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ACRONYMS 

 

 

DNT dinitrotoluene 

DU decision unit 

ft foot/feet 

HMX High Melt Explosive 

IAAAP Iowa Army Ammunition Plant 

IDA Inert Disposal Area 

mg/kg milligrams per kilogram 

ND nondetect 

RAWP remedial action work plan 

RDX Royal Demolition Explosive 

ROD record of decision  

RG remedial goals 

Tetra Tech Tetra Tech, Inc. 

TNB 1,3,5-trinitrobenzene 

TNT 2,4,6-trinitrotoluene 

TOC total organic carbon
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1.0  INTRODUCTION 
 

 

This report was prepared by Tetra Tech, Inc. (Tetra Tech) to document the status of the first phase 

of chemical treatment of contaminated soil within the Inert Disposal Area (IDA) at the Iowa Army 

Ammunition Plant (IAAAP) in Middletown, Iowa (Figure 1).  The treatment was conducted under 

contract W911S0-04-F-0026D for the U.S. Army Environmental Command.  The purpose of the 

first phase of treatment was to evaluate the feasibility of onsite chemical treatment by alkaline 

hydrolysis for explosives-contaminated soil at the IDA. 

 

The principal contaminants of concern at the IDA are 2,4,6-Trinitrotoluene (TNT), Royal 

Demolition Explosive (RDX), and High Melt Explosive (HMX).  Remediation is required for soils 

that exceed risk-based remedial goals (RG).  Biological soil treatment is being conducted by 

Tetra Tech in accordance with the 2008 Remedial Action Work Plan (RAWP).  Sampling results 

indicate that biological treatment may not be effective enough to meet the risk-based RGs for 

some site soils, particularly those contaminated with TNT.  Therefore, a more aggressive 

technology (chemical treatment via alkaline hydrolysis) is being examined to addresses these 

soils.   

 

This report describes the chemical treatment technology, presents initial field implementation 

methods and results, and makes recommendations for future actions. 
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2.0  TECHNOLOGY DESCRIPTION 
 

 

Alkaline hydrolysis is a chemical treatment process whereby a chemical agent such as sodium 

hydroxide is added to the soil to raise the pH to very high levels and produce hydroxyl ions with 

very potent chemical destructive ability.  This innovative technology has been used to rapidly and 

completely destroy explosive contaminants in soil by producing hydroxyl ions that substitute for 

nitro and methyl groups in nitroaromatic compounds and split the aromatic ring to produce 

simpler and innocuous organic and inorganic compounds such as nitrate and nitrite.  The rate of 

reaction is dependant on the concentration of the organic species, pH, temperature, and the 

presence of organic solvents or natural organic matter.  Alkaline hydrolysis is an exothermic 

process; the heat enhances the reaction rate and reduces the activation energy barrier, making the 

destructive reaction kinetically favorable. 

 

Highly alkaline chemicals such as lime, sodium hydroxide, or potassium hydroxide have been used 

to provide the pH (greater than 11.0 for TNT and RDX destruction and greater than 12.0 for more 

recalcitrant explosives such as dinitrotoluene [DNT]) necessary for alkaline hydrolysis treatment.  

Moisture addition is generally required for treatment to occur.  In addition, adequate soil mixing is 

an important step because the chemicals and contaminants must be in contact for the reaction to 

occur.  Catalysts, such as metal salts, can sometimes hasten the kinetics of destruction.   

 

The primary measurable end-products of alkaline hydrolysis of explosive compounds are nitrate 

and nitrite.  Increases in soil pH, alkalinity, and total organic carbon content have been observed 

following soil treatment by alkaline hydrolysis.  The pH decreases significantly over time as a 

result of natural buffering capacities that most soil types possess.  
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3.0  FIELD IMPLEMENTATION METHODS 
 

 

This section summarizes the field implementation performed by Tetra Tech on explosives-

contaminated soil at the IDA from November 6 through November 14, 2008.  Decision Unit (DU) 5 

in Trench 6 was selected for initial testing of the alkaline hydrolysis treatment method.  DU5 is 40 

feet (ft) wide, 110 ft long, 4 ft deep, and contains approximately 650 cubic yards of soil (Figure 2).  

