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This section presents the detailed analysis of remedial action alternatives for IAAAP FTP 
groundwater, which were assembled and described in the preceding section.  The detailed 
analysis includes a description of evaluation criteria and both individual and comparative 
analyses of the alternatives. 

Contaminant fate and transport modeling results for each alternative are summarized in 
Table 13-1.  The model-predicted extents of benzene, chloroethane, 1,1-DCE, TCE, and vinyl 
chloride, above PRGs in shallow groundwater for each alternative are shown on Figures 13-1, 
13-2, 13-3, and 13-4. 

13.1 DESCRIPTION OF EVALUATION CRITERIA 

Remedial action alternatives for FTP groundwater are analyzed in detail using criteria prescribed 
by the NCP (40 CFR Part 300.430).  Nine criteria have been developed and are described below, 
according to the functional classes of threshold, primary balancing, and modifying criteria: 

Threshold Criteria 
• Overall protection of human health and the environment:  This criterion provides a final 

assessment of whether the alternative provides adequate protection of human health and the 
environment, focusing on how each risk and associated pathway are eliminated, reduced, or 
controlled.  The assessment of overall protection draws from the assessments conducted 
under other criteria, especially long-term effectiveness and permanence, short-term 
effectiveness, and compliance with ARARs.  This evaluation allows for consideration of 
whether an alternative poses any unacceptable short-term, long-term, or cross-media impacts 
resulting from remediation. 

• Compliance with ARARs:  This criterion is used to determine whether each alternative will 
meet the federal and state ARARs that have been identified during the RAA process.  A 
description of ARARs is provided in Section 10.  If an identified ARAR is not met by an 
alternative, then an evaluation on the appropriateness of a waiver should be made.  A waiver 
could be applied in any of six circumstances identified by CERCLA (USEPA 1988b). 

Primary Balancing Criteria 
• Long-term effectiveness and permanence:  This criterion addresses the risk remaining at 

the site after a particular remedial action has taken place and objectives have been met.  The 
focus is on the risk posed by residuals and/or untreated wastes after the cleanup criteria have 
been reached.  The primary considerations of this criterion are: 

— Magnitude of residual risk 

— Adequacy and reliability of long-term management controls to protect against residuals 

• Reduction of TMV:  This criterion addresses the statutory preference of CERCLA for 
remedial actions involving treatment that permanently and significantly reduce the TMV of 
principal hazardous substances or contaminants at a site.  Each alternative is evaluated in 
terms of quantity reduced, degree of reduction, irreversibility of treatment, type and quantity 
of residuals remaining after treatment, and how treatment addresses the principal threat. 
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• Short-term effectiveness:  This criterion addresses the short-term effectiveness of each 
alternative by assessing the risk to the community, workers, and environment during the 
construction and implementation of the remedial action and the time required to achieve the 
remedial objectives.  Efforts to provide protection are a key factor in this determination. 

• Implementability:  This criterion assesses the implementability of each alternative in terms 
of technical feasibility, administrative feasibility, and availability of services and materials.  
Technical feasibility considers ease of construction and operation, reliability of technology, 
ease of undertaking possible additional remedial action, and monitoring.  Administrative 
feasibility considers activities needed to coordinate with other offices and agencies (e.g., 
permits, rights-of-way).  Availability of services and materials includes availability of 
treatment, storage, and disposal services; necessary equipment and specialists; services and 
materials; and prospective technologies. 

• Cost:  The cost of each alternative is developed as the sum of capital costs, O&M costs, and 
periodic costs.  Present value is the amount of money needed in the base year to cover the 
future costs associated with a particular time period at a particular interest or discount rate.  
Present value is developed at a discount rate of 7 percent for each alternative to provide a 
common basis for comparing alternatives.  A feasibility-level cost estimate, intended to 
provide an accuracy range of –30 to +50 percent of actual cost, was prepared for each 
alternative using USEPA guidance (USEPA 2000).  The final project cost of the selected 
alternative will depend on actual labor and material cost, productivity, competitive market 
conditions, final project scope and schedule, and other variable factors.  As such, the 
estimates provided in this RAA should not be used for final project budgeting. 

Modifying Criteria 
• Agency Acceptance:  Agency acceptance will be evaluated after agency review. 

• Community Acceptance:  Community acceptance will not be evaluated until public 
comments are received on the proposed plan, which follows the RAA and presents the 
proposed remedy. 

13.2 INDIVIDUAL ANALYSIS OF ALTERNATIVES 

A detailed individual analysis of the alternatives for FTP groundwater was completed using the 
criteria described in Section 13.1.  Results of these analyses are presented in Table 13-2.  
Alternative-specific analysis of compliance with ARARs or TBCs is presented in Table 13-3. 

13.3 COMPARATIVE ANALYSIS OF ALTERNATIVES 

The alternatives were compared to each other using the criteria presented in Section 13.1.  
Results of these analyses are presented below. 
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Overall Protection of Human Health and the Environment 
• Alternative 1 would not provide any protection of human health in the short term.  

Alternatives 2, 3, 4, and 5 use institutional and engineering controls to prevent human 
exposure to contaminated groundwater until it can be reduced to its PRGs through natural 
processes, removal and ex-situ treatment, or in-situ treatment. 

• Under Alternatives 1 and 2, contaminants in groundwater would eventually be reduced to 
PRGs through natural processes.  Alternatives 3, 4, and 5 would actively remediate 
contaminated groundwater through removal and ex-situ treatment or in-situ treatment, 
combined with MNA. 

Compliance with ARARs 

ARARs and TBCs were initially screened in Section 10.  Key ARARs for FTP groundwater 
were further evaluated in this detailed analysis of alternatives (Table 13-3).  The results of this 
evaluation are summarized below: 

• Alternative 1 would not meet ARARs.  The MCLs would eventually be met through natural 
processes, but no actions would be taken until then to prevent human exposure to 
contaminated groundwater. 

• Alternatives 2, 3, 4, and 5 would meet ARARs. 

Long-Term Effectiveness 
• Under Alternatives 1 through 5, upon reduction to PRGs, residual contamination would pose 

no unacceptable risk. 

• Alternative 1 would provide no controls.  Groundwater use restrictions, a health and safety 
program, and groundwater monitoring would be provided under Alternatives 2, 3, 4, and 5.  
Alternatives 3, 4, and 5 would actively remediate the plume. 

• Controls for Alternatives 2, 3, 4, and 5 are considered adequate and reliable. 

Reduction of Toxicity, Mobility, and Volume 
• Under Alternatives 1 and 2, toxicity and volume of contaminants in groundwater would be 

reduced slowly through natural processes. 

• Under Alternatives 3, 4, and 5, toxicity and volume of contaminants in groundwater would 
be reduced through removal and ex-situ treatment or in-situ treatment, combined with MNA. 

• Alternatives 4 and 5 would reduce the mobility of arsenic in groundwater through chemical 
oxidation.  Alternative 3 would reduce the ability of the contaminant plumes to migrate 
through removal and ex-situ treatment. 

Short-Term Effectiveness 
• The modeling results indicate that Alternatives 1 and 2 would reduce contaminants in 

groundwater to below PRGs in shallow groundwater, in similar time frames, with 
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Alternatives 3, 4, and 5 being faster (Table 13-1 and Figures 13-1, 13-2, 13-3, and 13-4).  
Model-predicted time estimates are considered to be conservative and were made to assist in 
comparing alternatives only; actual remediation time frames are likely to vary.  Estimates for 
each alternative are summarized as follows: 

Alternative Time (years) 

1 – No Action 55 
2 – MNA 55 
3 – Focused Extraction/MNA 
4 – ISCO/MNA 

15 to 20 
15 to 20 

5 – Enhanced Degradation/MNA 15 to 20 

• Alternative 1 would have no short-term impacts, because the site remains as is. 

• For Alternatives 2, 3, 4, and 5 potential impact to the community would be low.  Remedial 
action and sampling workers would be protected through implementation of a health and 
safety plan. 

Implementability 
• Alternative 1 has no action to implement. 

• Alternatives 2, 3, 4, and 5 are technically and administratively feasible, although 
groundwater injection approval and field scale testing would be required under Alternatives 4 
and 5 prior to full-scale implementation.  Services and equipment are available for these 
alternatives.  

• Alternative 3 would need to meet the substantive requirements of an NPDES surface water 
discharge permit and applicable air emission standards for hazardous air pollutants. 

Cost 

The estimated capital cost, O&M costs, periodic costs, total cost, and total present values for 
alternatives are summarized below and in Table 13-2, along with the model estimated project 
duration.  The detailed development of these costs is presented in Appendix O.  The total 
present value, using a discount rate of 7 percent, ranges from $711,000 for Alternative 2 to 
$1,228,000 for Alternative 5. 

Description Alternative 1 
No Action 

Alternative 2 
MNA 

Alternative 3 
Focused 

Extraction/ 
MNA 

Alternative 4 
ISCO/MNA 

Alternative 5 
Enhanced 

Degradation/ 
MNA 

Total Project Duration (years) 55 55 20 20 20 
Capital Cost $0 $114,000 $208,000 $225,000 $504,000 
Total O&M Cost $0 $1,849,000 $1,037,000 $822,000 $822,000 
Total Periodic Cost $0 $113,000 $49,000 $105,000 $305,000 
Total Cost of Alternatives $0 $2,075,000 $1,295,000 $1,152,000 $1,631,000 

Total Present Value of 
Alternative $0 $711,000 $882,000 $773,000 $1,228,000 
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Figure 13-5 compares the total costs of Alternatives 1 through 5 graphically. 
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TABLE 13-1
SUMMARY OF CONTAMINANT FATE AND TRANSPORT MODELING RESULTS OF REMEDIAL ALTERNATIVES

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Benzene Chloroethane TCE 1,1-DCE Vinyl Chloride
<6 µg/L <110 µg/L <30 µg/L <920 µg/L <2 µg/L

Alternatives 1 and 2 - No Action and MNA 15-20 35-40 5-10 <5 50-55

Alternative 3 - Focused Extraction/MNA 10-15 5-10 5-10 <5 15-20

Alternative 4 - ISCO/MNA 10-15 5-10 5-10 <5 15-20

Alternative 5 - Enhanced Degradation/MNA 10-15 5-10 5-10 <5 15-20

Notes:

< = Less than
µg/L = Micrograms per liter
DCE = Dichloroethene
ISCO = In-Situ Chemical Oxidation
MNA = Monitored Natural Attenuation
TCE = Trichloroethene
VC = Vinyl Chloride

See Figures 13-1 to 13-4 for the model-predicted extent of chemicals in groundwater for each alternative.

Alternative
Amount of time for plume concentration to be reduced below:1
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DETAILED ANALYSIS OF REMEDIAL ALTERNATIVES 

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS 
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Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Evaluation Criterion 
No Action MNA Focused Extraction/MNA ISCO/MNA Enhanced Degradation/MNA 

OVERALL PROTECTION OF HUMAN HEALTH AND THE ENVIRONMENT 

Human Health Protection None in the short term, 
although contaminants in 
groundwater would be 
expected to eventually 
decrease below PRGs 
(approximately 50 to 55 
years). 

Protects human health through 
institutional/engineering 
controls until contaminants in 
groundwater are reduced to 
below PRGs through natural 
attenuation (approximately 50 to 
55 years). 

Protects human health through 
institutional/engineering 
controls, focused plume removal 
and treatment, and natural 
attenuation until contaminants in 
groundwater are reduced to 
below PRGs (approximately 15 
to 20 years). 

Protects human health through 
institutional/engineering 
controls, focused in-situ 
treatment, and natural 
attenuation until contaminants in 
groundwater are reduced to 
below PRGs (approximately 15 
to 20 years). 

Protects human health through 
institutional/engineering 
controls, focused in-situ 
treatment, and natural 
attenuation until contaminants in 
groundwater are reduced to 
below PRGs (approximately 15 
to 20 years). 

Environmental Protection Natural processes would be 
expected to eventually reduce 
contaminants in groundwater 
to below PRGs. 

Natural processes would be 
expected to eventually reduce 
contaminants in groundwater to 
below PRGs.  Monitoring would 
allow for tracking of the plume. 

Would reduce groundwater 
contamination to below PRGs.  
Monitoring would allow for 
tracking of the plume. 

Would reduce groundwater 
contamination to below PRGs.  
Monitoring would allow for 
tracking of the plume. 

Would reduce groundwater 
contamination to below PRGs.  
Monitoring would allow for 
tracking of the plume. 

COMPLIANCE WITH ARARs 

Compliance with ARARs Not applicable. Would meet ARARs as 
evaluated in Table 13-3. 

Would meet ARARs as 
evaluated in Table 13-3. 

Would meet ARARs as 
evaluated in Table 13-3. 

Would meet ARARs as 
evaluated in Table 13-3. 

Appropriateness of Waivers Not appropriate. None would be required. None would be required. None would be required. None would be required. 

LONG-TERM EFFECTIVENESS 

Magnitude of Residual Risk Upon reduction to the PRG 
(approximately 50 to 55 
years), residual contamination 
would pose no unacceptable 
risk. 

Upon reduction to the PRG 
(approximately 50 to 55 years), 
residual contamination would 
pose no unacceptable risk.  Until 
then, residual risk is managed 
through institutional/engineering 
controls. 

Upon reduction to the PRG 
(approximately 15 to 20 years), 
residual contamination would 
pose no unacceptable risk.  Until 
then, residual risk is managed 
through institutional/engineering 
controls. 

Upon reduction to the PRG 
(approximately 15 to 20 years), 
residual contamination would 
pose no unacceptable risk.  Until 
then, residual risk is managed 
through institutional/engineering 
controls. 

Upon reduction to the PRG 
(approximately 15 to 20 years), 
residual contamination would 
pose no unacceptable risk.  Until 
then, residual risk is managed 
through institutional/engineering 
controls. 
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Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Evaluation Criterion 
No Action MNA Focused Extraction/MNA ISCO/MNA Enhanced Degradation/MNA 

Adequacy and Reliability of 
Controls 

Not applicable. Groundwater monitoring would 
track the migration of 
contaminants.  Groundwater use 
restrictions would prevent 
human exposure to 
contaminated groundwater. 

Proposed removal and treatment 
options are field-proven and 
expected to meet long-term 
remedial objectives (in 
combination with MNA).  
Groundwater use restrictions 
would prevent human exposure 
to contaminated groundwater.  
Groundwater monitoring would 
track the migration of 
contaminants. 

ISCO is field-proven and is 
expected to meet long-term 
remedial objectives (in 
combination with MNA).  
Groundwater use restrictions 
would prevent human exposure 
to contaminated groundwater.  
Groundwater monitoring would 
track the migration of 
contaminants. 

ISCO and EB are field-proven 
and are expected to meet long-
term remedial objectives (in 
combination with MNA).  
Groundwater use restrictions 
would prevent human exposure 
to contaminated groundwater.  
Groundwater monitoring would 
track the migration of 
contaminants. 

REDUCTION OF TOXICITY, MOBILITY, AND VOLUME 

Treatment Process Used None, except for natural 
attenuation. 

None, except for the natural 
attenuation processes of 
dispersion, biodegradation, and 
adsorption. 

An extraction well would 
remove contaminated 
groundwater in and around 
SA-99-1.  Extracted 
groundwater would be treated 
by air stripping.  MNA would 
remediate the remaining areas of 
the plume.  

ISCO would treat contaminated 
groundwater in and around 
SA-99-1.  MNA would 
remediate the remaining areas of 
the plume.  

ISCO would treat contaminated 
groundwater in and around 
SA-99-1.  EB and MNA would 
remediate the remaining areas of 
the plume.  

Reduction of TMV Toxicity and volume of 
contaminants would be 
reduced but not documented. 

Toxicity and volume of 
contaminants in groundwater 
would eventually be reduced to 
PRGs through natural 
attenuation. 

Toxicity and volume of 
contaminants in groundwater 
would be reduced to PRGs 
through focused removal and 
treatment and natural 
attenuation. 

Toxicity and volume of 
contaminants in groundwater 
would be reduced to PRGs 
through focused in-situ 
treatment and natural 
attenuation. 

Toxicity and volume of 
contaminants in groundwater 
would be reduced to PRGs 
through in-situ treatment and 
natural attenuation. 

SHORT-TERM EFFECTIVENESS 

Time Required to Achieve 
Remedial Action Objectives 

Contaminants in groundwater 
would be reduced to PRGs in 
approximately 50 to 55 years 
but would not be documented. 

Contaminants in groundwater 
would be reduced to PRGs in 
approximately 50 to 55 years.  

Contaminants in groundwater 
would be reduced to PRGs in 
approximately 15 to 20 years.   

Contaminants in groundwater 
would be reduced to PRGs in 
approximately 15 to 20 years.   

Contaminants in groundwater 
would be reduced to PRGs in 
approximately 15 to 20 years.   

Protection of Community 
During Remedial Action 

No action taken. Potential impact to community 
would be low due to the nature 
of activities (e.g., groundwater 
sampling). 

Potential impact to community 
would be low.  Access to 
IAAAP is restricted to the 
public. 

Potential impact to community 
would be low.  Access to 
IAAAP is restricted to the 
public. 

Potential impact to community 
would be low.  Access to 
IAAAP is restricted to the 
public. 
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Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5 Evaluation Criterion 
No Action MNA Focused Extraction/MNA ISCO/MNA Enhanced Degradation/MNA 

Protection of Workers During 
Remedial Action 

Workers would need to take 
proper health and safety 
precautions during drilling 
and sampling activities.   

Workers would need to take 
proper health and safety 
precautions during drilling, 
sampling construction, and 
O&M activities. 

Workers would need to take 
proper health and safety 
precautions during drilling, 
sampling construction, and 
O&M activities. 

Workers would need to take 
proper health and safety 
precautions during drilling, 
sampling construction, and 
O&M activities. 

Workers would need to take 
proper health and safety 
precautions during drilling, 
sampling construction, and 
O&M activities. 

IMPLEMENTABILITY 

Ability to Construct and 
Operate 

Not applicable. Sampling and analysis are easily 
implemented. 

Services and equipment are 
available.  Sampling and 
analysis are easily implemented. 

Services and equipment are 
available.  Sampling and 
analysis are easily implemented. 

Services and equipment are 
available.  Sampling and 
analysis are easily implemented. 

Technical Feasibility Not applicable. Technology is reliable.  
Equipment and materials are 
available. 

Technology is reliable.  
Equipment and materials are 
available. 

Treatability tests would be used 
to select the most effective 
concentration of oxidizing agent 
prior to full-scale 
implementation.  

Treatability tests would be used 
to select the most effective 
concentration of oxidizing agent 
the best EB substrate prior to 
full-scale implementation.  

COST 

Assumed Project Duration 
(years) 

55 55 20 20 20 

Capital Cost $0 $114,000 $208,000 $225,000 $504,000 

Total O&M Cost $0 $1,849,000 $1,037,000 $822,000 $822,000 

Total Periodic Cost $0 $113,000 $49,000 $105,000 $305,000 

Total Cost of Alternative $0 $2,075,000 $1,295,000 $1,152,000 $1,631,000 

Total Present Value (7%) $0 $711,000 $882,000 $773,000 $1,228,000 

Notes:     

> = Greater Than O&M = Operation and Maintenance  
ARAR = Applicable or Relevant and Appropriate Requirement PRG = Preliminary Remediation Goal  
EB = Enhanced Biodegradation TMV = Toxicity, Mobility, and Volume  
GAC = Granular Activated Carbon VER = Vacuum-Enhanced Recovery   
IAAAP = Iowa Army Ammunition Plant    
ISCO = In-Situ Chemical Oxidation    
MNA = Monitored Natural Attenuation    
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    Would Alternative Comply with ARARs or TBCs? 

CITATION DESCRIPTION Alternative 1 
No Action 

Alternative 2 
MNA 

Alternative 3 
Focused Extraction/MNA 

Alternative 4 
ISCO/MNA 

Alternative 5 
Enhanced Degradation/MNA 

FEDERAL 

Safe Drinking Water Act, 42 USC Section 300 
40 CFR Part 141, National Primary Drinking 
Water Regulations and National Revised 
Primary Drinking Water Regulations 

Establishes MCLs, which are health-based standards for 
specific contaminants. 

MCLs would eventually be met 
through natural processes, but no 
actions would be taken until then 
to prevent exposure. 

Yes. Groundwater use restrictions would 
prevent ingestion of contaminated 
groundwater exceeding MCLs. 

Yes.  Expected to meet MCLs in 
groundwater. 

Yes.  Expected to meet MCLs in 
groundwater. 

Yes.  Expected to meet MCLs in 
groundwater. 

40 CFR Part 144, Underground Injection 
Control Program 

Protects underground sources of drinking water by 
prohibiting injections that may affect water quality. 

N/A N/A N/A Yes.  Groundwater injection approval may 
be required. 

Yes.  Groundwater injection approval 
may be required. 

Water Pollution Control Act (Clean Water Act), as amended, 33 USC Section 1251 et seq. 
40 CFR Part 125 
National Pollutant Discharge Elimination 
System (NPDES) Regulations 

Establishes procedures for determination of effluent 
limitations for discharges of pollutants to navigable waters. 

N/A N/A Yes.  Monitoring would ensure that 
discharged effluent is treated to acceptable 
levels before discharge. 

N/A N/A 

40 CFR Part 131, 
Quality Criteria for Water 
Ambient Water Quality Criteria 

Requires states to establish ambient water quality criteria 
(AWQC) for surface water based on use classifications and 
the criteria stated under Section 304(a) of the Clean Water 
Act. 

N/A N/A Yes.  Monitoring would ensure that 
discharged effluent is treated to acceptable 
levels before discharge. 

N/A N/A 

40 CFR Part 136.1-5 and Appendices A-C 
Guidelines Establishing Test Procedures for 
the Analysis of Pollutants 

Specific analytical procedures for NPDES applications and 
reports. 

N/A N/A Yes.  Monitoring would ensure that 
discharged effluent is treated to acceptable 
levels before discharge. 

N/A N/A 

Solid Waste Disposal Act (SWDA), as amended, 42 USCA Section 6901-6992K 
40 CFR Part 260 
Hazardous Waste Management Systems 
General (Subtitle C) 

Provides definitions, general standards, and information 
applicable to 40 CFR Parts 260-265, 268. 

N/A N/A N/A N/A N/A 

40 CFR Part 261 
Identification and Listing of Hazardous 
Wastes (Subtitle C) 

Defines those solid wastes which are subject to regulations as 
hazardous wastes under 40 CFR Parts 262-265 and Parts 124, 
270, and 271. 

N/A N/A N/A N/A N/A 

40 CFR Part 262 
Standards Applicable to Generators of 
Hazardous Waste 

Establishes standards for generators of hazardous waste. N/A N/A N/A N/A N/A 

40 CFR Part 263 
Standards Applicable to Transporters of 
Hazardous Waste 

Establishes standards that apply to transporting hazardous 
waste within the U.S. if the transportation requires a manifest 
under 40 CFR Part 262. 

N/A N/A N/A N/A N/A 

40 CFR Part 268 
Land Disposal Restrictions 

Identifies hazardous wastes restricted from land disposal 
and treatment standards for restricted wastes and waste 
residuals. 

N/A N/A N/A N/A N/A 

Occupational Safety and Health Act, 29 USC 15 
29 CFR Part 1910 
Occupational Safety and Health Standards 

Regulates occupational health and safety.  Requires proper 
precautions, equipment, and training before certain tasks are 
completed. 

N/A Yes.  A health and safety program would 
be implemented to ensure worker safety 
and compliance with applicable 
requirements. 

Yes. A health and safety program would be 
implemented to ensure worker safety and 
compliance with applicable requirements. 

Yes. A health and safety program would be 
implemented to ensure worker safety and 
compliance with applicable requirements. 

Yes. A health and safety program 
would be implemented to ensure 
worker safety and compliance with 
applicable requirements. 

29 CFR Part 1910.120 
Hazardous Waste Operations and Emergency 
Response 

Remediation efforts must be conducted in accordance with 
health and safety regulations. Requires a Health and Safety 
Plan for remedial actions that involve potential contact with 
contaminated environmental media to protect workers health 
and prepare for any foreseeable emergencies. 

N/A Yes.  A health and safety program would 
be implemented to ensure worker safety 
and compliance with applicable 
requirements. 

Yes. A health and safety program would be 
implemented to ensure worker safety and 
compliance with applicable requirements. 

Yes. A health and safety program would be 
implemented to ensure worker safety and 
compliance with applicable requirements. 

Yes. A health and safety program 
would be implemented to ensure 
worker safety and compliance with 
applicable requirements. 

FEDERAL 

29 CFR Part 1926Safety and Health 
Regulations for Construction 

Regulates construction health and safety. N/A Yes. A health and safety program would be 
implemented to ensure worker safety and 
compliance with applicable requirements. 

Yes. A health and safety program would be 
implemented to ensure worker safety and 
compliance with applicable requirements. 

Yes. A health and safety program would be 
implemented to ensure worker safety and 
compliance with applicable requirements. 

Yes. A health and safety program 
would be implemented to ensure 
worker safety and compliance with 
applicable requirements. 
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    Would Alternative Comply with ARARs or TBCs? 

CITATION DESCRIPTION Alternative 1 
No Action 

Alternative 2 
MNA 

Alternative 3 
Focused Extraction/MNA 

Alternative 4 
ISCO/MNA 

Alternative 5 
Enhanced Degradation/MNA 

FEDERAL 

Hazardous Materials Transportation Act, 49 CFR Parts 101, 106-107, 172-173, 178-180, 171, 173-177 
49 CFR Parts 107 and 171-177 Establishes standards applicable to transporters of hazardous 

materials. 
N/A N/A N/A Yes. Transport of bulk hydrogen peroxide 

would need to comply with applicable 
requirements. 

Yes. Transport of bulk hydrogen 
peroxide would need to comply with 
applicable requirements. 

Air Pollution Prevention and Control (Clean Air Act), 42USC 7401-7671q 
40 CFR Part 50. National Primary and 
Secondary Ambient Air Quality Standards 

Establishes monitoring requirements for sulfur oxides, 
particulate matter, carbon monoxide, ozone, nitrogen dioxide 
and lead during excavation. 

N/A N/A Yes.   Trenching activities may generate 
airborne particulate matter. Proper 
procedures would be implemented to 
ensure compliance with applicable 
requirements. 

N/A N/A 

40 CFR Part 61 
National Emission Standards for Hazardous 
Air Pollutants 

Establishes substances considered to be hazardous air 
pollutants and emissions standards for those substances. 

N/A N/A Yes.   Because the total mass of 
contaminant removed from the sump area 
by the treatment system is expected to be 
small, it is assumed that off-gas discharged 
from the groundwater treatment process 
will meet or exceed regulatory emission 
standards for hazardous air pollutants. If 
not, additional off-gas treatment could be 
added. 

N/A N/A 

Endangered Species Act, 16 USC Section 1531 et seq.     
50 CFR Part 17 
Endangered and Threatened Wildlife and 
Plants 
50 CFR Part 402 
Interagency Cooperation--Endangered 
Species Act of 1973, as amended 

Protects endangered species and the critical habitats upon 
which endangered species depend. 

N/A Yes.  No critical habitat would be 
disturbed by remedial activities. 

Yes.  No critical habitat would be 
disturbed by remedial activities. 

Yes.  No critical habitat would be 
disturbed by remedial activities. 

Yes.  No critical habitat would be 
disturbed by remedial activities. 

Bald and Golden Eagle Protection Act, 16 USC Section 668 et seq. 
16 USC 668 et seq. Prohibits the taking, possession, and transportation or any 

bald or golden eagle, dead or alive, or any part, nest or egg. 
N/A Yes.  The alternative does not involve 

taking, possessing or transporting eagles. 
Yes.  The alternative does not involve 
taking, possessing or transporting eagles. 

Yes.  The alternative does not involve 
taking, possessing or transporting eagles. 

Yes.  The alternative does not involve 
taking, possessing or transporting 
eagles. 

Migratory Bird Treaty Act of 1972, 16 USC Section 703 
16 USC Section 703 Protects native migratory bird species from unregulated 

"take."  Poisoning due to exposure at hazardous waste sites 
can be included under this Act. 

N/A Yes.  The alternative does not involve 
taking native migratory birds. Birds would 
not be exposed to hazardous waste. 

Yes.  The alternative does not involve 
taking native migratory birds. Birds would 
not be exposed to hazardous waste. 

Yes.  The alternative does not involve 
taking native migratory birds. Birds would 
not be exposed to hazardous waste. 

Yes.  The alternative does not involve 
taking native migratory birds. Birds 
would not be exposed to hazardous 
waste. 

National Archaeological and Historic Preservation Act of 1974, 16 USC Section 469 
16 USC Section 469 
36 CFR Part 65 

Must recover and preserve artifacts in area where alteration of 
terrain threatens significant scientific, prehistoric, historical, 
or archaeological data. 

N/A Yes.  No terrain would be altered. No 
scientific, prehistoric, or historical data 
would be threatened. 

Yes.  No terrain would be altered. No 
scientific, prehistoric, or historical data 
would be threatened. 

Yes.  No terrain would be altered. No 
scientific, prehistoric, or historical data 
would be threatened. 

Yes.  No terrain would be altered. No 
scientific, prehistoric, or historical 
data would be threatened. 

The Antiquities Act of 1906, 16 USC Section 433  
43 CFR Part 3 Provides for protection of historic and prehistoric ruins and 

objects on federal lands. 
N/A Yes.  No historic or prehistoric ruins or 

objects would be threatened. 
Yes.  No historic or prehistoric ruins or 
objects would be threatened. 

Yes.  No historic or prehistoric ruins or 
objects would be threatened. 

Yes.  No historic or prehistoric ruins 
or objects would be threatened. 
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    Would Alternative Comply with ARARs or TBCs? 

CITATION DESCRIPTION Alternative 1 
No Action 

Alternative 2 
MNA 

Alternative 3 
Focused Extraction/MNA 

Alternative 4 
ISCO/MNA 

Alternative 5 
Enhanced Degradation/MNA 

FEDERAL 

Native American Graves Protection and Repatriation Act, 25 USC Section 3001 
Public Law 101-601 Requires that if Native American remains or cultural items 

are found on federal lands, the appropriate tribe must be 
notified, and all activity in the area of discovery must cease 
for at least 30 days. 

N/A Yes.  If Native American remains or 
cultural items are found during remedial 
activities, proper procedures would be 
implemented to ensure compliance with 
applicable requirements. 

Yes.  If Native American remains or 
cultural items are found during remedial 
activities, proper procedures would be 
implemented to ensure compliance with 
applicable requirements. 

Yes.  If Native American remains or 
cultural items are found during remedial 
activities, proper procedures would be 
implemented to ensure compliance with 
applicable requirements. 

Yes.  If Native American remains or 
cultural items are found during 
remedial activities, proper procedures 
would be implemented to ensure 
compliance with applicable 
requirements. 

STATE 

Water Supplies, 567 IAC, Division B, Chapter 41 
567 IAC 41.3(455B)(1)(b) 
567 IAC 41.3(455B)(5)(a) and (b) 
567 IAC 41.3(455B)(6)(a) 

Establishes MCLs for specific contaminants that are 
applicable for drinking water supplied by community water 
systems and for nontransient, noncommunity drinking water 
systems. 

MCLs would eventually be met 
through natural processes, but no 
actions would be taken until then 
to prevent exposure. 

Yes. Groundwater use restrictions would 
prevent ingestion of contaminated 
groundwater exceeding MCLs. 

Yes. Expected to meet MCLs in 
groundwater. 

Yes. Expected to meet MCLs in 
groundwater. 

Yes. Expected to meet MCLs in 
groundwater. 

Air Quality, 567 IAC, Title II 
567 IAC 23.3 (455B) 
Emission Standards 

Establishes monitoring requirements for emission of 
particulates or dust from any process. 

N/A N/A Yes.   Trenching activities may generate 
airborne particulate matter. Proper 
procedures would be implemented to 
ensure compliance with applicable 
requirements. 

N/A N/A 

567 IAC 28 (455B) 
Ambient Air Quality Standards 

Establishes monitoring requirements for PM10 and lead 
during excavation. 

N/A N/A Yes.   Trenching activities may generate 
airborne particulate matter. Proper 
procedures would be implemented to 
ensure compliance with applicable 
requirements. 

N/A N/A 

Effluent and Pretreatment Standards, 567 IAC, Title IV, Chapter 62 
567 IAC 62.1(455B)(1) Establishes NPDES permit conditions for point source 

discharge of pollutants into navigable waters. 
N/A N/A Yes. N/A N/A 

Water Quality Standards, 567 IAC, Title IV, Chapter 61 
567 IAC 61.2(455B)(2) 
567 IAC 61.3(455B) 

Establishes an antidegradation policy for surface waters of 
the State of Iowa, including requirements to maintain certain 
flows and water quality criteria. 

N/A Yes.  Would not affect surface water flows 
or water quality. 

Yes.  Following extraction and treatment 
with air stripping, the effluent water is 
expected to meet the antidegradation 
policy requirements. 

Yes.  Would not affect surface water flows 
or water quality. 

Yes.  Would not affect surface water 
flows or water quality. 

Nonpublic Water Supply Wells, 567 IAC, Division B, Chapter 49 
567 IAC 49(455b) Establishes uniform minimum standards and methods for well 

construction and reconstruction for nonpublic water supply 
wells. 

N/A N/A Yes.  Extraction well will not adversely 
affect existing water supply wells. 

N/A N/A 

Criteria and Conditions for Authorizing Withdrawal, Diversion, and Storage of Water, 567 IAC, Division C, Chapter 52 
567 IAC 52(455b) Establishes criteria for issuance of water permits, permit 

conditions, and conditions for modification, cancellation, or 
suspension of permits.  Includes special criteria for particular 
types of water sources such as streams and groundwater. 

N/A N/A. Yes.  A permit, or equivalent requirements 
thereof, may be required to extract 
groundwater. 

N/A. N/A. 

Wastewater Treatment and Disposal, 567 IAC, Title IV 
567 IAC 61(455b) 
Establishment of Water Quality Standards 

Sets standards for the point or nonpoint source pollution of 
state waters. 

N/A Yes.  Would not affect surface water 
quality. 

Yes.  Would not affect surface water 
quality. 

Yes.  Would not affect surface water 
quality. 

Yes.  Would not affect surface water 
quality. 

567 IAC 62(455b) 
Effluent and Pretreatment Standards 

Sets standards for the treatment of water prior to discharge to 
either waters of the state or a POTW. 

N/A N/A Yes.  Monitoring would ensure that 
effluent is treated to acceptable levels 
before discharge to surface water. 

N/A N/A 
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    Would Alternative Comply with ARARs or TBCs? 

CITATION DESCRIPTION Alternative 1 
No Action 

Alternative 2 
MNA 

Alternative 3 
Focused Extraction/MNA 

Alternative 4 
ISCO/MNA 

Alternative 5 
Enhanced Degradation/MNA 

STATE 

567 IAC 63(455b), 567 IAC 64(455b) 
Wastewater Disposal Systems 

Sets construction, operation, discharge, monitoring, analytical 
and reporting requirements for the operation of wastewater 
disposal systems. 

N/A N/A Yes.  Treatment system would be 
designed, constructed, and operated to 
meet requirements. 

N/A N/A 

567 IAC 69(455b) 
On-Site Wastewater Treatment and Disposal 
Systems 

Establishes rules for on-site wastewater treatment and 
disposal systems, including discharge restrictions and 
minimum distances. 

N/A N/A Yes.  Treatment system would be 
designed, constructed, and operated to 
meet requirements. 

N/A N/A 

Solid Waste Comprehensive Planning Requirements, 567 IAC, Title VIII, Chapter 101 
567 IAC 101(455b, 455d) 
Iowa Solid Waste Management and Disposal 
General Requirements 

Defines requirements for disposal of solid wastes. N/A Yes.  Soil cuttings from monitoring well 
installation would be handled and disposed 
of as solid waste. 

Yes.  Soil cuttings from monitoring well 
and extraction wells would be handled and 
disposed of as solid waste. 

Yes.  Soil cuttings from monitoring well 
installation would be handled and disposed 
of as solid waste. 

Yes.  Soil cuttings from monitoring 
well installation would be handled and 
disposed of as solid waste. 

Hazardous Waste, 567 IAC, Title XI, Chapter 141 
567 IAC 141(455b) Defines criteria for characterization and listing of RCRA 

hazardous waste. 
N/A N/A N/A N/A N/A 

Endangered Plants and Wildlife, 571 IAC, Chapter 77 
571 IAC 77(481b) Protects endangered species and the critical habitats upon 

which endangered species depend. 
N/A Yes.  No critical habitat would be 

disturbed by remedial activities. 
Yes.  No critical habitat would be 
disturbed by remedial activities. 

Yes.  No critical habitat would be 
disturbed by remedial activities. 

Yes.  No critical habitat would be 
disturbed by remedial activities. 

