 

human health cumulative risk at Day 8 of 1.2x10
-8

, below the cumulative risk RG of 10
-6

. While 

Day 8 moisture content at 17.2% was slightly below the target value of 20%, pH at 12.8 was 

above its respective goal of 12.5. Further amendment or irrigation was not deemed necessary. 
 

Day 18 - Second Performance Composite Sampling - June 9, 2009 

The second performance sampling event showed RDX and TNT remaining at non-detect, while 

HMX concentration increased slightly to 4.07 mg/kg. This variation in explosive concentration is 

due to the heterogeneity of the soil and that of the mixing process, and is expected during normal 

soil chemical treatment. All other explosive concentrations ranged from non-detect to 

2.19 mg/kg. All explosive, nitrate and nitrite concentrations remained below their individual RG 

values. The combined explosive results yielded a human health cumulative risk at Day 18 of 

9.8x10
-9

, below the cumulative risk RG of 10
-6

. While Day 18 pH at 12.3 was slightly below the 

target value of 12.5, moisture content at 21.7% was above its goal of 20%. Since the cumulative 

risk was consistently and significantly maintained below the RG of 10
-6

 between Day 8 and 18, 

and since high residual pH and moisture were observed at Day 18, no further action was taken 

and the treatment at DU2 South was deemed successful. 
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Decision Unit 3 – DU3 

 

This decision unit contained 300 cy of soil and was therefore not divided into sub-units. 

Chemical amendment was performed on May 22, 2009, with a total of 16,000 lbs of sodium 

hydroxide (8 Super Sacs of 2,000 lbs each) added to the entire soil volume of 300 cy (8.1x10
5
 

lbs), yielding an amendment rate of 1.97% by weight. Three successive rounds of mixing were 

performed after amendment on May 22, 2009 in order to promote dissolution of the amendment 

in the soil water phase and contact of the hydroxyl ions with the explosives.  

 

Baseline Composite Sampling - May 19, 2009 

Baseline sampling showed RDX, TNT, and HMX concentrations of 0.196, 147, and 0.556 mg/kg, 

respectively, with other explosive concentrations ranging from non-detect to 17.1 mg/kg. At 

baseline, all explosive, nitrate, and nitrite concentrations were below their individual RG values. 

The combined explosive results yielded a human health cumulative risk at baseline of 7.9x10
-7

, 

below the cumulative risk RG of 10
-6

. The baseline soil pH and moisture content were 6.9 and 

20.1%, respectively. 
 

Day 0 - Chemical Amendment – May 22, 2009 
 

Day 0 - Field Grab Sampling - May 22, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values ranged from 13.0 to 13.1 and from 17.9 to 20.2%. While moisture content 

was slightly below the target value of 20.0%, pH was above its goal of 12.5%. Further 

amendment or irrigation was not deemed necessary. 
 

Day 8 - First Performance Composite Sampling - May 30, 2009 

The first performance sampling event showed RDX concentration was reduced to non-detect, 

while the TNT and HMX concentrations were reduced to 5.20 and 0.500 mg/kg, respectively. All 

other explosive concentrations ranged from non-detect to 15.1 mg/kg. All explosive, nitrate, and 

nitrite concentrations were below their individual RG values. The combined explosive results 

yielded a human health cumulative risk at Day 8 of 4.9x10
-8

, below the cumulative risk RG of 

10
-6

. While Day 8 moisture content at 18.0% was slightly below the target value of 20%, pH at 

12.9 was above its respective goal of 12.5. Further amendment or irrigation was not deemed 

necessary. 
 

Day 18 - Second Performance Composite Sampling - June 9, 2009 

The second performance sampling event showed RDX and HMX concentrations at non-detect, 

while the TNT concentration slightly increased to 8.38 mg/kg, respectively. This variation in 

explosive concentration is due to the heterogeneity of the soil and that of the mixing process, and 

is expected during normal soil chemical treatment. All other explosive concentrations ranged 

from non-detect levels to 1.62 mg/kg. All explosive, nitrate, and nitrite concentrations remained 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 18 of 6.6x10
-8

, below the cumulative risk RG of 10
-6

. While Day 18 pH at 

12.3 was slightly below the target value of 12.5, moisture content at 29.9% was above its goal of 

20%. Since the cumulative risk was consistently and significantly maintained below the RG of 

10
-6

 between Day 8 and 18, and since high residual pH and moisture were observed at Day 18, 

no further action was taken and the treatment at DU3 was deemed successful.  



IAAAP 
 Final Technical Memorandum –  

Soil Treatment Results for Alkaline Hydrolysis in Trench 6 

 

 

 8 

Decision Unit 4 – DU4 

This decision unit contained 670 cy of soil and was therefore divided into two sub-units, referred 

to as DU4 North and DU4 South. Chemical amendment was performed on May 17, 2009, with a 

total of 32,000 lbs of sodium hydroxide (16 Super Sacs of 2,000 lbs each) added to the entire soil 

volume of 670 cy (1.8x10
6
 lbs), yielding an amendment rate of 1.77% by weight. Three 

successive rounds of mixing were performed after amendment on May 17, 18, and 20, 2009 in 

order to promote dissolution of the amendment in the soil water phase and contact of the 

hydroxyl ions with the explosives.  

 

DU4 North 

 

Baseline Composite Sampling - May 14, 2009 

Baseline sampling showed TNT and HMX concentrations of 1,470 and 3.93 mg/kg, respectively. 

RDX concentration at baseline was at non-detect. All other explosive concentrations ranged from 

non-detect to 102 mg/kg. At baseline, all explosive, nitrate, and nitrite concentrations were 

below their individual RG values, with the exception of TNT, which exceeded its RG of 

196 mg/kg. The combined explosive results yielded a human health cumulative risk at baseline 

of 7.6x10
-6

, exceeding the cumulative risk RG of 10
-6

. The baseline soil pH and moisture content 

were 6.8 and 26.1%, respectively. 
 

Day 0 - Chemical Amendment – May 17, 2009 
 

Day 1 - Field Grab Sampling - May 18, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 13.3 and 19.6%. While moisture content was slightly below the 

target value of 20.0%, pH was above its goal of 12.5%. Further amendment or irrigation was not 

deemed necessary. 
 

Day 12 - First Performance Composite Sampling - May 29, 2009 

The first performance sampling event showed HMX concentration was reduced to non-detect, 

while the TNT concentration was reduced to 0.434 mg/kg. RDX concentration remained at non-

detect. All other explosive concentrations ranged from non-detect to 36.1 mg/kg. All explosive, 

nitrate, and nitrite concentrations were below their individual RG values. The combined 

explosive results yielded a human health cumulative risk at Day 12 of 2.3x10
-8

, below the 

cumulative risk RG of 10
-6

. While Day 12 moisture content at 18.3% was slightly below the 

target value of 20%, pH at 12.7 was above its respective goal of 12.5. Further amendment or 

irrigation was not deemed necessary. 
 

Day 22 - Second Performance Composite Sampling - June 8, 2009 

The second performance sampling event showed RDX and HMX concentrations remaining at 

non-detect, while the TNT concentration slightly increased to 2.31 mg/kg. This variation in 

explosive concentration is due to the heterogeneity of the soil and that of the mixing process, and 

is expected during normal soil chemical treatment. All other explosive concentrations ranged 

from non-detect levels to 56.2 mg/kg. All explosive, nitrate, and nitrite concentrations remained 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 22 of 3.9x10
-8

, below the cumulative risk RG of 10
-6

. While Day 22 pH at 

12.4 was slightly below the target value of 12.5, moisture content at 22.9% was above its goal of 
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20%. Since the cumulative risk was consistently and significantly maintained below the RG of 

10
-6

 between Day 12 and 22, and since high residual pH and moisture were observed at Day 22, 

no further action was taken and the treatment at DU4 North was deemed successful. 

 

DU4 South 

 

Baseline Composite Sampling - May 14, 2009 

Baseline sampling showed a TNT concentration of 1,030 mg/kg. RDX and HMX concentrations 

at baseline were at non-detect. All other explosive concentrations ranged from non-detect to 

135 mg/kg. At baseline, all explosive, nitrate, and nitrite concentrations were below their 

individual RG values, with the exception of TNT, which exceeded its RG of 196 mg/kg. The 

combined explosive results yielded a human health cumulative risk at baseline of 5.3x10
-6

, 

exceeding the cumulative risk RG of 10
-6

. The baseline soil pH and moisture content were 6.9 

and 24.8%, respectively. 
 