Photographs of field implementation can be found in Appendix A. 

 

Approximately 12,000 pounds of sodium hydroxide pellets were procured from Brenntag Specialty 

Chemicals in 50 lb bags and stored onsite in accordance with the manufacturer’s recommendations. 

 The sodium hydroxide pellets were spread onto the DU 5 soil and then mixed thoroughly using a 

tracked excavator.  The application rate (approximately 1% by weight) was based on previous 

experience at similar sites and the expected stoichiometric increase in pH that is required for RDX 

and TNT destruction.   

 

The moisture requirement for alkaline hydrolysis is generally 75 to 120 percent of water holding 

capacity.  For the clayey soils being remediated at the IDA, a soil moisture content of greater than 

20 percent should be sufficient to achieve the water holding capacity needed. The baseline 

moisture content of the soil was measured in the laboratory for Decision Unit 5 and determined to 

be 13 to 18%.  The moisture content was measured from 2 samples (0-1 ft and 1-2 ft) using 

SM19 Method 2540B M (Table 2) and the results are tabulated in Table 3. Since the baseline 

moisture content was less than the target 20%, water was slated to be added.  Water was to be 

added to the treatment pile until saturated conditions were obtained based on visual observation.  

Typically water is added until it appears that the soil is saturated  (wet) throughout, which based 

on clayey soils should yield a moisture content greater than 20%.  However, the site received a 

heavy rainfall immediately following chemical mixing.  Therefore, the rain was allowed to saturate 

the amended soil and no additional watering was performed.   

 

The pH of the soil was used as an indicator of uniform physical and chemical mixing.  The target 

soil pH immediately following soil mixing and water addition was 12.0 or higher to ensure alkaline 

hydrolysis would occur.  Samples were collected at three random locations in the pile and analyzed 

in the field using pH paper following the procedures outlined in the RAWP for pH field testing. The 

three measurements indicated a soil pH between 12 and 13 standard units.   

 

Soil samples from DU 5 were collected for laboratory analysis seven days following treatment to 

assess remediation effectiveness.  The samples were collected in accordance with procedures 

outlined in the RAWP.  Composite samples were collected for the 0-ft to 2-ft interval and the 2-ft 

to 4-ft interval.  Each composite sample consisted of ten aliquots collected from random 

locations on a 20-point grid. Samples were collected using a stainless steel hand auger and with 

the aid of the tracked excavator, when necessary.  Samples were homogenized using a stainless 

steel bowl and spoon.  Sampling equipment was decontaminated between locations in 

accordance with the procedures outlined in the RAWP.   
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Samples were analyzed for explosives and likely end-products of the alkaline hydrolysis process. 

Table 1 lists the parameters, analytical methods, and sampling rationale for each parameter.  The 

analytical results are discussed in Section 4 of this report. 

 

Additional samples were to be collected following the Day 7 samples.  However, sample 

collection and examination were suspended due to weather and frozen soil conditions.  

Additional soil treatment effectiveness samples are planned for Spring 2009 when weather 

conditions improve and representative samples can be collected. 
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4.0  RESULTS 

4.1 EXPLOSIVES 

Table 2 presents the explosives analytical results from the Day 7 treatment pile for the 0-ft to 2-ft 

and the 2-ft to 4-ft intervals.  These results are compared to Trench 6 baseline soil data for the 

0-ft to 2-ft interval; baseline data are not available for the 2-ft to 4-ft interval.  During future soil 

treatment activities, baseline data will be collected over the entire thickness of soil being treated. 

 It is anticipated that future treatment phases will consist of sampling and mixing 4-ft intervals as 

the alkaline hydrolysis process is not depth dependent.  It requires adequate mixing, moisture, 

and pH adjustment. 

 

Chemical analytical results were also compared to risk-based RGs presented in the OU-1 Record of 

Decision (ROD).  For those constituents not listed in the OU-1 ROD, risk-based RGs were 

calculated using the methodology presented in the ROD.  For constituents without reference doses 

or slope factors, surrogates with similar chemical structures were used.  For MNX, DNX, and TNX, 

RDX was used as a surrogate for calculating RGs.  The surrogate used for calculating the RG for 

3,5-dinitroaniline is 3,5-dinitrophenol.  The OU-1 RG for 2,4-DNT was used for 2,6-DNT due to 

similar chemical structure. 