Notes:    

ARAR = Applicable or Relevant and Appropriate Requirement  PCP = Pentachlorophenol    
AWQC = Ambient Water Quality Criteria POTW = Publicly Owned Treatment Works    
CFR = Code of Federal Regulations RCRA = Resource Conservation and Recovery Act    
CTO = Catalytic Thermal Oxidation SWDA = Solid Waste Disposal Act    
IAC = Iowa Code TBC = To Be Considered    
MCL = Maximum Contaminant Levels USC = United States Code    
N/A = Not Applicable USCA = United States Code Annotated    
NPDES = National Pollutant Discharge Elimination System     

 











$0

$250,000

$500,000

$750,000

$1,000,000

$1,250,000

$1,500,000

$1,750,000

$2,000,000

$2,250,000

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5

Capital Cost

Total O&M Cost

Total Periodic Cost
Total Cost of Alternative

Total Present Value of Alternative

MNA Focused 
Extraction/MNA

No Action Enhanced
Degradation/MNA

COMPARISON OF TOTAL COSTS OF 
REMEDIAL ALTERNATIVES

FIRE TRAINING PIT GROUNDWATER 
REMEDIAL ALTERNATIVES ANALYSIS

DRN. BY:

CHK’D. BY:

DATE:

DATE:

PROJECT NO. FIG. NO.DLC

JMR

03/11/04

05/10/04 16169421 13-5

ISCO/MNA



14 i i d d S l i

SECTIONFOURTEEN Uncertainties and Remedy Selection Process 

 Q:\1616\9421\Six Sites\FTP\Rev1\FTP_RAA_Rev1.doc\14-May-04 /OMA   14-1 

This section discusses RAA uncertainties and assumptions and describes the remedy selection 
process for FTP groundwater at IAAAP, based on the detailed analysis (Section 13). 

14.1 UNCERTAINTIES AND ASSUMPTIONS 

Uncertainties identified during the RAA process for FTP groundwater need to be addressed prior 
to final design and implementation of remedial action.  In addition, certain assumptions have 
been made to complete RAA evaluations.  Uncertainties and assumptions for FTP groundwater 
RAA include: 

• Locations of underground utilities at FTP were estimated using as-built drawings provided to 
URS by IAAAP and observations made during soil removal activities.  A utility locator 
would be used to confirm locations of underground utilities prior to remedial activities. 

• Total project durations for Alternatives 2 through 5 were developed based on model-
predicted time to reduce contaminant concentrations to PRGs for benzene, chloroethane, 
TCE, 1,1-DCE, and vinyl chloride.  Because the predicted durations are considered 
conservative, O&M costs for these alternatives may be overestimated. 

• For Alternative 3, no off-gas treatment process has been developed because the total mass of 
contaminant removed from the sump monitoring well area by the treatment system is 
expected to be small (Section 11.2).  It is assumed that off-gas discharged to the atmosphere 
from the groundwater treatment process will meet or exceed regulatory emission standards 
for hazardous air pollutants.  It is also assumed that no additional water treatment processes, 
other than air stripping, would be required to reduce contaminant concentrations to below 
PRGs.  These could be added if discharge monitoring indicates otherwise. 

• For Alternative 4, the ISCO conceptual design was developed through review of technical 
guidance documents and case studies pertaining to ISCO.  A pre-design investigation 
consisting of bench scale and field scale testing would be performed to determine the most 
effective oxidant/water mixture ratio, circulation rate, and potential supplemental Fe2+ 
requirements prior to full-scale implementation. 

• The overall effectiveness of EB depends on the ability of high-pressure injection techniques 
to distribute substrates into the FTP shallow till clay and glacial outwash through existing 
preferential pathways (i.e., sand lenses and naturally occurring micro-fractures). 

• Components of Alternatives 4 and 5 may have existing patents.  Costs associated with the use 
of patented technologies have not been included in cost estimates.  Applicability of patents 
would need to be investigated during remedial design. 

14.2 REMEDY SELECTION PROCESS 

The remedy selection process links the analysis of remedial action alternatives, conducted in an 
RI/FS (RAA), with documentation of the selected remedy in a record of decision (ROD) 
(USEPA 1997c).  Section 121 of CERCLA established five principal requirements for the 
selection of remedies.  Remedies must: 

1. Protect human health and the environment. 
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2. Comply with ARARs unless a waiver is justified. 

3. Be cost-effective. 

4. Utilize permanent solutions and alternative treatment technologies to the maximum extent 
practicable. 

5. Satisfy a preference for treatment as a principal element or provide an explanation in the 
ROD for why this preference was not met. 

The nine NCP evaluation criteria (Section 13.1) are derived from these principal requirements as 
well as other important technical and policy considerations (USEPA 1997c).  Therefore, a 
remedial action that meets the nine criteria will satisfy the principal requirements of CERCLA. 

The remedy selection process consists of two steps.  The first step is presentation of a preferred 
remedial action to the public for comment in a proposed plan.  The proposed plan summarizes 
the preliminary conclusions as to why the preferred option appears most favorable, based on the 
information available and considered during the FS (RAA).  Following receipt and evaluation of 
public comments on the proposed plan, a final decision is made and the selected remedy is 
documented in a ROD. 

For FTP groundwater, a preferred remedial alternative is not presented in this RAA.  The 
remedial alternatives presented in this report will be reviewed by USACE, USAEC, IAAAP, 
USEPA, and the Iowa Department of Natural Resources (IDNR) prior to selection of a preferred 
remedial alternative.  Once a preferred remedial alternative has been selected, it will be presented 
to the public in a Proposed Plan. 
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The following is a brief summary of the major findings of the FTP groundwater RAA. 

Facility and Site Background 
• The FTP is located in the southwest portion of the EDA, southwest of the WBPA, and is in 

the Spring Creek watershed. 

• The FTP was built in the early 1970s and was used for firefighting training sessions.  During 
these training sessions, 55-gallon drums of solvents and fuels were placed in the pit, set 
ablaze, and extinguished by firefighters. 

• Two smaller pits were located to the northwest and northeast of the main pit.  The pit to the 
northeast was also used to burn waste solvents and fuels. 

• In 1998, a major source removal action was completed which included the removal of 
approximately 5,200 cy of contaminated soil from the main pit. 

• In May and November 2001, trenching and sampling activities delineated the two other 
smaller pits north of the FTP.  In August 2003, a soil removal action was completed at the 
second and third pits. 

RAA Data Collection Field Activities 
• The RAA field activities completed in Fall 2002 and Spring 2003 focused on defining the 

nature and extent of contamination in the shallow and bedrock groundwater sidegradient and 
downgradient of the FTP. 

• Field activities included a vegetation and land use survey, collection of 24 direct push 
groundwater samples, installation and development of eight monitoring wells, groundwater 
sampling at eight monitoring wells, installation of seven staff gauges (two installed near the 
FTP), slug testing, and surveying. 

Physical Site Characteristics 
• Surface topography at the FTP exhibits a broad, flat-to-gently sloping terrain, which slopes 

from the upland area near the FTP to the east and southeast toward an unnamed tributary of 
Spring Creek.  Around the FTP area, shallow, man-made drainage ditches control and direct 
stormwater flow to the south and southeast toward a tributary of Spring Creek.  
Approximately 1,200 feet to the east of the FTP, the landscape is dissected by Spring Creek, 
and the topography changes to a steeply sloping terrain. 

• General vegetation types and land usage in Fall 2002 included cropland, grassland, and 
woodland.  No sensitive vegetation types or habitat for T&E species were identified near the 
FTP plumes. 

• The FTP geologic profile consisted of a general upland glacial till plain of unconsolidated 
and consolidated sediments overlying bedrock.  The typical subsurface geologic profile 
consisted of: 
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— Shallow Weathered Glacial Till/Fill/Loess: highly weathered and oxidized silty clay to 
sandy clay with localized sand seams.  Thicknesses ranged from 34 feet near the FTP to 
6 feet near the tributary of Spring Creek. 

— Glacial Outwash: oxidized clayey sand to poorly graded sand with fine gravel.  The 
outwash thickness ranged from 0.2 to 4.0 feet and was absent in several borings. 

— Bedrock: fractured and weathered shale and limestone containing isolated voids, in the 
upper 10 to 16 feet of bedrock.  Below the fractured and weathered zone, the bedrock 
became more competent. 

• FTP hydrogeologic units included shallow groundwater (water table) and bedrock 
groundwater.  Shallow groundwater (water table) at the FTP crossed several different 
geologic units in Spring 2003; therefore, shallow till wells, till/bedrock contact wells, and 
till/upper bedrock wells were used to interpret and describe the shallow groundwater 
hydrogeologic characteristics.  Bedrock groundwater at the FTP was approximately 3 to 16 
feet lower than the shallow groundwater in Spring 2003.  This indicated that there was little 
or no connection between the shallow and bedrock groundwater.  Upper bedrock and bedrock 
groundwater wells were used to interpret and describe the bedrock groundwater 
hydrogeologic characteristics.  Hydrogeologic characteristics in Spring 2003 included: 

— : depth to groundwater ranged from 1.8 to 9.6 feet 
bgs.  Horizontal hydraulic gradients ranged from 0.020 to 0.085 ft/ft to the east, 
southeast, and south.  Hydraulic conductivities in the shallow groundwater wells screened 
only in the glacial till ranged from 0.020 to 0.18 feet/day.  Hydraulic conductivities in the 
shallow groundwater wells screened on top of or across the bedrock contact (typically 
intercepted glacial outwash sands) ranged from 0.046 to 1.7 feet/day.  Estimated 
groundwater flow velocities ranged from 0.49 to 54 feet/year to the east, southeast, and 
south. 

Shallow Groundwater (Water Table)

— Bedrock Groundwater: depth to groundwater ranged from 7.4 to 20.3 feet bgs.  
Horizontal hydraulic gradients ranged from 0.028 to 0.045 ft/ft to the east.  Hydraulic 
conductivities ranged from 0.00042 to 0.0076 feet/day.  Estimated groundwater flow 
velocities ranged from 0.023 to 0.33 feet/year to the east. 

• Several man-made drainage ditches control stormwater at the FTP and flow east, southeast, 
and south into an unnamed tributary of Spring Creek.  This tributary converges with Spring 
Creek approximately 1,200 feet to the east.  Staff gauges installed in Spring Creek and the 
tributary south of the FTP indicated that the surface water elevations were lower than the 
groundwater elevations in the surrounding shallow groundwater wells.  These data indicated 
that the tributary of Spring Creek was a gaining stream along the FTP reach, and Spring 
Creek was a gaining stream in most of the EDA. 

Chemical Site Characteristics/Chemicals of Potential Concern 
• The primary VOCs detected in the shallow groundwater at the FTP included 1,1-DCA, 

1,1-DCE, cis-1,2-DCE, 1,1,1-TCA, and TCE. 

• The primary explosives compounds detected in the shallow groundwater at the FTP included 
2,6-DNT, RDX, and HMX. 
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• The primary metals detected in the shallow groundwater at the FTP included arsenic, barium, 
cadmium, chromium, and selenium.   

• Groundwater at the FTP was evaluated as two distinct zones during the COPCs selection for 
the HHRA: 

— Shallow Groundwater (0 to 34 feet bgs) 

— Bedrock Groundwater (34 to 60 feet bgs) 

• Acetone, benzene, bromochloromethane, chloroethane, 1,1-DCE, 1,2-DCA, cis-1,2-DCE, 
ethylbenzene, MIBK, methylene chloride, PCE, toluene, 1,1,1-TCA, 1,1,2-TCA, TCE, vinyl 
chloride, m,p-xylene, RDX, 2,6-DNT, and arsenic were retained as COPCs in the shallow 
groundwater.   

• No COPCs were identified in bedrock groundwater. 

• NO3 was not retained as a COPC in groundwater because the maximum concentrations 
detected were below the risk screening value. 

• No COPCs were identified in surface water. 

Nature and Extent of Contamination 

The FTP groundwater sampling results indicated the following: 

• Three small explosives plumes were interpreted to be present in the shallow groundwater at 
the FTP.  The explosives detected consisted primarily of RDX and 2,6-DNT. 

• A VOC plume was interpreted to be present in the shallow groundwater, and consisted 
primarily of chlorinated hydrocarbons (i.e., PCE, 1,1,1-TCA, TCE, cis-1,2-DCE, 1,1-DCE, 
1,2-DCA, methylene chloride, chloroethane, and vinyl chloride).  1,1-DCE was the most 
frequently detected VOC across the FTP site.  The highest concentrations of VOCs were 
detected near surface drainage features and near the former fire training pit.  The shallow 
VOC plume extends from the former fire training pit to the unnamed tributary of Spring 
Creek. 

• No chemicals were detected in the bedrock groundwater at concentrations exceeding IAAAP 
regulatory standards. 

• No chemicals were detected in surface water sample SCT3 above IAAAP groundwater 
regulatory standards. 

• Arsenic was detected above the EDA background concentration in shallow groundwater from 
well SA-99-1.  No other metals were detected in groundwater above IAAAP regulatory 
standards or the calculated background concentrations. 

• NO3 was not detected in groundwater above the IAAAP regulatory standard. 

Contaminant Fate and Transport 
• The baseline modeling results indicated that the benzene, chloroethane, TCE, 1,1-DCE, and 

vinyl chloride plume concentrations are at their highest predicted concentrations.  Most of the 
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VOC plume concentrations will decline below the IAAAP regulatory standards in about 15 
to 25 years due to the naturally occurring processes of dispersion and degradation. The 
benzene plume will decline below the IAAAP regulatory standard (5 µg/L) in about 15 to 20 
years, while TCE and 1,1-DCE will take about 20 to 25 years to decline below the standard 
(7 µg/L).  Vinyl chloride will take about 50 to 55 years to decline below the regulatory 
standard (2 µg/L).  Chloroethane will be reduced to below the IAAAP regulatory standard 
(4.6 µg/L) in just over 70 years. 

• The baseline modeling results indicated that the VOC plumes in the high concentration areas 
would not be transported downgradient any significant distance away from the interpreted 
groundwater sources (e.g., the sump monitoring well area). 

• The baseline modeling results indicated that the low concentrations of 1,1-DCE and vinyl 
chloride at the distal edges of the FTP VOC plume will attenuate to below IAAAP regulatory 
standards in less than 20 years. 

• This initial natural attenuation evaluation for the FTP groundwater indicated natural 
attenuation processes may be significant for the FTP RDX plumes and VOCs plume.  Key 
elements supporting natural attenuation included: 

— Shallow groundwater at sump monitoring well SA-99-1 generally exhibited reducing 
conditions and moderately low DO concentrations, favoring anaerobic degradation of 
explosives and VOCs. 

— VOC degradation products (e.g., cis-1,2-DCE, 1,1-DCE, and vinyl chloride) are present. 

— Contaminant fate and transport modeling results indicated most of the VOC plumes will 
degrade to below IAAAP regulatory standards within 15 to 25 years.  However, the area 
of highest VOC concentrations (near SA-99-1) will take considerably longer to meet 
those levels (greater than 70 years for chloroethane). 

— RDX concentrations have remained fairly constant (and low) in FTA-99-1.  RDX 
metabolites (e.g., MNX) were also present. 

— VOC concentrations have generally declined over time, specifically in SA-99-1, while 
vinyl chloride has increased over time in SA-99-1. 

Human Health Risk Assessment 
• Acetone, benzene, bromochloromethane, chloroethane, 1,1-DCE, 1,2-DCA, cis-1,2-DCE, 

ethylbenzene, MIBK, methylene chloride, PCE, toluene, 1,1,1-TCA, 1,1,2-TCA, TCE, vinyl 
chloride, m,p-xylene, RDX, 2,6-DNT, and arsenic were retained as COPCs in the shallow 
groundwater.  No COPCs were identified in bedrock groundwater or surface water. 

• The receptor populations and exposure routes evaluated included current/future construction 
worker via inhalation, incidental ingestion, and dermal contact; current/future 
hunter/trespasser via incidental ingestion and dermal contact; and current/future 
commercial/industrial worker via ingestion. 
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• The risk assessment results indicated that the estimated total RME lifetime excess cancer risk 
for the construction worker (5.7x10-6) was within the USEPA target risk range of 1x10-6 to 
1x10-4 (USEPA 1990, 1991b).  The HI was 1.2. 

• The risk assessment results indicated that the estimated total RME lifetime excess cancer risk 
for the commercial/industrial worker (1.2x10-3) was greater than the USEPA target risk range 
of 1x10-6 to 1x10-4 (USEPA 1990, 1991b).  The HI was 7.1. 

• Risk-based PRGs were developed for all COPCs.  All were based on the 
commercial/industrial workers’ ingestion of shallow groundwater as drinking water with the 
exception of toluene.  The toluene risk-based PRG was based on the construction workers’ 
inhalation of shallow groundwater. 

• The risk-based PRGs for 1,1,1-TCA, acetone, bromochloromethane, cis-1,2-DCE, 2,6-DNT, 
ethylbenzene, MIBK, toluene, and m,p-xylene were higher than the maximum concentrations 
detected at the FTP. 

• The following chemicals had detected concentrations at the FTP that exceeded the risk-based 
PRGs:  1,2-DCA, 1,1-DCE, 1,1,2-TCA, benzene, chloroethane, methylene chloride, PCE, 
TCE, vinyl chloride, RDX, and arsenic. 

Remedial Action Objectives 

• The following RAOs were proposed for FTP groundwater: 

— Prevent commercial/industrial worker ingestion of contaminants of concern above their 
PRGs in groundwater, as listed below: 

 Benzene = 6 µg/L (10-6 risk-based PRG) 

 1,1,2-TCA = 6 µg/L (10-6 risk-based PRG) 

 1,2-DCA = 5 µg/L (MCL) 

 Chloroethane = 110 µg/L (10-6 risk-based PRG) 

 PCE = 6 µg/L (10-6 risk-based PRG) 

 TCE = 30 µg/L (10-6 risk-based PRG) 

 1,1-DCE = 920 µg/L (HI = 1.0, risk-based PRG) 

 Vinyl Chloride = 2 µg/L (MCL) 

 Methylene Chloride = 44 µg/L (10-6 risk-based PRG) 

 RDX = 3 µg/L (10-6 risk-based PRG) 

 Arsenic = 40 µg/L (background UTL)  

Screening Technologies 

• Following assembly, evaluation, and screening of potential remedial technologies and 
technology process options to satisfy the RAO, the following GRAs and process options 
were retained based on effectiveness, implementability, and cost: 
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— No Action:  No Action 

— Institutional Controls:  Groundwater Use Restrictions, Health and Safety Program 

— Engineering Controls:  Groundwater Monitoring 

— Removal:  Excavated Sump 

— In-Situ Treatment:  MNA, ISCO, EB 

— Ex-Situ Treatment:  Air Stripping 

— Disposal:  Surface Water Discharge 

Development of Alternatives 
• Remedial action alternatives were assembled from combinations of process options and 

technologies that survived the screening process, to provide a range from no action to active 
treatments that will reduce TMV of contaminants at the site. 

• Remedial alternatives developed for FTP groundwater included: 

— Alternative 1 – No Action: No remedial action would be implemented. 

— Alternative 2 – MNA: Groundwater monitoring would evaluate natural attenuation of the 
plume.  Institutional and engineering controls would prevent human exposure to 
contaminated groundwater. 

— Alternative 3 - Focused Extraction/MNA: Involves extracting contaminated groundwater 
from the existing sump monitoring well SA-99-1 for treatment and discharge to surface 
water.  Alternative 3 also relies on MNA, as described for Alternative 2, to reduce the 
contaminant mass in portions of the FTP groundwater plume not influenced by the 
extraction well. 

— Alternative 4 – ISCO/MNA:  Consists of circulating a chemical oxidizing agent within 
the 1998 limits of excavation surrounding SA-99-1, to degrade commingled benzene and 
CVOCs and to immobilize arsenic in groundwater.  H2O2 solution entering the aquifer 
would combine with dissolved Fe2+ and Fe2+ contained in soil minerals to create a 
Fenton-like reagent.  Alternative 4 also relies on MNA, as described for Alternative 2, to 
reduce the contaminant mass in portions of the FTP groundwater plume that is not 
affected by ISCO. 

— Alternative 5 – Enhanced Degradation/MNA:  Consists of ISCO in the SA-99-1 sump 
monitoring well area (as described in Alternative 4) combined with EB in surrounding 
areas.  EB using HRC™ is assumed for full-scale implementation in the CVOC plumes 
east and south of the sump monitoring well area to establish anaerobic conditions within 
the aquifer to reductively degrade CVOCs.   Alternative 5 also relies on MNA, as 
described for Alternative 2, to reduce the contaminant mass of the FTP groundwater 
plume that is not affected by EB or ISCO. 
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Uncertainties and Assumptions 

Uncertainties identified during the RAA process for FTP groundwater include the existence of 
contamination in soil at concentrations that could continue to migrate to groundwater, and 
locations of underground utilities.  Alternative-specific uncertainties and assumptions include: 

• Total project durations for Alternatives 2 through 5 were developed based on model-
predicted time to reduce contaminant concentrations to PRGs for benzene, chloroethane, 
TCE, 1,1-DCE, and vinyl chloride.  Therefore, O&M costs for these alternatives may be 
overestimated. 

• For Alternative 3, it is assumed that off-gas discharged to the atmosphere from the 
groundwater treatment process will meet or exceed regulatory emission standards for 
hazardous air pollutants and that no additional water treatment processes, other than air 
stripping, would be required to reduce contaminant concentrations to below PRGs. 

• For Alternative 4, a pre-design investigation would be required to determine the most 
effective oxidant/water mixture ratio, circulation rate, and potential supplemental Fe2+ 
requirements prior to full-scale implementation. 

• The overall effectiveness of EB (Alternative 5) depends on the ability of high-pressure 
injection techniques to distribute substrates into the FTP shallow till clay and glacial outwash 
through existing preferential pathways (i.e., sand lenses and naturally occurring micro-
fractures). 

• Costs associated with the use of patented technologies for Alternatives 4 and 5 have not been 
included in cost estimates. 
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TABLE B-1
SUMMARY OF GEOTECHNICAL PARAMETER RESULTS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS
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FTP Direct Push Geotechnical Analysis
FTP-DP08 9.0 CH 18 104 0.30 1.67 2.639 37 58 -- 53 21 --
FTP-DP08 16.0 CH 22 106 0.38 1.70 2.667 36 80 -- 66 23 --
FTP-DP08 20.0 CL 17 113 0.31 1.81 2.660 32 68 -- 42 18 --
FTP-DP08 23.0 CL 16 123 0.32 1.97 2.653 26 71 -- 33 17 --

FTP Monitoring Well Geotechnical Analysis
FTP-MW1 4.6 CL 23 103 0.38 1.64 2.577 36 57 -- 44 17 1.6
FTP-MW2 6.5 CL 22 104 0.36 1.67 2.611 36 75 -- 36 18 0.28
FTP-MW3 (B) 5.0 CH 22 102 0.37 1.63 2.611 38 73 -- 51 20 0.23
FTP-MW4 (B) 16.5 CH 24 103 0.40 1.65 2.639 37 78 -- 64 20 0.08
FTP-MW4 (B) 26.5 CL 17 116 0.32 1.85 2.646 30 60 -- 32 17 0.05
FTP-MW5 12.0 CL 19 113 0.34 1.81 2.564 30 52 -- 32 17 0.06
FTP-MW7 10.5 CH 23 102 0.38 1.64 2.558 36 82 -- 62 18 0.05
FTP-MW7 19.5 CL 16 119 0.31 1.90 2.577 26 61 -- 29 17 0.05
FTP-MW7 21.0 SC 12 125 0.24 2.01 2.611 23 32 1 27 15 --

Notes:
-- = Not Analyzed
% = Percent
bgs = Below Ground Surface
ft = Foot or Feet
g/cc = Grams per Cubic Centimeter
Harza = Montgomery Watson Harza
pcf = Pounds per cubic foot
TOC = Total Organic Carbon
URS = URS Group, Inc.
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Geotechnical Parameters

Notes
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TABLE F-1
SLUG TEST RESULTS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS
Well No.
Test No. (ft/min) (ft/day) (cm/sec) (gpd/ft2)

JAW-58 4.20E-05 6.05E-02 2.13E-05 0.45 Shallow Till
JAW-61 7.70E-05 1.11E-01 3.91E-05 0.83 Shallow Till
JAW-61 2ND 1.42E-05 2.04E-02 7.22E-06 0.15 Shallow Till
JAW-62 1.24E-04 1.79E-01 6.30E-05 1.34 Shallow Till
JAW-62 2ND 1.47E-05 2.12E-02 7.47E-06 0.16 Shallow Till
FTA-99-1 5.54E-05 7.98E-02 2.82E-05 0.60 Till/Bedrock Contact
FTA-99-2 2.94E-07 4.23E-04 1.49E-07 0.00 Bedrock
FTP-MW1 1.19E-03 1.71E+00 6.05E-04 12.82 Till/Upper Bedrock
FTP-MW1R 1.97E-04 2.84E-01 1.00E-04 2.12 Till/Upper Bedrock
FTP-MW2 3.16E-05 4.55E-02 1.61E-05 0.34 Till/Upper Bedrock
FTP-MW3(B) 1.18E-06 1.70E-03 6.00E-07 0.01 Upper Bedrock
FTP-MW4(B) 1.16E-06 1.67E-03 5.90E-07 0.01 Bedrock
FTP-MW5 4.88E-04 7.03E-01 2.48E-04 5.26 Till/Upper Bedrock
FTP-MW5 2ND 1.50E-04 2.16E-01 7.62E-05 1.62 Till/Upper Bedrock
FTP-MW6(B) 1.20E-06 1.73E-03 6.10E-07 0.01 Bedrock
FTP-MW7 1.34E-04 1.93E-01 6.81E-05 1.44 Till/Upper Bedrock
FTP-MW8(B) 5.28E-06 7.60E-03 2.68E-06 0.06 Bedrock

Notes:
2ND = Second response (clays)
cm = Centimeter(s)
ft = Foot or Feet
ft2 = Square Foot
min = Minute(s)
R = Retest
sec = Second(s)

Hydraulic Conductivity Screened Geologic
Unit
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TABLE G-1
SUMMARY OF SURVEY RESULTS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Northing 
(feet)

Easting
(feet)

Northing 
(meters)

Easting 
(meters)

Elevation
 (feet)

 Elevation
 (meters)

Elevation              
(feet)

 Elevation
 (meters)

Top of 
Screen    
(bgs) 

Bottom of 
Screen     
(bgs)

Top of 
Screen 

Elevation
(msl)

Bottom of 
Screen 

Elevation
(msl)

Depth         
(bgs)

Elevation 
(msl)    

FTP Monitoring Wells
FTP-MW1 300,609.83 2,276,086.26 91,626.06 693,752.48 659.83 201.12 657.59 200.43 5.5 15.5 652.1 642.1 5.5 652.1
FTP-MW2 300,731.91 2,276,308.27 91,663.27 693,820.15 663.18 202.14 660.81 201.42 6.9 16.9 653.9 643.9 7.2 653.6
FTP-MW3 300,944.02 2,276,473.95 91,727.92 693,870.65 657.46 200.39 654.95 199.63 10.5 20.5 644.5 634.5 5.7 649.3
FTP-MW4(B) 300,877.80 2,275,795.51 91,707.74 693,663.86 682.85 208.13 680.47 207.41 49.1 59.1 631.4 621.4 27.0 653.5
FTP-MW5 301,104.05 2,276,257.30 91,776.70 693,804.61 670.59 204.40 668.16 203.66 8.9 13.9 659.3 654.3 14.4 653.8
FTP-MW6(B) 301,103.79 2,276,262.61 91,776.62 693,806.23 670.44 204.35 667.81 203.55 34.8 44.8 633.0 623.0 14.4 653.4
FTP-MW7 300,575.55 2,275,582.83 91,615.61 693,599.03 676.87 206.31 674.52 205.60 11.0 21.0 663.5 653.5 21.0 653.5
FTP-MW8(B) 300,575.15 2,275,590.86 91,615.49 693,601.48 676.81 206.29 674.12 205.47 41.1 51.1 633.0 623.0 21.0 653.1

FTP Direct Push Borings
FTP-DP01 301,166.42 2,275,733.78 N/A N/A N/A N/A 688.09 N/A 33.0 38.0 655.1 650.1 38.0 650.1
FTP-DP02 301,145.65 2,276,076.72 N/A N/A N/A N/A 678.16 N/A 20.0 25.0 658.2 653.2 25.0 653.2
FTP-DP03 301,096.82 2,275,965.19 N/A N/A N/A N/A 683.70 N/A 26.0 31.0 657.7 652.7 31.0 652.7

8.0 13.0 672.4 667.4
22.0 27.0 658.4 653.4

FTP-DP05 300,975.05 2,275,988.40 N/A N/A N/A N/A 681.48 N/A 18.0 23.0 663.5 658.5 23.0 658.5
FTP-DP06 301,020.67 2,276,218.50 N/A N/A N/A N/A 677.61 N/A 19.0 24.0 658.6 653.6 24.0 653.6
FTP-DP07 300,738.21 2,275,618.68 N/A N/A N/A N/A 680.35 N/A 22.0 27.0 658.4 653.4 27.0 653.4
FTP-DP08 300,792.34 2,275,831.22 N/A N/A N/A N/A 677.47 N/A 18.0 23.0 659.5 654.5 23.0 654.5

15.0 20.0 667.3 662.3
25.0 30.0 657.3 652.3

FTP-DP10 300,571.34 2,275,717.97 N/A N/A N/A N/A 669.91 N/A 13.0 18.0 656.9 651.9 18.0 651.9
FTP-DP11 300,679.31 2,275,839.27 N/A N/A N/A N/A 671.74 N/A 15.0 20.0 656.7 651.7 20.0 651.7
FTP-DP12 300,866.41 2,276,235.00 N/A N/A N/A N/A 676.79 N/A 18.0 23.0 658.8 653.8 23.0 653.8
FTP-DP13 300,979.51 2,276,375.23 N/A N/A N/A N/A 669.87 N/A 11.0 16.0 658.9 653.9 16.0 653.9
FTP-DP14 300,613.92 2,276,076.36 N/A N/A N/A N/A 658.27 N/A 5.0 9.0 653.3 649.3 9.0 649.3
FTP-DP15 300,548.50 2,276,366.76 N/A N/A N/A N/A 665.70 N/A 9.0 13.0 656.7 652.7 13.0 652.7
FTP-DP16 300,693.62 2,276,642.12 N/A N/A N/A N/A 665.70 N/A 10.0 15.0 655.7 650.7 15.0 650.7
FTP-DP17 300,641.48 2,276,248.81 N/A N/A N/A N/A 656.86 N/A 1.0 6.0 655.9 650.9 6.0 650.9
FTP-DP18 300,805.64 2,276,393.57 N/A N/A N/A N/A 661.00 N/A 5.0 10.0 656.0 651.0 10.0 651.0
FTP-DP19 300,500.11 2,275,851.04 N/A N/A N/A N/A 665.10 N/A 9.0 14.0 656.1 651.1 14.0 651.1

FTP-DP04 300,876.60 2,275,570.22

Identification 
Number

Coordinates

682.25

Well TOC (msl)

N/A N/A N/A

Coordinates

N/A 27.0 653.4

Bedrock (feet)

N/A

Screen (feet)Ground (msl)

680.41

N/A 30.0 652.3FTP-DP09 300,888.77 2,275,993.44 N/A N/A N/A N/A
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TABLE G-1
SUMMARY OF SURVEY RESULTS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Northing 
(feet)

Easting
(feet)

Northing 
(meters)

Easting 
(meters)

Elevation
 (feet)

 Elevation
 (meters)

Elevation              
(feet)

 Elevation
 (meters)

Top of 
Screen    
(bgs) 

Bottom of 
Screen     
(bgs)

Top of 
Screen 

Elevation
(msl)

Bottom of 
Screen 

Elevation
(msl)

Depth         
(bgs)

Elevation 
(msl)    

Identification 
Number

Coordinates Well TOC (msl)Coordinates Bedrock (feet)Screen (feet)Ground (msl)

FTP-DP20 300,429.27 2,276,145.78 N/A N/A N/A N/A 670.55 N/A 18.0 23.0 652.6 647.6 23.0 647.6
FTP-DP21 300,981.84 2,275,843.51 N/A N/A N/A N/A 683.73 N/A 25.0 30.0 658.7 653.7 30.0 653.7
FTP-DP22 301,202.60 2,276,297.39 N/A N/A N/A N/A 672.07 N/A 15.0 20.0 657.1 652.1 20.0 652.1
FTP-DP23 300,963.95 2,276,105.72 N/A N/A N/A N/A 677.41 N/A 20.0 25.0 657.4 652.4 25.0 652.4
FTP-DP24 300,938.78 2,276,472.81 N/A N/A N/A N/A 654.53 N/A 2.0 7.0 652.5 647.5 6.0 648.5
FTP-DP25 300,876.76 2,276,084.78 N/A N/A N/A N/A 674.93 N/A 17.0 22.0 657.9 652.9 22.0 652.9
FTP-DP26 300,686.27 2,276,617.12 N/A N/A N/A N/A 663.94 N/A 18.0 23.0 645.9 640.9 14.0 649.9

FTP Staff Gauges
SC-SG01 302,077.80 2,276,937.05 92,073.50 694,011.80 N/A N/A 635.17 195.43 N/A N/A N/A N/A N/A N/A
SC-SG02 301,907.15 2,276,003.77 92,021.48 693,727.34 N/A N/A 652.33 200.66 N/A N/A N/A N/A N/A N/A
SC-SG03 301,788.11 2,276,558.38 91,985.20 693,896.38 N/A N/A 639.33 196.70 N/A N/A N/A N/A N/A N/A
SC-SG04 301,308.49 2,276,935.84 91,839.01 694,011.43 N/A N/A 629.91 193.83 N/A N/A N/A N/A N/A N/A
SC-SG05 300,910.29 2,276,519.88 91,717.64 693,884.65 N/A N/A 642.10 197.54 N/A N/A N/A N/A N/A N/A
SC-SG06 300,573.07 2,276,077.77 91,614.86 693,749.89 N/A N/A 651.84 200.51 N/A N/A N/A N/A N/A N/A
SC-SG07 300,870.76 2,277,116.80 91,705.59 694,066.59 N/A N/A 627.67 193.14 N/A N/A N/A N/A N/A N/A

Notes:
bgs = Below Ground Surface
msl = Mean Sea Level (NAVD88)
N/A = Not Available
TOC = Top of Casing
NAVD88 = North American Vertical Datum of 1988
NAD83 = North American Datum of 1983

Survey was completed using the Iowa State Planar Coordinates - South Zone. Datums used were NAD83 (horizontal) and NAVD88 (vertical)
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APPENDIXH Daily Quality Control Reports 

 

Daily Quality Control Reports (DQCRs) are included—electronically 
only—on the CD-ROM that accompanies this Draft RAA report. 
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Direct Push Results 
Monitoring Well Results 
Surface Water Results 

Duplicate Sample Pair Results 
Quality Assurance Split Sample Pair Results 
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APPENDIXI Laboratory Analytical Results 

This appendix presents the review and validation of the analytical data associated with the Six 
Sites Groundwater RAA field activities. 

I.1 SUMMARY OF ANALYTICAL RESULTS 

Groundwater, surface water, and soil samples were sent to Laucks for analysis.  The preparation 
methods, analytical methods, and method-specific QA/QC criteria are presented in Section 4 of 
the QAPP from the IAAAP Facility-Wide Work Plan (URS 2002a) and the Fire Training Pit, 
West Burn Pads Area, and East Burn Pads Feasibility Study Data Collection Work Plan 
Addendum (URS 2002b).  Tables I-1 and I-2 summarize the analytical results in direct push 
samples and monitoring well samples collected during the groundwater RAA field activities. 

I.1.1 Chemicals Detected in Direct Push Samples 

The groundwater samples collected during the direct push field activities were analyzed for 
VOCs and explosives compounds.  The primary VOCs detected in direct push groundwater 
samples included 2-butanone, carbon disulfide, Freon 113, 1,1-DCA, 1,1-dichloroethene, and 
1,1,1-trichloroethane. Additional VOCs detected included acetone, benzene, 1,2-DCA, 
cis-1,2-DCE, and PCE. 

The primary explosives compounds detected in direct push groundwater samples included RDX, 
HMX, MNX, 2-Am-DNT, and 4-Am-DNT.  Additional explosives compounds detected included 
1,3,5-TNB, 1,3-DNB, 2,4,6-TNT, 2,4-DNT, 2,6-DNT, and tetryl. 

I.1.2 Chemicals Detected in Monitoring Well Samples 

The groundwater samples collected during the monitoring well installation field activities were 
analyzed for VOCs, SVOCs, explosives compounds, metals, and natural attenuation parameters.  
The primary VOCs detected in groundwater samples included 1,1,1-TCA, 1,1-DCA, 1,1-DCE, 
Freon 113, and xylene. 

The primary SVOC detected in groundwater samples was bis(2-ethylhexyl)phthalate. 

The primary explosives compounds detected in groundwater samples included RDX, HMX, 
MNX, 2-Am-DNT, and 4-Am-DNT.  Additional explosives compounds detected included 
1,3,5-TNB, 1,3-DNB, 2,4,6-TNT, 2,4-DNT, 2,6-DNT, and tetryl. 