Day 0 - Chemical Amendment – May 17, 2009 
 

Day 1 - Field Grab Sampling - May 18, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 13.3 and 20.7%. Because these values were above the target values 

of 12.5 and 20%, respectively, further amendment or irrigation was not deemed necessary. 
 

Day 12 - First Performance Composite Sampling - May 29, 2009 

The first performance sampling event showed TNT concentration was reduced to 1.30 mg/kg. 

RDX and HMX concentrations remained at non-detect. All other explosive concentrations 

ranged from non-detect to 70.5 mg/kg. All explosive, nitrate, and nitrite concentrations were 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 12 of 3.9x10
-8

, below the cumulative risk RG of 10
-6

. While Day 12 

moisture content at 17.3% was slightly below the target value of 20%, pH at 12.7 was above its 

respective goal of 12.5. Further amendment or irrigation was not deemed necessary. 
 

Day 22 - Second Performance Composite Sampling - June 8, 2009 

The second performance sampling event showed RDX and HMX concentrations remaining at 

non-detect, while the TNT concentration slightly increased to 16.0 mg/kg. This variation in 

explosive concentration is due to the heterogeneity of the soil and that of the mixing process, and 

is expected during normal soil chemical treatment. All other explosive concentrations ranged 

from non-detect levels to 31.8 mg/kg. All explosive, nitrate, and nitrite concentrations remained 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 22 of 1.1x10
-7

, below the cumulative risk RG of 10
-6

. While Day 22 pH at 

12.2 was slightly below the target value of 12.5, moisture content at 21.9% was above its goal of 

20%. Since the cumulative risk was consistently and significantly maintained below the RG of 

10
-6

 between Day 12 and 22, and since high residual pH and moisture were observed at Day 22, 

no further action was taken and the treatment at DU4 South was deemed successful. 
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Decision Unit 5 – DU5 

 

This decision unit contained 650 cy of soil and was therefore divided into two sub-units, referred to 

as DU5 North and DU5 South. Chemical amendment was performed in two phases on May 14 and 

16, 2009, with a total of 24,000 lbs of sodium hydroxide (12 Super Sacs of 2,000 lbs each) added 

to the entire soil volume of 650 cy (1.7x10
6
 lbs), yielding an amendment rate of 1.37% by weight. 

A lower amendment rate was selected due to previous amendment at this DU during the alkaline 

hydrolysis study. Three successive rounds of mixing were performed in order to promote 

dissolution of the amendment in the soil water phase and contact of the hydroxyl ions with the 

explosives. The first round was performed in two phases immediately after amendment on May 14 

and 16, 2009, while the two consecutive rounds were performed on May 18 and 19, 2009. 

 

DU5 North 

 

Baseline Composite Sampling - May 14, 2009 

Baseline sampling showed a TNT concentration of 22.4 mg/kg.  RDX and HMX concentrations 

at baseline were at non-detect. All other explosive concentrations ranged from non-detect to 

8.04 mg/kg. At baseline, all explosive, nitrate, and nitrite concentrations were below their 

individual RG values. The combined explosive results yielded a human health cumulative risk at 

baseline of 1.6x10
-7

, below the cumulative risk RG of 10
-6

. The baseline soil pH and moisture 

content were 11.3 and 25.1%, respectively. 
 

Day 0 - Chemical Amendment – May 16, 2009 
 

Day 2 - Field Grab Sampling - May 18, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 13.3 and 22.0%. Because these values were above the target values 

of 12.5 and 20%, respectively, further amendment or irrigation was not deemed necessary. 
 

Day 13 - First Performance Composite Sampling - May 29, 2009 

The first performance sampling event showed TNT concentration was reduced to non-detect, 

while RDX and HMX concentrations remained at non-detect. All other explosive concentrations 

ranged from non-detect to 3.43 mg/kg. All explosive, nitrate, and nitrite concentrations were 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 13 of 1.0x10
-8

, below the cumulative risk RG of 10
-6

. Day 13 moisture 

content at 22.1% and pH at 12.6 were above their respective goals of 20.0% and 12.5. Further 

amendment or irrigation was not deemed necessary. 
 

Day 23 - Second Performance Composite Sampling - June 8, 2009 

The second performance sampling event showed RDX, TNT and HMX concentrations remaining 

at non-detect. All other explosive concentrations ranged from non-detect levels to 1.84 mg/kg. 

All explosive, nitrate, and nitrite concentrations remained below their individual RG values. The 

combined explosive results yielded a human health cumulative risk at Day 23 of 1.1x10
-8

, below 

the cumulative risk RG of 10
-6

. While Day 23 pH at 12.3 was slightly below the target value of 

12.5, moisture content at 27.3% was above its goal of 20%. Since the cumulative risk was 

consistently and significantly maintained below the RG of 10
-6

 between Day 13 and 23, and 
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since high residual pH and moisture were observed at Day 23, no further action was taken and 

the treatment at DU5 North was deemed successful. 

 

DU5 South 

 

Baseline Composite Sampling - May 14, 2009 

Baseline sampling showed a TNT concentration of 485 mg/kg. RDX and HMX concentrations at 

baseline were at non-detect. All other explosive concentrations ranged from non-detect to 

15.8 mg/kg. At baseline, all explosive, nitrate, and nitrite concentrations were below their 

individual RG values, with the exception of TNT, which exceeded its RG of 196 mg/kg. The 

combined explosive results yielded a human health cumulative risk at baseline of 2.6x10
-6

, 

exceeding the cumulative risk RG of 10
-6

. The baseline soil pH and moisture content were 10.2 

and 27.1%, respectively. 
 

Day 0 - Chemical Amendment – May 16, 2009 
 

Day 2 - Field Grab Sampling - May 18, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 12.8 and 22.6%. Because these values were above the target values 

of 12.5 and 20%, respectively, further amendment or irrigation was not deemed necessary. 
 

Day 13 - First Performance Composite Sampling - May 29, 2009 

The first performance sampling event showed TNT concentration was reduced to non-detect. 

RDX and HMX concentrations remained at non-detect. All other explosive concentrations 

ranged from non-detect to 2.62 mg/kg. All explosive, nitrate, and nitrite concentrations were 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 13 of 1.1x10
-8

, below the cumulative risk RG of 10
-6

. Day 13 moisture 

content at 22.9% and pH at 12.5 were equal or above their respective goals of 20.0% and 12.5. 

Further amendment or irrigation was not deemed necessary. 
 

Day 23 - Second Performance Composite Sampling - June 8, 2009 

The second performance sampling event showed RDX and HMX concentrations remaining at 

non-detect, while the TNT concentration slightly increased to 6.40 mg/kg. This variation in 

explosive concentration is due to the heterogeneity of the soil and that of the mixing process, and 

is expected during normal soil chemical treatment. All other explosive concentrations ranged 

from non-detect levels to 2.59 mg/kg. All explosive, nitrate, and nitrite concentrations remained 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 23 of 4.6x10
-8

, below the cumulative risk RG of 10
-6

. While Day 23 pH at 

12.1 was slightly below the target value of 12.5, moisture content at 25.5% was above its goal of 

20%. Since the cumulative risk was consistently and significantly maintained below the RG of 

10
-6

 between Day 13 and 23, and since high residual pH and moisture were observed at Day 23, 

no further action was taken and the treatment at DU5 South was deemed successful. 
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Decision Unit 6 – DU6 

 

This decision unit contained 740 cy of soil and was therefore divided into three sub-units, 

referred to as DU6 North, DU6 Center, and DU6 South. Chemical amendment was performed on 

May 21, 2009, with a total of 38,000 lbs of sodium hydroxide (19 Super Sacs of 2,000 lbs each) 

added to the entire soil volume of 740 cy (2.0x10
6
 lbs), yielding an amendment rate of 1.90% by 

weight. Three successive rounds of mixing were performed after amendment on May 21, 2009 in 

order to promote dissolution of the amendment in the soil water phase and contact of the 

hydroxyl ions with the explosives.  

 

DU6 North 

 

Baseline Composite Sampling - May 16, 2009 

Baseline sampling showed RDX and TNT concentrations of 0.546 and 922 mg/kg, respectively. 