 

TNT, 2-amino-4,6-DNT, 4-amino-2,6-DNT, 1,3,5-trinitrobenzene (TNB) and HMX were all 

detected in the baseline sample.  All of these constituents were detected except HMX in the Day 7 

samples.  TNT concentrations in the 0-ft to 2-ft interval decreased 34% following one week of 

treatment; however, the concentration was still greater than the RG.  TNT concentration in the 2-ft 

to-4 ft interval was significantly less than the 0-ft to 2-ft interval, but still above the RG.  However, 

because baseline data is not available for this interval, the percent reduction could not be calculated. 

The concentration for the explosive constituent 4-amino-2,6-DNT decreased 45% in the 0-ft to 2-ft 

interval.  Both baseline and Day 7 concentrations for 4-amino-2,6-DNT were less than the RG.  

 

As discussed in Section 3.0, 14-day samples could not be collected due to frozen ground conditions. 

Therefore, treatment effectiveness cannot yet be fully evaluated.  The reaction rate is strongly 

dependent on the temperature, with most kinetic studies having been conducted at ambient 

temperatures of 68 degrees Fahrenheit or higher.  The average ambient temperatures in 

November and December were 36 degrees and 16 degrees, respectively.  Therefore, it is very 

likely that the reaction rate was impacted by temperature.  Additional soil effectiveness sampling 

will be conducted when ambient temperatures increase and the soil thaws. 

4.2 END-PRODUCTS 

Data for typical end-products of the alkaline hydrolysis treatment process for explosives are 

presented in Table 3.  Baseline data are not available for alkalinity, nitrate, and nitrite and therefore 

relative increases in these end products could not be assessed.   

 



 IAAAP 

March 2009 

Status Report for Soil Chemical Treatment at the Inert Disposal Area 

 

 

6 

Soil pH and Alkalinity:  The reaction rate and effectiveness of soil treatment by alkaline 

hydrolysis is highly dependant on the soil pH and alkalinity.  The baseline soil pH for the 0-ft to 2-ft 

interval was neutral.  A soil pH between 12.0 and 13.0 was measured in the field during the mixing 

test. After 7 days, the laboratory measured pH was 11.9 in the shallow interval and 11.2 in the 

deeper interval.  TNT reactions would still be expected to occur even at this pH.  However, the rate 

of reaction may be slower than at a pH above 12. Soil pH will be assessed again in the next round 

of sampling.     
 

Nitrate and Nitrite:  These parameters are the primary measurable end-products of alkaline 

hydrolysis of explosives.  The Day 7 nitrite concentrations appear elevated at greater than 

100 mg/kg.  If alkaline hydrolysis treatment is adopted, site-specific RGs will need to be developed 

for these parameters.  For comparison purposes, Region 9 Preliminary Remediation Goals for 

industrial exposure to nitrate and nitrite are 1,600,000 mg/kg and 100,000 mg/kg, respectively.  

Additional sampling for nitrate and nitrite will be conducted in the next round of soil sampling and 

will provide a comparison for further evidence of RDX and TNT destruction. 

 

Moisture Content:  Adequate moisture is necessary for the alkaline hydrolysis reaction to occur.  

Baseline moisture content ranged from 13 to 18 percent in the 0-ft to 2-ft interval.  Following 

chemical mixing, the soil pile was allowed to saturate with rainfall.  The moisture content of the 

soil at Day 7 was 24% for the 0-ft-to 2-ft interval and 28% for the 2-ft-to4-ft interval.  Depending 

on the chemical results for the next round of sampling, additional water may be added and mixed 

into the pile to enhance treatment. 