The primary metal analytes detected in groundwater samples included arsenic, barium, lead, 
mercury, and selenium. 

Natural attenuation parameter analytes in groundwater samples included: alkalinity, ammonia, 
carbon dioxide, chloride, NO3+NO2, sulfate, sulfide, TKN, TOC, calcium, magnesium, and 
sodium. 
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APPENDIXI Laboratory Analytical Results 

I.1.3 Chemicals Detected in Surface Water Samples 

Surface water samples collected from Brush Creek were analyzed for explosives compounds.  
The primary explosives compounds detected in surface water samples collected in Brush Creek 
included RDX and HMX.  MNX was also detected at one surface water sampling location. 

Spring Creek surface water samples were collected, analyzed, and reviewed/validated by HGL, 
and results are presented in the 2003 Groundwater Monitoring Report (HGL 2003b).  Spring 
Creek surface water samples results are not discussed in the following data quality 
review/validation but are included on Table I-3 for reference only. 

I.2 DATA QUALITY REVIEW/VALIDATION PROCESS 

The analytical data generated by the laboratory were checked for accuracy, precision, 
representativeness, comparability, completeness and sensitivity.  The data validation process for 
this project consisted of data generation, reduction, and two levels of review. 

I.2.1 Laboratory Data Reduction and Validation 

The first level of chemical data review, which contained multiple sublevels, was conducted by 
the analytical laboratory.  The laboratory had the initial responsibility for the correctness and 
completeness of the data.  Section 4 of the QAPP in the IAAAP Facility-Wide Work Plan (URS 
2002a) identifies the laboratory reduction and validation processes. 

I.2.2 Data Review 

The second level of chemical data review was completed by the URS project chemist.  All 
analytical data were subjected to this review.  The data review was completed following the 
procedures described below, utilizing QA/QC criteria specified in the IAAAP Facility-Wide 
Work Plan, Section 4 of the QAPP (URS 2002a); the Fire Training Pit, West Burn Pads Area, 
and East Burn Pads Feasibility Study Data Collection Work Plan Addendum (URS 2002b); 
United States Environmental Protection Agency (USEPA) Function Guidelines (USEPA 2001b 
and 2002a); and United States Army Toxic and Hazardous Materials Agency (USATHAMA) 
QA Program, January, 1990.  The QC parameters for the review of the laboratory analytical data 
packages included the following: 
• Completeness of package 
• Review of laboratory case narrative 
• Compliance with required holding times and sample preservation 
• Presence or absence of compounds in method and field blanks 
• Results of low spike, high spike, and high spike duplicate samples 
• Surrogate spike recovery in samples 
• Results of matrix spike and matrix spike duplicate samples 
• Field duplicate samples 
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I.2.3 Validation 

The URS project chemist completed full data validation on ten percent of the analytical data, as 
detailed in the project QAPP.  The full validation of the analytical data included reviewing all the 
parameters identified above and the additional parameters listed below: 

• Initial calibration 

• Continuing calibration 

• Chromatogram review 

• Standard preparation log review 

• Sample preparation log review 

• Analytical run log review 

• Recalculation of sample and QC results using the raw data 

• Instrument tune 

I.3 DIRECT PUSH SAMPLE REVIEW/VALIDATION RESULTS 

The data review/validation process was implemented to assess the quality of data resulting from 
the field sampling program with respect to the QA/QC objectives established for the project.  
Data were assessed to evaluate the appropriate usage to support decision-making.  Data 
assessment involved a consideration of data use, the decision type, identification of data that 
were qualified or did not meet project QA/QC requirements, and limitations on data use.  The 
data review/validation was based on the laboratory data summary reports and raw data.  Direct 
push groundwater samples were analyzed for VOCs (5030/8260B) and explosives (8330). 

I.3.1 Laboratory Sample Delivery Groups 

The following sections collectively summarize the review and validation of the direct push 
analytical data for Laucks sample delivery groups (SDGs) IAP39 through IAP56.  The data 
review and validation results are presented in the following sections. 

I.3.1.1 Data Package Completeness 

The data packages were reviewed to verify that each SDG contained the data contractually 
required in the deliverable and that all samples listed on the chain-of-custody (COC) forms were 
analyzed for the requested parameters.  The review indicated that the data packages were 
complete. 

I.3.1.2 Laboratory Case Narrative 

The laboratory case narratives for SDGs IAP39 though IAP56 indicated that the initial VOC 
calibrations (10/23/03, 11/02/03, 11/05/03, 11/27/03, and 02/03/03) yielded percent relative 
standard deviation (%RSD) values greater than 15 percent for several analytes.  Using linear 
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regression the correlation coefficient (r) values were greater that the method required 0.990; 
therefore, no qualification of data was required based on outlying precision. 

The laboratory case narratives for SDGs IAP40, IAP42, IAP45, IAP46, IAP48, IAP49, IAP50, 
IAP52, IAP54, IAP55, and IAP56 indicated that the pH values for VOC samples FTP-DP11-20, 
FTP-DP18-10, FTP-DP12-23, WBP-DP05-09, WBP-DP06-22, WBP-DP07-22, WBP-DP12-09, 
WBP-DP15-24, L9-DP02-70, L9-DP05-53, L9-DP07-75, L9-DP09-52, L9-DP09-66, L9-DP12-
54, L9-DP12-64L9-DP15-60, L9-DP16-62, L9-DP20-39, L9-DP22-54, L9-DP23-15, L9-DP26-
50, L9-DP32-15, L9-DP36-45 were greater than 2.0.  The samples were analyzed within seven 
days and were not qualified based on outlying preservation criteria. 

The laboratory case narratives for SDGs IAP41, IAP43, IAP44, IAP45, IAP46, IAP47, IAP48, 
IAP51, IAP52, IAP54, and IAP55 indicated that several samples were received at temperatures 
below the evaluation criteria.  The samples were not frozen; therefore, no qualification of data 
was required based on outlying preservation criteria. 

The laboratory case narratives for SDGs IAP42, IAP43, IAP44, IAP45, IAP46, IAP47, IAP48, 
IAP49, IAP51, IAP53, and IAP54 indicated the reporting limit for Freon 113 was raised from 
3 µg/L to 5 µg/L due to instrument contamination.  The USEPA Region 9 Tap Water PRG for 
Freon 113 is 59,00 µg/L; no corrective action was required. 

The laboratory case narratives for SDGs IAP48 and IAP50 indicated that the explosives 
continuing verification (CV) (3B260214) recoveries on the secondary column for HMX and 
tetryl were outside evaluation criteria.  The samples bracketed by the CV were reported as 
nondetect for HMX and tetryl on the primary column.  Only compounds detected on the primary 
column require secondary column confirmation; therefore, no qualification of data was required 
based on outlying CV recoveries. 

The laboratory case narrative for SDG IAP51 indicated that an unknown peak was detected on 
the secondary column in the HMX and tetryl retention windows for samples L2-DP24-06 and 
L2-DP23-13, respectively.  The HMX result on the secondary column was biased high due to the 
contribution of the unknown peak.  Results were reported from the primary column; therefore, no 
qualification of data was required. 

The laboratory case narrative for SDG IAP55 indicated the CV (3C140233.d) recovery for 
4-Am-DNT exceeded the evaluation criteria.  The samples bracketed by the CV were reported as 
nondetect for 4-Am-DNT; therefore, no qualification of data was required based on outlying CV 
recoveries. 

Additional problems identified in the laboratory case narratives for SDGs IAP39 through IAP56 
are discussed in subsequent sections. 

I.3.1.3 Holding Times and Sample Preservation 

Review of the sample collection and analyses dates involved comparing the chemicals of 
concern, the chemical results summary forms, and the raw data forms for accuracy, consistency, 
and holding time compliance.  Several samples were received at the laboratory below 2°C), but 
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the samples were not frozen; therefore, no qualification of data was required based on 
preservation criteria.  All samples were extracted and analyzed within the required holding time 
criteria with the exception of the samples listed in the table below. 
 

Site ID Field ID Parameter Analyte Qualification 

West Burn Pads Area WBP-DP14-14 8260B Entire Sample J 

Line 9 L9-DP04-53DL 8260B Freon 113 J 

Line 9 L9-DP04-69DL 8260B Freon 113 J 

Line 9 L9-DP06-67DL 8260B Freon 113 J 

Line 9 L9-DP10-25DL 8260B Freon 113 J 

Line 9 L9-DP10-65DL 8260B Freon 113 J 

Line 9 L9-DP03-71 8260B Entire Sample J 

Line 9 L9-DP06-52 8260B Freon 113 Only J 

Line 9 L9-DP11-55 8260B Entire Sample J 

Line 9 L9-DP11-69 8260B Entire Sample J 

Line 9 L9-DP14-66 8260B Entire Sample J 

Line 9 L9-DP13-20 8260B Entire Sample except Freon 113 J 

Line 9 L9-DP13-55 8260B Entire Sample except Freon 113 J 

Line 9 L9-DP13-64 8260B Freon 113 J 

I.3.1.4 Initial Calibration 

Initial calibration criteria were established to assess whether the instrument was capable of 
producing acceptable qualitative and quantitative data.  As identified in various standard 
operating procedures, the linearity of the calibration curve was established using a blank and five 
standard concentrations. 

The initial VOC calibration response factors (RFs) were reviewed and were greater than 0.10 for 
chloromethane, 1,1-dichloroethane and bromoform, greater than 0.30 for chlorobenzene and 
1,1,2,2-tetrachloroethane, and greater than 0.05 for all other analytes.  Review of the initial 
calibration summary forms indicated %RSDs were less than or equal to 30 percent for calibration 
check compounds (CCCs) (i.e., 1,1-DCE, toluene, chloroform, ethylbenzene, 
1,2-dichloropropane, and vinyl chloride).  %RSD values were below 15 percent for non-CCCs.  
In some instances, linearity was determined using linear regression or quadratic curve fit.  All r 
values were greater than 0.990; therefore, no qualifications of data were required.  A 
recalculation of the RFs and %RSD was performed, and no errors in calculations were noted. 

Review of the initial explosives calibration summary forms indicated that %RSDs for the 
calibration factors were below the method criteria of 20 percent, so no qualification of data was 
required.  In addition, the calibration factor and %RSD values presented on the summary forms 
for both the primary and secondary columns were recalculated for 10 percent of the target 
analytes.  No calibration or transcription errors were noted. 
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I.3.1.5 Retention Times 

Retention time windows are crucial to the identification of target compounds.  USEPA SW-846 
defines the retention time windows as plus or minus three standard deviations of the mean 
absolute retention time.  Chromatographs from associated samples with target compound 
detections were reviewed.  The chromatographs were reviewed to determine if VOC and 
explosives peaks were within known retention time windows and that those compounds were 
identified correctly.  All target compounds were identified correctly, so no qualification of data 
was required. 

I.3.1.6 Calibration Verification 

Review of the VOC sample chromatograms indicated the CVs were performed at the required 
frequency of every 12 hours.  Review of continuing calibration summary form indicated all RFs 
met the evaluation criteria of greater than 0.10 (chloromethane, 1,1-DCA, and bromoform), 0.30 
(chlorobenzene and 1,1,2,2-tetrachloroethane), and greater than 0.05 for all other analytes.  In 
addition, percent differences (%Ds) met the evaluation criteria of less than 20 percent for CCCs 
and less than 50 percent for all other analytes; therefore, no qualification of data was required.  
Recalculation of the RFs and %Ds was completed, and no errors in calculation were noted. 

CV samples were established to assess whether the instrumentation was capable of producing 
acceptable qualitative and quantitative data established by the initial calibration.  Explosives CVs 
were analyzed at the required frequency of one every 12 hours.  Review of the CV summary 
forms indicated that all percent differences (%Ds) met the evaluation criteria of less than 
15 percent for all target compounds; therefore, no qualification of explosives data was required 
based on outlying CV recoveries.  In addition, the calibration factor and %RSD values presented 
on the summary forms for both the primary and secondary columns were recalculated for 10 
percent of the target analytes.  No calibration or transcription errors were noted. 

I.3.1.7 Blank Samples 

Blank samples were analyzed to assess the existence and magnitude of contamination during 
laboratory activities.  All method preparation blank data were reported as nondetect with the 
exception of Freon 113.  Associated samples were reported as nondetect or had Freon 113 
concentrations greater than five times the blank contamination; therefore, no qualification of data 
was required based on preparation blank contamination. 

Source water, rinsates, and trip blank data were reported as nondetect, with the exceptions of 
acetone, chloroform, bromodichloromethane, dibromochloromethane, and methylene chloride.  
Associated samples qualified as nondetect based on blank contamination are listed below. 
 

Site ID Field ID Parameter Analyte New RL Qualification 

Fire Training Pit FTP-DP01-38 8260B Acetone – – U 

Fire Training Pit FTP-DP03-31 8260B Acetone – – U 

Fire Training Pit FTP-DP03-31 8260B Chloroform 4 U 
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Site ID Field ID Parameter Analyte New RL Qualification 

Fire Training Pit FTP-DP04-27 8260B Acetone – – U 

Fire Training Pit FTP-DP05-23 8260B Acetone – – U 

Fire Training Pit FTP-DP07-27 8260B Acetone – – U 

Fire Training Pit FTP-DP08-23 8260B Chloroform – – U 

Fire Training Pit FTP-DP09-30 8260B Acetone – – U 

Fire Training Pit FTP-DP10-18 8260B Acetone – – U 

Fire Training Pit FTP-DP11-20 8260B Acetone – – U 

Fire Training Pit FTP-DP14-09 8260B Acetone – – U 

Fire Training Pit FTP-DP17-06 8260B Acetone – – U 

Fire Training Pit FTP-DP18-10 8260B Chloroform – – U 

West Burn Pads Area WBP-DP03-38 8260B Acetone – – U 

West Burn Pads Area WBP-DP05-09 8260B Chloroform – – U 

West Burn Pads Area WBP-DP08-41 8260B Acetone – – U 

West Burn Pads Area WBP-DP15-24 8260B Acetone 25 U 

East Burn Pads EBP-DP01-18 8260B Acetone – – U 

East Burn Pads EBP-DP02-45 8260B Acetone 22 U 

East Burn Pads EBP-DP03-45 8260B Acetone 14 U 

East Burn Pads EBP-DP04-45 8260B Acetone – – U 

East Burn Pads EBP-DP05-25 8260B Acetone – – U 

East Burn Pads EBP-DP05-46 8260B Acetone – – U 

East Burn Pads EBP-DP07-20 8260B Acetone – – U 

Line 9 L9-DP01-63 8260B Acetone 13 U 

Line 9 L9-DP04-53 8260B Chloroform – – U 

Line 9 L9-DP05-73 8260B Acetone 11 U 

Line 9 L9-DP07-75 8260B Acetone 26 U 

Line 9 L9-DP08-55 8260B Acetone – – U 

Line 9 L9-DP09-52 8260B Acetone – – U 

Line 9 L9-DP11-23 8260B Acetone 15 U 

Line 9 L9-DP12-54 8260B Acetone – – U 

Line 9 L9-DP19-54 8260B Acetone – – U 

Line 9 L9-DP20-20 8260B Acetone – – U 

Line 9 L9-DP21-20 8260B Acetone – – U 

Line 9 L9-DP23-44 8260B Acetone 17 U 

Line 9 L9-DP25-24 8260B Acetone – – U 

Line 9 L9-DP26-19 8260B Acetone 15 U 

Line 9 L9-DP27-20 8260B Acetone 12 U 
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Site ID Field ID Parameter Analyte New RL Qualification 

Line 9 L9-DP28-20 8260B Acetone 16 U 

Line 9 L9-DP29-20 8260B Acetone 11 U 

Line 9 L9-DP35-46 8260B Acetone – – U 

Line 9 L9-DP35-46 8260B Chloroform 12 U 

Line 9 L9-DP36-45 8260B Acetone – – U 

Line 9 R10PZ02 8260B Chloroform – – U 

I.3.1.8 Surrogate Compound Percent Recoveries 

Surrogate recoveries were used to evaluate the accuracy of the analytical measurement on a 
sample-specific basis.  Surrogate recoveries for all VOC samples were within evaluation criteria 
with the exception of sample FTP-DP03-31.  The surrogate recovery for dibromofluoromethane 
was above evaluation criteria, indicating a possible high bias.  Associated nondetect results for 
sample FTP-DP03-31 were not qualified as estimated.  Data qualifications based on outlying 
VOC surrogate recovery are listed in the table below.  Ten percent of surrogate recoveries 
(associated validated data) were recalculated; no calculation or transcription errors were noted. 
 

Site ID Field ID Parameter Analyte Qualification 

Fire Training Pit FTP-DP03-31 8260B 1,1,1-Trichloroethane J 

Fire Training Pit FTP-DP03-31 8260B 1,1-Dichloroethane J 

Fire Training Pit FTP-DP03-31 8260B 1,1-Dichloroethene J 

Fire Training Pit FTP-DP03-31 8260B 1,2-Dichloroethane J 

Fire Training Pit FTP-DP03-31 8260B 2-Butanone J 

Fire Training Pit FTP-DP03-31 8260B Trichloroethene J 

Surrogate recoveries for all explosives samples were within evaluation criteria, with the 
exceptions of samples EBP-DP21-95, WBP-DP05-09DL2, and L2-DP18-26.  Due to the 
elevated concentration of RDX in sample WBP-DP05-09, the sample was diluted by a factor of 
800.  The original sample and the first dilution (40 xf) had surrogate recoveries within evaluation 
criteria; therefore, no qualifications were required for sample WBP-DP05-09 based on outlying 
surrogate recovery.  Data qualifications based on explosives outlying surrogate recoveries are 
listed in the table below.  Ten percent of surrogate recoveries (associated validated data) were 
recalculated; no calculation or transcription errors were noted. 
 

Site ID Field ID Parameter Analyte Qualification 

East Burn Pads EBP-DP21-95 8330 Entire Sample J 

Line 2 L2-DP18-26 8330 Entire Sample J 
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I.3.1.9 Laboratory Control Samples 

Laboratory control samples (LCSs) were analyzed to assess the accuracy of the analytical 
method and demonstrate laboratory performance.  LCS recoveries were within the evaluation 
criteria and therefore, no qualification was required based on outlying LCS recoveries.  Ten 
percent of LCS recoveries (associated validated data) were recalculated; no calculation or 
transcription errors were noted. 

I.3.1.10  Laboratory Duplicate Analysis 

Laboratory duplicate sample pairs were not analyzed for VOCs or explosives due to lack of 
sample volume. 

I.3.1.11  Field Duplicate Analysis 

Field duplicate sample pairs were established to determine both field and laboratory precision.  
Thirteen direct push field duplicate sample pairs were collected and submitted to the laboratory 
for analysis.  The field duplicate sample pairs are presented in the table below. 
 

Field Duplicate Sample Pairs 

Site ID Original Sample ID Duplicate Sample ID Analysis 

Fire Training Pit FTP-DP05-23 FTP-DP05-00 VOCs 

Fire Training Pit FTP-DP23-25 Duplicate 10 VOCs 

Fire Training Pit FTP-DP25-22 Duplicate 11 VOCs 

East Burn Pads EBP-DP14-25 EBP-DP14-00 Explosives 

West Burn Pads Area WBP-DP06-22 Duplicate 13 Explosives 

West Burn Pads Area WBP-DP12-09 Duplicate 12 Explosives 

Line 2 L2-DP05-25 L2-DS05-25 Explosives 

Line 2 L2-DP12-28 Duplicate 3 Explosives 

Line 3 L3-DP04-22 Duplicate 4 Explosives 

Line 9 L9-DP01-20 Duplicate 8 VOCs 

Line 9 L9-DP07-26 Duplicate 5 VOCs 

Line 9 L9-DP11-23 Duplicate 6 VOCs 

Line 9 L9-DP13-20 Duplicate 7 VOCs 

Field duplicate sample pair results were within evaluation criteria (25 percent) for all duplicate 
sample pairs, with one exception.  Data qualification based on outlying field duplicate precision 
is listed in the table below.  Analytical results for the field duplicate sample pairs are presented in 
Table I-3. 
 

Site ID Field ID Analyte Qualification 

Line 9 L9-DP07-26 Freon 113 J 
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I.3.1.12  Matrix Spike/Matrix Spike Duplicate Analysis 

No matrix spike/matrix spike duplicate (MS/MSD) samples were analyzed for VOCs or 
explosives due to lack of sample volume. 

I.3.1.13  PARCC Parameters 

Precision and Accuracy 

The agreement between duplicate analyses within control limits indicates satisfactory precision 
in a measurement system.  The recovery of predetermined amount of a spike within control 
limits indicates satisfactory accuracy with respect to the method on the individual sample and 
general matrix.  Ninety-nine percent of the indicators reviewed for accuracy (LCS and surrogate 
recoveries) were within evaluation criteria.  One hundred percent of the indicators reviewed for 
precision (field duplicates) were within evaluation criteria (with the exception of one 
compound). 

Representativeness 

Representativeness expresses the degrees to which sample data accurately and precisely 
represent the characteristics of a population.  Representativeness is a qualitative parameter, 
which is of concern in the proper design of the sampling program, such that the sampling 
locations selected will provide representative data for decisions made.  Representativeness was 
assessed using 13 field duplicate sample pairs collected during the direct push phase of the 
groundwater RAA.  Field duplicate sample pairs were within evaluation criteria with the 
exception of one compound; therefore, it was concluded that the overall representativeness was 
satisfactory. 

Comparability 

Comparability expresses the confidence with which one data set can be compared to another.  In 
accordance with the QAPP, data are comparable when siting considerations, collection 
techniques, measurement methods, and reporting procedures are equivalent for the samples 
within a sample set.  Throughout this investigation, appropriate procedures for sampling and 
shipping were implemented as specified in the IAAAP Facility Wide Work Plan (URS 2002a) 
and the Fire Training Pit, West Burn Pads Area, and East Burn Pads Feasibility Study Data 
Collection Draft Final Work Plan Addendum (URS 2002b).  Within this data set, it was 
concluded that results were comparable to one another. 

Completeness 

Completeness is defined as the percentage of the total number of analytical results requested 
which are judged to be valid, including estimated J values, in accordance with the IAAAP 
Facility-Wide Work Plan (URS 2002a).  After data review and validation, 100 percent of the 
direct push groundwater analytical data were considered to be valid. 
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Sensitivity 

Sensitivity is defined as the capability of a method or instrument to discriminate between 
measurement responses representing different levels of a variable of interest.  Method detection 
limits (MDLs) were determined as outlined in 40 Code of Federal Regulations (CFR) Part 136 
and are defined as the minimum concentration of a substance that can be identified, measured 
and reported with a 99 percent confidence that the analyte concentration is greater that zero, and 
is determined for analysis of a sample in a given matrix containing the analyte.  Laboratory 
reporting limits (RLs) are generally 3 to 5 times higher than the laboratory MDLs.  Values above 
the MDL and less than the RL were qualified as estimated. 

Sample dilutions, volume constraints, and matrix interference will decrease sensitivity.  RLs 
were elevated in SDGs IAP39 through IAP56; however, project sensitivity requirements 
established in the project DQOs were met. 

I.4 MONITORING WELL AND SURFACE WATER REVIEW/VALIDATION RESULTS 

The data review/validation process was implemented to assess the quality of data resulting from 
the field sampling program with respect to the QA/QC objectives established for the project.  
Data were assessed to evaluate the appropriate usage to support decision-making.  Data 
assessment involved a consideration of data use, the decision type, identification of data that 
were qualified or did not meet project QA/QC requirements, and limitations on data use.  The 
data review/validation was based on the laboratory data summary reports and raw data. 

I.4.1 Laboratory Sample Delivery Groups 

The following sections collectively summarize the review and validation of the direct push 
analytical data for Laucks SDGs IAP57 through IAP63.  The data review and validation results 
are presented in the following sections. 

I.4.1.1 Data Package Completeness 

The data packages were reviewed to verify that each SDG contained the data contractually 
required in the deliverable and that all samples listed on the COC forms were analyzed for the 
requested parameters.  The review indicated that the data packages were complete. 

I.4.1.2 Laboratory Case Narrative 

The laboratory case narratives for SDGs IAP57, IAP61, IAP62, and IAP63 indicated that the 
initial VOC calibrations (03/20/03, 03/28/03, 05/12/03, and 05/21/03) yielded %RSD values 
greater than 15 percent for several analytes.  Using linear regression the r values were greater 
that the method required 0.990; therefore, no qualification of data was required based on outlying 
precision. 

The laboratory case narratives for SDGs IAP57, IAP61, IAP62, and IAP63 indicated that several 
samples were received at temperatures below the evaluation criteria.  The samples were not 
frozen; therefore, no qualification of data was required based on outlying preservation criteria. 
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The laboratory case narratives for SDGs IAP58, IAP59, and IAP60 indicated that several TOC 
sample results were less than the reporting limit of 0.1 percent.  The reported concentration is 
dependent on the weight of the sample injected into the furnace and the amount of 
sample/standard sand homogenized for injection.  Results below the reporting limit and method 
detection limit were calculated based on half of the lowest calibration standard.  These values 
were report as estimated values.  Soil samples collected during the monitoring well installation 
field activities were analyzed for TOC and presented in Section 4.  TOC was detected in 49 of 
the 53 soil samples collected during the monitoring well installation field activities.  The TOC 
results ranged from nondetect to 1.6 percent dry basis.  The highest concentration of TOC was 
detected at monitoring well location FTP-MW1. 

The laboratory case narrative for SDG IAP61 indicated that the VOC CV analyzed on 05/14/03 
yielded percent difference (%D) values greater that 25 percent for carbon tetrachloride and 
1,3-dichloropropene.  Associated sample results were reported as nondetect and qualified as 
estimated based on the outlying accuracy. 

The laboratory case narratives for SDGs IAP61 and IAP62 indicated that the initial SVOC 
calibration analyzed on 05/13/03 yielded a %RSD value greater than 15 percent for 
di-n-butylphthalate.  Using linear regression the r values were greater that the method required 
0.990; therefore, no qualification of data was required based on outlying precision. 

The laboratory case narratives for SDG IAP61 and IAP62 indicated that the SVOC CV analyzed 
on 05/19/03, 06/02/03, and 06/04/03 yielded %D values greater that 25 percent for several 
analytes.  Associated sample (05/19/03) results for indeno[1,2,3-cd]pyrene, benzo[g,h,I]perylene 
and dibenz[a,h]anthracene were reported as nondetect and qualified as estimated based on 
outlying precision.  Associated sample (06/02/03) results for 4-chloroaniline were reported as 
nondetect and qualified as estimated based on outlying precision.  Associated sample (06/04/03) 
results for 2,2(1-chloropropane) and 2,4-dinitrophenol were reported as nondetect and qualified 
as estimated based on the outlying precision. 

The laboratory case narrative for SDG IAP61 indicated that the VOC CV analyzed on 05/15/03, 
5/19/03, and 05/20/03 yielded %D values greater that 25 percent for several analytes.  Associated 
sample (05/15/03) results for bromomethane, chloroethane, chloromethane, methylene chloride, 
trans-1,3-dichloropropene, trichlorofluoromethane, and dichlorodifluoromethane were reported 
as nondetect and qualified as estimated based on outlying precision.  Associated sample 
(05/19/03) results for bromomethane, carbon disulfide, methylene chloride, carbon tetrachloride, 
cis-1,3-dichloropropene, trans-1,3-dichloropropene, dibromochloromethane, dibromomethane, 
trichlorofluoromethane, and bromoform were reported as nondetect and qualified as estimated 
based on outlying precision.  Associated sample (05/20/03) results for bromomethane, methylene 
chloride, 2-butanone, carbon tetrachloride, cis-1,3-dichloropropene, trans-1,3-dichloropropene, 
dibromochloromethane, tichlorofluoromethane, and bromoform were reported as nondetect and 
qualified as estimated based on the outlying precision. 

The laboratory case narratives for SDG IAP61 and IAP62 indicated that the VOC CV analyzed 
on 05/23 yielded a %D value greater that 25 percent for dichlorodifluoromethane.  Associated 
sample results were reported as nondetect and qualified as estimated based on outlying precision.   
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The laboratory case narrative for SDG IAP61 indicated that the chromium CV recovery was 
outside evaluation criteria.  The associated sample was qualified as estimated based on outlying 
accuracy. 

Additional problems identified in the laboratory case narratives for SDGs IAP57 through IAP63 
are discussed in subsequent sections. 

I.4.1.3 Holding Times and Sample Preservation 

Review of the sample collection and analyses dates involved comparing the chemicals of 
concern, the chemical results summary forms, and the raw data forms for accuracy, consistency, 
and holding time compliance.  Several samples were received at the laboratory below 2oC.  The 
samples were not frozen; therefore, no qualification of data was required based on preservation 
criteria.  All samples were extracted and analyzed within the required holding time criteria with 
the exception of SVOCs and ortho-phosphate.  Data qualifications based on the outlying holding 
time criteria are presented in the following table. 
 

Site ID Field ID Parameter Analyte Qualification 

Line 2 L2-MW4 E300.0 ortho-Phosphate J 

Line 3 L3-MW1RE 8270C Entire Sample J 

Line 3 L3-MW2RE 8270C Entire Sample J 

Line 9 L9-MW1 8270C Entire Sample J 

Line 9 L9-MW3RE 8270C Entire Sample J 

Line 9 L9-MW4RE 8270C Entire Sample J 

Line 9 L9-MW5RE 8270C Entire Sample J 

Line 9 L9-MW6RE 8270C Entire Sample J 

Line 9 L9-MW7 8270C Entire Sample J 

Line 9 L9-MW7 E300.0 ortho-Phosphate J 

Line 9 L9-MW8RE 8270C Entire Sample J 

Line 9 L9-MW9RE 8270C Entire Sample J 

Line 9 L9-MW10RE 8270C Entire Sample J 

Line 9 L9-MW11 8270C Entire Sample J 

Line 9 L9-MW12 8270C Entire Sample J 

Line 9 L9-MW12 E300.0 ortho-Phosphate J 

Line 9 L9-MW13 8270C Entire Sample J 

Line 9 L9-MW13 E300.0 ortho-Phosphate J 

I.4.1.4 Initial Calibration 

Initial calibration criteria were established to assess whether the instrument was capable of 
producing acceptable qualitative and quantitative data.  As identified in various standard 
operating procedures, the linearity of the calibration curve was established using a blank and at 
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least five standard concentrations for VOCs, SVOCs, explosives, metals, mercury, and various 
wet chemistry analyses. 

The VOC initial calibration response factors (RFs) were reviewed and were greater than 0.10 for 
chloromethane, 1,1-dichloroethane and bromoform, greater than 0.30 for chlorobenzene and 
1,1,2,2-tetrachloroethane, and greater than 0.05 for all other analytes.  Review of the initial 
calibration summary forms indicated %RSDs were less than or equal to 30 percent for CCCs 
(1,1-dichloroethene, toluene, chloroform, ethylbenzene, 1,2-dichloropropane, and vinyl 
chloride).  RSD values were below 15 percent for non-CCCs.  In some instances, linearity was 
determined using linear regression or quadratic curve fit.  All r values were greater than 0.990, 
therefore, no qualifications of data were required.  A recalculation of the RFs and %RSD for four 
compounds was performed, and no errors in calculations were noted. 

The SVOC initial calibration response factors (RFs) were reviewed and were greater than 0.05 
for all analytes.  Review of the initial calibration summary forms indicated the %RSDs were less 
than or equal to 30 percent for CCCs and less than or equal to 15 percent for non-CCCs, with the 
exception of 2,4-dinitrophenol and di-n-butylphthlate.  The table below identifies associated 
samples qualified as estimated based on outlying SVOC %RSD recoveries   Recalculation of the 
RFs and %RSD for six compounds was performed, and no errors in calculations were noted. 
 

Site ID Field ID Parameter Analyte Qualification 

Line 3 L3-MW1 8270C Di-n-butylphthalate J 

Line 3 L3-MW1 8270C 2,4-Dinitrophenol J 

Line 3 L3-MW2 8270C 2,4-Dinitrophenol J 

Line 3 L3-MW2 8270C Di-n-butylphthalate J 

Line 9 L9-MW3 8270C 2,4-Dinitrophenol J 

Line 9 L9-MW3 8270C Di-n-butylphthalate J 

Line 9 L9-MW5 8270C 2,4-Dinitrophenol J 

Line 9 L9-MW5 8270C Di-n-butylphthalate J 

Line 9 L9-MW6 8270C 2,4-Dinitrophenol J 

Line 9 L9-MW6 8270C Di-n-butylphthalate J 

Review of the explosives initial calibration indicated that the %RSD for the calibration factors of 
all analytes met the criteria of less than 20 percent RSD.  Therefore, no qualification of data was 
required.  In addition, the calibration factor and %RSD values presented on the summary forms 
for both the primary and secondary columns were recalculated for 10 percent of the target 
analytes.  No calibration or transcription errors were noted. 

All initial metals calibration verification recoveries were within evaluation criteria of 90 to 
110 percent for inductively coupled plasma (ICP) metals and 80 to 120 percent for mercury.  
One hundred percent of the initial calibrations and recoveries were recalculated and compared to 
the raw data; no calculation or transcription errors were noted.  No qualification of the data was 
required based on initial calibration data. 
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Review of the various initial wet chemistry parameter calibrations indicated that all verification 
samples were within the method established criteria; therefore, no qualification of wet chemistry 
data was required based on the initial calibration. 

I.4.1.5 Retention Times 

Retention time windows are crucial to the identification of explosives target compounds. 
Retention time windows are established for each explosives analyte and surrogate by injecting 
each single component compound into the chromatographic system three times over a 72-hour 
period.  EPA SW-846 then defines the width of the retention time windows as plus or minus 
three standards deviations of the mean absolute retention time established during the 72-hour 
period.  The center of the retention time window for each analyte and surrogate is the absolute 
retention time determined during the calibration verification standard analyzed at the beginning 
of each analytical batch. 

Chromatographs from associated samples with target compound detections were reviewed.  The 
chromatographs were reviewed to determine if the associated peaks were within known retention 
time windows and that those compounds were identified correctly.  All target compounds were 
identified correctly; therefore, no qualification of data was required. 

I.4.1.6 Calibration Verification 

CV samples were established to assess whether the instrumentation was capable of producing 
acceptable qualitative and quantitative data established by the initial calibration.   

Review of the VOC sample chromatograms indicated the CVs were performed at the required 
frequency of every 12 hours.  Review of continuing calibration summary form indicated all RFs 
met the evaluation criteria of greater than 0.10 (chloromethane, 1,1-DCA, and bromoform), 0.30 
(chlorobenzene and 1,1,2,2-tetrachloroethane) and greater than 0.05 for all other analytes.  In 
addition, %Ds met the evaluation criteria of less than 20 percent for CCCs and less than 
50 percent for all other analytes with the exception of carbon tetrachloride, 
dichlorodifluoromethane, 1,3-dichloropropene.  The table below identifies associated samples 
qualified as estimated based on outlying VOC %RSD.  Recalculation of the RFs and %Ds 
(associated validated data from four compounds) was completed and no errors in calculation 
were noted. 
 