HMX concentration at baseline was at non-detect. All other explosive concentrations ranged 

from non-detect to 24.9 mg/kg. At baseline, all explosive, nitrate, and nitrite concentrations were 

below their individual RG values, with the exception of TNT, which exceeded its RG of 

196 mg/kg. The combined explosive results yielded a human health cumulative risk at baseline 

of 4.8x10
-6

, exceeding the cumulative risk RG of 10
-6

. The baseline soil pH and moisture content 

were 7.6 and 20.0%, respectively. 
 

Day 0 - Chemical Amendment – May 21, 2009 
 

Day 0 - Field Grab Sampling - May 21, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 13.3 and 17.0%. While moisture content was slightly below the 

target value of 20.0%, pH was above its goal of 12.5%. Further amendment or irrigation was not 

deemed necessary. 
 

Day 8 - First Performance Composite Sampling - May 29, 2009 

The first performance sampling event showed RDX and TNT concentrations were reduced to 

non-detect, while HMX concentration remained at non-detect. All other explosive concentrations 

ranged from non-detect to 2.59 mg/kg. All explosive, nitrate, and nitrite concentrations were 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 8 of 1.2x10
-8

, below the cumulative risk RG of 10
-6

. While Day 8 

moisture content at 16.8% was slightly below the target value of 20%, pH at 12.7 was above its 

respective goal of 12.5. Further amendment or irrigation was not deemed necessary. 
 

Day 18 - Second Performance Composite Sampling - June 8, 2009 

The second performance sampling event showed RDX and HMX concentrations remaining at 

non-detect, while the TNT concentration slightly increased to 13.3 mg/kg. This variation in 

explosive concentration is due to the heterogeneity of the soil and that of the mixing process, and 

is expected during normal soil chemical treatment. All other explosive concentrations ranged 

from non-detect levels to 1.50 mg/kg. All explosive, nitrate, and nitrite concentrations remained 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 18 of 8.5x10
-8

, below the cumulative risk RG of 10
-6

. Day 18 moisture 

content at 21.8% and pH at 12.5 were equal or above their respective goals of 20.0% and 12.5. 
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Since the cumulative risk was consistently and significantly maintained below the RG of 10
-6

 

between Day 8 and 18, and since high residual pH and moisture were observed at Day 18, no 

further action was taken and the treatment at DU6 North was deemed successful. 

 

DU6 Center 

 

Baseline Composite Sampling - May 16, 2009 

Baseline sampling showed a TNT concentration of 329 mg/kg. RDX and HMX concentrations at 

baseline were at non-detect. All other explosive concentrations ranged from non-detect to 

16.2 mg/kg. At baseline, all explosive, nitrate, and nitrite concentrations were below their 

individual RG values, with the exception of TNT, which exceeded its RG of 196 mg/kg. The 

combined explosive results yielded a human health cumulative risk at baseline of 1.8x10
-6

, 

exceeding the cumulative risk RG of 10
-6

. The baseline soil pH and moisture content were 7.6 

and 20.3%, respectively. 
 

Day 0 - Chemical Amendment – May 21, 2009 
 

Day 0 - Field Grab Sampling - May 21, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 13.4 and 17.7%. While moisture content was slightly below the 

target value of 20.0%, pH was above its goal of 12.5%. Further amendment or irrigation was not 

deemed necessary. 
 

Day 8 - First Performance Composite Sampling - May 29, 2009 

The first performance sampling event showed TNT concentration was reduced to non-detect, 

while RDX and HMX concentrations remained at non-detect. All other explosive concentrations 

ranged from non-detect to 0.901 mg/kg. All explosive, nitrate, and nitrite concentrations were 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 8 of 9.4x10
-9

, below the cumulative risk RG of 10
-6

. While Day 8 

moisture content at 17.5% was slightly below the target value of 20%, pH at 13.1 was above its 

respective goal of 12.5. Further amendment or irrigation was not deemed necessary. 
 

Day 18 - Second Performance Composite Sampling - June 8, 2009 

The second performance sampling event showed TNT and HMX concentrations remaining at 

non-detect, while the RDX concentration slightly increased to 0.209 mg/kg. This variation in 

explosive concentration is due to the heterogeneity of the soil and that of the mixing process, and 

is expected during normal soil chemical treatment. All other explosive concentrations ranged 

from non-detect levels to 2.67 mg/kg. All explosive, nitrate, and nitrite concentrations remained 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 22 of 1.3x10
-8

, below the cumulative risk RG of 10
-6

. While Day 18 

moisture content at 19.5% was slightly below the target value of 20%, pH at 12.5 was equal to its 

respective goal. Since the cumulative risk was consistently and significantly maintained below 

the RG of 10
-6

 between Day 8 and 18, and since high residual pH and moisture were observed at 

Day 18, no further action was taken and the treatment at DU6 Center was deemed successful. 
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DU6 South 

 

Baseline Composite Sampling - May 16, 2009 

Baseline sampling showed RDX and TNT concentrations of 0.446 and 35.4 mg/kg, respectively.  

HMX concentration at baseline was at non-detect. All other explosive concentrations ranged 

from non-detect to 6.96 mg/kg. At baseline, all explosive, nitrate, and nitrite concentrations were 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at baseline of 2.4x10
-7

, below the cumulative risk RG of 10
-6

. The baseline soil 

pH and moisture content were 7.4 and 20.5%, respectively. 
 

Day 0 - Chemical Amendment – May 21, 2009 
 

Day 0 - Field Grab Sampling - May 21, 2009 

Soil pH and moisture content were measured in the field after the second round of mixing and 

their respective values were 13.4 and 15.7%. While moisture content was slightly below the 

target value of 20.0%, pH was above its goal of 12.5%. Further amendment or irrigation was not 

deemed necessary. 
 

Day 8 - First Performance Composite Sampling - May 29, 2009 

The first performance sampling event showed RDX and TNT concentrations were reduced to 

non-detect, while HMX concentration remained at non-detect. All other explosive concentrations 

ranged from non-detect to 2.46 mg/kg. All explosive, nitrate, and nitrite concentrations were 

below their individual RG values. The combined explosive results yielded a human health 

cumulative risk at Day 8 of 1.2x10
-8

, below the cumulative risk RG of 10
-6

. While Day 8 

moisture content at 17.2% was slightly below the target value of 20%, pH at 12.7 was above its 

respective goal of 12.5. Further amendment or irrigation was not deemed necessary. 
 

Day 18 - Second Performance Composite Sampling - June 8, 2009 

The second performance sampling event showed RDX, TNT and HMX concentrations remaining 

at non-detect. All other explosive concentrations ranged from non-detect levels to 3.48 mg/kg. 

All explosive, nitrate, and nitrite concentrations remained below their individual RG values. The 

combined explosive results yielded a human health cumulative risk at Day 18 of 1.2x10
-8

, below 

the cumulative risk RG of 10
-6

. While Day 18 pH at 12.3 was slightly below the target value of 

12.5, moisture content at 22.7% was above its goal of 20%. Since the cumulative risk was 

consistently and significantly maintained below the RG of 10
-6

 between Day 8 and 18, and since 

high residual pH and moisture were observed at Day 18, no further action was taken and the 

treatment at DU6 South was deemed successful. 
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Conclusions 

 

The concentration data and associated cumulative risk values shown in Table 2 demonstrate 

rapid and substantial reductions in explosives concentrations and human health risk from the 

alkaline hydrolysis treatment process.  All explosives, nitrate, and nitrite were less than their 

individual RGs at the second performance sampling event.  Results from the second performance 

sampling also show the cumulative human health risk RG of 1E-06 has been achieved at all DUs 

with cumulative risk values ranging from 1E-07 to 1E-09.   