 

Total Organic Carbon:  Some studies have indicated an increase in total organic carbon 

concentrations following treatment by alkaline hydrolysis.  Significant changes in total organic 

carbon concentrations were not observed between the baseline and Day 7 results.  Additional 

sampling for total organic carbon will be conducted in the next round of sampling. 
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5.0  RECOMMENDATIONS 

 

 

Because the field sampling and soil mixing were suspended in fall 2008 due to the onset of 

winter and frozen soil conditions, additional sampling is recommended when weather conditions 

improve and the soil thaws.  Because alkaline hydrolysis is a chemical process, the kinetics of the 

process are temperature dependent.  Very cold temperatures could have stalled the process since 

the initial application. It is anticipated the treatment process will resume in the middle of March 

when Middletown is projected to receive modestly warmer daytime highs above 50 degrees 

Fahrenheit.  The treatment process is anticipated to be relatively slow in March relative to the 

warmer summer months.  A sample will be collected in mid to late March to estimate the 

percentage of TNT breakdown, determine how much the cold winter months impacted the rate of 

treatment, assess pH and the moisture content, and determine whether modifications/additions to 

DU5 are needed.  If explosives concentrations have not been reduced below RGs based on the 

spring 2009 sample and/or if the pH has dropped significantly, it is recommended that the soil be 

further amended with sodium hydroxide to increase the pH to levels where destruction rates are 

enhanced (pH greater than 11).  Further rigorous mixing and moisture addition may also be 

needed to increase the TNT destruction rate.  Reaction end-products should also be evaluated to 

assess the need for pH adjustment.  Since the initial application, the pH could have also declined 

due to the soil’s natural buffering activity.  Therefore, these aspects need to be taken into account 

when the treatment resumes.   

 

If post-treatment soil concentrations meet RGs, the field application described in this report will 

provide the basis for treatment of the remaining soil in Trenches 6 and 7.  It is expected that the 

remaining treatment will proceed at a greater kinetic rate and faster pace during warmer spring 

and summer temperatures.  Full-scale treatment of soils in Trenches 6 and 7 must begin no later 

than May 30, 2009 to meet the projected closure of the IDA by December 2009 (Figure 3).  Soils 

in Trench 6 and 7 requiring treatment will be concurrently amended to maximize the amount of 

soil treated during each phase.  The logistics of handling/amending the soil with sodium 

hydroxide and adding moisture will be optimized and scheduled to maximize effectiveness for 

the current batch of soil treatment as well as for treatment of the remaining soil. 
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Table 1: Sampling Program 

Parameter Analytical Method Rationale 

Explosives SW846 Method 8330B Assess contaminant reduction 

following treatment 

pH SW846 Method 9045 Assess physical and chemical 

mixing effectiveness; determine 

whether post-treatment pH 

adjustment is required. 

Percent Solids SM19 Method 2540 B M Assess moisture content 

Nitrates/Nitrites EPA Method 300 Examine end-products of the 

chemical reaction 

Total Organic Carbon SW846 Method 9060A 

MOD 

Affects the rate of reaction; 

potential by-product of reaction 

Total Alkalinity SM19 Method 2320B M Indicator of favorable conditions 

for alkaline hydrolysis; End-

product of treatment 

 

 

Table 2: Explosives Results (mg/kg) 

Chemical 
Baseline 

(0 to 2 feet) 

Post-

Treatment 

(Day 7) 

(0 to 2 feet) 

Post-

Treatment 

(Day 7) 

(2 to 4 feet) 

OU-1 RG 

RDX ND ND ND 53 

MNX ND ND ND 53 

DNX ND ND ND 53 

TNX ND ND ND 53 

2,4,6-TNT 1,390 924 295 196 

2,6-DNT ND ND ND 8.7 

2,4-DNT ND ND ND 8.7 

2-amino-4,6-DNT 18.8 21.5 10 4,088 

4-amino-2,6-DNT 16.7 9.2 7.39 4,088 

1,3,5-TNB 10.9 13.7 7.52 102 

3,5-Dinitroaniline ND ND ND 273 

HMX 5.32 ND ND 51,000 

1,3-Dinitrobenzene ND ND ND 204 

Nitrobenzene ND ND ND 1,022 

o-Nitrotoluene ND ND ND 20,440 

m-Nitrotoluene ND ND ND 40,880 

p-Nitrotoluene ND ND ND 358 

Tetryl ND ND ND 8,176 

 

 mg/kg = milligrams per kilogram 

 ND = nondetect 
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Table 3: End-Product Results  

(mg/kg, except where indicated) 

Chemical/Parameter 
Baseline 

(0 to 2 feet) 

Post-Treatment 

(Day 7) 

(0 to 2 feet) 