Site ID Field ID Parameter Analyte Qualification 

Line 9 L9-MW1 8260B Bromoform J 

Line 9 L9-MW1 8260B Bromomethane J 

Line 9 L9-MW1 8260B 2-Butanone J 

Line 9 L9-MW1 8260B Carbon Tetrachloride J 

Line 9 L9-MW1 8260B Dibromochloromethane J 

Line 9 L9-MW1 8260B cis-1,3-Dichloropropene J 

Line 9 L9-MW1 8260B trans-1,3-Dichloropropene J 
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Site ID Field ID Parameter Analyte Qualification 

Line 9 L9-MW1 8260B Methylene Chloride J 

Line 9 L9-MW1 8260B Trichlorofluoromethane J 

Line 9 L9-MW2 8260B Bromoform J 

Line 9 L9-MW2 8260B Bromomethane J 

Line 9 L9-MW2 8260B Carbon Disulfide J 

Line 9 L9-MW2 8260B Carbon Tetrachloride J 

Line 9 L9-MW2 8260B cis-1,3-Dichloropropene J 

Line 9 L9-MW2 8260B trans-1,3-Dichloropropene J 

Line 9 L9-MW2 8260B Dibromochloromethane J 

Line 9 L9-MW2 8260B Dibromomethane J 

Line 9 L9-MW2 8260B Methylene Chloride J 

Line 9 L9-MW2 8260B Trichlorofluoromethane J 

Line 9 L9-MW3 8260B Carbon Tetrachloride J 

Line 9 L9-MW3 8260B 1,3-Dichloropropene J 

Line 9 L9-MW4 8260B Carbon Tetrachloride J 

Line 9 L9-MW4 8260B 1,3-Dichloropropene J 

Line 9 L9-MW5 8260B Carbon Tetrachloride J 

Line 9 L9-MW5 8260B 1,3-Dichloropropene J 

Line 9 L9-MW6 8260B Carbon Tetrachloride J 

Line 9 L9-MW6 8260B 1,3-Dichloropropene J 

Line 9 L9-MW7 8260B Bromomethane J 

Line 9 L9-MW7 8260B Chloroethane J 

Line 9 L9-MW7 8260B Chloromethane J 

Line 9 L9-MW7 8260B Dichlorodifluoromethane J 

Line 9 L9-MW7 8260B trans-1,3-Dichloropropene J 

Line 9 L9-MW7 8260B Methylene Chloride J 

Line 9 L9-MW7 8260B Trichlorofluoromethane J 

Line 9 L9-MW8 8260B Carbon Tetrachloride J 

Line 9 L9-MW8 8260B 1,3-Dichloropropene J 

Line 9 L9-MW9 8260B Carbon Tetrachloride J 

Line 9 L9-MW9 8260B 1,3-Dichloropropene J 

Line 9 L9-MW10 8260B Carbon Tetrachloride J 

Line 9 L9-MW10 8260B 1,3-Dichloropropene J 

Line 9 L9-MW11 8260B Bromomethane J 

Line 9 L9-MW11 8260B Chloroethane J 

Line 9 L9-MW11 8260B Chloromethane J 
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Site ID Field ID Parameter Analyte Qualification 

Line 9 L9-MW11 8260B Dichlorodifluoromethane J 

Line 9 L9-MW11 8260B trans-1,3-Dichloropropene J 

Line 9 L9-MW11 8260B Methylene Chloride J 

Line 9 L9-MW11 8260B Trichlorofluoromethane J 

Line 9 L9-MW12 8260B Bromomethane J 

Line 9 L9-MW12 8260B Chloroethane J 

Line 9 L9-MW12 8260B Chloromethane J 

Line 9 L9-MW12 8260B Dichlorodifluoromethane J 

Line 9 L9-MW12 8260B trans-1,3-Dichloropropene J 

Line 9 L9-MW12 8260B Methylene Chloride J 

Line 9 L9-MW12 8260B Trichlorofluoromethane J 

Line 9 L9-MW13 8260B Bromoform J 

Line 9 L9-MW13 8260B Bromomethane J 

Line 9 L9-MW13 8260B Carbon Disulfide J 

Line 9 L9-MW13 8260B Carbon Tetrachloride J 

Line 9 L9-MW13 8260B Dibromochloromethane J 

Line 9 L9-MW13 8260B Dibromomethane J 

Line 9 L9-MW13 8260B cis-1,3-Dichloropropene J 

Line 9 L9-MW13 8260B trans-1,3-Dichloropropene J 

Line 9 L9-MW13 8260B Methylene Chloride J 

Line 9 L9-MW13 8260B Trichlorofluoromethane J 

Fire Training Pit FTP-MW4 8260B Dichlorodifluoromethane J 

Fire Training Pit FTP-MW5 8260B Dichlorodifluoromethane J 

Fire Training Pit FTP-MW6 8260B Dichlorodifluoromethane J 

Fire Training Pit FTP-MW7 8260B Dichlorodifluoromethane J 

Fire Training Pit FTP-MW8 8260B Dichlorodifluoromethane J 

East Burn Pads EBP-MW4 8260B Bromoform J 

East Burn Pads EBP-MW4 8260B Bromomethane J 

East Burn Pads EBP-MW4 8260B Carbon Disulfide J 

East Burn Pads EBP-MW4 8260B Carbon Tetrachloride J 

East Burn Pads EBP-MW4 8260B Dibromochloromethane J 

East Burn Pads EBP-MW4 8260B Dibromomethane J 

East Burn Pads EBP-MW4 8260B cis-1,3-Dichloropropene J 

East Burn Pads EBP-MW4 8260B trans-1,3-Dichloropropene J 

East Burn Pads EBP-MW4 8260B Methylene Chloride J 

East Burn Pads EBP-MW4 8260B Trichlorofluoromethane J 
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Site ID Field ID Parameter Analyte Qualification 

East Burn Pads EBP-MW6 8260B Dichlorodifluoromethane J 

West Burn Pads Area WBP-MW1 8260B Dichlorodifluoromethane J 

West Burn Pads Area WBP-MW2 8260B Dichlorodifluoromethane J 

West Burn Pads Area WBP-MW3 8260B Dichlorodifluoromethane J 

Review of the SVOC injection log summary report indicated that the CVs were performed at the 
required frequency of every 12 hours or batch of 20 samples.  Based on the review of continuing 
calibration raw data and summary forms, all RFs met the evaluation criteria of greater than 0.05 
for all analytes.  In addition, %Ds met the evaluation criteria of less than 20% for CCCs and for 
non-CCCs with the exception of benzo(g,h,i perylene), 4-chloroaniline, dibenz(a,h)anthracene, 
4,6-dinitro-2-methylphenol, and indeno(1,2,3-cd)pyrene.  The table below identifies associated 
samples qualified as estimated based on outlying SVOC %RSD.  Recalculation of the RF and 
%D for CV was completed (associated validated data for six compounds), and no errors in 
calculation were noted. 
 

Site ID Field ID Parameter Analyte Qualification 

Line 3 L3-MW1 8270C Indeno (1,2,3-cd) pyrene J 

Line 3 L3-MW1 8270C Benzo (g,h,i) perylene J 

Line 3 L3-MW1 8270C Dibenz (a,h) anthracene J 

Line 3 L3-MW1 8270C 4,6-Dinitro-2-methylphenol J 

Line 3 L3-MW2 8270C Indeno (1,2,3-cd) pyrene J 

Line 3 L3-MW2 8270C Benzo (g,h,i) perylene J 

Line 3 L3-MW2 8270C Dibenz (a,h) anthracene J 

Line 3 L3-MW2 8270C 4,6-Dinitro-2-methylphenol J 

Line 9 L9-MW1 8270C 4-Chloroaniline J 

Line 9 L9-MW3 8270C Indeno (1,2,3-cd) pyrene J 

Line 9 L9-MW3 8270C Benzo (g,h,i) perylene J 

Line 9 L9-MW3 8270C Dibenz (a,h) anthracene J 

Line 9 L9-MW3 8270C 4,6-Dinitro-2-methylphenol J 

Line 9 L9-MW4 8270C Indeno[1,2,3-cd]pyrene J 

Line 9 L9-MW4 8270C Benzo[g,h,i]perylene J 

Line 9 L9-MW4 8270C Dibenz[a,h]anthracene J 

Line 9 L9-MW5 8270C Indeno (1,2,3-cd) pyrene J 

Line 9 L9-MW5 8270C Benzo (g,h,i) perylene J 

Line 9 L9-MW5 8270C Dibenz (a,h) anthracene J 

Line 9 L9-MW5 8270C 4,6-Dinitro-2-methylphenol J 

Line 9 L9-MW6 8270C Indeno (1,2,3-cd) pyrene J 

Line 9 L9-MW6 8270C Benzo (g,h,i) perylene J 
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Site ID Field ID Parameter Analyte Qualification 

Line 9 L9-MW6 8270C Dibenz (a,h) anthracene J 

Line 9 L9-MW6 8270C 4,6-Dinitro-2-methylphenol J 

Line 9 L9-MW7 8270C 4-Chloroaniline J 

Line 9 L9-MW8 8270C Indeno[1,2,3-cd]pyrene J 

Line 9 L9-MW8 8270C Benzo[g,h,i]perylene J 

Line 9 L9-MW8 8270C Dibenz[a,h]anthracene J 

Line 9 L9-MW11 8270C 4-Chloroaniline J 

Line 9 L9-MW12 8270C 4-Chloroaniline J 

Line 9 L9-MW12 8270C 4-Chloroaniline J 

Explosives CVs were analyzed at the required frequency, one every 12 hours of analysis, as 
required by the method.  Review of the CV summary forms indicated that all %Ds met the 
evaluation criteria of less than 15 percent for all target compounds, with the exception of 
2,4,6-TNT and RDX on the secondary column.  Data was quantified using the primary column, 
so no qualification of explosives data was required based on outlying CV recoveries.  Ten 
percent of the %D (associated validated data) was recalculated for each CV sample and no 
calculation or transcription errors were noted. 

Metals CVs were analyzed at the required frequency of one per ten samples analyzed.  Review of 
the CV summary forms indicated that all recoveries were within the evaluation criteria with the 
exception of chromium.  The associated sample (WBP-MW3) was qualified as estimated based 
on the outlying CV recovery.  Ten percent of the CV recoveries (associated validated data) were 
recalculated for each CV sample and no calculation or transcription errors were noted. 

Wet chemistry CVs were analyzed at the method recommended frequency and were within the 
evaluation criteria; therefore, no qualification of data was required based on wet chemistry CV 
recoveries.  Ten percent of CV recoveries (associated validated data) were recalculated for each 
CV sample and no calculation or transcription errors were noted. 

I.4.1.7 Blank Samples 

Blank samples were analyzed to assess the existence and magnitude of contamination during 
laboratory activities.  All method preparation, source water, rinsate, and trip blanks were 
reported as nondetect with the exception of acetone, chloroform, bromodichloromethane, 
dibromochloromethane, Freon 113, arsenic, barium, calcium, chromium, lead, magnesium, 
silver, and sodium.  Associated acetone, bromodichloromethane and dibromochloromethane 
results were reported as nondetect and did not require qualification.  Associated barium, calcium, 
magnesium, and sodium results were five times greater than the blank contamination and did not 
require qualification.  Associated chloroform, Freon 113, arsenic, chromium, lead, and silver 
results qualified as nondetect based on blank contamination are listed in the table below. 
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Site ID Field ID Parameter Analyte New RL Qualification 

Fire Training Pit FTP-MW1 6020 Arsenic – – U 

Fire Training Pit FTP-MW1 6020 Chromium – – U 

Fire Training Pit FTP-MW2 6020 Arsenic – – U 

Fire Training Pit FTP-MW2 6020 Chromium – – U 

Fire Training Pit FTP-MW2 6020 Lead – – U 

Fire Training Pit FTP-MW3 6020 Arsenic – – U 

Fire Training Pit FTP-MW3 6020 Chromium – – U 

Fire Training Pit FTP-MW3 6020 Lead – – U 

Fire Training Pit FTP-MW4 6020 Arsenic – – U 

Fire Training Pit FTP-MW4 6020 Chromium – – U 

Fire Training Pit FTP-MW4 6020 Lead – – U 

Fire Training Pit FTP-MW4 6020 Silver – – U 

Fire Training Pit FTP-MW5 6020 Arsenic – – U 

Fire Training Pit FTP-MW5 6020 Chromium – – U 

Fire Training Pit FTP-MW5 6020 Lead – – U 

Fire Training Pit FTP-MW5 6020 Silver – – U 

Fire Training Pit FTP-MW6 6020 Arsenic – – U 

Fire Training Pit FTP-MW6 6020 Chromium – – U 

Fire Training Pit FTP-MW6 6020 Lead – – U 

Fire Training Pit FTP-MW6 6020 Silver – – U 

Fire Training Pit FTP-MW7 8260B Freon 113 – – U 

Fire Training Pit FTP-MW7 6020 Arsenic – – U 

Fire Training Pit FTP-MW7 6020 Chromium – – U 

Fire Training Pit FTP-MW7 6020 Lead – – U 

Fire Training Pit FTP-MW7 6020 Silver – – U 

Fire Training Pit FTP-MW8 6020 Arsenic – – U 

Fire Training Pit FTP-MW8 6020 Chromium – – U 

Fire Training Pit FTP-MW8 6020 Lead – – U 

Fire Training Pit FTP-MW8 6020 Silver – – U 

West Burn Pads Area WBP-MW1 6020 Arsenic – – U 

West Burn Pads Area WBP-MW1 6020 Chromium – – U 

West Burn Pads Area WBP-MW1 6020 Lead – – U 

West Burn Pads Area WBP-MW1 6020 Silver – – U 

West Burn Pads Area WBP-MW2 8260B Freon 113 – – U 

West Burn Pads Area WBP-MW2 6020 Arsenic – – U 

West Burn Pads Area WBP-MW2 6020 Chromium – – U 
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Site ID Field ID Parameter Analyte New RL Qualification 

West Burn Pads Area WBP-MW2 6020 Lead – – U 

West Burn Pads Area WBP-MW2 6020 Silver – – U 

West Burn Pads Area WBP-MW3 8260B Freon 113 – – U 

West Burn Pads Area WBP-MW3 6020 Silver – – U 

East Burn Pads WBP-MW4 8260B Freon 113 – – U 

East Burn Pads WBP-MW5 8260B Freon 113 – – U 

Line 2 L2-MW4 6020 Chromium – – U 

Line 2 L2-MW4 6020 Lead – – U 

Line 2 L2-MW5 6020 Chromium – – U 

Line 2 L2-MW5 6020 Lead – – U 

Line 2 L2-MW5 6020 Silver – – U 

Line 2 L2-MW6 6020 Arsenic – – U 

Line 2 L2-MW6 6020 Chromium – – U 

Line 2 L2-MW6 6020 Lead – – U 

Line 2 L2-MW6 6020 Silver – – U 

Line 2 L2-MW7 6020 Arsenic – – U 

Line 2 L2-MW7 6020 Chromium – – U 

Line 2 L2-MW7 6020 Lead – – U 

Line 2 L2-MW7 6020 Silver – – U 

Line 2 L2-MW8 6020 Arsenic – – U 

Line 2 L2-MW8 6020 Chromium – – U 

Line 2 L2-MW8 6020 Lead – – U 

Line 2 L2-MW8 6020 Silver – – U 

Line 3 L3-MW1 6020 Arsenic – – U 

Line 3 L3-MW1 6020 Chromium – – U 

Line 3 L3-MW1 6020 Lead – – U 

Line 3 L3-MW1 6020 Silver – – U 

Line 3 L3-MW2 6020 Arsenic – – U 

Line 3 L3-MW2 6020 Chromium – – U 

Line 3 L3-MW2 6020 Lead – – U 

Line 3 L3-MW2 6020 Silver – – U 

Line 9 L3-MW3 8260B Freon 113 – – U 

Line 9 L3-MW4 8260B Freon 113 – – U 

Line 9 L3-MW6 8260B Freon 113 – – U 

Line 9 L3-MW12 8260B Chloroform – – U 
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I.4.1.8 Surrogate Compound Percent Recoveries 

Surrogate recoveries were used to evaluate the accuracy of the analytical measurement on a 
sample-specific basis.  Surrogate recoveries for all samples were within evaluation criteria with 
the exception of L3-MW1 (2-fluorophenol), L9-MW8 (2-fluorophenol and 2,4,6-
tribromophenol) and L9-MW9 (2-fluorophenol).  Based on Functional Guidelines (USEPA 
1999), two or more SVOC surrogates must be outside evaluation criteria before data 
qualification is required; therefore, samples L3-MW1 and L9-MW9 were not qualified.  Data 
qualifications based on outlying surrogate recoveries are listed in the table below.  Ten percent of 
surrogate recoveries (associated validated data) were recalculated, no calculation or transcription 
errors were noted. 
 

Site ID Field ID Parameter Analyte Qualification 

Line 9 L9-MW8 8260B Acid Fraction J 

I.4.1.9 Laboratory Control Samples 

LCSs were analyzed to assess the accuracy of the analytical method and demonstrate laboratory 
performance.  LCS recoveries were all within the evaluation criteria with the exception of 
benzoic acid, 2,4-dinitrophenol, hexachlorocyclopentadiene, nitrobenzene, 2-nitrotoluene, 3-
nitrotoluene, and 4-nitrotoluene.  Data qualifications based on outlying LCS recoveries are listed 
in the table below.  Ten percent of LCS recoveries (associated validated data) were recalculated, 
no calculation or transcription errors were noted. 
 

Site ID Field ID Parameter Analyte Qualification 

Line 3 L3-MW1 8260B Benzoic Acid R 

Line 3 L3-MW1 8260B 2,4-Dinitrophenol J 

Line 3 L3-MW1 8260B Hexachlorocyclopentadiene R 

Line 3 L3-MW2 8260B Benzoic Acid R 

Line 3 L3-MW2 8260B 2,4-Dinitrophenol J 

Line 3 L3-MW2 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW1 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW2 8260B Benzoic Acid J 

Line 9 L9-MW2 8260B 2,4-Dinitrophenol J 

Line 9 L9-MW2 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW3 8260B Benzoic Acid R 

Line 9 L9-MW3 8260B 2,4-Dinitrophenol J 

Line 9 L9-MW3 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW4 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW5 8260B Benzoic Acid R 

Line 9 L9-MW5 8260B 2,4-Dinitrophenol J 
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Site ID Field ID Parameter Analyte Qualification 

Line 9 L9-MW5 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW6 8260B Benzoic Acid R 

Line 9 L9-MW6 8260B 2,4-Dinitrophenol J 

Line 9 L9-MW6 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW7 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW8 8260B Benzoic Acid R 

Line 9 L9-MW8 8260B 2,4-Dinitrophenol J 

Line 9 L9-MW8 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW9 8260B Benzoic Acid R 

Line 9 L9-MW9 8260B 2,4-Dinitrophenol 

Line 9 L9-MW9 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW10 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW11 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW12 8260B Hexachlorocyclopentadiene R 

Line 9 L9-MW13 8260B Hexachlorocyclopentadiene R 

Fire Training Pit FTP-MW4 Explosives Nitrobenzene J 

Fire Training Pit FTP-MW4 Explosives 2-Nitrotoluene J 

Fire Training Pit FTP-MW4 Explosives 3-Nitrotoluene J 

Fire Training Pit FTP-MW4 Explosives 4-Nitrotoluene J 

Fire Training Pit FTP-MW6 Explosives Nitrobenzene J 

Fire Training Pit FTP-MW6 Explosives 2-Nitrotoluene J 

Fire Training Pit FTP-MW6 Explosives 3-Nitrotoluene J 

Fire Training Pit FTP-MW6 Explosives 4-Nitrotoluene J 

Fire Training Pit FTP-MW7 Explosives Nitrobenzene J 

Fire Training Pit FTP-MW7 Explosives 2-Nitrotoluene J 

Fire Training Pit FTP-MW7 Explosives 3-Nitrotoluene J 

Fire Training Pit FTP-MW7 Explosives 4-Nitrotoluene J 

Fire Training Pit FTP-MW8 Explosives Nitrobenzene J 

Fire Training Pit FTP-MW8 Explosives 2-Nitrotoluene J 

Fire Training Pit FTP-MW8 Explosives 3-Nitrotoluene J 

Fire Training Pit FTP-MW8 Explosives 4-Nitrotoluene J 

West Burn Pads Area WBP-MW2 Explosives Nitrobenzene J 

West Burn Pads Area WBP-MW2 Explosives 2-Nitrotoluene J 

West Burn Pads Area WBP-MW2 Explosives 3-Nitrotoluene J 

West Burn Pads Area WBP-MW2 Explosives 4-Nitrotoluene J 

East Burn Pads EBP-MW4 8260B Hexachlorocyclopentadiene R 

J 
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Site ID Field ID Parameter Analyte Qualification 

East Burn Pads EBP-MW5 8260B Hexachlorocyclopentadiene R 

East Burn Pads EBP-MW6 8260B Hexachlorocyclopentadiene R 

I.4.1.10  Laboratory Duplicate Samples 

Laboratory duplicate samples were established to determine laboratory precision.  The laboratory 
duplicated various samples for metals and wet chemistry analysis.  All duplicate samples RPDs 
were within the established evaluation criteria; therefore, no qualification of data was required 
based on outlying precision.  Ten percent of the laboratory sample pair precision (associated 
validated data) was recalculated; no calculation or transcription errors were noted. 

I.4.1.11  Field Duplicate Analysis 

Field duplicate sample pairs were established to determine both field and laboratory precision.  
Two groundwater field duplicate sample pairs collected and submitted to the laboratory for 
analysis.  The field duplicate sample pairs are presented in the following table: 
 

Field Duplicate Sample Pairs 

Site ID Original Sample ID Duplicate Sample ID 

Fire Training Pit FTP-MW1 FTP-MW9 

East Burn Pads EBP-MW5 EBP-MW7 

Field duplicate sample pair results were within evaluation criteria (25 percent) for all duplicate 
sample pairs; therefore, no qualifications were required based on outlying precision.  Analytical 
results for the field duplicate sample pairs are presented in Table I-3. 

I.4.1.12  Quality Assurance Analysis 

QA split samples were collected to determine laboratory accuracy and precision.  Two 
groundwater samples were collected and submitted to a secondary laboratory (USACE 
Chemistry Quality Assurance Branch) for analysis and comparison.  The QA split samples are 
listed in the table below: 
 

Quality Assurance Split Sample Pairs 

Site ID Original Sample ID QA Split Sample ID 

Fire Training Pit FTP-MW1 FTP-MW1 Split 

East Burn Pads EBP-MW5 EBP-MW5 Split 

The USACE places the QA sample evaluations into three categories: major, minor, or data 
agreed.  Major discrepancies for groundwater are defined as relative percent differences (RPDs) 
greater than five times the QA split sample result.  Minor discrepancies for groundwater are 
defined as RPDs equal to and/or no more than two times the split sample result.  Data results 
categorized as agreed are defined as RPDs of less than two times the split sample result.  
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Table I-4 presents the data comparison of the original data and the QA samples.  All data agreed 
with the exception of unconfirmed HMX and RDX concentrations in split sample EBP-MW5 
(minor). 

I.4.1.13  Matrix Spike/Matrix Spike Duplicate Analysis 

MS/MSD samples were analyzed to assess laboratory accuracy and the effects of matrix 
inferences on sample preparation and analyses.  Two groundwater well locations (FTP-MW8 and 
EBP-MW6) were selected prior to the sampling event to be collected and submitted to the 
laboratory for MS/MSD analyses.  The laboratory also spiked various samples that were not 
submitted for MS/MSD analyses.  The MS/MSD samples are presented in the table below. 
 

Matrix Spike/Matrix Spike Duplicate Samples 

Site ID Original Sample ID Parameters 

Fire Training Pit FTP-MW8 8260B, 8330, 6020/7470, Wet Chemistry 

East Burn Pads EBP-MW6 8260B, 8270C, 8330, 6020/7470, Wet Chemistry 

Line 2 L2-MW7 Metals 

Line 3 L3-MW2 Wet Chemistry 

Line 9 L9-MW7 8260B, 8270C, 8330, 6020/7470, Wet Chemistry 

The following table identifies the MS/MSD samples with outlying recoveries. 
 

Site ID Field ID Parameter Analyte MS/MSD 
Recovery RPD Criteria 

Fire Training Pit FTP-MW8 300.0 Chloride 150/115 26 73-121/11 

Fire Training Pit FTP-MW8 300.0 ortho-Phosphate 100/113 12 81-115/10 

Fire Training Pit FTP-MW8 300.0 Sulfide 137/139 2 72-124/10 

Fire Training Pit FTP-MW8 300.0 Total Organic Carbon 76/68 11 70-119/11 

Fire Training Pit FTP-MW8 300.0 Calcium 146 - 75-125 

East Burn Pads EBP-MW6 8270C 2,4-Dinitrophenol 0/79 200 20-160/50 

East Burn Pads EBP-MW6 8270C Hexachlorocyclopentadiene 0/7 200 20-160/50 

East Burn Pads EBP-MW6 8270C 4-Nitrophenol 7/100 174 10-98/50 

East Burn Pads EBP-MW6 8270C 4,6-Dinitro-2-Methylphenol 0/100 200 20-160/50 

East Burn Pads EBP-MW6 8270C Pentachlorophenol 9/79 159 10-137/- 

East Burn Pads EBP-MW6 8270C 2-Nitrophenol 22/79 113 20-160/50 

East Burn Pads EBP-MW6 8270C Benzoic Acid 0/63 200 20-160/50 

East Burn Pads EBP-MW6 8270C 2,4-Dichlorophenol 41/74 50 20-160/57 

East Burn Pads EBP-MW6 8270C 4-Chloro-3-Methylphenol 63/105 16 27-109/50 

East Burn Pads EBP-MW6 8270C 2,4,5-Trichlorophenol 29/84 73 20-160/50 

East Burn Pads EBP-MW6 8270C Pyrene 116/126 8 44-116/20 
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Site ID Field ID Parameter Analyte MS/MSD 
Recovery RPD Criteria 

East Burn Pads EBP-MW6 8270C 1,4-Dichlorobenzene 37/63 52 24-63/39 

East Burn Pads EBP-MW6 8270C 1,3,4-Trichlorobenzene 43/63 38 31-67/28 

Line 2 L2-MW7 6020 Calcium 96/72 29 68-122/10 

Line 2 L2-MW7 6020 Magnesium 70 – – 75-125 

Line 3 L3-MW2 353.2 NO3+NO2 72 – – 75-125 

Line 9 L9-MW7 300.0 Sulfate 95/107 12 81-115/10 

Functional guidelines indicate that organic data should not be qualified based on MS/MSD 
criteria alone.  Because surrogate recovery and associated LCS recoveries were within criteria, 
no qualification of SVOC data was required based on outlying MS/MSD recoveries. 

Sulfide results were reported as nondetect; therefore, no qualification of sulfide data was 
required. 

The native calcium and magnesium concentrations in groundwater samples FTP-MW8 and 
L2-MW7 were four times greater that the spike concentration added; therefore, no qualification 
of associated calcium or magnesium data was required.  Data qualifications based on outlying 
MS/MSD recoveries are presented in the table below.  Ten percent of MS/MSD recoveries 
(associated validated data) were recalculated; no calculation or transcription errors were noted. 
 

Site ID Field ID Analyte Qualification 

Fire Training Pit FTP-MW8 Chloride J 

Fire Training Pit FTP-MW8 ortho-Phosphate J 

Fire Training Pit FTP-MW8 Total Organic Carbon J 

Line 3 L3-MW2 NO3+NO2 J 

Line 9 L9-MW7 Sulfate J 

I.4.1.14  PARCC Parameters 

Precision and Accuracy 

The agreement between duplicate analyses within control limits indicates satisfactory precision 
in a measurement system.  The recovery of a predetermined amount of a spike within control 
limits indicates satisfactory accuracy with respect to the method on the individual sample and 
general matrix.  For all analyses, ninety-seven percent of the indicators reviewed for accuracy 
(LCS, MS, and/or surrogate spikes) were within evaluation criteria.  Ninety-six percent of the 
indicators reviewed for precision (matrix spike duplicate and/or field duplicates) were within 
evaluation criteria. 

The overall accuracy and precision of the groundwater and surface water data collected and 
reported during the sampling event were concluded to be satisfactory. 
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Representativeness 

Representativeness expresses the degrees to which sample data accurately and precisely 
represent the characteristics of a population.  Representativeness is a qualitative parameter that is 
of concern in the proper design of the sampling program, such that the sampling locations 
selected will provide representative data for decisions made at IAAAP.  Representativeness was 
assessed using the two field duplicate sample pairs collected during the groundwater RAA field 
activities.  Field duplicate sample pairs were within evaluation criteria; therefore, it was 
concluded that representativeness was satisfactory. 

Comparability 

Comparability expresses the confidence with which one data set can be compared to another.  In 
accordance with the QAPP, data are comparable when siting considerations, collection 
techniques, measurement methods, and reporting procedures are equivalent for the samples 
within a sample set.  Throughout this investigation, appropriate procedures for sampling and 
analytical shipping were implemented as specified in the IAAAP Facility Wide Work Plan (URS 
2002a).  Within this data set, it was concluded that results were comparable to one another. 

Completeness 

Completeness is defined as the percentage of the total number of analytical results requested 
which are judged to be valid, including estimated J values, in accordance with the IAAAP 
Facility-Wide Work Plan (URS 2002a).  Ninety-nine percent of the analytical data collected was 
considered to be valid after data review and validation. 

Sensitivity 

Sensitivity is defined as the capability of a method or instrument to discriminate between 
measurement responses representing different levels of a variable of interest.  MDLs were 
determined as outlined in 40 CFR Part 136 and are defined as the minimum concentration of a 
substance that can be identified, measured and reported with 99 percent confidence that the 
analyte concentration is greater that zero, and is determined for analysis of a sample in a given 
matrix containing the analyte.  Laboratory RLs are generally three to five times higher than the 
laboratory MDLs.  Values above the MDL and less than the RL were qualified as estimated. 

Sample dilutions, volume constraints, and matrix interference will decrease sensitivity.  RLs 
were elevated in SDGs IAP57 through IAP63, but project sensitivity requirements established in 
the project DQOs were met. 
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TABLE I-1
SUMMARY OF CHEMICALS IN DIRECT PUSH SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP FTP-DP01-38 FTP-DP02-25 FTP-DP03-31 FTP-DP04-13 FTP-DP04-27
DATE COLLECTED Regulatory Maximum Detection October 22, 2002 October 27, 2002 October 27, 2002 November 5, 2002 October 23, 2002

Standard Detection Frequency Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a) 2100 JD 17 / 24 < 3 U 190 3 2100 150 JD < 3 U < 3 U
1,1,2,2-Tetrachloroethane 0.3 (b) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
1,1,2-Trichloroethane 5 (a) 26 3 / 24 < 3 U 1 3 J 26 3 < 3 U < 3 U
1,1-Dichloroethane 810 (c) 72 J 11 / 24 < 3 U 4 3 72 3 J < 3 U < 3 U
1,1-Dichloroethene 7 (a) 2800 JD 15 / 24 < 3 U 150 6 D 2800 150 JD < 3 U < 3 U
1,2-Dichloroethane 5 (a) 17 4 / 24 < 3 U < 3 U 5 3 J < 3 U < 3 U
1,2-Dichloropropane 5 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
2-Butanone 1900 (c) 14 J 1 / 24 < 10 U < 10 U 14 10 J < 10 U < 10 U
2-Hexanone N/A - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Acetone 610 (c) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Benzene 5 (a) 2 J 1 / 24 < 3 U < 3 U < 3 U < 3 U < 3 U
Bromochloromethane 90 (b) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Bromodichloromethane 80 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Bromoform 80 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Carbon Disulfide 1000 (c) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Carbon Tetrachloride 80 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Chlorobenzene 110 (c) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Chlorodibromomethane 5 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Chloroethane 4.6 (c) 5 1 / 24 < 3 U < 3 U < 3 U < 3 U < 3 U
Chloroform 80 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Chloromethane 3 (b) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
cis-1,2-Dichloroethene 70 (a) 46 7 / 24 < 3 U < 3 U < 3 U < 3 U < 3 U
cis-1,3-Dichloropropene 0.4 (c) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Dichlorodifluoromethane 1000 (b) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Ethylbenzene 700 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Freon 113 59000 (c) 31 3 / 24 < 3 U < 3 U < 3 U < 3 U < 3 U
Methyl Bromide 10 (b) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Methyl Isobutyl Ketone 160 (c) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Methylene Bromide 61 (c) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Methylene Chloride 5 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Styrene 100 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Tetrachloroethene 5 (a) 37 5 / 24 < 3 U 2 3 J 37 3 < 3 U < 3 U
Toluene 1000 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
trans-1,2-Dichloroethene 100 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
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TABLE I-1
SUMMARY OF CHEMICALS IN DIRECT PUSH SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP FTP-DP01-38 FTP-DP02-25 FTP-DP03-31 FTP-DP04-13 FTP-DP04-27
DATE COLLECTED Regulatory Maximum Detection October 22, 2002 October 27, 2002 October 27, 2002 November 5, 2002 October 23, 2002

Standard Detection Frequency Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,3-Dichloropropene N/A - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Trichloroethene 5 (a) 12 6 / 24 < 3 U < 3 U 4 3 J < 3 U < 3 U
Trichlorofluoromethane 1300 (c) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
Vinyl Chloride 2 (a) 29 3 / 24 < 3 U < 3 U < 3 U < 3 U < 3 U
Xylenes < 3 U < 3 U < 3 U < 3 U < 3 U
m,p-Xylene < 3 U < 3 U < 3 U < 3 U < 3 U
o-Xylene < 3 U < 3 U < 3 U < 3 U < 3 U
m,p-Xylene 10000 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U
o-Xylene 10000 (a) - 0/24 < 3 U < 3 U < 3 U < 3 U < 3 U

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c) - 0/10 NE NE NE NE NE
1,3-Dinitrobenzene 1 (b) - 0/10 NE NE NE NE NE
2,4,6-Trinitrotoluene 2 (b) - 0/10 NE NE NE NE NE
2,4-Dinitrotoluene 1 (d) - 0/10 NE NE NE NE NE
2,6-Dinitrotoluene 1 (d) - 0/10 NE NE NE NE NE
2-Amino-4,6-Dinitrotoluene N/A - 0/10 NE NE NE NE NE
2-Nitrotoluene 61 (c) - 0/10 NE NE NE NE NE
3-Nitrotoluene 61 (c) - 0/10 NE NE NE NE NE
4-Amino-2,6-Dinitrotoluene N/A - 0/10 NE NE NE NE NE
4-Nitrotoluene 61 (c) - 0/10 NE NE NE NE NE
HMX 400 (b) 27 2 / 10 NE NE NE NE NE
MNX N/A - 0/10 NE NE NE NE NE
Nitrobenzene 3.4 (c) - 0/10 NE NE NE NE NE
RDX 2 (b) 3.5 P 1 / 10 NE NE NE NE NE
Tetryl N/A 2.8 P 1 / 10 NE NE NE NE NE

Notes:
< = Less Than NE = Not Evaluated All samples collected during the Six Sites RAA Data Collection (URS 2003).
µg/L = Micrograms Per Liter P = Percent difference greater than 25% Bold Result = Concentration Detected
D = Dilution Qual = Qualifier Above IAAAP Regulatory Standard
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine RAA = Remedial Alternatives Analysis Regulatory Standards:
IAAAP = Iowa Army Ammunition Plant RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine (a) Maximum Contaminant Level (MCL)
J = Estimated RL = Reporting Limit (b) Health Advisory Level (HAL)
MNX = Mono-Nitroso RDX U = Nondetect (c) Region 9 Preliminary Remediation Goal (PRG)
N/A = Not Available Z = Co-Elution (d) Proposed DNT Mixture Action Level
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TABLE I-1
SUMMARY OF CHEMICALS IN DIRECT PUSH SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a) 2100 JD 17 / 24
1,1,2,2-Tetrachloroethane 0.3 (b) - 0/24
1,1,2-Trichloroethane 5 (a) 26 3 / 24
1,1-Dichloroethane 810 (c) 72 J 11 / 24
1,1-Dichloroethene 7 (a) 2800 JD 15 / 24
1,2-Dichloroethane 5 (a) 17 4 / 24
1,2-Dichloropropane 5 (a) - 0/24
2-Butanone 1900 (c) 14 J 1 / 24
2-Hexanone N/A - 0/24
Acetone 610 (c) - 0/24
Benzene 5 (a) 2 J 1 / 24
Bromochloromethane 90 (b) - 0/24
Bromodichloromethane 80 (a) - 0/24
Bromoform 80 (a) - 0/24
Carbon Disulfide 1000 (c) - 0/24
Carbon Tetrachloride 80 (a) - 0/24
Chlorobenzene 110 (c) - 0/24
Chlorodibromomethane 5 (a) - 0/24
Chloroethane 4.6 (c) 5 1 / 24
Chloroform 80 (a) - 0/24
Chloromethane 3 (b) - 0/24
cis-1,2-Dichloroethene 70 (a) 46 7 / 24
cis-1,3-Dichloropropene 0.4 (c) - 0/24
Dichlorodifluoromethane 1000 (b) - 0/24
Ethylbenzene 700 (a) - 0/24
Freon 113 59000 (c) 31 3 / 24
Methyl Bromide 10 (b) - 0/24
Methyl Isobutyl Ketone 160 (c) - 0/24
Methylene Bromide 61 (c) - 0/24
Methylene Chloride 5 (a) - 0/24
Styrene 100 (a) - 0/24
Tetrachloroethene 5 (a) 37 5 / 24
Toluene 1000 (a) - 0/24
trans-1,2-Dichloroethene 100 (a) - 0/24

FTP-DP05-23 FTP-DP06-24 FTP-DP07-27 FTP-DP08-23 FTP-DP09-30
October 25, 2002 October 27, 2002 October 23, 2002 October 25, 2002 October 23, 2002

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

40 3 6 3 6 3 24 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U 2 3 J < 3 U
3 3 < 3 U < 3 U 41 3 < 3 U

51 3 4 3 4 3 74 3 < 3 U
< 3 U < 3 U < 3 U 17 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 10 U < 10 U < 10 U < 10 U < 10 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
1 3 J < 3 U < 3 U 46 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
3 3 J < 3 U < 3 U 3 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
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TABLE I-1
SUMMARY OF CHEMICALS IN DIRECT PUSH SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,3-Dichloropropene N/A - 0/24
Trichloroethene 5 (a) 12 6 / 24
Trichlorofluoromethane 1300 (c) - 0/24
Vinyl Chloride 2 (a) 29 3 / 24
Xylenes
m,p-Xylene
o-Xylene
m,p-Xylene 10000 (a) - 0/24
o-Xylene 10000 (a) - 0/24