 

Recommendations 

 

Additional soil treatment should proceed in Trench 7 using the alkaline hydrolysis method to 

remediate the remaining explosive-contaminated soils.  This recommendation is supported by the 

successful implementation of alkaline hydrolysis treatment in Trench 6, where moderate to high 

explosives concentrations were reduced substantially below the cumulative risk remedial goal in 

less than 10 days.  The sodium hydroxide application rate (i.e. the amount of sodium hydroxide 

applied to each DU) should be reduced from that used in Trench 6.  The amendment rate should 

be reduced because of the quick and substantial reduction in explosives concentrations observed 

in Trench 6.  The speed and magnitude of explosives reduction suggests that the amendment rate 

can be lowered.  The rate of adjustment is a decision made based on a combination of the 

theoretical production of hydroxyl ions and field application experience.  Three amendment rates 

(<1%, 1%, and 1.5%) will be tried in Trench 7 to determine an optimal rate for future 

applications.  Reducing the sodium hydroxide application rate will optimize raising the pH to the 

target level necessary to remediate explosives without overdosing the soil and creating excessive 

pH conditions.  Excessive pH in the soil could lead to high pH in the Trench 7 pool water which 

would then require pH modification so that the IDA fixed facility water treatment plant discharge 

remains in compliance.  The National Pollutant Discharge Elimination System (NPDES) pH 

limit for discharge at IAAAP is 9 standard units.  This is the upper pH limit that will be used for 

discharge from the fixed facility water treatment plant at the IDA. 

 

Progress soil samples should be collected from each treatment DU approximately 5 days after 

mixing has been completed.  EPA Method 8330B will continue to be used to assess the progress 

of soil treatment in Trench 6 However, since it requires at least 21 days to receive results and 

therefore does not provide timely data for remedial decision making, treatment will proceed at 

risk, with the understanding that soils that do not meet the cumulative risk RG will have to be re-

treated. This accelerated schedule within which remedial/treatment decisions can be made is 

desirable to capitalize on warm weather conditions in the summer and early fall because the 

treatment method is inherently temperature dependent.  Treatment is not possible during the 

colder months at IAAAP from late fall through winter and early spring.  The accelerated 

schedule is also necessary to avoid water treatment capacity and treatment issues in Trench 6.  
Because the holding capacity of Trench 6 has been and will continue to be reduced by the 

addition of soil from Trench 7 and other sources, there is a potential for uncontrolled releases 

over the winter and early spring due to high precipitation coupled with the diminished capacity.  

If Trench 7 soil is remediated this summer, then Trench 7 can be removed and Trench 6 capped 

prior to the winter, therein reducing the potential for uncontrolled releases. 
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TABLES



Table 1: Trench 6 Treatment Characteristics by Decision Unit

Full-Scale Alkaline Hydrolysis Soil Treatment

Inert Disposal Area

Iowa Army Ammunition Plant, Middletown, Iowa

Decision Unit
Volume 

(cy)

# of Composite Samples per Round 

(Round 1, 3 and 4)

# of 2,000 lbs Super-Sacs of 

Sodium Hydroxide

1 640 2 16

2 375 2 10

3 300 1 8

4 670 2 16

5 650 2 12

6 740 3 19

Total 3,375 12 81

Page 1 of 1



Table 2: Trench 6 Analytical Results

Full-Scale Alkaline Hydrolysis Soil Treatment 

Inert Disposal Area

Iowa Army Ammunition Plant, Middletown, Iowa

Decision Unit Area Days

RDX 

(mg/kg)

MNX 

(mg/kg)

DNX 

(mg/kg)

TNX 

(mg/kg)

TNT 

(mg/kg)

2-A-4,6-

DNT 

(mg/kg)

4-A-2,6-

DNT 

(mg/kg)

1,3,5-

TNB 

(mg/kg)

3,5-

Dinitroaniline 

(mg/kg)

HMX 

(mg/kg)

Nitrate 

(mg/kg)

Nitrite 

(mg/kg)

Moisture 

Content 

(%)

pH 

(SU)

Human Health 

Cumulative 

Risk 

53 53 53 53 196 4,088 4,088 102 4,088 51,000 3,270,400 204,400 -- -- --

1 North Baseline 0.494 ND ND ND 1.84 0.166 0.127 0.134 ND 2.06 1.8 ND 21.6 6.2 2.6E-08

1 North 12 ND ND ND ND ND 0.0856 0.807 ND 0.357 1.46 0.73 2.9 17.7 12.9 9.4E-09

1 North 22 0.214 ND ND ND ND 0.142 0.398 ND 0.0417 1.60 1.1 3.1 24.8 12.4 1.1E-08

1 South Baseline 2.04 0.209 ND ND 2.80 0.716 0.447 0.481 0.133 4.51 ND ND 24.9 6.3 6.6E-08

1 South 12 0.0931 ND ND ND ND ND ND ND ND 1.49 0.76 5.1 21.3 12.9 9.0E-09

1 South 22 0.194 ND ND ND ND 0.0532 0.222 ND ND 2.42 1.5 5.6 38.7 12.5 1.1E-08

2 North Baseline 6.86 0.458 ND ND 9.83 2.78 2.08 0.200 0.0831 5.63 ND ND 22.9 6.7 2.0E-07

2 North 8 0.457 ND ND ND ND 0.360 2.14 0.0900 0.152 ND 1.1 3.6 20.1 12.9 1.6E-08

2 North 18 0.725 ND ND ND ND 0.167 0.431 ND 0.0707 1.61 1.2 4.9 22.9 12.3 2.1E-08

2 South Baseline 0.690 ND ND ND 46.4 7.64 7.57 0.899 0.550 5.33 1.3 ND 22.4 6.8 2.7E-07

2 South 8 ND ND ND ND ND 0.576 3.10 0.293 0.244 1.25 1.8 13.4 17.2 12.8 1.2E-08

2 South 18 ND ND ND ND ND 0.854 2.19 0.0896 0.176 4.07 1.3 9.6 21.7 12.3 9.8E-09

3 N/A Baseline 0.196 ND ND ND 147 16.4 17.1 2.17 0.932 0.556 1.4 ND 20.1 6.9 7.9E-07

3 N/A 8 ND ND ND ND 5.20 5.69 15.1 0.989 0.379 0.500 6.6 50.2 18.0 12.9 4.9E-08

3 N/A 18 ND ND ND ND 8.38 ND ND 1.62 ND ND 2.1 42.2 29.9 12.3 6.6E-08

4 North Baseline ND ND ND ND 1470 86.1 102 3.20 2.95 3.93 ND 2.2 26.1 6.8 7.6E-06

4 North 12 ND ND ND ND 0.434 14.9 36.1 ND ND ND 1.5 31.1 18.3 12.7 2.3E-08

4 North 22 ND ND ND ND 2.31 18.5 56.2 ND ND ND 2.1 50.2 22.9 12.4 3.9E-08

4 South Baseline ND ND ND ND 1030 95.5 135 ND ND ND ND 1.7 24.8 6.9 5.3E-06

4 South 12 ND ND ND ND 1.30 25.6 70.5 ND ND ND 2.2 32.5 17.3 12.7 3.9E-08

4 South 22 ND ND ND ND 16.0 31.8 ND 1.47 ND ND 2.3 61.7 21.9 12.2 1.1E-07

5 North Baseline ND ND ND ND 22.4 5.28 8.04 3.93 0.760 ND 3.4 27.1 25.1 11.3 1.6E-07

5 North 13 ND ND ND ND ND 0.325 3.43 0.133 0.147 ND 3.2 59.1 22.1 12.6 1.0E-08

5 North 23 ND ND ND ND ND 0.444 1.84 0.248 0.217 ND 4.5 63.7 27.3 12.3 1.1E-08

5 South Baseline ND ND ND ND 485 6.86 3.70 15.8 0.612 ND 7.0 40.6 27.1 10.2 2.6E-06

5 South 13 ND ND ND ND ND 0.673 2.62 0.194 ND ND 9.6 87.7 22.9 12.5 1.1E-08

5 South 23 ND ND ND ND 6.40 0.807 2.59 0.457 0.356 ND 8.4 100 25.5 12.1 4.6E-08

6 North Baseline 0.546 ND ND ND 922 24.9 7.15 11.2 0.431 ND 15.3 3.4 20.0 7.6 4.8E-06

6 North 8 ND ND ND ND ND 0.468 2.59 0.365 0.155 ND 21.3 59.2 16.8 12.7 1.2E-08

6 North 18 ND ND ND ND 13.3 1.16 1.50 0.943 0.226 ND 9.8 58.7 21.8 12.5 8.5E-08

6 Center Baseline ND ND ND ND 329 7.86 4.57 16.2 0.722 ND 16.6 2.9 20.3 7.6 1.8E-06

6 Center 8 ND ND ND ND ND 0.151 0.901 0.112 0.0491 ND 3.3 22.4 17.5 13.1 9.4E-09

6 Center 18 0.209 ND ND ND ND 0.612 2.67 0.243 0.211 ND 7.9 44.0 19.5 12.5 1.3E-08

6 South Baseline 0.446 ND ND ND 35.4 6.96 5.76 4.16 0.335 ND 16.0 1.3 20.5 7.4 2.4E-07

6 South 8 ND ND ND ND ND 0.523 2.46 0.317 0.262 ND 14.2 14.3 17.2 12.7 1.2E-08

6 South 18 ND ND ND ND ND 0.846 3.48 0.319 0.329 ND 11.8 22.0 22.7 12.3 1.2E-08

a
 Remedial goals (RG) are industrial and originate from the OU-1 ROD except where noted below: 

 2-A-4,6-Dinitrotoluene and  4-A-2,6-Dinitrotoluene PRGs were calculated based on current toxicity values and OU-1 ROD exposure parameters.