Post-Treatment 

(Day 7) 

(2 to 4 feet) 

Total Alkalinity Not available 8,680 10,300 

Nitrate Not available 11 9.4 

Nitrite Not available 143 145 

Percent Moisture 13%-18% 24 % 28% 

Total Organic Carbon 11,200 10,100 12,000 

pH neutral 11.9 standard units 11.2 standard units 

 
mg/kg milligrams per kilogram 
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ID Task Name Duration Start Finish Predecessors

1 Remedial Action at the Inert Disposal Area 300 days Mon 2/23/09 Thu 12/24/09
2 Trench 6 and 7 300 days Mon 2/23/09 Thu 12/24/09
3 Soil Treatment 215 days Mon 2/23/09 Mon 9/28/09
4 Resume Treatability Testing (weather dependent) 20 days Mon 2/23/09 Sat 3/14/09

5 Prepare Revised Soil Treatment RAWP for Chemical Treatment 30 days Sun 3/15/09 Mon 4/13/09 4

6 EPA Review Draft RD/RAWP 45 days Tue 4/14/09 Fri 5/29/09 5

7 Revise/Prepare DF RD/RAWP 45 days Sat 5/30/09 Tue 7/14/09 6

8 EPA Finalize DF RD/RAWP 30 days Wed 7/15/09 Thu 8/13/09 7

9 Trench 6 Soil Treatment 60 days Sat 5/30/09 Wed 7/29/09 6

10 Trench 7 Soil Treatment 120 days Sat 5/30/09 Mon 9/28/09 6

11 Trench 7 Removal 65 days Tue 9/29/09 Fri 12/4/09
12 Remove Trench 7 Components to Trench 6 10 days Tue 9/29/09 Thu 10/8/09 10

13 Confirmation Sampling and Analysis 20 days Fri 10/9/09 Wed 10/28/09 12

14 Excavate Bottom (if required) 4 days Thu 10/29/09 Sun 11/1/09 13

15 Confirmation sampling and analysis (if required) 20 days Mon 11/2/09 Sat 11/21/09 14

16 Remove and spread Embankment 5 days Sun 11/22/09 Sat 11/28/09 15

17 Site Restoration & Revegetation 6 days Sun 11/29/09 Fri 12/4/09 16

18 Trench 6 Cap Construction 51 days Mon 11/2/09 Thu 12/24/09
19 Site Preparation and Grading 7 days Mon 11/2/09 Sun 11/8/09 14

20 Placement of Contouring Fill 7 days Mon 11/9/09 Sun 11/15/09 19

21 Installation of Geosynthetics 10 days Mon 11/16/09 Wed 11/25/09 20

22 Placement of Infiltration Layer 10 days Sat 11/28/09 Mon 12/7/09 21

23 Placement of Topsoil 6 days Tue 12/8/09 Sun 12/13/09 22

24 Placement of Aggregate Toe Drain 6 days Mon 12/14/09 Sat 12/19/09 23

25 Site Restoration & Revegetation 5 days Sun 12/20/09 Thu 12/24/09 24

26 RA Report 193 days Sat 12/26/09 Tue 7/6/10
27 Prepare ID RA Report 45 days Sat 12/26/09 Mon 2/8/10 25

28 Army Review ID RA Report 21 days Tue 2/9/10 Mon 3/1/10 27

29 Prepare Draft RA Report 7 days Tue 3/2/10 Mon 3/8/10 28

30 EPA Review Draft RA Report 45 days Tue 3/9/10 Thu 4/22/10 29

31 Revise/Prepare DF RA Report 45 days Fri 4/23/10 Sun 6/6/10 30

32 EPA Finalize DF RA Report 30 days Mon 6/7/10 Tue 7/6/10 31

33 LTM, O&M, and LUC Monitoring 1650 days Fri 8/15/08 Mon 2/25/13

Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
2009

Task

Split

Progress

Milestone

Summary

Project Summary

External Tasks

External Milestone

Deadline

Page 1

Figure 3
IDA Treatment Schedule
Date: Wed 3/11/09
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Photograph 1:  DU 5 Treatment Pile (looking south) 

 

 
 

Photograph 2:  DU 5 Treatment Pile and Excavator (looking north) 
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