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c) - 0/10
1,3-Dinitrobenzene 1 (b) - 0/10
2,4,6-Trinitrotoluene 2 (b) - 0/10
2,4-Dinitrotoluene 1 (d) - 0/10
2,6-Dinitrotoluene 1 (d) - 0/10
2-Amino-4,6-Dinitrotoluene N/A - 0/10
2-Nitrotoluene 61 (c) - 0/10
3-Nitrotoluene 61 (c) - 0/10
4-Amino-2,6-Dinitrotoluene N/A - 0/10
4-Nitrotoluene 61 (c) - 0/10
HMX 400 (b) 27 2 / 10
MNX N/A - 0/10
Nitrobenzene 3.4 (c) - 0/10
RDX 2 (b) 3.5 P 1 / 10
Tetryl N/A 2.8 P 1 / 10

Notes:
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
IAAAP = Iowa Army Ammunition Plant
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available

FTP-DP05-23 FTP-DP06-24 FTP-DP07-27 FTP-DP08-23 FTP-DP09-30
October 25, 2002 October 27, 2002 October 23, 2002 October 25, 2002 October 23, 2002

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U 1 3 J 12 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U 3 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U
NE NE NE NE < 0.36 U

NE = Not Evaluated All samples collected during the Six Sites RAA Data Collection (URS 2003).
P = Percent difference greater than 25% Bold Result = Concentration Detected
Qual = Qualifier Above IAAAP Regulatory Standard
RAA = Remedial Alternatives Analysis Regulatory Standards:
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine (a) Maximum Contaminant Level (MCL)
RL = Reporting Limit (b) Health Advisory Level (HAL)
U = Nondetect (c) Region 9 Preliminary Remediation Goal (PRG)
Z = Co-Elution (d) Proposed DNT Mixture Action Level
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TABLE I-1
SUMMARY OF CHEMICALS IN DIRECT PUSH SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a) 2100 JD 17 / 24
1,1,2,2-Tetrachloroethane 0.3 (b) - 0/24
1,1,2-Trichloroethane 5 (a) 26 3 / 24
1,1-Dichloroethane 810 (c) 72 J 11 / 24
1,1-Dichloroethene 7 (a) 2800 JD 15 / 24
1,2-Dichloroethane 5 (a) 17 4 / 24
1,2-Dichloropropane 5 (a) - 0/24
2-Butanone 1900 (c) 14 J 1 / 24
2-Hexanone N/A - 0/24
Acetone 610 (c) - 0/24
Benzene 5 (a) 2 J 1 / 24
Bromochloromethane 90 (b) - 0/24
Bromodichloromethane 80 (a) - 0/24
Bromoform 80 (a) - 0/24
Carbon Disulfide 1000 (c) - 0/24
Carbon Tetrachloride 80 (a) - 0/24
Chlorobenzene 110 (c) - 0/24
Chlorodibromomethane 5 (a) - 0/24
Chloroethane 4.6 (c) 5 1 / 24
Chloroform 80 (a) - 0/24
Chloromethane 3 (b) - 0/24
cis-1,2-Dichloroethene 70 (a) 46 7 / 24
cis-1,3-Dichloropropene 0.4 (c) - 0/24
Dichlorodifluoromethane 1000 (b) - 0/24
Ethylbenzene 700 (a) - 0/24
Freon 113 59000 (c) 31 3 / 24
Methyl Bromide 10 (b) - 0/24
Methyl Isobutyl Ketone 160 (c) - 0/24
Methylene Bromide 61 (c) - 0/24
Methylene Chloride 5 (a) - 0/24
Styrene 100 (a) - 0/24
Tetrachloroethene 5 (a) 37 5 / 24
Toluene 1000 (a) - 0/24
trans-1,2-Dichloroethene 100 (a) - 0/24

FTP-DP10-18 FTP-DP11-20 FTP-DP12-23 FTP-DP14-09 FTP-DP17-06
October 23, 2002 October 24, 2002 October 25, 2002 October 23, 2002 October 25, 2002

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

3 3 25 3 11 3 3 3 J 5 3
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U 3 3 < 3 U 17 3 4 3
1 3 J 23 3 8 3 2 3 J 1 3 J
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 10 U < 10 U < 10 U < 10 U < 10 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U 1 3 J < 3 U 1 3 J < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
3 3 J 3 3 J < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
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TABLE I-1
SUMMARY OF CHEMICALS IN DIRECT PUSH SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,3-Dichloropropene N/A - 0/24
Trichloroethene 5 (a) 12 6 / 24
Trichlorofluoromethane 1300 (c) - 0/24
Vinyl Chloride 2 (a) 29 3 / 24
Xylenes
m,p-Xylene
o-Xylene
m,p-Xylene 10000 (a) - 0/24
o-Xylene 10000 (a) - 0/24

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c) - 0/10
1,3-Dinitrobenzene 1 (b) - 0/10
2,4,6-Trinitrotoluene 2 (b) - 0/10
2,4-Dinitrotoluene 1 (d) - 0/10
2,6-Dinitrotoluene 1 (d) - 0/10
2-Amino-4,6-Dinitrotoluene N/A - 0/10
2-Nitrotoluene 61 (c) - 0/10
3-Nitrotoluene 61 (c) - 0/10
4-Amino-2,6-Dinitrotoluene N/A - 0/10
4-Nitrotoluene 61 (c) - 0/10
HMX 400 (b) 27 2 / 10
MNX N/A - 0/10
Nitrobenzene 3.4 (c) - 0/10
RDX 2 (b) 3.5 P 1 / 10
Tetryl N/A 2.8 P 1 / 10

Notes:
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
IAAAP = Iowa Army Ammunition Plant
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available

FTP-DP10-18 FTP-DP11-20 FTP-DP12-23 FTP-DP14-09 FTP-DP17-06
October 23, 2002 October 24, 2002 October 25, 2002 October 23, 2002 October 25, 2002

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U 2 3 J < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U 29 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U
NE < 0.61 U < 0.52 U < 0.33 U < 0.42 U

NE = Not Evaluated All samples collected during the Six Sites RAA Data Collection (URS 2003).
P = Percent difference greater than 25% Bold Result = Concentration Detected
Qual = Qualifier Above IAAAP Regulatory Standard
RAA = Remedial Alternatives Analysis Regulatory Standards:
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine (a) Maximum Contaminant Level (MCL)
RL = Reporting Limit (b) Health Advisory Level (HAL)
U = Nondetect (c) Region 9 Preliminary Remediation Goal (PRG)
Z = Co-Elution (d) Proposed DNT Mixture Action Level
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TABLE I-1
SUMMARY OF CHEMICALS IN DIRECT PUSH SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a) 2100 JD 17 / 24
1,1,2,2-Tetrachloroethane 0.3 (b) - 0/24
1,1,2-Trichloroethane 5 (a) 26 3 / 24
1,1-Dichloroethane 810 (c) 72 J 11 / 24
1,1-Dichloroethene 7 (a) 2800 JD 15 / 24
1,2-Dichloroethane 5 (a) 17 4 / 24
1,2-Dichloropropane 5 (a) - 0/24
2-Butanone 1900 (c) 14 J 1 / 24
2-Hexanone N/A - 0/24
Acetone 610 (c) - 0/24
Benzene 5 (a) 2 J 1 / 24
Bromochloromethane 90 (b) - 0/24
Bromodichloromethane 80 (a) - 0/24
Bromoform 80 (a) - 0/24
Carbon Disulfide 1000 (c) - 0/24
Carbon Tetrachloride 80 (a) - 0/24
Chlorobenzene 110 (c) - 0/24
Chlorodibromomethane 5 (a) - 0/24
Chloroethane 4.6 (c) 5 1 / 24
Chloroform 80 (a) - 0/24
Chloromethane 3 (b) - 0/24
cis-1,2-Dichloroethene 70 (a) 46 7 / 24
cis-1,3-Dichloropropene 0.4 (c) - 0/24
Dichlorodifluoromethane 1000 (b) - 0/24
Ethylbenzene 700 (a) - 0/24
Freon 113 59000 (c) 31 3 / 24
Methyl Bromide 10 (b) - 0/24
Methyl Isobutyl Ketone 160 (c) - 0/24
Methylene Bromide 61 (c) - 0/24
Methylene Chloride 5 (a) - 0/24
Styrene 100 (a) - 0/24
Tetrachloroethene 5 (a) 37 5 / 24
Toluene 1000 (a) - 0/24
trans-1,2-Dichloroethene 100 (a) - 0/24

FTP-DP18-10 FTP-DP19-14 FTP-DP20-23 FTP-DP21-30 FTP-DP22-20
October 25, 2002 October 25, 2002 November 21, 2002 October 25, 2002 November 21, 2002

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

35 3 3 3 J < 3 U 4 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
6 3 3 3 < 3 U 8 3 < 3 U

37 3 < 3 U < 3 U 9 3 < 3 U
1 3 J < 3 U < 3 U 1 3 J < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 10 U < 10 U < 10 U < 10 U < 10 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U 2 3 J < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U 5 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
3 3 1 3 J < 3 U 9 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 5 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
1 3 J < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
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TABLE I-1
SUMMARY OF CHEMICALS IN DIRECT PUSH SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,3-Dichloropropene N/A - 0/24
Trichloroethene 5 (a) 12 6 / 24
Trichlorofluoromethane 1300 (c) - 0/24
Vinyl Chloride 2 (a) 29 3 / 24
Xylenes
m,p-Xylene
o-Xylene
m,p-Xylene 10000 (a) - 0/24
o-Xylene 10000 (a) - 0/24

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c) - 0/10
1,3-Dinitrobenzene 1 (b) - 0/10
2,4,6-Trinitrotoluene 2 (b) - 0/10
2,4-Dinitrotoluene 1 (d) - 0/10
2,6-Dinitrotoluene 1 (d) - 0/10
2-Amino-4,6-Dinitrotoluene N/A - 0/10
2-Nitrotoluene 61 (c) - 0/10
3-Nitrotoluene 61 (c) - 0/10
4-Amino-2,6-Dinitrotoluene N/A - 0/10
4-Nitrotoluene 61 (c) - 0/10
HMX 400 (b) 27 2 / 10
MNX N/A - 0/10
Nitrobenzene 3.4 (c) - 0/10
RDX 2 (b) 3.5 P 1 / 10
Tetryl N/A 2.8 P 1 / 10

Notes:
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
IAAAP = Iowa Army Ammunition Plant
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available

FTP-DP18-10 FTP-DP19-14 FTP-DP20-23 FTP-DP21-30 FTP-DP22-20
October 25, 2002 October 25, 2002 November 21, 2002 October 25, 2002 November 21, 2002

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

< 3 U < 3 U < 3 U < 3 U < 3 U
2 3 J < 3 U < 3 U 2 3 J < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U 1 3 J < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE

0.64 0.27 NE NE NE NE
< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE
< 0.27 U NE NE NE NE

2.8 0.27 P NE NE NE NE

NE = Not Evaluated All samples collected during the Six Sites RAA Data Collection (URS 2003).
P = Percent difference greater than 25% Bold Result = Concentration Detected
Qual = Qualifier Above IAAAP Regulatory Standard
RAA = Remedial Alternatives Analysis Regulatory Standards:
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine (a) Maximum Contaminant Level (MCL)
RL = Reporting Limit (b) Health Advisory Level (HAL)
U = Nondetect (c) Region 9 Preliminary Remediation Goal (PRG)
Z = Co-Elution (d) Proposed DNT Mixture Action Level
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TABLE I-1
SUMMARY OF CHEMICALS IN DIRECT PUSH SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a) 2100 JD 17 / 24
1,1,2,2-Tetrachloroethane 0.3 (b) - 0/24
1,1,2-Trichloroethane 5 (a) 26 3 / 24
1,1-Dichloroethane 810 (c) 72 J 11 / 24
1,1-Dichloroethene 7 (a) 2800 JD 15 / 24
1,2-Dichloroethane 5 (a) 17 4 / 24
1,2-Dichloropropane 5 (a) - 0/24
2-Butanone 1900 (c) 14 J 1 / 24
2-Hexanone N/A - 0/24
Acetone 610 (c) - 0/24
Benzene 5 (a) 2 J 1 / 24
Bromochloromethane 90 (b) - 0/24
Bromodichloromethane 80 (a) - 0/24
Bromoform 80 (a) - 0/24
Carbon Disulfide 1000 (c) - 0/24
Carbon Tetrachloride 80 (a) - 0/24
Chlorobenzene 110 (c) - 0/24
Chlorodibromomethane 5 (a) - 0/24
Chloroethane 4.6 (c) 5 1 / 24
Chloroform 80 (a) - 0/24
Chloromethane 3 (b) - 0/24
cis-1,2-Dichloroethene 70 (a) 46 7 / 24
cis-1,3-Dichloropropene 0.4 (c) - 0/24
Dichlorodifluoromethane 1000 (b) - 0/24
Ethylbenzene 700 (a) - 0/24
Freon 113 59000 (c) 31 3 / 24
Methyl Bromide 10 (b) - 0/24
Methyl Isobutyl Ketone 160 (c) - 0/24
Methylene Bromide 61 (c) - 0/24
Methylene Chloride 5 (a) - 0/24
Styrene 100 (a) - 0/24
Tetrachloroethene 5 (a) 37 5 / 24
Toluene 1000 (a) - 0/24
trans-1,2-Dichloroethene 100 (a) - 0/24

FTP-DP23-25 FTP-DP24-07 FTP-DP25-22 FTP-DP26-23
November 21, 2002 November 22, 2002 November 22, 2002 November 25, 2002

Result RL Qual Result RL Qual Result RL Qual Result RL Qual

20 3 18 3 5 3 < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U 4 3 < 3 U < 3 U
12 3 7 3 < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 10 U < 10 U < 10 U < 10 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 5 U < 5 U < 5 U 31 5
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U

Q:\1616\9421\Six Sites\FTP\Rev1\FTP_RAA_Tables1_Rev1.xls [I-1] Page 9 of 10 5/14/2004



TABLE I-1
SUMMARY OF CHEMICALS IN DIRECT PUSH SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,3-Dichloropropene N/A - 0/24
Trichloroethene 5 (a) 12 6 / 24
Trichlorofluoromethane 1300 (c) - 0/24
Vinyl Chloride 2 (a) 29 3 / 24
Xylenes
m,p-Xylene
o-Xylene
m,p-Xylene 10000 (a) - 0/24
o-Xylene 10000 (a) - 0/24

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c) - 0/10
1,3-Dinitrobenzene 1 (b) - 0/10
2,4,6-Trinitrotoluene 2 (b) - 0/10
2,4-Dinitrotoluene 1 (d) - 0/10
2,6-Dinitrotoluene 1 (d) - 0/10
2-Amino-4,6-Dinitrotoluene N/A - 0/10
2-Nitrotoluene 61 (c) - 0/10
3-Nitrotoluene 61 (c) - 0/10
4-Amino-2,6-Dinitrotoluene N/A - 0/10
4-Nitrotoluene 61 (c) - 0/10
HMX 400 (b) 27 2 / 10
MNX N/A - 0/10
Nitrobenzene 3.4 (c) - 0/10
RDX 2 (b) 3.5 P 1 / 10
Tetryl N/A 2.8 P 1 / 10

Notes:
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
IAAAP = Iowa Army Ammunition Plant
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available

FTP-DP23-25 FTP-DP24-07 FTP-DP25-22 FTP-DP26-23
November 21, 2002 November 22, 2002 November 22, 2002 November 25, 2002

Result RL Qual Result RL Qual Result RL Qual Result RL Qual

< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U

< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U 27 0.75 < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U
< 0.39 U 3.5 0.75 P < 0.52 U < 0.95 U
< 0.39 U < 0.75 U < 0.52 U < 0.95 U

NE = Not Evaluated All samples collected during the Six Sites RAA Data Collection (URS 2003).
P = Percent difference greater than 25% Bold Result = Concentration Detected
Qual = Qualifier Above IAAAP Regulatory Standard
RAA = Remedial Alternatives Analysis Regulatory Standards:
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine (a) Maximum Contaminant Level (MCL)
RL = Reporting Limit (b) Health Advisory Level (HAL)
U = Nondetect (c) Region 9 Preliminary Remediation Goal (PRG)
Z = Co-Elution (d) Proposed DNT Mixture Action Level
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP FTA-99-1 FTA-99-2 JAW-58 JAW-59 JAW-60
DATE COLLECTED Regulatory Maximum Detection May 20, 20031 May 20, 20031 May 30, 20031 May 21, 20031 May 21, 20031

Standard Detection Frequency Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a) 270 D 9 / 19 90 3 < 3 U 130 6 D 170 3 91 3
1,1,2,2-Tetrachloroethane 0.3 (b) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
1,1,2-Trichloroethane 5 (a) 4 4 / 19 1 3 J < 3 U < 3 U 1 3 J 4 3
1,1-Dichloroethane 810 (c) 240 D 9 / 19 12 3 < 3 U 3 3 6 3 140 3
1,1-Dichloroethene 7 (a) 380 D 10 / 19 84 3 < 3 U 81 3 180 3 380 15 D
1,2-Dichloroethane 5 (a) 130 J 5 / 19 4 3 < 3 U < 3 U 2 3 J 30 3
1,2-Dichloropropane 5 (a) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
2-Butanone 1900 (a) 190 D 1 / 19 < 10 U < 10 U < 10 UJ < 10 U < 10 U
2-Hexanone N/A - 0 / 19 < 10 U < 10 U < 10 U < 10 U < 10 U
Acetone 610 (c) 980 JD 1 / 19 < 10 U < 10 U < 10 U < 10 U < 10 U
Benzene 5 (a) 110 2 / 19 < 3 U < 3 U < 3 U < 3 U 11 3
Bromochloromethane 90 (b) 2 J 1 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Bromodichloromethane 80 (a) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Bromoform 80 (a) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Carbon Disulfide 1000 (c) 4 1 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Carbon Tetrachloride 80 (a) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Chlorobenzene 110 (c) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Chlorodibromomethane 5 (a) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Chloroethane 4.6 (c) 3700 D 1 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Chloroform 80 (a) 5 3 / 19 2 3 J < 3 U < 3 U < 3 U 5 3
Chloromethane 3 (b) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
cis-1,2-Dichloroethene 70 (a) 400 D 6 / 19 9 3 < 3 U < 3 U 4 3 110 3
cis-1,3-Dichloropropene 0.4 (c) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Dichlorodifluoromethane 1000 (b) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Ethylbenzene 700 (a) 120 1 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Freon 113 59000 (c) 83 6 / 19 < 3 U 2 3 J < 3 U < 3 U < 3 U
Methyl Bromide 10 (b) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Methyl Isobutyl Ketone 160 (c) 1600 JD 1 / 19 < 10 U < 10 U < 10 U < 10 U < 10 U
Methylene Bromide 61 (c) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Methylene Chloride 5 (a) 510 JD 1 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Styrene 100 (a) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Tetrachloroethene 5 (a) 76 3 / 19 < 3 U < 3 U 2 3 J 5 3 < 3 U
Toluene 1000 (a) 5600 D 1 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP FTA-99-1 FTA-99-2 JAW-58 JAW-59 JAW-60
DATE COLLECTED Regulatory Maximum Detection May 20, 20031 May 20, 20031 May 30, 20031 May 21, 20031 May 21, 20031

Standard Detection Frequency Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,2-Dichloroethene 100 (a) 4 2 / 19 < 3 U < 3 U < 3 U < 3 U 1 3 J
trans-1,3-Dichloropropene N/A - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Trichloroethene 5 (a) 120 7 / 19 8 3 < 3 U < 3 U 2 3 J 74 3
Trichlorofluoromethane 1300 (c) - 0 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
Vinyl Chloride 2 (a) 360 D 2 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
m,p-Xylene 10000 (a) 470 D 1 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U
o-Xylene 10000 (a) 160 1 / 19 < 3 U < 3 U < 3 U < 3 U < 3 U

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c) 1.9 P 1 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
1,3-Dinitrobenzene 1 (b) - 0 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
2,4,6-Trinitrotoluene 2 (b) - 0 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
2,4-Dinitrotoluene 1 (d) - 0 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
2,6-Dinitrotoluene 1 (d) 2.7 P 1 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
2-Amino-4,6-Dinitrotoluene N/A - 0 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
2-Nitrotoluene 61 (c) - 0 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
3-Nitrotoluene 61 (c) - 0 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
4-Amino-2,6-Dinitrotoluene N/A - 0 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
4-Nitrotoluene 61 (c) 1.2 P 1 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
HMX 400 (b) 1.7 3 / 19 1.7 0.38 < 0.22 U < 0.39 U 0.28 0.33 JP < 0.65 U
MNX N/A 0.31 JP 1 / 19 0.31 0.38 JP < 0.22 U < 0.39 U < 0.33 U < 0.65 U
Nitrobenzene 3.4 (c) - 0 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U
RDX 2 (b) 6.9 5 / 19 6.9 0.38 < 0.22 U < 0.39 U 1.3 0.33 < 0.65 U
Tetryl N/A - 0 / 19 < 0.38 U < 0.22 U < 0.39 U < 0.33 U < 0.65 U

METALS (µg/L)
Arsenic 10 (a) 58 3 / 19 < 10 U 3.4 10 J < 10 U < 10 U 3.3 10 J
Barium 2000 (a) 353 19 / 19 151 200 J 54.9 200 J 85.4 200 J 133 200 J 219 200
Cadmium 5 (a) 0.16 J 4 / 19 < 5 U < 5 U < 5 U < 5 U < 5 U
Chromium 100 (a) 1.7 J 4 / 19 1.7 10 J < 10 U < 10 U 1 10 J < 10 U
Lead 15 (a) - 0 / 19 < 10 U < 10 U < 10 U < 10 U < 10 U
Mercury 2 (b) 0.022 J 1 / 19 < 0.2 U < 0.2 U < 0.2 U < 0.2 U < 0.2 U
Selenium 50 (a) 16.2 10 / 19 < 10 U < 10 U 5.9 10 J < 10 U < 10 U
Silver 100 (b) - 0 / 19 < 10 U < 10 U < 10 U < 10 U < 10 U
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP FTA-99-1 FTA-99-2 JAW-58 JAW-59 JAW-60
DATE COLLECTED Regulatory Maximum Detection May 20, 20031 May 20, 20031 May 30, 20031 May 21, 20031 May 21, 20031

Standard Detection Frequency Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

NA PARAMETERS (µg/L) (METALS)
Calcium NE 92000 8 / 8 NE NE NE NE NE
Magnesium NE 35500 8 / 8 NE NE NE NE NE
Sodium NE 110000 8 / 8 NE NE NE NE NE

NA PARAMETERS (mg/L)
Alkalinity NE 540 19 / 19 300 20 420 20 270 8 330 20 380 20
Ammonia NE 0.33 9 / 19 < 0.02 U < 0.02 U 0.1 0.02 < 0.02 U < 0.02 U
Carbon Dioxide NE 180 18 / 18 45 0.1 45 0.1 29 0.1 107 0.1 89 0.1
Chloride NE 40 19 / 19 8 1 2 1 2 1 12 10 21 10
Nitrate, Nitrite as N 10 (a) 2 14 / 19 1.6 0.05 0.13 0.05 0.09 0.05 0.18 0.05 0.08 0.05
ortho-Phosphate as P NE - 0 / 19 < 1 U < 1 U < 1 U < 1 U < 1 U
Sulfate NE 240 18 / 19 40 10 59 10 35 10 66 10 39 10
Sulfide NE - 0 / 19 < 1 U < 1 U < 1 U < 1 U < 1 U
Total Kjeldahl Nitrogen NE 0.7 6 / 19 < 0.3 U 0.4 0.3 0.4 0.3 < 0.3 U < 0.3 U
Total Organic Carbon NE 130 10 / 19 < 1 U < 1 U 2.1 1 1.6 1 1.9 1

Notes:
< = Less Than 1 Samples collected during Annual Groundwater Monitoring Event (HGL 2003).
µg/L = Micrograms Per Liter All others collected during the Six Sites RAA Data Collection (URS 2003).
D = Dilution Bold Result = Concentration Detected
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine  Above IAAAP Regulatory Standard
IAAAP = Iowa Army Ammunition Plant
J = Estimated Regulatory Standards:
mg/L = Milligrams Per Liter (a) Maximum Contaminant Level (MCL)
MNX = Mono-Nitroso RDX (b) Health Advisory Level (HAL)
N/A = Not Available (c) Region 9 Preliminary Remediation Goal (PRG)
NA = Natural Attenuation (d) Proposed DNT Mixture Action Level
NE = Not Evaluated
P = Percent difference greater than 25%
Qual = Qualifier
RAA = Remedial Alternatives Analysis
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
U = Nondetect
Z = Co-Elution
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a) 270 D 9 / 19
1,1,2,2-Tetrachloroethane 0.3 (b) - 0 / 19
1,1,2-Trichloroethane 5 (a) 4 4 / 19
1,1-Dichloroethane 810 (c) 240 D 9 / 19
1,1-Dichloroethene 7 (a) 380 D 10 / 19
1,2-Dichloroethane 5 (a) 130 J 5 / 19
1,2-Dichloropropane 5 (a) - 0 / 19
2-Butanone 1900 (a) 190 D 1 / 19
2-Hexanone N/A - 0 / 19
Acetone 610 (c) 980 JD 1 / 19
Benzene 5 (a) 110 2 / 19
Bromochloromethane 90 (b) 2 J 1 / 19
Bromodichloromethane 80 (a) - 0 / 19
Bromoform 80 (a) - 0 / 19
Carbon Disulfide 1000 (c) 4 1 / 19
Carbon Tetrachloride 80 (a) - 0 / 19
Chlorobenzene 110 (c) - 0 / 19
Chlorodibromomethane 5 (a) - 0 / 19
Chloroethane 4.6 (c) 3700 D 1 / 19
Chloroform 80 (a) 5 3 / 19
Chloromethane 3 (b) - 0 / 19
cis-1,2-Dichloroethene 70 (a) 400 D 6 / 19
cis-1,3-Dichloropropene 0.4 (c) - 0 / 19
Dichlorodifluoromethane 1000 (b) - 0 / 19
Ethylbenzene 700 (a) 120 1 / 19
Freon 113 59000 (c) 83 6 / 19
Methyl Bromide 10 (b) - 0 / 19
Methyl Isobutyl Ketone 160 (c) 1600 JD 1 / 19
Methylene Bromide 61 (c) - 0 / 19
Methylene Chloride 5 (a) 510 JD 1 / 19
Styrene 100 (a) - 0 / 19
Tetrachloroethene 5 (a) 76 3 / 19
Toluene 1000 (a) 5600 D 1 / 19

JAW-61 JAW-62 JAW-63 JAW-80 M-01
May 28, 20031 May 28, 20031 May 28, 20031 May 28, 20031 May 20, 20031

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

270 15 D < 3 U < 3 U 19 3 < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
1 3 J < 3 U < 3 U < 3 U < 3 U

48 3 < 3 U < 3 U 1 3 J < 3 U
190 15 D < 3 U < 3 U 17 3 < 3 U

4 3 < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 10 U < 10 U < 10 U < 10 U < 10 U
< 10 U < 10 U < 10 U < 10 U < 10 U
< 10 U < 10 U < 10 U < 10 U < 10 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
3 3 < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
21 3 < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
1 3 J < 3 U < 3 U 7 3 2 3 J
< 3 U < 3 U < 3 U < 3 U < 3 U
< 10 U < 10 U < 10 U < 10 U < 10 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
76 3 < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,2-Dichloroethene 100 (a) 4 2 / 19
trans-1,3-Dichloropropene N/A - 0 / 19
Trichloroethene 5 (a) 120 7 / 19
Trichlorofluoromethane 1300 (c) - 0 / 19
Vinyl Chloride 2 (a) 360 D 2 / 19
m,p-Xylene 10000 (a) 470 D 1 / 19
o-Xylene 10000 (a) 160 1 / 19

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c) 1.9 P 1 / 19
1,3-Dinitrobenzene 1 (b) - 0 / 19
2,4,6-Trinitrotoluene 2 (b) - 0 / 19
2,4-Dinitrotoluene 1 (d) - 0 / 19
2,6-Dinitrotoluene 1 (d) 2.7 P 1 / 19
2-Amino-4,6-Dinitrotoluene N/A - 0 / 19
2-Nitrotoluene 61 (c) - 0 / 19
3-Nitrotoluene 61 (c) - 0 / 19
4-Amino-2,6-Dinitrotoluene N/A - 0 / 19
4-Nitrotoluene 61 (c) 1.2 P 1 / 19
HMX 400 (b) 1.7 3 / 19
MNX N/A 0.31 JP 1 / 19
Nitrobenzene 3.4 (c) - 0 / 19
RDX 2 (b) 6.9 5 / 19
Tetryl N/A - 0 / 19

METALS (µg/L)
Arsenic 10 (a) 58 3 / 19
Barium 2000 (a) 353 19 / 19
Cadmium 5 (a) 0.16 J 4 / 19
Chromium 100 (a) 1.7 J 4 / 19
Lead 15 (a) - 0 / 19
Mercury 2 (b) 0.022 J 1 / 19
Selenium 50 (a) 16.2 10 / 19
Silver 100 (b) - 0 / 19

JAW-61 JAW-62 JAW-63 JAW-80 M-01
May 28, 20031 May 28, 20031 May 28, 20031 May 28, 20031 May 20, 20031

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

120 3 < 3 U < 3 U 2 3 J < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U
< 0.47 U < 0.73 U < 0.64 U < 1 U < 1.2 U

< 10 UJ < 10 UJ < 10 UJ < 10 UJ < 10 U
93.5 200 J 70.8 200 J 79.2 200 J 189 200 J 231 200

< 5 U < 5 U < 5 U < 5 U < 5 U
< 10 U < 10 U < 10 U < 10 U 0.75 10 J
< 10 U < 10 U < 10 U < 10 U < 10 U
< 0.2 U < 0.2 U < 0.2 U < 0.2 U < 0.2 U
< 10 U < 10 U < 10 U < 10 U < 10 U
< 10 U < 10 U < 10 U < 10 U < 10 U
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

NA PARAMETERS (µg/L) (METALS)
Calcium NE 92000 8 / 8
Magnesium NE 35500 8 / 8
Sodium NE 110000 8 / 8

NA PARAMETERS (mg/L)
Alkalinity NE 540 19 / 19
Ammonia NE 0.33 9 / 19
Carbon Dioxide NE 180 18 / 18
Chloride NE 40 19 / 19
Nitrate, Nitrite as N 10 (a) 2 14 / 19
ortho-Phosphate as P NE - 0 / 19
Sulfate NE 240 18 / 19
Sulfide NE - 0 / 19
Total Kjeldahl Nitrogen NE 0.7 6 / 19
Total Organic Carbon NE 130 10 / 19

Notes:
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
IAAAP = Iowa Army Ammunition Plant
J = Estimated
mg/L = Milligrams Per Liter
MNX = Mono-Nitroso RDX
N/A = Not Available
NA = Natural Attenuation
NE = Not Evaluated
P = Percent difference greater than 25%
Qual = Qualifier
RAA = Remedial Alternatives Analysis
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
U = Nondetect
Z = Co-Elution

JAW-61 JAW-62 JAW-63 JAW-80 M-01
May 28, 20031 May 28, 20031 May 28, 20031 May 28, 20031 May 20, 20031

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

NE NE NE NE NE
NE NE NE NE NE
NE NE NE NE NE

190 20 170 20 270 20 320 20 270 20
0.05 0.02 0.07 0.02 < 0.02 U < 0.02 U < 0.02 U
65 0.1 34 0.1 45 0.1 38 0.1 36 0.1
7 1 14 10 1 1 3 1 6 1

0.38 0.05 0.31 0.05 0.38 0.05 1.9 0.05 0.07 0.05
< 1 U < 1 U < 1 U < 1 U < 1 U
45 10 39 10 37 10 27 10 33 10
< 1 U < 1 U < 1 U < 1 U < 1 U
< 0.3 U < 0.3 U < 0.3 U < 0.3 U 0.3 0.3
< 1 U < 1 U < 1 U < 1 U < 1 U

1 Samples collected during Annual Groundwater Monitoring Event (HGL 2003).
All others collected during the Six Sites RAA Data Collection (URS 2003).
Bold Result = Concentration Detected

 Above IAAAP Regulatory Standard

Regulatory Standards:
(a) Maximum Contaminant Level (MCL)
(b) Health Advisory Level (HAL)
(c) Region 9 Preliminary Remediation Goal (PRG)
(d) Proposed DNT Mixture Action Level
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a) 270 D 9 / 19
1,1,2,2-Tetrachloroethane 0.3 (b) - 0 / 19
1,1,2-Trichloroethane 5 (a) 4 4 / 19
1,1-Dichloroethane 810 (c) 240 D 9 / 19
1,1-Dichloroethene 7 (a) 380 D 10 / 19
1,2-Dichloroethane 5 (a) 130 J 5 / 19
1,2-Dichloropropane 5 (a) - 0 / 19
2-Butanone 1900 (a) 190 D 1 / 19
2-Hexanone N/A - 0 / 19
Acetone 610 (c) 980 JD 1 / 19
Benzene 5 (a) 110 2 / 19
Bromochloromethane 90 (b) 2 J 1 / 19
Bromodichloromethane 80 (a) - 0 / 19
Bromoform 80 (a) - 0 / 19
Carbon Disulfide 1000 (c) 4 1 / 19
Carbon Tetrachloride 80 (a) - 0 / 19
Chlorobenzene 110 (c) - 0 / 19
Chlorodibromomethane 5 (a) - 0 / 19
Chloroethane 4.6 (c) 3700 D 1 / 19
Chloroform 80 (a) 5 3 / 19
Chloromethane 3 (b) - 0 / 19
cis-1,2-Dichloroethene 70 (a) 400 D 6 / 19
cis-1,3-Dichloropropene 0.4 (c) - 0 / 19
Dichlorodifluoromethane 1000 (b) - 0 / 19
Ethylbenzene 700 (a) 120 1 / 19
Freon 113 59000 (c) 83 6 / 19
Methyl Bromide 10 (b) - 0 / 19
Methyl Isobutyl Ketone 160 (c) 1600 JD 1 / 19
Methylene Bromide 61 (c) - 0 / 19
Methylene Chloride 5 (a) 510 JD 1 / 19
Styrene 100 (a) - 0 / 19
Tetrachloroethene 5 (a) 76 3 / 19
Toluene 1000 (a) 5600 D 1 / 19

SA-99-1 FTP-MW1 FTP-MW2 FTP-MW3 FTP-MW4
May 20, 20031 May 13, 2003 May 13, 2003 May 13, 2003 May 14, 2003

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

68 3 < 3 U 17 3 < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

240 150 D 15 3 2 3 J < 3 U < 3 U
28 3 J 2 3 J 13 3 < 3 U < 3 U

130 3 J < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

190 10 J < 10 U < 10 U < 10 U < 10 U
< 10 U < 10 U < 10 U < 10 U < 10 U

980 500 JD < 10 U < 10 U < 10 U < 10 U
110 3 < 3 U < 3 U < 3 U < 3 U

2 3 J < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
4 3 < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

3700 150 D < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

400 150 D < 3 U 1 3 J < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 UJ

120 3 < 3 U < 3 U < 3 U < 3 U
83 3 < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

1600 500 JD < 10 U < 10 U < 10 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

510 150 JD < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

5600 150 D < 3 U < 3 U < 3 U < 3 U
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,2-Dichloroethene 100 (a) 4 2 / 19
trans-1,3-Dichloropropene N/A - 0 / 19
Trichloroethene 5 (a) 120 7 / 19
Trichlorofluoromethane 1300 (c) - 0 / 19
Vinyl Chloride 2 (a) 360 D 2 / 19
m,p-Xylene 10000 (a) 470 D 1 / 19
o-Xylene 10000 (a) 160 1 / 19

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c) 1.9 P 1 / 19
1,3-Dinitrobenzene 1 (b) - 0 / 19
2,4,6-Trinitrotoluene 2 (b) - 0 / 19
2,4-Dinitrotoluene 1 (d) - 0 / 19
2,6-Dinitrotoluene 1 (d) 2.7 P 1 / 19
2-Amino-4,6-Dinitrotoluene N/A - 0 / 19
2-Nitrotoluene 61 (c) - 0 / 19
3-Nitrotoluene 61 (c) - 0 / 19
4-Amino-2,6-Dinitrotoluene N/A - 0 / 19
4-Nitrotoluene 61 (c) 1.2 P 1 / 19
HMX 400 (b) 1.7 3 / 19
MNX N/A 0.31 JP 1 / 19
Nitrobenzene 3.4 (c) - 0 / 19
RDX 2 (b) 6.9 5 / 19
Tetryl N/A - 0 / 19

METALS (µg/L)
Arsenic 10 (a) 58 3 / 19
Barium 2000 (a) 353 19 / 19
Cadmium 5 (a) 0.16 J 4 / 19
Chromium 100 (a) 1.7 J 4 / 19
Lead 15 (a) - 0 / 19
Mercury 2 (b) 0.022 J 1 / 19
Selenium 50 (a) 16.2 10 / 19
Silver 100 (b) - 0 / 19