Nitrate and nitrite are from the 2008 EPA RSL table.

Surrogate for MNX, DNX, TNX is RDX at 53 mg/kg 

Surrogate for 3,5-Dinitroaniline is  2-A-4,6-Dinitrotoluene at 4,088 mg/kg 

SU Standard Units

N/A Not applicable

ND Non-detect

RG exceedance

Remedial Goals
a
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Table 3: Trench 6 Field Results

Full-Scale Alkaline Hydrolysis Soil Treatment 

Inert Disposal Area

Iowa Army Ammunition Plant, Middletown, Iowa

Decision 

Unit Area Days

Moisture 

Content 

(%)

pH 

(SU)

1 North 1 21.7 13.4

1 Center 1 22.8 13.3

1 South 1 24.3 13.3

2 North 0 19.0 12.9

2 Center 0 23.0 12.8

2 South 0 22.3 12.8

3 North 0 19.4 13.1

3 Center 0 17.9 13.0

3 South 0 20.2 13.0

4 North 1 19.6 13.3

4 Center 1 22.0 13.4

4 South 1 20.7 13.3

5 North 2 22.0 13.3

5 Center 2 24.6 13.4

5 South 2 22.6 12.8

6 North 0 17.0 13.3

6 Center 0 17.7 13.4

6 South 0 15.7 13.4

SU Standard Units
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Comments for the Draft Offsite Groundwater Remediation Progress Reports One and Two 
 

Comment Response Matrix 
USEPA Comments on the Draft Explanation of Significant Differences for the Final Record of Decision (ROD) Soils Operable Unit (OU-1) – Change of 

Primary Treatment Technology from biological to Alkaline Hydrolysis Chemical Treatment 
for Iowa Army Ammunition Plant Middletown, IA 

Commenter: Iowa Department of Natural Resources – Daniel Cook 

Comments dated:  July 23, 2009 

 
Comment 
No. 

Page / Reference Comment Response 

IDNR Offers the following:  

1 General The ESD does not describe in detail the chemical process that 
takes place during the alkaline hydrolysis chemical treatment.  
Please provide the stoichiometry describing the chemical process 
between the sodium hydroxide and the RDX and TNT. 

The Army will provide a detailed discussion of the 
stoichiometry to Iowa DNR separately. 

2 General Soil with high or low pH are considered hazardous waste as 
defined in the Iowa Code 455B.411 and cannot be disposed of in 
Sub Title D landfills such as the Inert Disposal Area as noted in 
Iowa Administrative Code 567-100.3.  Therefore, pH levels will 
need to be monitored and fall within the neutral range before the 
soil can be transferred to cell 6. 

Soil pH continues to decrease as the soil reactions 
continue.  In accordance with our understanding of 
RCRA hazardous waste classifications, soil pH will be 
monitored and soils with pH<12.5 will be considered 
non-hazardous and suitable for transport to Trench 6. 

Commenter: Iowa Department of natural Resources – Daniel Cook 

Comments dated:  August 4, 2009 

1 General As of now it is clear that an aqueous solid waste is a hazardous 
waste if the pH is 2 or less or 12.5 or greater (Subpart C - 
Characteristics of Hazardous Waste 261.22). So the liquids 
found in the soil must have a pH greater than 2 but less than 12.5 
to be placed in cell 6. 
 
For the soil itself, because Iowa DNR does not have Title C 
authority IAAAP must consult the RCRA branch of EPA Region 
7 for the proper hazardous characteristic classification of the 
soil. 
 
So, follow 261.22 for aqueous solid waste and consult RCRA for 
non aqueous solid waste (the soil). 
 

Agreed. 
 

IAAAP  Middletown, Iowa 1  August 2009 



Comments for the Draft Offsite Groundwater Remediation Progress Reports One and Two 
 

Comment Response Matrix 
USEPA Comments on the Draft Explanation of Significant Differences for the Final Record of Decision (ROD) Soils Operable Unit (OU-1) – Change of 

Primary Treatment Technology from biological to Alkaline Hydrolysis Chemical Treatment 
for Iowa Army Ammunition Plant Middletown, IA 

Commenter: Iowa Department of Natural Resources – Daniel Cook 

Comments dated:  July 23, 2009 

 
Comment 
No. 

Page / Reference Comment Response 

2 General Also, the document 'Stoichiometry of Alkaline Hydrolysis 
Reaction on RDX and TNT' submitted via e-mail sufficiently 
addresses any questions Iowa DNR had and no further process 
clarification is required to the State. 
 

Noted 

 

IAAAP  Middletown, Iowa 2  August 2009 



Comments for the Draft Offsite Groundwater Remediation Progress Reports One and Two 
 

Comment Response Matrix 
USEPA Comments on the Draft Explanation of Significant Differences for the Final Record of Decision (ROD) Soils Operable Unit (OU-1) – Change of 

Primary Treatment Technology from biological to Alkaline Hydrolysis Chemical Treatment 
for Iowa Army Ammunition Plant Middletown, IA 

Commenter:  EPA – Matthew Jefferson 

Comments dated:  August 13, 2009 

 
Comment 
No. 

Page / Reference Comment Response 

EPA makes the following observations for the Alkaline Hydrolysis ESDs:  

1 General Please revise the document for consistency among the terms 
“selected remedy,” “ROD,” and “Final ROD.”  These terms are 
often used interchangeably throughout the text. 

Text has been revised in several places where there may 
have been some confusion. 

2 General Please add another section at the end of Section 2.3 that 
summarizes the post-2003 ESD activities with biological 
treatment of the soil in Trench 6.  This section should also 
include reference to data reports and work plans. 

A new section entitled “Implementation of Biological 
Treatment” has been added to the end of Section 2.3.  The 
text references plans and data reports. 

3 General The final Alkaline Hydrolysis ESD should include the 
publication date and copy of the advertisement of the Alkaline 
Hydrolysis ESD in a major local paper as the publication is 
required under NCP 300.435(c)(2)(i)(B).  also, the Alkaline 
Hydrolysis ESD needs to include two appendices or attachments: 
 
a. Please add the document entitled “Technical Memorandum 

for Soil Treatment Results for Trench 6 Inert Disposal Area” 
issued July 30, 2009, by Tetra Tech.  The technical 
memorandum is the pilot study and the key supporting 
evidence that this technology is applicable for the Inert 
Disposal Area soil at IAAP. 

b. A responsiveness summary including comments from 
agencies and the public. 

The Army will publish an announcement that the ESD is 
final and available to the public prior to the Final ESD 
going to EPA for signature.  The publication date and a 
copy of the advertisement will be available to include in 
that copy. 
a. The subject memorandum has been added as 

Appendix A. 
b. A responsiveness summary, including responses to 

comments from Iowa DNR and these comments, has 
been added. 

4 List of Acronyms, 
Page v 

a.  NCP stands for National Oil and Hazardous Substance 
Pollution Contingency Plan. 

b. Please add AEC:  Atomic Energy Commission 

a. Added 
b. Added 

5 Section 1.0,  
Page 1-1 

Please define the abbreviation NCP. Definition added to the text. 

IAAAP  Middletown, Iowa 1  August 2009 



Comments for the Draft Offsite Groundwater Remediation Progress Reports One and Two 
 

Comment Response Matrix 
USEPA Comments on the Draft Explanation of Significant Differences for the Final Record of Decision (ROD) Soils Operable Unit (OU-1) – Change of 

Primary Treatment Technology from biological to Alkaline Hydrolysis Chemical Treatment 
for Iowa Army Ammunition Plant Middletown, IA 

Commenter:  EPA – Matthew Jefferson 

Comments dated:  August 13, 2009 

 
Comment 
No. 

Page / Reference Comment Response 

6 Section 1.0,  
Page 1-2 

In the last sentence of the first full paragraph, the term “more 
effective” needs to be further defined.  Please use similar 
language used in Section 4.2 and provide reference to this 
section. 

Text has been added to define “more effective” as 
resulting in more contaminant destruction rather than 
contaminant transformation and immobilization. 

7 Section 2.1,  
Page 2-1 

Please add (AEC) after “Atomic Energy Commission” to the last 
sentence in this section.  

Added 

8 Section 2.2,  
Page 2-1 

This section needs to mention the primary contaminants of 
concern such as RDX and HMX. 

Text added to define “explosives-contaminated” as 
including TNT, RDX and HMX. 

9 Section 3.0,  
Page 3-1 

a. The third sentence refers to the transformation products’ 
toxicity and residue concentrations remaining in the treated 
soils.  Please include references for these statements. 

b. Please include a reference to the technical memorandum in 
the newly created appendix (see comment 3) for the fourth 
sentence in this section. 

a.  A reference to the EPA Integrated Risk Information 
System (IRIS) has been added here and in the 
references. 

b. Reference to the technical memorandum (Appendix 
A) has been added. 

10 Section 4.1,  
Page 4-1 

The second sentence in the first paragraph mentions studies that 
have been conducted on the use of strong oxidizers on soils 
contaminated with explosives.  Please include references to these 
studies. 

Two technical references to work done at the Army’s 
Engineering Research and Development Center (ERDC) 
at Vicksburg, MS have been added. 

IAAAP  Middletown, Iowa 2  August 2009 



Comments for the Draft Offsite Groundwater Remediation Progress Reports One and Two 
 

Comment Response Matrix 
USEPA Comments on the Draft Explanation of Significant Differences for the Final Record of Decision (ROD) Soils Operable Unit (OU-1) – Change of 

Primary Treatment Technology from biological to Alkaline Hydrolysis Chemical Treatment 
for Iowa Army Ammunition Plant Middletown, IA 

Commenter:  EPA – Matthew Jefferson 

Comments dated:  August 13, 2009 

 
Comment 
No. 

Page / Reference Comment Response 

11 Section 4.2,  
Pages 4-2 and 4-3 

a. The title of this section and subsequent subsections should be 
reflective of the text.  For example, Section 4.2 is titled 
“Changes in Cost, performance and Scoping Issues,” but the 
section actually compares the biological and chemical 
treatment based on the nine criteria of the ROD; and Section 
4.2.2 is titled “Performance Issues,” but the text compares 
short-term and long-term effectiveness between remedial 
technologies.  Please revise the titles in this section. 

b. Please add a bullet or modify the second bullet to include the 
results from the pilot study in Trench 6 (see comment 3). 

c. Section 4.2.3 should also address any safety and ecological 
concerns with leaving high pH soil on the ground during the 
initial alkaline hydrolysis missing and treatment process. 

a. Section 4.2 has been renamed to be “Changes in Cost, 
Effectiveness, and Performance”.  Section 4.2.2 has 
been renamed “Short- and Long-Term Effectiveness”. 

b. Text and a reference to the pilot study technical 
memorandum (Appendix A) has been added. 

c. Text has been added to Section 4.2.3 to describe the 
minimal health and safety concerns (due to 
applications by trained personnel with proper 
equipment).  Text has been added to indicate the 
minimal impact on ecology due to the disturbed nature 
of the IDA (not attractive to wildlife) and the 
treatment and disposal actions occurring within 
fenced and lined facilities. 

 

IAAAP  Middletown, Iowa 3  August 2009 





 
 

DEPARTMENT OF THE ARMY 
IOWA ARMY AMMUNITION PLANT 

17571 STATE HIGHWAY 79 
MIDDLETOWN, IOWA 52638-5000 

 

       REPLY  TO                                                         October 7, 2009 
ATTENTION OF 

 
Installation Stewardship Division 
 
 
Mark Hagerla 
406 N. Sunset Dr. 
West Burlington, IA 52655 
 
Dear Mr. Hagerla: 
 
     Thank you for your interest in the environmental clean up conducted at the Iowa Army 
Ammunition Plant (IAAAP).  Your service on the Restoration Advisory Board and your concern 
for the environmental conditions in our community are most noteworthy. 
 
     The Army collaborated with Mr. Matthew Jefferson from the U.S. Environmental Protection 
Agency (EPA), Region VII, 901 North 5th Street, Kansas City, Kansas, 66101 to answer your 
questions regarding our Explanation of Significant Differences for the Final Record of Decision 
(ROD) Soils Operable Unit (OU -1) Change of Primary Treatment Technology from Biological 
to Alkaline Hydrolysis Chemical Treatment.  Mr. Jefferson provides regulatory oversight for all 
environmental clean up conducted under the Comprehensive Environmental Response, 
Compensation, and Liability Act that is performed in accordance with the Federal Facility 
Agreement between the EPA and the Army.  We present your questions and our replies below. 
 
     QUESTION 1:  What is the assurance that the soils that have been treated in the past are 
adequately decontaminated?  These soils included are disposed of in trench 6 and 7.  Also what 
about berms throughout the plant that are capped and some soils and material that have been 
removed from the IAAAP to other disposal locations? 
     
         Reply: 
 
         The Army and Environmental Protection Agency (EPA) reviewed and approved the 
sampling and disposal process for soils in trench 6 and trench 7 prior to implementation.  Each 
process the Army used to treat the soils that are contaminated with explosive compounds and 
heavy metals requires extensive confirmation sampling prior to final disposal.  The results of 
each sampling round are used to calculate the level of health risk that the soil carries after 
treatment.  The soil treatment continues until both the Army and the EPA agree that the results 
show that the contamination has been reduced to at least concentrations specified in the approved 
plans.  The method of calculating concentrations and the acceptable concentration levels have 
not changed, only the process used to reach those levels changed.   
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         The Army has transported some contaminated soils from IAAAP to an EPA approved 
disposal facility throughout the restoration effort when contaminant(s) could not be treated using 
the approved methods identified in the Record of Decision.  The disposal facility provides 
certification that the soil is properly treated and the EPA maintains oversight of these facilities as 
part of their permit.   
 
         The only capped area that contains contaminated soil is at the Inert Disposal Area.  This 
area is operated and maintained by the Army with EPA oversight.  This area is also included in 
the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) five 
year reviews to ensure that the remedy remains protective of human health and the environment. 
 
         The Army has recorded all decisions based on the data collected on file in the 
administrative record at www.iaaap.adminrecord.com and in the Information Repository located 
at the Iowa Army Ammunition Plant (IAAAP).  Please contact Rodger Allison at 
rodger.allison@us.army.mil or at 319-753-7130 to view documents located in the Information 
Repository. 
 
     QUESTION 2:  When was the IOWA DEPARTMENT of NATURAL RESOURCES 
notified, and what has been their response? 
 
         Reply: 
 
         While the State of Iowa is not party to the Federal Facility Agreement between the EPA 
and the Army that governs CERCLA actions, the Iowa Department of Natural Resources (IDNR) 
reviews all draft documentation associated with the Installation Restoration Program (IRP) and 
the Military Munitions Response Program (MMRP).  The IDNR reviews the documentation to 
ensure the Army meets the Applicable or Relevant and Appropriate Requirements (ARAR) as 
required by CERCLA.  The IDNR representative assists in identifying the ARAR and reviews 
the planned action to determine if the action meets the ARAR. 
 
         The IDNR provided comment on this document as to limitations regarding the disposal of 
soils with high pH values that will result from treating the soil using alkaline hydrolysis.  After 
further consultation, the IDNR determined that the Army must meet Resource Conservation and 
Recovery Act (RCRA) requirements.  The Army will take appropriate sampling measures to 
ensure RCRA requirements are met.   
  
         The IDNR also asked for stoichiometry describing the chemical process between the 
sodium hydroxide and the RDX and TNT.  The Army provided this information and the IDNR 
found the information provided acceptable. 
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     QUESTION 3:  Has the U.S. EPA and the Army Corps of Engineers approved this change 
and when? 
 