SA-99-1 FTP-MW1 FTP-MW2 FTP-MW3 FTP-MW4
May 20, 20031 May 13, 2003 May 13, 2003 May 13, 2003 May 14, 2003

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

4 3 < 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U
3 3 < 3 U 1 3 J < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U < 3 U

360 150 D 19 3 < 3 U < 3 U < 3 U
470 150 D < 3 U < 3 U < 3 U < 3 U
160 3 < 3 U < 3 U < 3 U < 3 U

1.9 1.2 P < 0.96 U < 0.42 U < 0.2 U < 0.81 U
< 1.2 U < 0.96 U < 0.42 U < 0.2 U < 0.81 U
< 1.2 U < 0.96 U < 0.42 U < 0.2 U < 0.81 U
< 1.2 U < 0.96 U < 0.42 U < 0.2 U < 0.81 U

2.7 1.2 P < 0.96 U < 0.42 U < 0.2 U < 0.81 U
< 1.2 U < 0.96 U < 0.42 U < 0.2 U < 0.81 U
< 1.2 U < 0.96 U < 0.42 U < 0.2 U < 0.81 UJ
< 1.2 U < 0.96 U < 0.42 U < 0.2 U < 0.81 UJ
< 1.2 UJ < 0.96 U < 0.42 U < 0.2 U < 0.81 U
< 1.2 U 1.2 0.96 P < 0.42 U < 0.2 U < 0.81 UJ
< 1.2 U < 0.96 U < 0.42 U 0.47 0.2 < 0.81 U
< 1.2 U < 0.96 U < 0.42 U < 0.2 U < 0.81 U
< 1.2 U < 0.96 U < 0.42 U < 0.2 U < 0.81 UJ

1.9 1.2 P < 0.96 U 1.2 0.42 < 0.2 U < 0.81 U
< 1.2 U < 0.96 U < 0.42 U < 0.2 U < 0.81 U

58 10 < 10 U < 10 U < 10 U < 10 U
353 200 142 200 J 88.6 200 J 106 200 J 71.6 200 J
< 5 U < 5 U < 5 U < 5 U 0.11 5 J

0.78 10 J < 10 U < 10 U < 10 U < 10 U
< 10 U < 10 U < 10 U < 10 U < 10 U
< 0.2 U < 0.2 U < 0.2 U < 0.2 U < 0.2 U

3.7 10 J 0.44 10 J 0.16 10 J 16.2 10 1.5 10 J
< 10 U < 10 U < 10 U < 10 U < 10 U
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

NA PARAMETERS (µg/L) (METALS)
Calcium NE 92000 8 / 8
Magnesium NE 35500 8 / 8
Sodium NE 110000 8 / 8

NA PARAMETERS (mg/L)
Alkalinity NE 540 19 / 19
Ammonia NE 0.33 9 / 19
Carbon Dioxide NE 180 18 / 18
Chloride NE 40 19 / 19
Nitrate, Nitrite as N 10 (a) 2 14 / 19
ortho-Phosphate as P NE - 0 / 19
Sulfate NE 240 18 / 19
Sulfide NE - 0 / 19
Total Kjeldahl Nitrogen NE 0.7 6 / 19
Total Organic Carbon NE 130 10 / 19

Notes:
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
IAAAP = Iowa Army Ammunition Plant
J = Estimated
mg/L = Milligrams Per Liter
MNX = Mono-Nitroso RDX
N/A = Not Available
NA = Natural Attenuation
NE = Not Evaluated
P = Percent difference greater than 25%
Qual = Qualifier
RAA = Remedial Alternatives Analysis
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
U = Nondetect
Z = Co-Elution

SA-99-1 FTP-MW1 FTP-MW2 FTP-MW3 FTP-MW4
May 20, 20031 May 13, 2003 May 13, 2003 May 13, 2003 May 14, 2003

Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

NE 92000 5000 47800 5000 79900 5000 81000 5000
NE 29300 5000 9590 5000 34900 5000 35500 5000
NE 11700 5000 4460 5000 J 18200 5000 28100 5000

540 20 380 2 180 2 340 2 420 2
0.15 0.02 0.33 0.02 0.02 0.02 < 0.02 U 0.07 0.02
180 0.1 NE 60 0.25 40 0.25 38 0.25
40 10 5 1 3 1 11 10 6 1
< 0.05 U 0.36 0.05 0.16 0.05 < 0.05 U < 0.05 U
< 1 U < 1 U < 1 U < 1 U < 1 U
< 1 U 27 10 15 1 62 10 33 10
< 1 U < 1 U < 1 U < 1 U < 1 U

0.7 0.3 0.7 0.3 < 0.3 U < 0.3 U < 0.3 U
130 10 3.4 1 1.8 1 1.3 1 < 1 U

1 Samples collected during Annual Groundwater Monitoring Event (HGL 2003).
All others collected during the Six Sites RAA Data Collection (URS 2003).
Bold Result = Concentration Detected

 Above IAAAP Regulatory Standard

Regulatory Standards:
(a) Maximum Contaminant Level (MCL)
(b) Health Advisory Level (HAL)
(c) Region 9 Preliminary Remediation Goal (PRG)
(d) Proposed DNT Mixture Action Level
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a) 270 D 9 / 19
1,1,2,2-Tetrachloroethane 0.3 (b) - 0 / 19
1,1,2-Trichloroethane 5 (a) 4 4 / 19
1,1-Dichloroethane 810 (c) 240 D 9 / 19
1,1-Dichloroethene 7 (a) 380 D 10 / 19
1,2-Dichloroethane 5 (a) 130 J 5 / 19
1,2-Dichloropropane 5 (a) - 0 / 19
2-Butanone 1900 (a) 190 D 1 / 19
2-Hexanone N/A - 0 / 19
Acetone 610 (c) 980 JD 1 / 19
Benzene 5 (a) 110 2 / 19
Bromochloromethane 90 (b) 2 J 1 / 19
Bromodichloromethane 80 (a) - 0 / 19
Bromoform 80 (a) - 0 / 19
Carbon Disulfide 1000 (c) 4 1 / 19
Carbon Tetrachloride 80 (a) - 0 / 19
Chlorobenzene 110 (c) - 0 / 19
Chlorodibromomethane 5 (a) - 0 / 19
Chloroethane 4.6 (c) 3700 D 1 / 19
Chloroform 80 (a) 5 3 / 19
Chloromethane 3 (b) - 0 / 19
cis-1,2-Dichloroethene 70 (a) 400 D 6 / 19
cis-1,3-Dichloropropene 0.4 (c) - 0 / 19
Dichlorodifluoromethane 1000 (b) - 0 / 19
Ethylbenzene 700 (a) 120 1 / 19
Freon 113 59000 (c) 83 6 / 19
Methyl Bromide 10 (b) - 0 / 19
Methyl Isobutyl Ketone 160 (c) 1600 JD 1 / 19
Methylene Bromide 61 (c) - 0 / 19
Methylene Chloride 5 (a) 510 JD 1 / 19
Styrene 100 (a) - 0 / 19
Tetrachloroethene 5 (a) 76 3 / 19
Toluene 1000 (a) 5600 D 1 / 19

FTP-MW5 FTP-MW6 FTP-MW7 FTP-MW8
May 13, 2003 May 14, 2003 May 14, 2003 May 14, 2003

Result RL Qual Result RL Qual Result RL Qual Result RL Qual

8 3 < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
6 3 < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 10 U < 10 U < 10 U < 10 U
< 10 U < 10 U < 10 U < 10 U
< 10 U < 10 U < 10 U < 10 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 UJ < 3 UJ < 3 UJ < 3 UJ
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 10 U < 10 U < 10 U < 10 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,2-Dichloroethene 100 (a) 4 2 / 19
trans-1,3-Dichloropropene N/A - 0 / 19
Trichloroethene 5 (a) 120 7 / 19
Trichlorofluoromethane 1300 (c) - 0 / 19
Vinyl Chloride 2 (a) 360 D 2 / 19
m,p-Xylene 10000 (a) 470 D 1 / 19
o-Xylene 10000 (a) 160 1 / 19

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c) 1.9 P 1 / 19
1,3-Dinitrobenzene 1 (b) - 0 / 19
2,4,6-Trinitrotoluene 2 (b) - 0 / 19
2,4-Dinitrotoluene 1 (d) - 0 / 19
2,6-Dinitrotoluene 1 (d) 2.7 P 1 / 19
2-Amino-4,6-Dinitrotoluene N/A - 0 / 19
2-Nitrotoluene 61 (c) - 0 / 19
3-Nitrotoluene 61 (c) - 0 / 19
4-Amino-2,6-Dinitrotoluene N/A - 0 / 19
4-Nitrotoluene 61 (c) 1.2 P 1 / 19
HMX 400 (b) 1.7 3 / 19
MNX N/A 0.31 JP 1 / 19
Nitrobenzene 3.4 (c) - 0 / 19
RDX 2 (b) 6.9 5 / 19
Tetryl N/A - 0 / 19

METALS (µg/L)
Arsenic 10 (a) 58 3 / 19
Barium 2000 (a) 353 19 / 19
Cadmium 5 (a) 0.16 J 4 / 19
Chromium 100 (a) 1.7 J 4 / 19
Lead 15 (a) - 0 / 19
Mercury 2 (b) 0.022 J 1 / 19
Selenium 50 (a) 16.2 10 / 19
Silver 100 (b) - 0 / 19

FTP-MW5 FTP-MW6 FTP-MW7 FTP-MW8
May 13, 2003 May 14, 2003 May 14, 2003 May 14, 2003

Result RL Qual Result RL Qual Result RL Qual Result RL Qual

< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U < 3 U

< 0.7 U < 1.4 U < 0.56 U < 0.52 U
< 0.7 U < 1.4 U < 0.56 U < 0.52 U
< 0.7 U < 1.4 U < 0.56 U < 0.52 U
< 0.7 U < 1.4 U < 0.56 U < 0.52 U
< 0.7 U < 1.4 U < 0.56 U < 0.52 U
< 0.7 U < 1.4 U < 0.56 U < 0.52 U
< 0.7 U < 1.4 UJ < 0.56 UJ < 0.52 UJ
< 0.7 U < 1.4 UJ < 0.56 UJ < 0.52 UJ
< 0.7 U < 1.4 U < 0.56 U < 0.52 U
< 0.7 U < 1.4 UJ < 0.56 UJ < 0.52 UJ
< 0.7 U < 1.4 U < 0.56 U < 0.52 U
< 0.7 U < 1.4 U < 0.56 U < 0.52 U
< 0.7 U < 1.4 UJ < 0.56 UJ < 0.52 UJ
< 0.7 U < 1.4 U 0.35 0.56 J < 0.52 U
< 0.7 U < 1.4 U < 0.56 U < 0.52 U

< 10 U < 10 U < 10 U < 10 U
55.6 200 J 67.4 200 J 130 200 J 86.8 200 J
0.16 5 J 0.11 5 J 0.06 5 J < 5 U

< 10 U < 10 U < 10 U < 10 U
< 10 U < 10 U < 10 U < 10 U
< 0.2 U < 0.2 U < 0.2 U 0.022 0.2 J

0.26 10 J 6.1 10 J 1 10 J 4.1 10 J
< 10 U < 10 U < 10 U < 10 U
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TABLE I-2
SPRING 2003 SUMMARY OF CHEMICALS IN MONITORING WELL SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory Maximum Detection

Standard Detection Frequency

NA PARAMETERS (µg/L) (METALS)
Calcium NE 92000 8 / 8
Magnesium NE 35500 8 / 8
Sodium NE 110000 8 / 8

NA PARAMETERS (mg/L)
Alkalinity NE 540 19 / 19
Ammonia NE 0.33 9 / 19
Carbon Dioxide NE 180 18 / 18
Chloride NE 40 19 / 19
Nitrate, Nitrite as N 10 (a) 2 14 / 19
ortho-Phosphate as P NE - 0 / 19
Sulfate NE 240 18 / 19
Sulfide NE - 0 / 19
Total Kjeldahl Nitrogen NE 0.7 6 / 19
Total Organic Carbon NE 130 10 / 19

Notes:
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
IAAAP = Iowa Army Ammunition Plant
J = Estimated
mg/L = Milligrams Per Liter
MNX = Mono-Nitroso RDX
N/A = Not Available
NA = Natural Attenuation
NE = Not Evaluated
P = Percent difference greater than 25%
Qual = Qualifier
RAA = Remedial Alternatives Analysis
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
U = Nondetect
Z = Co-Elution

FTP-MW5 FTP-MW6 FTP-MW7 FTP-MW8
May 13, 2003 May 14, 2003 May 14, 2003 May 14, 2003

Result RL Qual Result RL Qual Result RL Qual Result RL Qual

85200 5000 73900 5000 67400 5000 80900 5000
24200 5000 34200 5000 27200 5000 33600 5000
23000 5000 110000 5000 11400 5000 46400 5000

280 2 380 2 270 2 410 2
< 0.02 U 0.13 0.02 < 0.02 U 0.13 0.02
70 0.25 27 0.25 26 0.25 30 0.25
30 10 6 10 J 22 10 17 10 J
< 0.05 U 0.19 0.05 2 0.1 < 0.05 U
< 1 U < 1 U < 1 U < 1 UJ
81 10 240 50 36 10 56 10
< 1 U < 1 U < 1 U < 1 U
< 0.3 U < 0.3 U < 0.3 U 0.4 0.3

1.7 1 1.1 1 < 1 U 1.1 1 J

1 Samples collected during Annual Groundwater Monitoring Event (HGL 2003).
All others collected during the Six Sites RAA Data Collection (URS 2003).
Bold Result = Concentration Detected

 Above IAAAP Regulatory Standard

Regulatory Standards:
(a) Maximum Contaminant Level (MCL)
(b) Health Advisory Level (HAL)
(c) Region 9 Preliminary Remediation Goal (PRG)
(d) Proposed DNT Mixture Action Level
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TABLE I-3
SPRING 2003 SUMMARY OF CHEMICALS IN SURFACE WATER SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP SC1 SC2 SC3 SC4 SC5
DATE COLLECTED Regulatory May 15, 20031 May 15, 20031 May 15, 20031 May 15, 20031 May 15, 20031

Standard Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
1,1,2,2-Tetrachloroethane 0.3 (b) < 3 U < 3 U < 3 U < 3 U < 3 U
1,1,2-Trichloroethane 5 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
1,1-Dichloroethane 810 (c) < 3 U < 3 U < 3 U < 3 U < 3 U
1,1-Dichloroethene 7 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
1,2-Dichloroethane 5 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
1,2-Dichloropropane 5 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
2-Butanone 1900 (a) < 10 U < 10 U < 10 U < 10 U < 10 U
2-Hexanone N/A < 10 U < 10 U < 10 U < 10 U < 10 U
Acetone 610 (c) < 10 U < 10 U < 10 U < 10 U < 10 U
Benzene 5 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Bromochloromethane 90 (b) < 3 U < 3 U < 3 U < 3 U < 3 U
Bromodichloromethane 80 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Bromoform 80 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Carbon Disulfide 1000 (c) < 3 U < 3 U < 3 U < 3 U < 3 U
Carbon Tetrachloride 80 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Chlorobenzene 110 (c) < 3 U < 3 U < 3 U < 3 U < 3 U
Chlorodibromomethane 5 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Chloroethane 4.6 (c) < 3 U < 3 U < 3 U < 3 U < 3 U
Chloroform 80 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Chloromethane 3 (b) < 3 U < 3 U < 3 U < 3 U < 3 U
cis-1,2-Dichloroethene 70 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
cis-1,3-Dichloropropene 0.4 (c) < 3 U < 3 U < 3 U < 3 U < 3 U
Dichlorodifluoromethane 1000 (b) < 3 U < 3 U < 3 U < 3 U < 3 U
Ethylbenzene 700 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Freon 113 59000 (c) < 3 U 130 6 D 50 3 3 3 29 3
Methyl Bromide 10 (b) < 3 U < 3 U < 3 U < 3 U < 3 U
Methyl Isobutyl Ketone 160 (c) < 10 U < 10 U < 10 U < 10 U < 10 U
Methylene Bromide 61 (c) < 3 U < 3 U < 3 U < 3 U < 3 U
Methylene Chloride 5 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Styrene 100 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Tetrachloroethene 5 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Toluene 1000 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
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TABLE I-3
SPRING 2003 SUMMARY OF CHEMICALS IN SURFACE WATER SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP SC1 SC2 SC3 SC4 SC5
DATE COLLECTED Regulatory May 15, 20031 May 15, 20031 May 15, 20031 May 15, 20031 May 15, 20031

Standard Result RL Qual Result RL Qual Result RL Qual Result RL Qual Result RL Qual

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,2-Dichloroethene 100 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
trans-1,3-Dichloropropene N/A < 3 U < 3 U < 3 U < 3 U < 3 U
Trichloroethene 5 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
Trichlorofluoromethane 1300 (c) < 3 U < 3 U < 3 U < 3 U < 3 U
Vinyl Chloride 2 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
m,p-Xylene 10000 (a) < 3 U < 3 U < 3 U < 3 U < 3 U
o-Xylene 10000 (a) < 3 U < 3 U < 3 U < 3 U < 3 U

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c) < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
1,3-Dinitrobenzene 1 (b) < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
2,4,6-Trinitrotoluene 2 (b) < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
2,4-Dinitrotoluene 1 (d) < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
2,6-Dinitrotoluene 1 (d) < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
2-Amino-4,6-Dinitrotoluene N/A < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
2-Nitrotoluene 61 (c) < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
3-Nitrotoluene 61 (c) < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
4-Amino-2,6-Dinitrotoluene N/A < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
4-Nitrotoluene 61 (c) < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
HMX 400 (b) < 0.58 U < 0.99 U 0.33 0.36 J 0.18 0.27 J < 0.44 U
MNX N/A < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
Nitrobenzene 3.4 (c) < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U
RDX 2 (b) < 0.58 U 0.92 0.99 JP 0.58 0.36 P 0.3 0.27 P < 0.44 U
Tetryl N/A < 0.58 U < 0.99 U < 0.36 U < 0.27 U < 0.44 U

METALS (µg/L)
Arsenic 10 (a) < 10 U < 10 U 5.3 10 J < 10 U < 10 U
Barium 2000 (a) 137 200 J 146 200 J 135 200 J 172 200 J 125 200 J
Cadmium 5 (a) < 5 U < 5 U < 5 U < 5 U < 5 U
Chromium 100 (a) < 10 U 0.94 10 J 0.83 10 J 3.8 10 J < 10 U
Lead 15 (a) < 10 U < 10 U < 10 U < 10 U < 10 U
Mercury 2 (b) < 0.2 U < 0.2 U < 0.2 U < 0.2 U < 0.2 U
Selenium 50 (a) < 10 U < 10 U < 10 U < 10 U < 10 U
Silver 100 (b) 0.63 10 J < 10 U < 10 U < 10 U < 10 U
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TABLE I-3
SPRING 2003 SUMMARY OF CHEMICALS IN SURFACE WATER SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory

Standard

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1,1-Trichloroethane 200 (a)
1,1,2,2-Tetrachloroethane 0.3 (b)
1,1,2-Trichloroethane 5 (a)
1,1-Dichloroethane 810 (c)
1,1-Dichloroethene 7 (a)
1,2-Dichloroethane 5 (a)
1,2-Dichloropropane 5 (a)
2-Butanone 1900 (a)
2-Hexanone N/A
Acetone 610 (c)
Benzene 5 (a)
Bromochloromethane 90 (b)
Bromodichloromethane 80 (a)
Bromoform 80 (a)
Carbon Disulfide 1000 (c)
Carbon Tetrachloride 80 (a)
Chlorobenzene 110 (c)
Chlorodibromomethane 5 (a)
Chloroethane 4.6 (c)
Chloroform 80 (a)
Chloromethane 3 (b)
cis-1,2-Dichloroethene 70 (a)
cis-1,3-Dichloropropene 0.4 (c)
Dichlorodifluoromethane 1000 (b)
Ethylbenzene 700 (a)
Freon 113 59000 (c)
Methyl Bromide 10 (b)
Methyl Isobutyl Ketone 160 (c)
Methylene Bromide 61 (c)
Methylene Chloride 5 (a)
Styrene 100 (a)
Tetrachloroethene 5 (a)
Toluene 1000 (a)

SCT1 SCT2 SCT3
May 15, 20031 May 15, 20031 May 15, 20031

Result RL Qual Result RL Qual Result RL Qual

< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 10 U < 10 U < 10 U
< 10 U < 10 U < 10 U
< 10 U < 10 U < 10 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
3 3 J 390 15 D < 3 U
< 3 U < 3 U < 3 U
< 10 U < 10 U < 10 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
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TABLE I-3
SPRING 2003 SUMMARY OF CHEMICALS IN SURFACE WATER SAMPLES

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

FIELD ID IAAAP
DATE COLLECTED Regulatory

Standard

VOLATILE ORGANIC COMPOUNDS (µg/L)
trans-1,2-Dichloroethene 100 (a)
trans-1,3-Dichloropropene N/A
Trichloroethene 5 (a)
Trichlorofluoromethane 1300 (c)
Vinyl Chloride 2 (a)
m,p-Xylene 10000 (a)
o-Xylene 10000 (a)

EXPLOSIVES (µg/L)
1,3,5-Trinitrobenzene 1100 (c)
1,3-Dinitrobenzene 1 (b)
2,4,6-Trinitrotoluene 2 (b)
2,4-Dinitrotoluene 1 (d)
2,6-Dinitrotoluene 1 (d)
2-Amino-4,6-Dinitrotoluene N/A
2-Nitrotoluene 61 (c)
3-Nitrotoluene 61 (c)
4-Amino-2,6-Dinitrotoluene N/A
4-Nitrotoluene 61 (c)
HMX 400 (b)
MNX N/A
Nitrobenzene 3.4 (c)
RDX 2 (b)
Tetryl N/A

METALS (µg/L)
Arsenic 10 (a)
Barium 2000 (a)
Cadmium 5 (a)
Chromium 100 (a)
Lead 15 (a)
Mercury 2 (b)
Selenium 50 (a)
Silver 100 (b)

SCT1 SCT2 SCT3
May 15, 20031 May 15, 20031 May 15, 20031

Result RL Qual Result RL Qual Result RL Qual

< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U
< 3 U < 3 U < 3 U

Notes:
< 0.78 U < 0.46 U < 0.35 U < = Less Than
< 0.78 U < 0.46 U < 0.35 U µg/L = Micrograms Per Liter
< 0.78 U < 0.46 U < 0.35 U D = Dilution
< 0.78 U < 0.46 U < 0.35 U HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
< 0.78 U < 0.46 U < 0.35 U IAAAP = Iowa Army Ammunition Plant
< 0.78 U < 0.46 U < 0.35 U J = Estimated
< 0.78 U < 0.46 U < 0.35 U MNX = Mono-Nitroso RDX
< 0.78 U < 0.46 U < 0.35 U N/A = Not Available
< 0.78 U < 0.46 U < 0.35 U P = Percent difference greater than 25%
< 0.78 U < 0.46 U < 0.35 U Qual = Qualifier
< 0.78 U 4.3 0.46 P < 0.35 U RAA = Remedial Alternatives Analysis
< 0.78 U 0.34 0.46 JP < 0.35 U RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
< 0.78 U < 0.46 U < 0.35 U RL = Reporting Limit
< 0.78 U 16 0.46 < 0.35 U U = Nondetect
< 0.78 U < 0.46 U < 0.35 U Z = Co-Elution

1 Samples collected during Annual Groundwater Monitoring 
< 10 U < 10 U < 10 U    Event (HGL 2003).

121 200 J 138 200 J 118 200 J Bold Result = Concentration Detected
< 5 U < 5 U < 5 U  Above IAAAP Regulatory Standard
< 10 U < 10 U 0.68 10 J Regulatory Standards:
< 10 U < 10 U < 10 U (a) Maximum Contaminant Level (MCL)
< 0.2 U < 0.2 U < 0.2 U (b) Health Advisory Level (HAL)
< 10 U < 10 U < 10 U (c) Region 9 Preliminary Remediation Goal (PRG)
< 10 U < 10 U < 10 U (d) Proposed DNT Mixture Action Level
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APPENDIXI Laboratory Analytical Results 
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TABLE I-4
SUMMARY OF ANALYTICAL RESULTS FOR DUPLICATE SAMPLE PAIRS

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

SITE NAME
FIELD ID EBP-MW5 FTP -MW1 FTP -MW9
SAMPLE TYPE Monitoring Well Monitoring Well
QC TYPE Original Original
DATE COLLECTED May 12, 2003 May 13, 2003

Result RL Qual Result RL Qual Precision Action Result RL Qual Result RL Qual Precision Action

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1-Dichloroethane < 3 U < 3 U -- None 15 3 15 3 0.0% None
1,1-Dichloroethene < 3 U < 3 U -- None 2 3 J 2 3 J 0.0% None
m,p-Xylene 1 3 J < 3 U -- None < 3 U < 3 U -- None
o-Xylene 1 3 J < 3 U -- None < 3 U < 3 U -- None
Vinyl Chloride < 3 U < 3 U -- None 19 3 19 2 0.0% None

EXPLOSIVES (µg/L)
4-Nitrotoluene < 0.84 U < 1.5 U -- None 1.2 0.96 < 0.36 U -- None
HMX 7.2 0.84 7.8 1.5 8.0% None < 0.96 U < 0.36 U -- None
MNX 1.2 0.84 < 1.5 U -- None < 0.96 U < 0.36 U -- None
RDX 26 0.84 31 1.5 17.5% None < 0.96 U < 0.36 U -- None

METALS (µg/L)
Barium NE NE 142 200 J 146 200 J 2.8% None
Selenium NE NE 0.44 10 J 0.4 10 J 9.5% None

NA METALS (µg/L)
Calcium 78500 5000 87100 5000 10.4% None 92000 5000 93000 5000 1.1% None
Magnesium 22300 5000 22400 5000 0.4% None 29300 5000 29700 5000 1.4% None
Sodium 9210 5000 9420 5000 2.3% None 11700 5000 11500 5000 1.7% None

NA PARAMETERS (mg/L)
Alkalinity 300 2 300 2 0.0% None 380 2 380 2 0.0% None
Ammonia < 0.02 U < 0.2 U None 0.33 0.02 0.33 0.02 0.0% None
Chloride 3 1 3 1 0.0% None 5 1 5 1 0.0% None
Nitrate/Nitrite as N 0.77 0.05 0.81 0.05 5.1% None 0.36 0.05 0.36 0.05 0.0% None
Total Kjeldahl Nitrogen < 0.3 U < 0.3 U None 0.7 0.3 0.7 0.3 0.0% None
Sulfate 32 10 31 10 3.2% None 27 10 27 10 0.0% None
Total Organic Carbon 1.4 1 1.4 1 0.0% None 3.4 1 3.4 1 0.0% None

Notes:
< = Less Than HMX = Octahydro-1,3,5,7-tetranitro- mg/L = Milligrams Per Liter NE = Not Evaluated RL = Reporting Limit
-- = Not Measured                1,3,5,7-tetrazocine MNX = Mono-Nitroso RDX Qual = Qualifier U = Nondetect
µg/L = Micrograms Per Liter J = Estimated NA = Natural Attenuation RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine

East Burn Pads East Burn Pads Fire Training Pit Fire Training Pit

Monitoring Well
Duplicate

November 28, 2001
Duplicate Pair

May 12, 2003

EBP-MW7

Duplicate
Monitoring Well

Duplicate Pair
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TABLE I-4
SUMMARY OF ANALYTICAL RESULTS FOR DUPLICATE SAMPLE PAIRS

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

SITE NAME
FIELD ID L2-DP05-25 L2-DS05-25 L2-DP12-28 DUPLICATE 3
SAMPLE TYPE Direct Push Direct Push
QC TYPE Original Original
DATE COLLECTED October 28, 2002 November 6, 2002

Result RL Qual Result RL Qual Precision Action Result RL Qual Result RL Qual Precision Action

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1-Dichloroethane NE NE NE NE
1,1-Dichloroethene NE NE NE NE
Freon113 NE NE NE NE
1,1,1-Trichloroethane NE NE NE NE
Tetrachloroethene NE NE NE NE

EXPLOSIVES (µg/L)
2-Amino-4,6-Dinitrotoluene < 0.79 U < 0.82 U -- None < 0.99 U < 0.82 U -- None
4-Amino-2,6-Dinitrotoluene < 0.79 U < 0.82 U -- None < 0.99 U < 0.82 U -- None
HMX < 0.79 U < 0.82 U -- None < 0.99 U < 0.82 U -- None
MNX < 0.79 U < 0.82 U -- None < 0.99 U < 0.82 U -- None
RDX < 0.79 U < 0.82 U -- None < 0.99 U < 0.82 U -- None

Notes:
-- = Not Measured
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-
                 -1,3,5,7-tetrazocine
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available
NE = Not Evaluated
P = Difference between columns greater than 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
SD = Sample Difference
U = Nondetect
Z = Co-Elution

Duplicate Pair Duplicate Pair
Direct Push
Duplicate

November 6, 2002

Direct Push
Duplicate

October 28, 2002

Line 2 Line 2 Line 2 Line 2
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TABLE I-4
SUMMARY OF ANALYTICAL RESULTS FOR DUPLICATE SAMPLE PAIRS

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

SITE NAME
FIELD ID
SAMPLE TYPE
QC TYPE
DATE COLLECTED

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1-Dichloroethane
1,1-Dichloroethene
Freon113
1,1,1-Trichloroethane
Tetrachloroethene

EXPLOSIVES (µg/L)
2-Amino-4,6-Dinitrotoluene
4-Amino-2,6-Dinitrotoluene
HMX
MNX
RDX

Notes:
-- = Not Measured
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-
                 -1,3,5,7-tetrazocine
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available
NE = Not Evaluated
P = Difference between columns greater than 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
SD = Sample Difference
U = Nondetect
Z = Co-Elution

L3-DP04-22 DUPLICATE 4 L9-DP01-20
Direct Push Direct Push

Original Original
November 6, 2002 November 12, 2002

Result RL Qual Result RL Qual Precision Action Result RL Qual Result RL Qual Precision Action

NE NE < 3 U < 3 U -- None
NE NE < 3 U < 3 U -- None
NE NE 37000 3000 D 35000 3000 D 5.6% None
NE NE < 3 U < 3 U -- None
NE NE < 3 U < 3 U -- None

< 0.6 U < 0.29 U -- None NE NE
< 0.6 U < 0.29 U -- None NE NE
< 0.6 U < 0.29 U -- None NE NE
< 0.6 U < 0.29 U -- None NE NE
< 0.6 U < 0.82 U -- None NE NE

Duplicate Pair Duplicate Pair
November 12, 2002

DUPLICATE 8
Direct Push
Duplicate

Direct Push
Duplicate

November 6, 2002

Line 3 Line 3 Line 9 Line 9
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TABLE I-4
SUMMARY OF ANALYTICAL RESULTS FOR DUPLICATE SAMPLE PAIRS

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

SITE NAME
FIELD ID
SAMPLE TYPE
QC TYPE
DATE COLLECTED

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1-Dichloroethane
1,1-Dichloroethene
Freon113
1,1,1-Trichloroethane
Tetrachloroethene

EXPLOSIVES (µg/L)
2-Amino-4,6-Dinitrotoluene
4-Amino-2,6-Dinitrotoluene
HMX
MNX
RDX

Notes:
-- = Not Measured
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-
                 -1,3,5,7-tetrazocine
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available
NE = Not Evaluated
P = Difference between columns greater than 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
SD = Sample Difference
U = Nondetect
Z = Co-Elution

L9-DP07-26 L9-DP11-23
Direct Push Direct Push

Original Original
November 7, 2002 November 8, 2002

Result RL Qual Result RL Qual Precision Action Result RL Qual Result RL Qual Precision Action

< 3 U < 3 U -- None < 3 U < 3 U -- None
< 3 U < 3 U -- None < 3 U < 3 U -- None

20000 750 DJ 26000 300 DJ 26.1% QUAL 1100 60 D 1100 60 D 0.0% None
< 3 U < 3 U -- None < 3 U < 3 U -- None
< 3 U < 3 U -- None < 3 U < 3 U -- None

NE NE NE NE
NE NE NE NE
NE NE NE NE
NE NE NE NE
NE NE NE NE

Duplicate Pair Duplicate Pair

Line 9
DUPLICATE 5

Direct Push

Line 9

Duplicate
November 8, 2002

Line 9
DUPLICATE 6

Line 9

Direct Push
Duplicate

November 7, 2002
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TABLE I-4
SUMMARY OF ANALYTICAL RESULTS FOR DUPLICATE SAMPLE PAIRS

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

SITE NAME
FIELD ID
SAMPLE TYPE
QC TYPE
DATE COLLECTED

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1-Dichloroethane
1,1-Dichloroethene
Freon113
1,1,1-Trichloroethane
Tetrachloroethene

EXPLOSIVES (µg/L)
2-Amino-4,6-Dinitrotoluene
4-Amino-2,6-Dinitrotoluene
HMX
MNX
RDX

Notes:
-- = Not Measured
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-
                 -1,3,5,7-tetrazocine
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available
NE = Not Evaluated
P = Difference between columns greater than 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
SD = Sample Difference
U = Nondetect
Z = Co-Elution

L9-DP13-20 FTP-DP05-23
Direct Push Direct Push

Original Original
November 8, 2002 October 25, 2002

Result RL Qual Result RL Qual Precision Action Result RL Qual Result RL Qual Precision Action

< 3 U < 3 U -- None 3 3 3 3 0.0% None
< 3 U < 3 U -- None 51 3 42 3 19.4% None

7800 300 D 8500 300 D 8.6% None < 3 U < 3 U -- None
< 3 U < 3 U -- None 40 3 39 3 2.5% None
< 3 U < 3 U -- None 3 3 J 2 3 J SD>RL None

NE NE NE NE
NE NE NE NE
NE NE NE NE
NE NE NE NE
NE NE NE NE

Duplicate Pair Duplicate Pair

Line 9 Line 9
DUPLICATE 7

October 25, 2002

FTP-DP05-00
Direct PushDirect Push

Duplicate
November 8, 2002

Fire Training Pit Fire Training Pit

Duplicate
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TABLE I-4
SUMMARY OF ANALYTICAL RESULTS FOR DUPLICATE SAMPLE PAIRS

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

SITE NAME
FIELD ID
SAMPLE TYPE
QC TYPE
DATE COLLECTED

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1-Dichloroethane
1,1-Dichloroethene
Freon113
1,1,1-Trichloroethane
Tetrachloroethene

EXPLOSIVES (µg/L)
2-Amino-4,6-Dinitrotoluene
4-Amino-2,6-Dinitrotoluene
HMX
MNX
RDX

Notes:
-- = Not Measured
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-
                 -1,3,5,7-tetrazocine
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available
NE = Not Evaluated
P = Difference between columns greater than 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
SD = Sample Difference
U = Nondetect
Z = Co-Elution

FTP-DP23-25 FTP-DP25-22
Direct Push Direct Push

Original Original
November 21, 2002 November 22, 2002

Result RL Qual Result RL Qual Precision Action Result RL Qual Result RL Qual Precision Action

< 3 U 3 3 U -- None < 3 U 3 3 U -- None
12 3 12 3 0.0% None < 3 U < 3 U -- None
< 5 U < 5 U -- None < 5 U < 5 U -- None
20 3 20 3 0.0% None 5 3 5 3 0.0% None
< 3 U 2 3 J -- None < 3 U 2 3 J -- None

NE NE NE NE
NE NE NE NE
NE NE NE NE
NE NE NE NE
NE NE NE NE

Duplicate Pair

Fire Training Pit

November 22, 2002

Fire Training Pit
DUPLICATE 11

November 21, 2003

Fire Training Pit
DUPLICATE 10

Direct Push Direct Push
Duplicate Duplicate Duplicate Pair

Fire Training Pit
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TABLE I-4
SUMMARY OF ANALYTICAL RESULTS FOR DUPLICATE SAMPLE PAIRS

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

SITE NAME
FIELD ID
SAMPLE TYPE
QC TYPE
DATE COLLECTED

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1-Dichloroethane
1,1-Dichloroethene
Freon113
1,1,1-Trichloroethane
Tetrachloroethene

EXPLOSIVES (µg/L)
2-Amino-4,6-Dinitrotoluene
4-Amino-2,6-Dinitrotoluene
HMX
MNX
RDX

Notes:
-- = Not Measured
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-
                 -1,3,5,7-tetrazocine
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available
NE = Not Evaluated
P = Difference between columns greater than 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
SD = Sample Difference
U = Nondetect
Z = Co-Elution

EBP-DP14-25 EBP-DP14-00 WBP-DP06-22 DUPLICATE 13
Direct Push Direct Push

Original Original
October 24, 2002 February 10, 2003

Result RL Qual Result RL Qual Precision Action Result RL Qual Result RL Qual Precision Action