         Reply: 
 
         The EPA approved the Explanation of Significant Differences (ESD) after extensive 
consultation on September 11, 2009.  The U.S. Army Corps of Engineers is not executing this 
portion of the work.  Therefore, they have not participated in the planning and approval of this 
action. 
 
     QUESTION 4:  This had to be known before our last RAB meeting.  Why wasn’t it discussed 
at the meeting? 
 
         Reply: 
 
         The change to the soil treatment methodology from bioremediation using dextrose 
concentrate to alkaline hydrolysis using sodium hydroxide was presented as part of the IRP 
Update to the Restoration Advisory Board on July 21, 2009.  Please reference page one of the 
attached meeting minutes under the heading Project Update/Soil Treatment. 
 
     QUESTION 5:  What effect will this change have on the sites that have been excavated and 
excess contamination was found and then covered back up without removing the contaminated 
soil? 
 
         Reply: 
      
         The change in soil treatment will have no effect on past remediation decisions where 
contaminated soil had to be left in place in order to maintain structural integrity of active utilities 
or buildings.  The Army and other organizations, such as the Formerly Utilized Site Remediation 
Program (FUSRAP), may choose to utilize the Alkaline Hydrolysis treatment method in the 
future by issuing a Record of Decision (ROD) or amending an existing ROD through an ESD.  
The Army will initiate dialogue with the RAB early in that decision-making process. 
 
     Copies of this letter and the enclosure have been sent to: 
 
USAEC, ATTN: SFIM-AEC-CDN (Mr. Andrew Maly), 5179 Hoadley Road, Aberdeen Proving 

Grounds, MD  21010  
U.S. Army Corps of Engineers, ATTN: Ms. Cotner/Mr. Frerker, 8945 Latty Avenue, Berkeley, 

MO  63134  
Iowa Department of Natural Resources, ATTN: Dan Cook, Wallace State Office Building, 900 

East Grand Ave., Des Moines, IA  50319  
URS, ATTN: Terry Thonen, 12120 Shamrock Plaza, Suite 300, Omaha, NE  68154 
USEPA, Region VII, ATTN: Matthew Jefferson, 901 North 5th St., Kansas City, KS  66101 
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IOWA ARMY AMMUNITION PLANT 
RESTORATION ADVISORY BOARD  

MINUTES 
July 21, 2009 

 
 
The Restoration Advisory Board meeting was called to order by Eric Orth at 5:05 p.m. on July 
21, 2009 at the Stonegate Parlor C Room located in the Comfort Suites Hotel. 
 
Minutes Review 
The minutes were accepted as written. 
 
Agenda Review 
There were no changes to the agenda.   
 
Public Comment 
Vaughn Moore and Thurman Huffman mentioned that there use to be an old school house east of 
Line 1 that was used as an electrical shop at one time.  The building was located between the 
cafeteria and the road that comes around the east side of the line about half way.  They stored 
transformers there at one time, line trucks, and poles in the building.  Vaughn and Thurman 
further added that the building is no longer there.  Rodger Allison responded that he and Linda 
Wobbe will research this.   
 
Vaughn and Thurman mentioned a Line 1 service garage that was used as a service building for 
all AEC trucks at one time before the location was moved to the central garage.  They further 
added that this garage was building 1-129 located on the east side of Line 1 at the north end.  
Vaughn added that there should be tanks buried there.   
 
Vaughn mentioned the historical practice of cleaning the ditches and disposing of the wastes at 
the Old Fly Ash Waste Pile.  Vaughn added that this waste was from the ditches that ran with 
TNT.  He also mentioned that they dumped the dirt into mounds.  Rodger responded that the 
Army has done extensive sampling at the Old Fly Ash Waste Pile, but didn’t find any RDX.  
Rodger further added that the Army is aware of the additions to the site from other works sites 
that included sewage sludge.  All this is currently identified and is being addressed.   
 
Project Update 
Rick Arnseth briefed the RAB from a slide presentation.  Please see exhibit 3 for his 
presentation. 
 
Soil Treatment 
Mark Hagerla asked for some analytical results and Rick provided them later in the presentation.  

 
Paula Graham asked how the soil is treated.  Rick explained the Alkaline Hydrolysis soil 
treatment process which is a chemical method they recently switched to from the biological 
method (see slide 12 from exhibit 3).  Paula asked what happens to the sodium hydroxide.  Rick 
responded and explained the breakdown process: the sodium stays there and the hydroxide reacts 
with the TNT molecule and destroys it.  This process creates a high pH of around 12.  Paula 
asked if the soil was perfectly safe once treated.  Rick responded that it is safe and that the soil 
will be moved from trench 7 and disposed of in trench 6 after treatment.  Eventually, trench 6 
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will be capped.  Rodger Allison added that the harsh chemical they are using to treat the soil is 
also being changed when it reacts with the RDX and TNT.  Rick added that it undergoes a fast 
reaction.  The hydroxyl is consumed and the pH quickly starts to drop.  The only reason they 
switched to this chemical treatment method is because TNT is harder to treat using the biological 
method.   

 
Vaughn Moore asked where the TNT contaminated soil came from.  Rodger explained that the 
soil came from various places around the installation (i.e. Line 800 Pinkwater Lagoon, Former 
Line 1 Impoundment Area, Lines 5A, 5B, and 9).  Soil was taken to trench 7 for later treatment 
and disposal.  This stockpiled soil in trench 7 is the stuff they are now treating.    

 
Rodger confirmed that the only thing being left behind in the soil from the treatment process is 
the high pH and sodium.  Rick added that the rainwater washes the soil, then goes into the 
sedimentation ponds, and is treated through a carbon system.  The pH, after being run through 
the treatment system, is around 7.  Rodger reiterated that the only time they need to worry about 
worker health is when they are handling the soil during the treatment process and even then they 
are suited up and prepared for it.  

 
Offsite Plume Progress 
Paula Graham asked how long it would take to remediate the offsite plume.  Rick responded that 
Tetra Tech has five years to get the RDX concentrations to <50 ppb and the clock started ticking 
October 2007.  Paula asked how many homes are within the >100 ppb part of plume.  Rick said 
that it is his understanding that there are no homes in the core of the plume now.  Rodger 
confirmed that there were never any homes over the core of the plume.  However, there are 6 
homes that sit within the boundary of the plume that is >2ppb.  Paula further stated that she 
mentioned this because there is someone who lives in the plume who has cancer.  Rodger said he 
spoke with that person about sampling their well in the spring of 2009, but they had covered up 
their well.  The well is no longer accessible.  Rodger further added that the last time this person’s 
well was sampled, it was non-detect for explosives and it was even non-detect during the 1993 
sampling event.  Paula added that the person has lived there a long time.    

 
Brush Creek Offsite 
Paula Graham asked if we still see the RDX running off the boundary because of all the rain.  
Rick responded that they still see spikes in RDX concentrations in the creek if we have a large 
rainfall.  Rick further added that we are still unsure why this is happening but we are continuing 
to search. 

 
Mark Hagerla asked about detecting the source of the RDX runoff especially the mobilization 
that occurs during rainfall events.  Mark added that it sounds like something on the surface is not 
cleaned up and he wants to know if it is in Tetra Tech’s scope of responsibility to try and detect 
where the contamination is coming from.  Rick explained that they are unsure at this point what 
the source of contamination is, and depending on what the source is, it may or may not be in 
their scope.  Mark then asked if it was the Army’s responsibility to find the source and Rodger 
replied that it indeed is.  Rodger further explained that it depends where the source is as to 
whether Tetra Tech is responsible for it.  If the source is sediment, then it is Tetra Tech’s 
responsibility.  But since we are unsure of the source at this point, we don’t know yet if it is 
Tetra Tech’s responsibility.  We are still looking at all the possibilities of where the source could 
be coming from.  Rodger then mentioned the old pipe recently found by FUSRAP during one of 
their excavations at Line 1.  The pipe might be an old field tile.  We are investigating what it is 
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and where it connects (if it connects at all). This could be a possible source.   We don’t know at 
this point if it is an abandoned pipe leading to a melt building that we can’t remediate.  We just 
don’t know.  Everything we have is speculation at this point, but the Army is on the hook for it.  
Mark then asked if there is anyone actively looking into this.  Rodger responded that Linda 
Wobbe is spending a lot of time pouring over maps and researching other avenues to try and find 
a group to come in and do this research for us.   

 
Vaughn Moore mentioned that not all of the pinkwater that was loaded in trucks made it to the 
pinkwater lagoon.  Sometimes they use to load the truck and leave the valve open and drive and 
let the water spill in the road, especially if it had been raining for days.  They didn’t want to get 
stuck at the lagoon.  Vaughn went on to say that there was no cap on the truck so it would slush 
out and the valves leaked.  Vaughn said that one man slipped into the Line 800 Lagoon when it 
had been raining for days and the water ate his legs to pieces and to this day his legs are severely 
scarred.  That is why they wouldn’t take the water to the lagoon if it was rainy and muddy.  
Vaughn added that we shouldn’t believe everything that is written on paper because that isn’t the 
way it always happened.  Rodger stated that this is an example of why we are keeping an open 
mind to determine where the sources are.  Rodger further explained the spikes in brush creek and 
the investigation of looking for possible sources.  Rick explained that if the water was 
historically spread on the road, it would have either made its way into a ditch or into brush creek 
if close enough.  Rick went on to say that most of the ditches are wet and are perfect for 
degrading this stuff via phytoremediation or just the amount of organic carbon that falls into the 
ditches.   

 
Vaughn Moore mentioned that they used to clean the engines with diesel fuel at the roundhouse 
so it is probably still on the ground.    
 
Paula Graham asked more about the RDX contaminated water under the melt buildings and what 
could be done.  Rodger responded that a couple options would be to plug or eliminate those pipes 
and that they would do something to prevent the water from flowing down and escaping the site.  
Rodger went on to say that we cannot stop all of it because we can’t get underneath the buildings 
without comprising the structure.  Paula asked if the melts are still active.  Rodger stated that 
most of them are active.   

 
Paula Graham asked if RDX is still being used in the melt buildings.  Rodger responded that, 
yes, both RDX and TNT are still used, but current operations do not contribute to the 
contamination.  The contamination left is legacy from historical practices.     
  
MMRP Update 
Terry Thonen briefed the RAB from a slide presentation.  Please see exhibit 4 for his 
presentation. 
   
Dig and Verify Field Activities 
Vaughn Moore asked what the area is by the swedesburg cemetery with the moon craters.  
Rodger Allison responded that the swedesburg cemetery is within the boundary of the Incendiary 
Disposal Area.  Vaughn said that once in a while after a hard rain a mortar round would wash up 
in the ditch and they had to go get it (out there by barricade K).  
 
Rodger mentioned that URS plans to blow in place (BIP) one item, an old antitank mine that is 
unsafe to move, tomorrow at 1600 hours.  A few days later they have another demo planned for 
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roughly 20 items that will take place at the Demolition Area.  Rodger mentioned that we have 
already notified the neighbors along the boundary to the north and northeast (i.e. hospital, 
hospice, nursing homes, community college, etc).   

 
Mark Hagerla asked if URS is notified when American Ordnance test fires items.  Terry 
indicated that they were indeed notified.  

 
Paula Graham asked what was in the antitank mine that URS plans to BIP.  James Mars (U.S. 
Army Corps of Engineers) indicated that the antitank mine was filled with TNT.  
 
FUSRAP 
Ron Frerker briefed the RAB from his notes regarding the programmatic side of FUSRAP.  He 
does not have a slide presentation to reference.  Then, Keith Jefferies briefed the RAB from a 
slide presentation regarding recent excavations at Line 1 and West Burn Pads South.  Please see 
exhibit 5 for Keith’s presentation.   
 
To date, FUSRAP has placed approximately 5300 CY of contaminated soil into the Inert 
Disposal Area (IDA).  The contaminated soil consists primarily of RDX, TNT, and possibly 
minor amounts of HMX.   

 
FUSRAP is currently working with the EPA to amend the ROD in order to transport 
contaminated soil offsite since trench 6 of the IDA has reached its capacity. 

 
FUSRAP is working on the development of the Feasibility Study for the ROD which will treat 
the radiological contamination and the Firing Site areas.  

 
FUSRAP may be able to receive an additional 2 million dollars towards cleanup for additional 
work starting as soon as they can get the money on contract.   
 
Excavations 
There were questions as to the way the excavations were numbered.  Ron explained that the 
excavation number did not correspond to the building number.  The excavation numbers are 
separate designations from the design plan.  Vaughn Moore said he needs to know the building 
numbers these excavations were around.   
  
Paula Graham said that she would be interested in getting the analytical results of the 
contaminants in the buildings regarding worker health issues and tied to what toxic substance 
caused the diseases some people have and what buildings they worked in.  Ron said that their 
part was only to do a radiological survey inside some of the buildings at Line 1; they didn’t do a 
chemical analysis of the inside, they only addressed the soil.  Paula added that if PCB’s were 
found outside of a certain building, then the PCB’s probably came from that building.  Ron said 
that it is possible, but it is also possible, like with the PAH contamination caused by railroad 
tracks, parking lot, roads, etc., that it was not related to the operations in the building itself.  
Mark Hagerla said that they want to know where these excavations are and what buildings they 
are around.  Keith Jefferies said that he could ground truth the excavation numbers with their 
associated building.  Ron asked if the FUSRAP RD/RAWP was available in the IRP 
Administrative Record.  Rodger responded that he didn’t think so.  Vaughn Moore said that he 
knows what was done in each building and he wants to know what was found around each 
building.  Ron said that this information is located in maps within the FUSRAP RD/RAWP.  
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Rodger said they could make arrangements to come to the plant to view this document.  This 
document makes the correlation between the excavations numbers and the building numbers.  
Rodger explained that for Operations Security (OPSEC) purposes, he cannot say what was 
manufactured in each building.  Keith said he would make sure to include building numbers in 
future presentations. 

 
Mark Hagerla said that it seems like a waste of money to excavate and then close the excavations 
just to reopen the excavation later to dig more soil or backfill with clean soil.  Ron explained the 
excavation process and the time it takes to receive confirmation sample results along with the 
funding issues and the fact that there is a lot more contamination out there than ever dreamed.  
Mark asked if they took samples prior to digging to delineate the contamination.  Ron explained 
their sampling rationale and that their budget was based on their sample results.  However, after 
excavating, a lot of their confirmation results were still above the RG (i.e. failed) so they had to 
go back and excavate further until all contaminated soil was removed.  Andrew Maly added that 
this issue at Line 1 isn’t unique to Line 1 or the Iowa AAP.  He further added that they run into 
these issues all over [the Nation] at other instillations as well because of the unknown pathways.  
Andrew explained that FUSRAP operates under different funding roles than the IRP.  Mark 
asked if IDNR was on board and would let this happen.  Dan Cook of the IDNR responded that 
they would prefer all the soil be taken the first time around.  Ron explained why they couldn’t 
just leave the excavations open until they got sample results back.  The reason is usually for 
safety and additional costs of handling the water that would enter the excavation. Rodger 
explained that there is a very narrow window of opportunity to get into the production lines to 
excavate since these are active lines.  FUSRAP closes the excavations for operational and safety 
considerations. It is not the preferred method by any means.  Ron closed by adding there are a 
number of excavations that failed because the confirmation result was 1.6 or 1.8 and the RG is 
1.3.   

 
Paula Graham asked what building number excavation EU9D-A was around.  Keith is unsure but 
said that it is the building closest to the Line 1 Impoundment Area.  He thinks it is building 1-17.   

 
Paula Graham asked about the lead contaminated soil removal.  Keith explained that the level 
was over the RG of 1000 ppm. 
 
New Business:  
Eric Orth introduced Mr. Matt Jefferson of the EPA and indicated that Matt was taking over for 
Scott Marquess.  
 
Rodger Allison indicated the plant has a new commander, LTC Tommie Hewitt Jr.  He couldn’t 
be with us tonight because of previous commitments, but should be present at the next meeting.  
 
Public Comment 
Vaughn Moore mentioned that anyone from the plant can call him with questions and he will 
help and try to answer any questions.  
 
Mark Hagerla said that it concerns him that we are getting ready to close the IDA since we are 
still finding contamination out there.  Rick Arnseth explained the limits on how much soil trench 
6 of the IDA can take because of the slope requirements in the State of Iowa regulations.  Trench 
6 was never designed to hold all contaminated soil found on the plant.  Rick added that the soil 
can also be treated in place.  Rodger mentioned that the Army and EPA are going to discuss what 
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