NE NE NE NE
NE NE NE NE
NE NE NE NE
NE NE NE NE
NE NE NE NE

< 0.79 U < 0.44 U -- None < 0.83 U < 1.9 U -- None
< 0.79 U < 0.44 U -- None < 0.83 U < 1.9 U -- None

100 7.9 D 110 4.4 D 9.5% None < 0.83 U < 1.9 U -- None
3.6 0.99 3.6 0.55 0.0% None < 0.83 U < 1.9 U -- None
70 7.9 DP 76 4.4 DP 8.2% None < 0.83 U < 1.9 U -- None

Duplicate Pair Duplicate Pair
February 10, 2003

Direct Push
Duplicate

October 24, 2002

Direct Push
Duplicate

West Burn Pads Area West Burn Pads AreaEast Burn Pads East Burn Pads
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TABLE I-4
SUMMARY OF ANALYTICAL RESULTS FOR DUPLICATE SAMPLE PAIRS

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

SITE NAME
FIELD ID
SAMPLE TYPE
QC TYPE
DATE COLLECTED

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1-Dichloroethane
1,1-Dichloroethene
Freon113
1,1,1-Trichloroethane
Tetrachloroethene

EXPLOSIVES (µg/L)
2-Amino-4,6-Dinitrotoluene
4-Amino-2,6-Dinitrotoluene
HMX
MNX
RDX

Notes:
-- = Not Measured
< = Less Than
µg/L = Micrograms Per Liter
D = Dilution
HMX = Octahydro-1,3,5,7-tetranitro-
                 -1,3,5,7-tetrazocine
J = Estimated
MNX = Mono-Nitroso RDX
N/A = Not Available
NE = Not Evaluated
P = Difference between columns greater than 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit
SD = Sample Difference
U = Nondetect
Z = Co-Elution

WBP-DP12-09 DUPLICATE 12
Direct Push

Original
November 23, 2002

Result RL Qual Result RL Qual Precision Action

NE NE
NE NE
NE NE
NE NE
NE NE

1.4 0.22 PZ 1.5 0.18 PZ 6.9% None
1.6 0.22 PZ 1.8 0.18 PZ 11.8% None
38 2.2 D 42 1.8 D 10.0% None
2.3 0.22 P 2.4 0.18 P 4.3% None
64 2.2 D 70 1.8 D 9.0% None

Duplicate Pair
Direct Push
Duplicate

November 23, 2002

West Burn Pads Area West Burn Pads Area
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Quality Assurance Split Sample Pair Results 
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TABLE I-5
SUMMARY OF ANALYTICAL RESULTS FOR QUALITY ASSURANCE SPLIT SAMPLE PAIRS

FIRE TRAINING PIT GROUNDWATER FEASIBILITY STUDY

SITE NAME
FIELD ID EBP-MW5 FTP -MW1
SAMPLE TYPE Monitoring Well Monitoring Well
QC TYPE Original Original
DATE COLLECTED May 12, 2003 May 13, 2003

Result RL Qual Result RL Qual Precision Action Result RL Qual Result RL Qual Precision Action

VOLATILE ORGANIC COMPOUNDS (µg/L)
1,1-Dichloroethane < 3 U < 2 U Data Agreed 15 3 15.1 2 0.7% Data Agreed
1,1-Dichloroethene < 3 U < 2 U Data Agreed 2 3 J 2 2 J 0.0% Data Agreed
cis-1,2-Dichloroethene < 3 U < 2 U Data Agreed < 3 U 0.6 2 J SD<RL Data Agreed
m,p-Xylene 1 3 J < 2 U SD<RL Data Agreed < 3 U < 2 U Data Agreed
o-Xylene 1 3 J < 2 U SD<RL Data Agreed < 3 U < 2 U Data Agreed
Vinyl Chloride < 3 U < 2 U Data Agreed 19 3 30 2 44.9% Data Agreed

SEMIVOLATILE ORGANIC COMPOUNDS (µg/L)
Bis(2-ethylhexyl)phthalate < 5 U 1 4.9 J SD<RL Data Agreed NE NE

EXPLOSIVES (µg/L)
2-Amino-4,6-Dinitrotoluene < 0.84 U 0.35 0.21 C SD<RL Data Agreed < 0.96 U < 0.21 U Data Agreed
4-Amino-2,6-Dinitrotoluene < 0.84 U 0.60 0.19 Data Agreed < 0.96 U < 0.19 U Data Agreed
4-Nitroltoluene < 0.84 U < 0.26 U Data Agreed 1.2 0.96 < 0.26 U SD<RL Data Agreed
HMX 7.2 0.84 14 1.6 C 64.2% Minor < 0.96 U < 1.6 U Data Agreed
RDX 26 0.84 64 1.3 C 84.4% Minor < 0.96 U < 1.3 U Data Agreed

METALS (µg/L)
Barium NE 63.1 2.5 J 142 200 J 150 2.5 5.5% Data Agreed
Silver < 10 U < 10 U None < 10 U < 10 U None
Total Organic Carbon < 1 U < 1 U None < 1 U < 1 U None
Selenium NE < 20 U 0.44 10 J < 20 U SD<RL Data Agreed

Notes:
< = Less Than SD = Sample Difference
µg/L = Micrograms Per Liter U = Nondetect
C = Result not confirmed due to matrix interference Split samples were not collected at Line 3 during the Remedial Alternatives Analysis.
HMX = Octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
J = Estimated
NE = Not Evaluated
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit

May 13, 2003
QA Split

May 12, 2003

FTP-MW1 Split
Monitoring Well
EBP-MW5 Split

QA Split
Monitoring Well

QA Split Pair QA Split Pair

East Burn Pads East Burn Pads Fire Training Pit Fire Training Pit
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APPENDIXJ Human Health Risk Assessment 

J.1 OBJECTIVES AND METHODOLOGY 

A human health risk assessment (HHRA) was performed to assess potential adverse health 
effects or risks due to current or future exposure to chemicals of potential concern (COPCs) 
released from the Iowa Army Ammunition Plant (IAAAP).  The results of the HHRA were used 
to: 

• Estimate the magnitude of potential human health risk associated with site-related chemicals 

• Identify the primary contributors to the risk at the site 

• Help determine whether remediation is warranted at the site to protect public health 

The risk assessment methodology used in this study is consistent with United States 
Environmental Protection Agency (USEPA) Risk Assessment Guidance for Superfund, Volume 
1, Human Health Evaluation Manual (Part A) (USEPA 1989).  USEPA guidance was applied 
because it is the most appropriate and widely accepted guidance for such an assessment.  USEPA 
cautions that its documents are intended to provide guidance only and that considerable 
professional judgment must be exercised in applying the guidance to site-specific HHRAs. 

The steps in the HHRA process are: 

1. Selection of COPCs 

2. Exposure assessment 

3. Calculation of exposure point concentrations 

4. Estimation of chemical intakes 

5. Toxicity assessment 

6. Risk characterization (including an evaluation of uncertainties in the risk assessment)  

7. Human health risk-based preliminary remediation goal (PRG) concentrations, if warranted 

J.1.1 Previous Risk Evaluation 

A previous soil, groundwater, and surface water risk assessment was completed by ICAIR Life 
Systems Inc., Cleveland, Ohio and presented in the Revised Draft Final Remedial 
Investigation/Risk Assessment, Volume 11 (JAYCOR 1996).  The current groundwater and 
surface water HHRA was completed to reevaluate the risk at the Fire Training Pit (FTP) using 
Spring 2003 site conditions.  The groundwater monitoring data and surface water sampling 
results from the Spring 2003 groundwater monitoring event (Spring 2003 GWM) (HGL 2003) 
and the FTP groundwater Remedial Alternatives Analysis (RAA) field activities were used for 
this HHRA. 

J.2 SELECTION OF COPCS 

COPCs are chemicals that may have been released from process activities or waste sources at 
IAAAP that have been detected in groundwater and/or surface water and may be significant 
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APPENDIXJ Human Health Risk Assessment 

contributors to human health risks.  Groundwater was categorized into two distinct zones during 
the risk assessment evaluation: shallow (3 to 30 feet below ground surface [bgs]) and bedrock 
(30 to 65 feet bgs).  FTP COPCs were selected based on the following screening criteria: 

• Chemical data evaluation: Data were considered usable for risk assessment purposes if the 
data were unqualified or estimated.  Rejected data were not used in the HHRA.  Chemicals at 
concentrations that can be attributed to laboratory or field contamination were not considered 
COPCs. 

• Essential nutrients: Essential nutrients (i.e., calcium, magnesium, potassium, and sodium, as 
specified in USEPA Region 4 guidance [USEPA 1996a]) that did not exceed recommended 
daily allowances (RDAs) were not considered COPCs. 

• Comparison to project human health screening values: Chemicals that were detected at 
concentrations below human health risk-based screening levels were not considered COPCs.  
Maximum detected site concentrations were compared to a variety of federal screening levels 
and calculated background levels.  If the maximum detected concentration exceeded the 
screening value for a medium, the chemical was considered to be a COPC. 

• Availability of USEPA toxicity criteria: COPCs that had USEPA-established toxicity factors 
were evaluated quantitatively in the HHRA.  COPCs that did not have USEPA-established 
toxicity factors but that could potentially contribute to risks were evaluated qualitatively in 
the HHRA if a suitable surrogate could not be found. 

J.2.1 Use of Data 

This risk assessment included groundwater and surface water data collected during the Spring 
2003 GWM (HGL 2003) and the FTP groundwater RAA field activities. 

J.2.2 Chemical Data Evaluation 

Data Usability 

Prior to use in the HHRA, all site data collected during the FTP groundwater RAA were 
validated and qualified following the quality assurance/quality control (QA/QC) procedures 
described in the Fire Training Pit, West Burn Pads Area, and East Burn Pads Feasibility Study 
Data Collection Work Plan Addendum (URS 2002).  The QA review was performed in 
compliance with USEPA laboratory data validation guidelines (USEPA 2001a, 2002a).  Data of 
insufficient quality based on QA/QC criteria were rejected at this point and not used in the 
HHRA.  Sample results were assigned appropriate qualifiers during the review and validation 
process. (e.g., J-estimated). 

Data were considered usable for risk assessment purposes if the data were unqualified, diluted 
(D qualifier), nondetect (U qualifier), or estimated (J or P qualifier).  Data were not used if the 
data were rejected (R qualifier).  Additionally, samples collected for QA/QC purposes (e.g., 
matrix spike/matrix spike duplicate) were not used in the HHRA. 

Results of the data review and validation are presented in Section 5 and Appendix I. 
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J.2.3 Essential Nutrients 

Chemicals that are essential nutrients (calcium, iron, magnesium, potassium, and sodium, as 
specified in USEPA Region 4 guidance [USEPA 1996a]) were not considered to be COPCs if 
daily intakes calculated from maximum concentrations did not exceed RDAs.  These chemicals 
are generally not considered toxic at environmental levels but are required to maintain normal 
health in humans and biota.  The screening of essential nutrients is presented in Table J-1. 

J.2.4 Comparison to Human Health Screening Criteria 

Maximum concentrations for each chemical were compared to USEPA Region 9 Tap Water 
PRGs (USEPA 2002b) and calculated background concentrations.  The drinking water standard 
(USEPA 2002b) was used as a screening value if a Region 9 PRG was not available (e.g., lead).  
If the maximum detected concentration exceeded the screening value for a medium, the chemical 
was considered to be a COPC. 

J.2.5 Availability of USEPA Toxicity Criteria 

The sources of toxicity values used in this HHRA are 1) USEPA’s Integrated Risk Information 
System (IRIS) (online database), 2) USEPA’s National Center for Environmental Assessment 
(NCEA) and 3) the Health Effects Assessment Summary Tables (HEAST) (USEPA 1997a). 

J.3 EXPOSURE ASSESSMENT 

The objectives of the exposure assessment were to: 

• Characterize the exposure setting 

• Identify populations (receptors) that may be potentially exposed to site-related constituents 

• Identify and evaluate the complete pathways by which exposure may occur by developing a 
site conceptual exposure model (SCEM) of potential exposure pathways 

For this HHRA, the exposure assessment involved developing the reasonable maximum 
exposure (RME) and central tendency exposure (CTE) intake factors for each receptor.  CTE 
variables are those that, applying USEPA guidance and professional judgment, represent the 
most likely estimates of exposure for an individual with normal activity patterns.  The CTE 
(most likely) scenarios are conservative in that they assume that contact with a contaminated 
medium occurs routinely over the course of many years.  The RME scenario was defined from a 
set of exposure variables (e.g., body weight [BW], ingestion rate [IR], body surface area [SA]) 
that resulted in the highest exposure that would reasonably be expected to occur at the site. 

J.3.1 Characterization of Exposure Setting 

Physical Setting and Land Use 

A description of the general physical setting of the FTP area is provided in Section 2.  The 
primary land use at the FTP was industrial.  Although, the FTP is no longer active it is 
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periodically patrolled by a security work force.  While IAAAP is fenced, the FTP area itself is 
not fenced.  The receptors who might be directly exposed to COPCs detected at the FTP are the 
current and future construction worker, commercial/industrial worker, and hunter/trespasser. 

J.3.2 Potentially Exposed Populations 

Current Exposures 

Groundwater receptors are limited to the construction worker and the commercial/industrial 
worker.  Surface water receptors are limited to the construction worker and the hunter/trespasser.  
However, during the COPC selection (see Section 6 of this RAA), no COPCs were identified in 
surface water.  Therefore, surface water is not a media of concern and no receptors were 
evaluated for surface water. 

Future Site Exposures 

The same exposure assumptions were used to evaluate the current and future construction 
worker and the current and future commercial/industrial worker exposures to groundwater.  
Groundwater contaminant fate and transport modeling results (presented in Section 8) indicated 
that contaminant concentrations are now at their highest predicted values and are expected to 
decline in the future.  Therefore, the Spring 2003 groundwater results used in the current/future 
risk calculations are considered to be representative of the potential risks at the FTP. 

J.3.3 Site Conceptual Exposure Model 

Information concerning contaminant sources, contaminant release and transport mechanisms, 
and locations of potentially exposed individuals (receptors) were used to develop an SCEM that 
describes potential human exposure pathways.  The SCEM is a schematic representation of the 
contaminant source area, chemical release mechanisms, environmental transport media, exposure 
media, potential human intake routes, and potential human receptors.  The purpose of the SCEM 
was to provide a framework for problem definition, to identify exposure pathways that may 
result in human health risks, to aid in identifying data needed to evaluate those pathways, and to 
aid in identifying effective cleanup measures, if necessary, that would target significant 
contaminant sources.  An SCEM includes four elements: 

• A source of chemicals and a mechanism of chemical release 

• An environmental transport media (e.g., groundwater, surface water) 

• An exposure point 

• A human intake route (e.g., inhalation, ingestion, or dermal) 

Each one of these four elements must be present for an exposure pathway to be complete.  If 
only three elements are present, the exposure cannot occur and the pathway is incomplete.  Only 
potentially complete pathways were addressed in this HHRA.  The SCEM for potential human 
receptor populations considered for the FTP groundwater is presented on Figure J-1. 
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Volatile organic compounds (VOCs) and explosives compounds disposed of at the FTP may be a 
potential source for chemical release.  Volatiles and/or explosives may have inadvertently 
transferred into soil via spills, leaking containers, incomplete combustion or detonation, indirect 
product discharges and storm water runoff.  Surface contamination infiltrates through the soil to 
groundwater.  Potential exposure may occur through inhalation, ingestion, incidental ingestion or 
dermal contact with groundwater. 

Exposure routes are the modes (e.g., ingestion, dermal contact, inhalation) by which receptors 
contact the contaminated media.  Exposure to the FTP shallow groundwater plume via 
inhalation, incidental ingestion, and dermal contact represent potentially complete exposure 
pathways for the construction worker.  Exposure to the FTP shallow groundwater plume via 
ingestion represents the potentially complete exposure pathway for the commercial/industrial 
worker. 

Hypothetical construction workers could be exposed to contaminants in shallow groundwater via 
inhalation, incidental ingestion or dermal contact, if future excavations encounter the shallow 
groundwater plume.  Ten feet was considered a reasonable maximum depth for a construction 
excavation (groundwater at the FTP was encountered at 3 to 12 feet bgs). 

Although it is unlikely that on-post groundwater could be used for drinking water, USEPA 
Region 7 requested in the 1996 dispute resolution that the commercial/industrial workers’ 
exposure to contaminants in groundwater via ingestion be evaluated (USEPA 1996b).  Ingestion 
of groundwater was considered the only significant pathway. 

Spring Creek runs adjacent to the FTP and was initially considered to be a potential medium of 
concern.  However, during the COPC selection process (Section 6), no compounds were 
detected in surface water above the screening values.  Therefore, surface water was no longer 
considered a medium of concern and the hunter/trespasser was not considered a potential 
receptor for this risk assessment.  Potential receptors and potentially complete pathways are 
summarized as follows: 

Current/Future Construction Workers 
• Incidental ingestion of shallow groundwater (e.g., during excavation) 

• Dermal contact with shallow groundwater (e.g., during excavation) 

• Inhalation of volatile emissions from groundwater (e.g., during excavation) 

Current/Future Commercial/Industrial Worker 
• Ingestion of groundwater (e.g., drinking water) 
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J.4 CALCULATION OF EXPOSURE POINT CONCENTRATIONS 

J.4.1 Exposure Point Concentrations in Groundwater and Surface Water 

General 

USEPA (1989) recommends that for each COPC, the 95-percent upper confidence limit (95% 
UCL) (based on assumed lognormal distribution for sample groups greater than 10) be calculated 
using chemical analytical results.  According to USEPA guidance (USEPA 1989), the lognormal 
statistical approach is very sensitive to sample size and variance.  The FTP data set was 
composed of fewer than 10 samples; therefore, a 95% UCL was not calculated.  Instead, the 
maximum detected concentration was used as the RME value.  The maximum concentration is 
likely to significantly overestimate the average concentration to which people would be exposed.  
The exposure point concentrations for the FTP shallow groundwater plume are presented in 
Table J-2. 

Dermal Adjusted Concentrations 

Concentrations of chemicals detected in groundwater were adjusted for dermal-aqueous 
permeability.  Chemical-specific permeability coefficients (PCs) were obtained from USEPA’s 
Dermal Guidance (USEPA 2001b) when possible. 

J.4.2 VOC Concentrations in Construction Trenches from Groundwater  

A USEPA Box Model (USEPA, 1999) was used to estimate the upper-bound exposure point 
concentration for workers in trenches flooded with groundwater off-gassing VOCs.  The 
derivation is based on a mass balance equation using a well mixed, single-compartment model 
(i.e., “box” model).  This approach is commonly used to estimate air concentrations in enclosed 
spaces (Andelman, 1985).  In this conservative approach, the VOC concentration everywhere in 
the “box” (e.g., the trench air compartment) is assumed to be the same.  The VOC enters the box 
through emission from groundwater at the base of the trench and leaves the box by wind-induced 
convection.  At steady state, the mass balance for the system is obtained by setting the emission 
rate (E) of a VOC from water to air equal to the rate at which the chemical is carried away from 
the trench by exchange with the overlying air mass. 

A generic VOC volatilization factor (VFVOC) can be obtained using the conservative estimates 
based on the mass transfer coefficients for water and air (USEPA, 1999) assuming that for 
volatile chemicals, the overall mass transfer coefficient for water-to-air transfer is approximately 
equal to its liquid mass transfer coefficient.  Multiplying the volatilization factor by groundwater 
concentration yields a conservative estimate of the air concentrations to which workers in 
trenches with groundwater off-gassing VOCs could be exposed. 

Thus, 
Cair = CH2O x VFVOC x CF 
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where: 

Cair = Concentration of the chemical in the vapor phase (mg/m3) 
CH2O = Concentration of the chemical in the water phase (mg/L) 
CF = Conversion Factor (L/m3) 
VFVOC = 1.8x10-5 (unitless) 

Table J-13 shows the estimation of air concentrations of VOCs from the shallow groundwater 
plume at the FTP. 

J.5 ESTIMATION OF CHEMICAL INTAKES 

Using the exposure point concentrations of COPCs it is possible to estimate the potential human 
intake of those chemicals via each exposure pathway.  Intakes are expressed in terms of 
milligrams chemical per kilogram body weight per day (mg/kg–day).  Intakes were calculated 
following guidance in the Risk Assessment Guidance for Superfund (USEPA 1989), Exposure 
Factors Handbook (USEPA 1997b), other USEPA guidance documents as appropriate, and 
professional judgment regarding probable site-specific exposure conditions.  Intakes were 
estimated using reasonable estimates of body size, inhalation rates, ingestion rates, dermal 
absorption rates, and frequency and duration of exposure. 

Intakes were estimated for both the CTE and RME conditions.  The CTE is the exposure that, 
applying USEPA guidance and professional judgment, represents the typical exposure for an 
individual with normal activity patterns.  The CTE scenarios are conservative (i.e., protective of 
most receptors) in that they assume that contact with contaminated media occurs routinely over 
the course of many years (when in fact such assumptions may never be realized).  The RME was 
estimated by selecting values for exposure variables so that the combination of all variables 
results in the reasonable maximum (high end) exposure that can be expected to occur at the site.  
In this risk assessment, the RME scenarios were developed using USEPA’s Standard Default 
Exposure Factors (SDEFs) (USEPA 1991a). 

The general equation for calculating the construction worker and the commercial/industrial 
worker intake in terms of mg/kg–day is: 

Intake Factor = (IR x EF x ED x CF)/(BW x AT) 

where: 

IR = Ingestion Rate 
EF = Exposure Frequency 
ED = Exposure Duration 
CF = Conversion Factor 
BW = Body Weight 
AT = Averaging Time 

The variable “averaging time” is expressed in days to calculate average daily intake.  For 
noncarcinogenic chemicals, intakes are calculated by averaging the total cumulative dose over 
the period of exposure to yield an average daily intake.  For carcinogens, intakes are calculated 

 Q:\1616\9421\Six Sites\FTP\Rev1\AppJ_FTP_Rev1.doc\14-May-04 /OMA    J-7 



APPENDIXJ Human Health Risk Assessment 

by averaging the total cumulative dose over a 70-year lifetime, yielding “lifetime average daily 
dose.”  Different averaging times are used for carcinogens and noncarcinogens because it is 
thought that their effects occur by different mechanisms.  The approach for carcinogens is based 
on the scientific opinion that a high dose received over a short period of time is equivalent to a 
corresponding low dose spread over a lifetime, and that any dose, no matter how small, has a 
probability of causing cancer.  Therefore, the intake of a carcinogen, for whatever duration, is 
averaged over a 70-year lifetime (USEPA 1989). 

Omitting chemical concentrations from the intake equation yields a pathway-specific “intake 
factor” (kg soil, L water, and cubic meters [m3] air per kg–day).  Because the exposure pattern 
resulting in exposure to various COPCs is the same, the pathway-specific intake of a chemical 
can be calculated by multiplying the concentration of each chemical by the intake factor (IF).  
IFs were calculated separately for each receptor and exposure pathway.  The intake assumptions 
used in the HHRA are presented in Tables J-3 through J-6 and are summarized in Table J-7.  
The assumptions used in deriving IFs are discussed below. 

J.5.1 General Assumptions 

Several exposure parameters, such as body weight and averaging times, have general application 
in all intake estimations, regardless of pathway. 

Exposure Frequency 
• The exposure frequency for the construction worker was assumed to be 45 days per year 

(nine work weeks, five days per week for one year) for the CTE case, which is the estimated 
duration for excavation activities for an average construction project (e.g., small foundation 
construction, pipeline installation/maintenance).  The RME duration for the construction 
worker was assumed to be 90 days per year (18 work weeks, five days per week for one 
year), which is the estimated duration of excavation activities for a larger construction 
project (foundation for a large building). 

• The exposure frequency for the commercial/industrial worker was assumed to be 250 days 
per year for the CTE and RME case (USEPA 1996b). 

Exposure Time 
• Construction workers were assumed to spend eight hours per day at the site for both the CTE 

and RME cases.  This is equivalent to a typical workday. 

Exposure Duration 
• The exposure duration for the construction worker was assumed to be one year for both the 

CTE and RME cases.  This assumes that a construction project will be completed within a 
one-year time span. 

• The exposure duration for the commercial/industrial worker to groundwater as drinking 
water was assumed to be 6.6 years (CTE) and 21.9 years (RME) (USEPA 1997b). 
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Averaging Time 
• The CTE and RME averaging time for noncarcinogenic effects was assumed to be 365 days 

for the construction worker. 

• The CTE and RME averaging times for noncarcinogenic effects were assumed to be 2,409 
days (365 days per year for 6.6 years) and 7,994 days (365 days per year for 21.9 years), 
respectively, for the commercial/industrial worker. 

• Averaging time for carcinogens was 25,550 days (365 days per year for 70 years). 

Body Weight 
• The recommended average adult body weight was 70 kg (USEPA 1989).  This value was 

used in both the CTE and RME cases for all receptors. 

J.5.2 Groundwater Inhalation Assumptions 

Uptake of COPCs via inhalation of VOCs from groundwater is a function of the volume of vapor 
inhaled per hour and the frequency and duration of exposure.  The following assumptions were 
used to estimate exposure to COPCs through inhalation of volatile compounds from 
groundwater: 

• The construction workers’ inhalation rate was assumed to be 1.3 cubic meters per hour 
(m3/hr) and 2.5 m3/hr for the CTE and RME cases, respectively (USEPA 1997b).   

J.5.3 Groundwater Ingestion Assumptions 

Uptake of COPCs via ingestion of groundwater is a function of the volume of water ingested per 
day and the frequency and duration of exposure.  The following assumptions were used to 
estimate exposure to COPCs through ingestion of groundwater: 

• The construction worker was assumed to incidentally ingest 5 milliliters per day (mL/day) 
and 10 mL/day of groundwater for the CTE and RME cases, respectively (USEPA 1988).  
Incidentally ingested groundwater was assumed to be on the hands of the construction 
workers, not from actual standing water. 

• The commercial/industrial worker was assumed to ingest 500 mL/day and 1,000 mL/day of 
groundwater for the CTE and RME cases, respectively.  The RME ingestion rate for the 
commercial/industrial worker was recommended by USEPA Region 7 (USEPA 1996b). 

Exposure frequency and exposure duration assumptions were discussed in Section J.5.1. 

J.5.4 Dermal Absorption from Groundwater 

Uptake of COPCs through dermal contact with groundwater is a function of exposed body 
surface area, the rate at which chemicals penetrate the skin, and exposure frequency and 
duration.  The following assumptions were used to estimate exposure to COPCs through dermal 
contact with groundwater: 
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• Construction workers were assumed to wear clothing appropriate for weather and activity.  
For the construction worker, the body surface area exposed per day was 3,160 square 
centimeters (cm2) for the CTE case and 5,230 cm2 for the RME case.  The CTE value is 
equivalent to the head, forearms, and hands; the RME value is equivalent to the head, 
forearms, lower legs, and hands (USEPA 2001b). 

• The PC is a chemical-specific parameter.  The PC for inorganic analytes (metals) was 
assumed to 1x10-3, which is the recommended default value (USEPA 1992a).  The PCs for 
organic compounds are chemical-specific and were obtained from USEPA (2001b) or the 
Risk Assessment Information System (RAIS) (2003).  This is a conservative approach for 
evaluating metals, because absorption through the skin does not occur readily.  For organic 
analytes that do not have a chemical-specific PC, a recommended default factor was used 
(USEPA 1992a). 

Exposure frequency and exposure duration assumptions were discussed in Section J.5.1. 

J.6 TOXICITY ASSESSMENT 

USEPA toxicity factors were used to assess potential health risks resulting from the estimated 
chemical intakes.  Toxicity factors are expressed either as a reference dose (RfD) or a slope 
factor (SF).  An RfD is the daily dose that is unlikely to result in noncancer toxic effects to 
humans over a lifetime of exposure.  SFs and the USEPA weight-of-evidence classification are 
used to estimate potential carcinogenic risks.  The SF is an estimate of the upper-bound 
probability of an individual developing cancer as a result of exposure to a potential carcinogen.  
The weight-of-evidence classification is an evaluation of the quality and quantity of carcinogenic 
potency data for a given chemical.  The RfDs and SFs are presented in Tables J-8 and J-9, 
respectively. 

J.6.1 RfDs for Noncarcinogenic Effects 

Substances that produce adverse noncarcinogenic effects are generally thought to have a 
threshold dose, below which the adverse effect is not likely to be observed over a lifetime 
(chronic) or a portion of lifetime (subchronic) exposure.  Chemical intakes that are expected to 
result in no adverse effects to humans are referred to as RfDs by USEPA.  USEPA defines a 
chronic RfD as an estimate of a daily exposure level for the human population that is unlikely to 
result in deleterious effects, even to sensitive subpopulations (e.g., the very young or very old), 
during a lifetime (70 years).  A chronic RfD is used to evaluate the potential noncarcinogenic 
hazards associated with long-term chemical exposures (from seven years to a lifetime).  Chronic 
RfDs were used to assess noncarcinogenic RME hazards for the commercial/industrial worker. 

Subchronic RfDs have been developed to characterize potential noncarcinogenic hazards 
associated with shorter-term chemical exposures.  USEPA defines subchronic exposure as 
periods ranging from two weeks to seven years (USEPA 1989).  Subchronic RfDs tend to be 
higher (generally by an order of magnitude) than chronic RfDs, because a higher dose can be 
tolerated for the shorter exposure duration.  Construction workers are expected to be on site for 
one year or less; therefore, subchronic RfDs (if available) were used to evaluate potential 
exposures.  Subchronic RfDs should be used to evaluate the CTE exposure scenario for the 
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construction worker (one year).  According to USEPA Region 4 (USEPA 1996a), the chronic 
RfD should be used if a subchronic RfD is not available. 

To develop the RfD, the threshold dose or “no observed adverse effect level” (NOAEL) is 
identified through experimentation on animals.  A NOAEL is an experimentally determined 
highest dose at which there was no statistically or biologically significant effect of concern, often 
called the “critical toxic effect.”  For certain substances, only a “lowest observed adverse effect 
level” (LOAEL) has been determined.  This is the lowest dose of a substance that produces 
either a statistically or biologically significant indication of the critical toxic effect.  The NOAEL 
or the LOAEL may be used to calculate the RfD of a particular chemical.  USEPA bases the RfD 
on the most sensitive animal species tested (i.e., the species that experiences adverse effects at 
the lowest doses).  In some cases, RfDs may be based on human epidemiologic data. 

RfDs are generally calculated by dividing the NOAEL (or LOAEL) by uncertainty factors that 
usually range from 10 to 1,000.  Uncertainty factors are intended to account for specific types of 
uncertainty inherent in extrapolation from one exposure route to another, extrapolation of data 
from laboratory animals to humans, variations in species sensitivity, variations in sensitivity 
among individuals within a species, limitations in exposure duration in animal experiments, and 
other limitations in the experimental data.  Experimental animal data have historically been 
relied upon by regulatory agencies and other expert groups to assess the hazards of human 
chemical exposures.  Although this reliance has been generally supported by empirical 
observations, there are known interspecies differences in chemical adsorption, metabolism, 
excretion, and toxic responses.  There are also uncertainties concerning the relevance of animal 
studies using exposure routes that differ from the human exposure routes under consideration.  
Additionally, extrapolating results of short-term or subchronic animal studies to long-term 
exposures in humans has inherent uncertainty. 

Despite the many limitations of experimental animal data, such information is essential for 
chemical toxicity assessment, especially in the absence of human epidemiological evidence.  The 
uncertainty factors used in the derivation of RfDs are intended to compensate for data 
limitations.  Synergistic effects may occur when the adverse effect of one chemical is greater in 
the presence of a second chemical than if the exposure were to one chemical alone.  Antagonistic 
effects may occur when two chemicals interfere with each other’s actions or when one chemical 
interferes with the action of the other chemical (USEPA 1986a). 

The method of deriving human RfDs from short-term studies in sensitive animals is conservative 
by design and introduces the potential to overestimate, but very likely not underestimate, 
noncarcinogenic effects.  The methodology for deriving RfDs is more fully described in 
USEPA’s current human health risk assessment guidance (USEPA 1989).  The RfD is expressed 
in units of milligrams of chemical per kilogram of body weight per day (mg/kg-day).   

USEPA recognizes that, even with the application of uncertainty factors, RfDs are provisional 
estimates with uncertainty perhaps spanning an order of magnitude or more (USEPA 1997b).  
USEPA rates the confidence level of verified RfDs as high, medium, or low. 
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J.6.2 Slope Factors for Carcinogenic Effects 

In estimating the potential risk posed by potential carcinogens, it is the practice of USEPA and 
other regulatory agencies to assume that any exposure level has a finite probability, however 
minute, of producing a carcinogenic response.  USEPA assumes that a small number of 
molecular events can evoke changes in a single cell that can lead to uncontrolled cellular 
proliferation.  This mechanism for carcinogenicity is referred to as “nonthreshold,” because there 
is theoretically no level of exposure for such a substance that does not pose a small probability of 
producing a carcinogenic response.  USEPA assigns the substance a weight-of-evidence 
classification that describes the likelihood, based on scientific evidence, that the substance is a 
human carcinogen.  Given sufficient data, an SF is then calculated, with a selected computer 
model specific for the assumed mechanism of action for carcinogenesis, that describes 
quantitatively the relationship between average lifetime dose and carcinogenic risk (USEPA 
1986b). 

The SFs are based primarily on the results of animal studies.  There is uncertainty whether 
animal carcinogens are also carcinogenic in humans.  While many chemical substances are 
carcinogenic in one or more animal species, only a small number of chemical substances are 
known to be human carcinogens.  USEPA assumes that humans are as sensitive to all animal 
carcinogens as the most sensitive animal species.  This policy decision introduces the potential to 
overestimate, but very likely not to underestimate, carcinogenic risk. 

A number of mathematical models and procedures have been developed to extrapolate from 
carcinogenic responses observed at high doses in experimental animals to responses expected at 
low doses in humans.  USEPA uses a linearized multistage model for low-dose extrapolation.  
This conservative mathematical model is based on the multistage theory of carcinogenesis, 
wherein the response is assumed to be linear at low doses.  USEPA further calculates the upper 
95th percent confidence limit of the slope of the resulting dose-response curve.  This value, the 
SF, expressed in units of (mg/kg-day)-1, is used to convert the average daily intake of a chemical, 
normalized over a lifetime, directly to an estimate of cancer risk.  The resulting risk estimate 
represents an estimation of an upper-bound lifetime probability that an individual will develop 
cancer as a result of exposure to a potential carcinogen.  This model provides a conservative 
estimate of cancer risk at low doses, and is likely to overestimate the actual cancer risk.  USEPA 
acknowledges that actual risk is likely to be less than the estimate calculated with the SF using 
the linearized multistage model (USEPA 1989), and in fact may be zero. 

J.6.3 Sources and Uses of Toxicity Information 

The result of toxicity assessments performed by USEPA was the development of 
chemical-specific toxicity factors (i.e., RfDs and SFs) for the oral, dermal, or inhalation exposure 
pathway.  According to USEPA Region 4 (USEPA 1996a), IRIS is the primary source of toxicity 
data to be used in a HHRA.  IRIS is a USEPA database containing health risk and regulatory 
information for numerous chemicals.  Only toxicity factors that have been verified by USEPA 
science work groups are included in IRIS.  If a toxicity value is available in IRIS, it was used in 
the HHRA.  Information in IRIS supersedes all other sources.  If a value is not available in IRIS, 
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the next source to be consulted was the latest update of NCEA and then finally HEAST.  HEAST 
typically contains interim and subchronic toxicity factors that do not appear in IRIS.   

Table J-8 summarizes the subchronic and chronic RfDs, sources, uncertainty factors, confidence 
level, critical effect, and experiment used to derive the RfDs for each noncarcinogenic COPC 
identified in the HHRA.  Table J-9 summarizes the SFs, sources, weight-of-evidence 
classification, critical effect, and experiment used to determine the SF for each carcinogenic 
COPC identified in the HHRA. 

J.7 RISK CHARACTERIZATION 

Risk characterization combines the outputs of the exposure and toxicity assessments to develop 
quantitative estimates of risks associated with exposures to COPCs released from the site.  The 
risk characterization should present the risk estimates in an unbiased manner and explain the 
uncertainties associated with the calculation of the risk estimates.  Both the CTE and RME risks 
were calculated for shallow groundwater.  A human health risk summary for all receptors and 
pathways is presented in Table J-10.  The human health risk summaries for each receptor are 
presented in Tables J-11 and J-12.  The calculation of human health risks for each receptor and 
pathway is presented in Tables J-14 through J-17. 

J.7.1 Hazard Index for Noncarcinogenic Effects 

The potential for noncarcinogenic effects is characterized by comparing estimated chemical 
intakes with chemical-specific RfDs.  Chemical intake is calculated by multiplying the RME 
chemical concentration and the intake factor.  The RfD is considered to be the average daily dose 
(in terms of mg chemical per kg body weight per day) that is not likely to result in adverse 
effects, even to sensitive individuals over a lifetime of exposure.  Chemical intake is the 
chemical concentration in the exposure medium multiplied by the pathway-specific intake factor.  
The ratio of the estimated intake to the RfD is called a hazard quotient (HQ), which is calculated 
as follows: 

day)-(mg/kg RfD
day)-(mg/kgIntake  Chemical

=  (HQ) Quotient Hazard Noncancer  

It should be noted that the level of concern does not increase linearly as the RfD is approached or 
exceeded.  This is because all RfDs have built-in safety or modifying factors and are generally 
specific to experimental conditions.  Furthermore, the HQ does not represent a statistical 
probability of an effect occurring.  The HQ provides a rough measure of potential toxicity, but it 
is conservative and dependent on the quality of the experimental evidence.  Because the HQ does 
not define dose-response relationships, its numerical value cannot be construed as a direct 
estimate of the magnitude of risk (USEPA 1986a). 

For each receptor (i.e., construction workers and commercial/industrial workers), HQs were 
summed for all COPCs and their relevant exposure pathways to yield a total hazard index (HI).  
A HI value equal to or less than 1 indicates that no adverse noncarcinogenic health effects are 
expected to occur, even to sensitive individuals over a lifetime of exposure to contaminants in 
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the shallow groundwater.  A HI value above 1 indicates a potential cause for concern and the 
need for further evaluation of assumptions about exposure and toxicity (e.g., effects of several 
different chemicals are not necessarily additive, although the HI approach assumes additivity). 

The assumption of additive effects reflected in the cumulative HI is most properly applied to 
substances that induce the same toxic effect by the same mechanism (USEPA 1986a).  
Consequently, application of the equation to a mixture of substances that are not expected to 
induce the same type of effects could overestimate the potential for adverse health effects.  When 
the HI exceeds 1, a qualitative assessment of the major contributors to the HI was made to 
determine whether different target organ systems were affected.  If different target organ systems 
were affected, the addition of the HQs may be causing an overestimation of adverse health 
effects.  Therefore, the major contributors to the HI were evaluated individually to assess 
whether a single target organ system has a HI greater than 1. 

J.7.2 Carcinogenic Risk 

Potential carcinogenic effects are characterized in terms of the excess probability of an 
individual developing cancer over a lifetime as a result of exposure to a potential carcinogen.  
Excess probability means the increased probability over and above the normal probability of 
getting cancer (i.e., background risk), which in the United States is 1 in 3 (American Cancer 
Society 1990). 

Excess lifetime cancer risk is calculated by multiplying the average daily chemical intake by the 
cancer SF, which is a risk-per-unit chemical intake: 

Risk = Chemical Intake(mg/kg–day) x SF(mg/kg–day)–1 

For each receptor category at each site, cancer risks were calculated separately for each 
carcinogen and each exposure pathway, and the resulting risks are summed to yield a total upper-
bound estimate of cancer risk due to multiple exposures.  This is a conservative approach that 
can result in an artificially elevated estimate of cancer risk, especially if several carcinogens are 
present.  This is because 95th percentile estimates may not be strictly additive (USEPA 1986a).  
RME cancer risks are likely to be overestimated significantly because they are calculated by 
multiplying 95th percentile estimates of cancer potency and RME of concentration and exposure.  
The approach also ignores potential antagonistic or synergistic effects. 

The following guidance should be considered in order to interpret the significance of the cancer 
risk estimates.  In the National Oil and Hazardous Substances Pollution Contingency Plan 
(USEPA 1990a), USEPA states that:  “For known or suspected carcinogens, acceptable exposure 
levels are generally concentration levels that represent an excess upper-bound lifetime cancer 
risk to an individual of between 1x10-4 and 1x10-6.”  These values are equivalent to a 1 in 10,000 
to 1 in 1,000,000 excess individual lifetime chance of developing cancer from the exposure.  
These risk levels are extremely low and would not be measurable or discernible (compared to the 
background cancer risk of 1 in 3) in individuals or even in a large population.  For example, a 
risk level of 1 in 10,000 (1x10-4) would increase an individual’s chance of getting cancer from 
the background risk of 1 in 3 to 1.0001 in 3.  The Guidance on Risk Characterization for Risk 
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Managers and Risk Assessors (USEPA 1992c) concurs with the 1x10-6 to 1x10-4 target risk 
range. 

J.8 UNCERTAINTIES AND LIMITATIONS 

Throughout the HHRA, conservative assumptions were used that probably overestimate actual 
risks at the site.  Although some uncertainties may exist that may underestimate risk, the overall 
conservative features of the HHRA process are likely to compensate for them and yield an 
upper-bound estimate of potential risk.  The important factors that tend to over- or underestimate 
risk are discussed below.  Site-specific uncertainties and limitations are discussed in relevant 
sections of the report. 

J.8.1 Factors that Tend to Overestimate Risk 
• For commercial/industrial workers, direct ingestion of groundwater as drinking water was 

assumed.  It is not likely that groundwater would be used for a drinking water source; 
however, USEPA Region 7 requested in the 1996 dispute resolution that the 
commercial/industrial workers’ exposure to contaminants in groundwater via ingestion be 
evaluated (USEPA 1996b).  These assumptions overstate current and probable future 
exposure conditions at the FTP by one or more orders of magnitude. 

• No source decay of organic compounds in groundwater was assumed to occur over a 30-year 
period.  This assumption is likely to result in overestimation of exposure point concentrations 
and risks due to ingestion and dermal contact of organic compounds, perhaps by several 
times. 

• USEPA RfDs are based on conservative estimates of the potential for adverse 
noncarcinogenic effects.  Most RfDs are developed by reducing the dose at which no adverse 
effects were observed in the most sensitive animal species by uncertainty factors ranging 
from 10 to 10,000.  This method provides a considerable level of conservatism in the RfDs 
used to estimate the potential for noncarcinogenic health effects and could result in an 
overestimate of potential hazards by one or more orders of magnitude. 

• USEPA SFs are highly conservative estimates of dose-response relationships and probably 
result in a significant overstatement of actual cancer risk.  Cancer SFs are calculated using 
the 95% UCL on a dose–response curve estimated by a linear mathematical model that 
extrapolates from short-term, high-dose animal exposures to long-term, low-dose human 
exposures.  USEPA guidance states that the cancer SFs are upper-bound estimates of 
potency, and actual potency is likely to be lower. 

• RME cancer risks are estimated by multiplying a series of upper 95th percentile estimates of 
carcinogenicity, concentration, and exposure factors.  This practice can result in a significant 
overestimate of potential risk. 

• The RME was estimated by selecting the maximum exposure for all variables.  The RME 
scenarios were developed using USEPA SDEFs (USEPA 1991a).  These factors probably 
significantly overestimate actual exposures at the site. 
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J.8.2 Factors that May Over- or Underestimate Risk 
• Rates of ingestion, medium matrix effects, gut absorption, dermal adherence, and dermal 

absorption were selected to bracket “best estimate” (CTE) and “reasonable maximum” 
(RME) rates.  The values may overestimate or underestimate actual rates.  However, values 
used in the RME scenario are selected to provide an upper-bound estimate of the maximum 
exposure (and risk) that could reasonably be expected to occur at this site. 

• The risk assessment does not consider how other individual risk factors (e.g., occupational 
exposure) may interact synergistically with the risks due to groundwater exposure, 
potentially underestimating the risk. 

• Bromodichloromethane was used as a surrogate for bromochloromethane.  In actuality, 
bromodichloromethane may have significantly different chemical and physical properties 
than bromochloromethane.  Therefore, site risks may be overestimated or underestimated 
using a surrogate compound. 

J.9 CALCULATION OF HUMAN HEALTH RISK-BASED PRELIMINARY 
REMEDIATION GOALS 

Human health risk-based PRGs were calculated for all receptors and potentially complete 
pathways at the site.  Calculated human health risk-based cleanup concentrations are presented in 
Table J-18. 

Calculation of PRGs 
There are two methods to calculate PRGs.  The first method consists of rearranging the chemical 
intake equations to solve for the concentration term.  The second method (shown below) is a 
simplified method based on site-specific exposure data and was used to calculate for COPCs of 
concern.  A ratio between the target HQ or cancer risk and the calculated HQ or cancer risk due 
to a specific chemical in a specific medium is calculated.  The proportion is: 

Risk Cancer orHQ  Target
RGP

  
Risk Cancer orHQ  Calculated

EPC i chemical

i chemical

i chemical =  

where: 

 EPC = exposure point concentration 

PRGs for a target cancer risk of 1x10-6 to 1x10-4 or a target HQ of 1.0 were calculated by 
rearranging the above equation as: 

i chemical
i chemicali chemical Risk Cancer orHQ  Calculated

Risk Cancer orHQ  Targetx  EPCRGP =  
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TABLE J-1
ESSENTIAL NUTRIENTS SCREENING

 FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Number Number Frequency of Maximum Daily Intake Recommended  Screening Above 
of of Detection Detected from the Site1 Daily Allowance2 Value the RDA

Detects Samples (Percentage) Concentration (mg/day) (mg/day) Source3 (YES/NO)
METALS in Groundwater (mg/L)

Calcium 8 8 100 92 92 1,200 RDA NO
Magnesium 8 8 100 35.5 35.5 400 RDA NO
Sodium 8 8 100 110 110 1,000 RDA NO

Notes:
COPC = Chemical of Potential Concern
L = Liter(s)
mg = Milligram(s)
RDA = Recommended Daily Allowance
1 If a chemical's daily intake based on the maximum concentration did not exceed the RDA, it was eliminated as a COPC.
2 Recommended Daily Allowance of Essential Nutrients.  National Research Council 1989.  RDAs have not been established for sodium.  These numbers are based on recommendations for a 2,000-calorie
  diet (a sodium restricted diet). Daily intake from site groundwater (mg/day) = maximum detected concentration (mg/L)*ingestion rate of 1000 mL/day*conversion factor of 1x10-3 L/mL.
3 National Academy of Sciences (NAS)
Bold indicates chemicals retained as COPCs

Chemical
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TABLE J-2
SHALLOW  GROUNDWATER PLUME EXPOSURE POINT CONCENTRATIONS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual
FTP-DP03-031 2100 150 JD 26 3 2800 150 JD 5 3 J
FTA -99-1 90 3 1 3 J 84 3 4 3
JAW-58 130 6 D 1.5 6 U 81 3 1.5 3 U
JAW-59 170 3 1 3 J 180 3 2 3 J
JAW-60 91 3 4 3 380 15 D 30 3
JAW-61 270 5 D 1 5 J 190 15 D 4 3
JAW-80 19 3 1.5 3 U 17 3 1.5 3 U
SA-99-1 68 3 1.5 3 U 28 3 J 130 3 J
FTP-MW1 1.5 3 U 1.5 3 U 2 3 J 1.5 3 U
FTP-MW2 17 3 1.5 3 U 13 3 1.5 3 U
FTP-MW5 8 3 1.5 3 U 6 3 1.5 3 U
FTP-MW7 1.5 3 U 1.5 3 U 1.5 3 U 1.5 3 U
Number 12 12 12 12
Minimum 8.0 1.0 2.0 2.0
Maximum 2100 26 2800 130
Average 247 4 315 15
Standard Deviation 589 7 791 37
RME 2100 26 2800 130
Notes:
µg/L = Micrograms Per Liter
D = Dilution
J = Estimated
NE = Not Evaluated
P = Percent difference greater that 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit (Laboratory)
RME = Reasonable Maximum Exposure
U = Nondetect

Sample Identification
1,1-Dichloroethene 1,2-Dichloroethane1,1,1-Trichloroethane 1,1,2-Trichloroethane
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TABLE J-2
SHALLOW  GROUNDWATER PLUME EXPOSURE POINT CONCENTRATIONS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

FTP-DP03-031
FTA -99-1
JAW-58
JAW-59
JAW-60
JAW-61
JAW-80
SA-99-1
FTP-MW1
FTP-MW2
FTP-MW5
FTP-MW7
Number 
Minimum
Maximum
Average
Standard Deviation
RME
Notes:
µg/L = Micrograms Per Liter
D = Dilution
J = Estimated
NE = Not Evaluated
P = Percent difference greater that 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit (Laboratory)
RME = Reasonable Maximum Exposure
U = Nondetect

Sample Identification Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual
5 10 U 1.5 3 U 1.5 3 U 1.5 3 U
5 10 U 1.5 3 U 1.5 3 U 1.5 3 U
5 10 U 1.5 3 U 1.5 3 U 1.5 3 U
5 10 U 1.5 3 U 1.5 3 U 1.5 3 U
5 10 U 11 3 1.5 3 U 1.5 3 U
5 10 U 1.5 3 U 1.5 3 U 1.5 3 U
5 10 U 1.5 3 U 1.5 3 U 1.5 3 U

980 500 JD 110 3 2 3 J 3700 150 D
5 10 U 1.5 3 U 1.5 3 U 1.5 3 U
5 10 U 1.5 3 U 1.5 3 U 1.5 3 U
5 10 U 1.5 3 U 1.5 3 U 1.5 3 U
5 10 U 1.5 3 U 1.5 3 U 1.5 3 U

12 12 12 12
980 11 2.0 3700
980 110 2.0 3700
86 11 1.5 310

281 31 0.14 1068
980 110 2.0 3700

ChloroethaneBromochloromethaneBenzeneAcetone
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TABLE J-2
SHALLOW  GROUNDWATER PLUME EXPOSURE POINT CONCENTRATIONS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

FTP-DP03-031
FTA -99-1
JAW-58
JAW-59
JAW-60
JAW-61
JAW-80
SA-99-1
FTP-MW1
FTP-MW2
FTP-MW5
FTP-MW7
Number 
Minimum
Maximum
Average
Standard Deviation
RME
Notes:
µg/L = Micrograms Per Liter
D = Dilution
J = Estimated
NE = Not Evaluated
P = Percent difference greater that 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit (Laboratory)
RME = Reasonable Maximum Exposure
U = Nondetect

Sample Identification Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual
1.5 3 U 1.5 3 U 5 10 U 1.5 3 U
9 3 1.5 3 U 5 10 U 1.5 3 U

1.5 3 U 1.5 3 U 5 10 U 1.5 3 U
4 3 1.5 3 U 5 10 U 1.5 3 U

110 3 1.5 3 U 5 10 U 1.5 3 U
21 3 1.5 3 U 5 10 U 1.5 3 U
1.5 3 U 1.5 3 U 5 10 U 1.5 3 U
400 150 D 120 3 1600 500 JD 510 150 JD
1.5 3 U 1.5 3 U 5 10 U 1.5 3 U
1 3 J 1.5 3 U 5 10 U 1.5 3 U

1.5 3 U 1.5 3 U 5 10 U 1.5 3 U
1.5 3 U 1.5 3 U 5 10 U 1.5 3 U
12 12 12 12
1.0 120 1600 510
400 120 1600 510
46 11 138 44

116 34 460 147
400 120 1600 510

cis-1,2-Dichloroethene Ethylbenzene Methyl Isobutyl Ketone Methylene Chloride
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TABLE J-2
SHALLOW  GROUNDWATER PLUME EXPOSURE POINT CONCENTRATIONS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

FTP-DP03-031
FTA -99-1
JAW-58
JAW-59
JAW-60
JAW-61
JAW-80
SA-99-1
FTP-MW1
FTP-MW2
FTP-MW5
FTP-MW7
Number 
Minimum
Maximum
Average
Standard Deviation
RME
Notes:
µg/L = Micrograms Per Liter
D = Dilution
J = Estimated
NE = Not Evaluated
P = Percent difference greater that 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit (Laboratory)
RME = Reasonable Maximum Exposure
U = Nondetect

Sample Identification Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual
37 3 1.5 3 U 4 3 J 1.5 3 U
1.5 3 U 1.5 3 U 8 3 1.5 3 U
2 3 J 1.5 3 U 1.5 3 U 1.5 3 U
5 3 1.5 3 U 2 3 J 1.5 3 U

1.5 3 U 1.5 3 U 74 3 1.5 3 U
76 3 1.5 3 U 120 3 1.5 3 U
1.5 3 U 1.5 3 U 2 3 J 1.5 3 U
1.5 3 U 5600 150 D 3 3 360 150 D
1.5 3 U 1.5 3 U 1.5 3 U 19 3
1.5 3 U 1.5 3 U 1 3 J 1.5 3 U
1.5 3 U 1.5 3 U 1.5 3 U 1.5 3 U
1.5 3 U 1.5 3 U 1.5 3 U 1.5 3 U
12 12 12 12
2.0 5600 1.0 19
76 5600 120 360
11 468 18 33
23 1616 38 103
76 5600 120 360

Vinyl ChlorideTetrachloroethene Toluene Trichloroethene
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TABLE J-2
SHALLOW  GROUNDWATER PLUME EXPOSURE POINT CONCENTRATIONS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

FTP-DP03-031
FTA -99-1
JAW-58
JAW-59
JAW-60
JAW-61
JAW-80
SA-99-1
FTP-MW1
FTP-MW2
FTP-MW5
FTP-MW7
Number 
Minimum
Maximum
Average
Standard Deviation
RME
Notes:
µg/L = Micrograms Per Liter
D = Dilution
J = Estimated
NE = Not Evaluated
P = Percent difference greater that 25%
Qual = Qualifier
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RL = Reporting Limit (Laboratory)
RME = Reasonable Maximum Exposure
U = Nondetect

Sample Identification Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual Result (µg/L) RL (µg/L) Qual
1.5 3 U NE NE NE NE NE NE NE NE NE
1.5 3 U 0.19 0.38 U 6.9 0.38 5 10 U
1.5 3 U 0.195 0.39 U 0.195 0.39 U 5 10 U
1.5 3 U 0.165 0.33 U 1.3 0.33 5 10 U
1.5 3 U 0.325 0.65 U 0.325 0.65 U 3.3 10 J
1.5 3 U 0.235 0.47 U 0.235 0.47 U 5 10 UJ
1.5 3 U 0.5 1 U 0.5 1 U 5 10 UJ
470 150 D 2.7 1.2 P 1.9 1.2 P 58 10
1.5 3 U 0.48 0.96 U 0.48 0.96 U 5 10 U
1.5 3 U 0.21 0.42 U 1.2 0.42 5 10 U
1.5 3 U 0.35 0.7 U 0.35 0.7 U 5 10 U
1.5 3 U 0.28 0.56 U 0.35 0.56 J 5 10 U
12 11 11 11

470 2.7 0.35 3.3
470 2.7 6.9 58
41 0.51 1.2 10

135 0.73 2.0 16
470 2.7 6.9 58

RDX Arsenicm, p-Xylene 2,6-Dinitrotoluene
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TABLE J-3
INTAKE ASSUMPTIONS FOR INHALATION OF VOCs FROM GROUNDWATER 

(CONSTRUCTION WORKER)
FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Intake Factor = IR x ET x EF x ED  
BW x AT   

Parameter
Central Tendency 
Exposure (CTE)

Reasonable Maximum 
Exposure (RME)

IR:  Inhalation rate (m3/hour)1 1.3 2.5
ET:  Exposure time (hours/day)2 8 8
EF:  Exposure frequency (days/year)3 45 90
ED:  Exposure duration (years)4 1 1
BW:  Body weight (kg)5 70 70
AT:  Average time (days)6

Noncarcinogenic 365 365
Carcinogenic 25,550 25,550

Intake factor (m3/kg-day)
Noncarcinogenic 1.8E-02 7.0E-02
Carcinogenic 2.6E-04 1.0E-03
Notes:
kg = Kilogram(s)
m3 = Cubic Meter(s)
USEPA = United States Environmental Protection Agency
1 IR:  The recommended inhalation values for outdoor activities (USEPA 1997b).  Short-term exposures: hourly rate 
   1.3 m3/hr for the CTE case and heavy activities 2.5 m3/hour for the RME case.
2 ET:  The CTE and RME values represent the standard workday.
3 EF:  Estimated duration of construction activities; 5 days/week for 9 weeks for the CTE case and 5 days/week for 
  18 weeks for the RME case.
4 ED:  Construction activities are assumed to be completed within one year.
5 BW:  The recommended average adult body weight (USEPA 1989).
6 AT:  ED x 365 days/year for the CTE and RME cases; 70 years x 365 days/year for carcinogens (USEPA 1989).
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TABLE J-4
INTAKE ASSUMPTIONS FOR INCIDENTAL INGESTION OF GROUNDWATER 

(CONSTRUCTION WORKER)
FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Intake Factor = IR x EF x ED x CF  
BW x AT   

Parameter
Central Tendency 
Exposure (CTE)

Reasonable Maximum 
Exposure (RME)

IR:  Ingestion rate (mL/day)1 5 10
EF:  Exposure frequency (days/year)2 45 90
ED:  Exposure duration (years)3 1 1
CF:  Conversion factor (L/mL) 1E-03 1E-03
BW:  Body weight (kg)4 70 70
AT:  Average time (days)5

Noncarcinogenic 365 365
Carcinogenic 25,550 25,550

Intake factor (L/kg-day)
Noncarcinogenic 8.8E-06 3.5E-05
Carcinogenic 1.3E-07 5.0E-07
Notes:
kg = Kilogram(s)
L = Liter(s)
mL = Milliliter(s)
USEPA = United States Environmental Protection Agency
1 IR:  Estimated rates of incidental water ingested. 10 mL/day is one-fifth the incidental water ingestion rate while 
   swimming (50 mL/swimming event, 1.0 hour/event, 1 event/day) reported in USEPA 1988.
2 EF:  Estimated duration of construction activities; 5 days/week for 9 weeks for the CTE case and 5 days/week for 
   18 weeks for the RME case.
3 ED:  Construction activities are assumed to be completed within one year.
4 BW:  The recommended average adult body weight (USEPA 1989).
5 AT:  ED x 365 days/year for the CTE and RME cases; 70 years x 365 days/year for carcinogens (USEPA 1989).
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TABLE J-5
INTAKE ASSUMPTIONS FOR DERMAL CONTACT WITH GROUNDWATER

(CONSTRUCTION WORKER) 
FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Intake Factor = SA x PCx ETx EF x ED x CF  
BW x AT   

Parameter
Central Tendency           
Exposure (CTE)

Reasonable Maximum 
Exposure (RME)

SA:  Surface area (cm2)1 3,160 5,230
PC:  Permeability coefficient (cm/hour)2 Chemical specific Chemical specific
ET:  Exposure tme (hours/day)3 8 8
EF:  Exposure frequency (days/year)4 45 90
ED:  Exposure duration (years)5 1 1
CF:  Conversion factor (L/cm3) 1E-03 1E-03
BW:  Body weight (kg)6 70 70
AT:  Average time (days)7

Noncarcinogenic 365 365
Carcinogenic 25,550 25,550

Intake Factor (L/kg-day)
Noncarcinogenic 4.5E-02 1.5E-01
Carcinogenic 6.4E-04 2.1E-03
Notes:
cm = Centimeter(s)
kg = Kilogram(s)
L = Liter(s)
USEPA = United States Environmental Protection Agency
1 SA:  The worker is assumed to wear civilian clothing appropriate for weather and type of outdoor work. The CTE 
  surface area (3,160 cm2) is equivalent to head, forearms and hands (assumes the worker is wearing a short-sleeve shirt, 
   jeans, and boots); RME surface area (5,230 cm2) is equivalent to head, forearms, hands, and lower legs (assumes the
    worker is wearing a short-sleeve shirt, jeans, and boots) (USEPA 1997b).
2 PC:  Chemical-specific permeability coefficients are used to adjust chemical concentrations for use in calculating risks
   for the dermal contact route (USEPA 1992a, 2001b, and RAIS 2003). The intake factors shown here are calculated
  using PC = 1.0.
3 ET:  The CTE and RME values represent the standard workday.
4 EF:  Estimated duration of construction activities; 5 days/week for 9 weeks for the CTE case and 5 days/week for 
   18 weeks for the RME case.
5 ED:  Construction activities are assumed to be completed within one year.
6 BW:  The recommended average adult body weight (USEPA 1989).
7 AT:  ED x 365 days/year for the CTE and RME cases; 70 years x 365 days/year for carcinogens (USEPA 1989).
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TABLE J-6
INTAKE ASSUMPTIONS FOR INGESTION OF GROUNDWATER

(COMMERCIAL/INDUSTRIAL WORKER)
FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Intake Factor = IR x EF x ED x CF  
BW x AT   

Parameter
Central Tendency 
Exposure (CTE)

Reasonable Maximum 
Exposure (RME)

IR:  Ingestion rate (mL/day)1 500 1,000
EF:  Exposure frequency (days/year)2 250 250
ED:  Exposure duration (years)3 6.6 21.9
CF:  Conversion factor (L/mL) 1E-03 1E-03
BW:  Body weight (kg)4 70 70
AT:  Average time (days)5

Noncarcinogenic 2,409 7,994
Carcinogenic 25,550 25,550

Intake factor (L/kg-day)
Noncarcinogenic 4.9E-03 9.8E-03
Carcinogenic 4.6E-04 3.1E-03
Notes:
cm = Centimeter(s)
kg = Kilogram(s)
L = Liter(s)
mL = Milliliter(s)
USEPA = United States Environmental Protection Agency
1 IR:  Commercial/industrial worker estimated daily water consumption rate is 500 mL for the CTE case and 1,000 mL
   for the RME case (USEPA Resolution of Dispute Letter, March 6, 1996).
2 EF:  Estimated frequency of exposure is 250 days/year for both the CTE and RME cases (USEPA Resolution of 
   Dispute Letter, March 6, 1996b).
3 ED:  Estimated duration of exposure is 6.6 years for the CTE case and 21.9 years for the RME case (USEPA 1997b).
4 BW:  The recommended average adult body weight (USEPA 1997b).
5 AT:  ED x 365 days/year for noncarcinogens; 70 years x 365 days/year for carcinogens (USEPA 1989).
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TABLE J-7
SUMMARY OF INTAKE FACTORS FOR ALL RECEPTORS 

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS
Central Tendency Exposure Reasonable Maximum Exposure

Noncarcinogenic Cancer Risk Noncarcinogenic Cancer Risk

Construction Worker
  Inhalation of Groundwater 1.8E-02 2.6E-04 7.0E-02 1.0E-03
  Incidental Ingestion of Groundwater 8.8E-06 1.3E-07 3.5E-05 5.0E-07
  Dermal Contact with Groundwater 4.5E-02 6.4E-04 1.5E-01 2.1E-03

Commercial/Industrial Worker
  Ingestion of Groundwater 4.9E-03 4.6E-04 9.8E-03 3.1E-03

Notes:
Exposure assumptions and intake factors are shown in Tables J-3 through J-6.  Intake factors are multiplied by exposure point concentrations
 of chemicals of potential concern to estimate daily chemical intake.

Receptor/Pathway
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TABLE J-8
REFERENCE DOSES FOR NONCARCINOGENIC CHEMICALS OF POTENTIAL CONCERN

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Inhalation Source Oral Source Inhalation Oral
1,1,1-Trichloroethane
     Subchronic 6.3E-01 2 2.8E-01 2 N/A N/A
     Chronic 6.3E-01 3 2.8E-01 3 N/A N/A
1,1,2-Trichloroethane
     Subchronic N/A N/A 4.0E-02 4 N/A 100
     Chronic N/A N/A 4.0E-03 1 N/A 1000
1,1-Dichloroethene
     Subchronic 5.7E-02 2 9.0E-03 4 N/A 1000
     Chronic 5.7E-02 1 5.0E-02 1 N/A 100
1,2-Dichloroethane
     Subchronic 1.4E-03 2 3.0E-02 2 N/A N/A
     Chronic 1.4E-03 3 3.0E-02 3 N/A N/A
cis-1,2-Dichloroethene
     Subchronic N/A N/A 1.0E-01 4 N/A 300
     Chronic N/A N/A 1.0E-02 4 N/A 3000
Acetone
     Subchronic N/A N/A 1.0E+00 4 N/A 100
     Chronic N/A N/A 9.0E-01 1 N/A 1000
Benzene
     Subchronic 8.6E-03 2 4.0E-03 2 N/A N/A
     Chronic 8.6E-03 1 4.0E-03 1 300 300
Bromochloromethane1

     Subchronic N/A N/A 2.0E-02 4 N/A 1000
     Chronic N/A N/A 2.0E-02 1 N/A 1000
Chloroethane
     Subchronic 2.9E+00 2 4.0E-01 2 N/A N/A
     Chronic 2.9E+00 1 4.0E-01 3 300 N/A
Ethylbenzene
     Subchronic 2.9E-01 2 1.0E-01 2 N/A N/A
     Chronic 2.9E-01 1 1.0E-01 1 300 1000
Methyl Isobutyl Ketone
     Subchronic 8.6E-01 2 8.0E-01 4 N/A 300
     Chronic 8.6E-01 1 8.0E-02 4 300 3000

Low Lethargy, increased organ weight Rats/13 weeks, gavage/whole body, liver, kidney

Medium Delayed fetal ossification Mouse/developmental inhalation study

Low Liver/kidney toxicity Rats/subchronic to chronic/liver, kidney

Medium Decreased lymphocyte count Human/occupational inhalation/blood

Medium Renal cytomegaly Mouse/chronic drinking water study, 
gavage/kidney

Rats/90 days, gavage/blood

Medium Nephropathy Rats/subchronic or drinking water study/kidney

Decreased hematocrit and 
hemoglobinN/A

Medium Liver toxicity Rat/chronic or drinking water study/liver

N/A Hepatotoxicity, renal toxicity, CNS 
effects, gastric effects

Human and animal studies, both oral and 
inhalation/multiple systems.

Critical Effect Species/Experiment Length/Target Organ

Medium Clinical serum chemistry Mouse/subchronic/Serum

N/A N/A N/A

Chemical 
Noncarcinogenic RfD (mg/kg-day) Uncertainty Factor Confidence 

Level
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TABLE J-8
REFERENCE DOSES FOR NONCARCINOGENIC CHEMICALS OF POTENTIAL CONCERN

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Inhalation Source Oral Source Inhalation Oral
Critical Effect Species/Experiment Length/Target OrganChemical 

Noncarcinogenic RfD (mg/kg-day) Uncertainty Factor Confidence 
Level

Methylene Chloride
     Subchronic 8.6E-01 2 6.0E-02 4 N/A 100
     Chronic 8.6E-01 4 6.0E-02 1 N/A 100
Tetrachloroethene
     Subchronic 1.7E-01 2 1.0E-01 4 N/A 100
     Chronic 1.7E-01 3 1.0E-02 1 N/A 1000
Toluene
     Subchronic 1.1E-01 2 2.0E+00 4 N/A 100
     Chronic 1.1E-01 1 2.0E-01 1 300 1000
Trichloroethene
     Subchronic 1.0E-02 2 3.0E-04 2 N/A N/A
     Chronic 1.0E-02 3 3.0E-04 3 N/A N/A
Vinyl Chloride
     Subchronic 2.9E-02 2 3.0E-03 2 N/A N/A
     Chronic 2.9E-02 1 3.0E-03 1 30 30
m,p-Xylene
     Subchronic 2.9E-02 2 2.0E-01 2 N/A N/A
     Chronic 2.9E-02 1 2.0E-01 1 300 1000
RDX
     Subchronic N/A N/A 3.0E-03 4 N/A 100
     Chronic N/A N/A 3.0E-03 1 N/A 100
2,6-Dinitrotoluene
     Subchronic N/A N/A 1.0E-02 4 N/A 300
     Chronic N/A N/A 1.0E-03 4 N/A 3000
Arsenic
     Subchronic N/A N/A 3.0E-04 4 N/A 3
     Chronic N/A N/A 3.0E-04 1 N/A 3
Notes:

1 = Verifiable in IRIS mg = Milligram(s) EPA Class A = Human carcinogen 1 Bromodichloromethane was used as a surrogate for this
2 = Chronic RfD adopted as subchronic RfD. N/A = Not Applicable/Not Available EPA Class B = Probable human carcinogen   compound.
3 = National Center for Environmental Assessment RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine EPA Class B2 = Sufficient evidence of carcinogenicity in animals with inadequate data or 
4 = Health Effects Assessment Summary Tables (1997d) RfD = Reference Dose    lack of evidence in humans.
CNS = Central Nervous System EPA Class C = Possible human carcinogen
kg = Kilogram(s) EPA Class D = Not classsified as to human carcinogenicity

Rat and mice studies

N/A CNS, methemoglobinemia, 
histopathology Dog/13 weeks/CNS, blood, kidney

High CNS, renal failure Rats/oral gavage, 90 days

N/A Liver/kidney damage, CNS and 
hepatic effects

Human/chronic oral exposure/skinHyperpigmentation, keratosis, 
vascular complicationsMedium

Rats/chronic feeding study/liver

Medium Rats/oral exposure/whole body;                             
Rats/subchronic inhalation/CNS

Decreased body weight
Impaired motor coordination

Medium Liver cell polymorphism

Medium Hepatotoxicity Mouse/6 weeks, gavage/liver

Medium Changes in liver/kidney weight Rats/13-week study, gavage/liver, kidney

Gastrointestinal, hematologic, 
hepatic, renal, endocrine, and 
metabolic effects.Medium

Mouse/studies, oral/multiple systems
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TABLE J-9
SLOPE FACTORS FOR CARCINOGENIC CHEMICALS OF POTENTIAL CONCERN

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Inhalation Source Oral Source
1,1,2-Trichloroethane 5.6E-02 1 5.7E-02 1 C Hepatocellular carcinoma Mice/oral gavage/liver
1,2-Dichloroethane 9.1E-02 1 9.1E-02 1 B2 Hemangiosarcomas Rat/oral gavage/liver
Benzene 2.9E-02 1 5.5E-02 1 A Leukemia Human/occupational inhalation/blood

Bromochloromethane1 NA N/A 6.2E-02 1 D Tubular cell adenomas, 
adenocarcinomas Mice/oral gavage/kidney

Chloroethane NA N/A 2.9E-03 2 C Brain, skin, and uterine tumors Rats/subchronic, inhalation

Ethylbenzene 3.9E-03 2 N/A N/A C Renal tubule adenomas, testicular 
adenomas Rat and mice studies

Methylene Chloride 1.6E-03 1 7.5E-03 1 C Liver cancer Mice and rats/both oral and inhalation 
studies/liver

Tetrachloroethene 1.0E-02 2 5.2E-02 2 C Bladder cancer, kidney cancer, 
cervical cancer, leukemia Human studies/chronic, both oral and inhalation

Trichloroethene 4.0E-01 2 4.0E-01 2 B Liver, kidney, and cervical cancer Rat and mice studies
Vinyl Chloride 1.6E-02 1 7.2E-01 1 A Liver cancer Rats/oral, diet and inhalation/liver
RDX 1.1E-01 1 1.1E-01 1 C Hepatocellular carcinoma Liver, CNS

Arsenic N/A 1 1.5E+00 1 A Skin cancer, Lung cancer Human/oral, drinking water/skin                               
Human/inhalation, occupational/lungs

Notes:
1 = Verifiable in IRIS EPA Class A = Human carcinogen
2 = National Center for Environmental Assessment EPA Class B = Probable human carcinogen
CNS = Central Nervous System EPA Class B2 = Sufficient evidence of carcinogenicity in animals with inadequate data or lack of evidence in humans.
mg/kg-d = Milligram(s) Per Kilogram Per Day EPA Class C = Possible human carcinogen
N/A = Not Applicable EPA Class D = Not classsified as to human carcinogenicity
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
1 Bromodichloromethane was used as a surrogate for this compound.

Species/Experiment Length/Target Organ
Chemical 

Slope Factor (mg/kg-day)-1

EPA Class Critical Effect
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TABLE J-10
SUMMARY OF HEALTH RISKS FOR ALL RECEPTORS AND PATHWAYS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS
Central Tendency Exposure Reasonable Maximum Exposure

HI Cancer Risk HI Cancer Risk

Construction Worker 0.3 1.6E-06 1.2 5.7E-06
Commercial/Industrial Worker 3.5 1.8E-04 7.1 1.2E-03

Notes:
HI = Hazard Index
Hazard quotients and cancer risks are from Tables J-14 through J-17.

Shallow Groundwater

Medium/Receptor
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TABLE J-11
SUMMARY OF HEALTH RISKS FOR THE CONSTRUCTION WORKER

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS
Central Tendency Exposure Reasonable Maximum Exposure

HI Cancer Risk HI Cancer Risk

Construction Worker
Inhalation of Groundwater 0.08 3.8E-07 0.31 1.5E-06
Incidental Ingestion of Groundwater 0.01 4.9E-08 0.03 1.9E-07
Dermal Contact with Groundwater 0.3 1.2E-06 0.9 4.0E-06

0.35 1.6E-06 1.2 5.7E-06
Notes:
HI = Hazard Index
Hazard quotients and cancer risks are from Tables J-14 through J-16.

Receptor/Pathway
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TABLE J-12
SUMMARY OF HEALTH RISK FOR THE COMMERCIAL/INDUSTRIAL WORKER
FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Central Tendency Exposure Reasonable Maximum Exposure
HI Cancer Risk HI Cancer Risk

Commercial/Industrial Worker
Ingestion of Groundwater 3.5 1.8E-04 7.1 1.2E-03

3.5 1.8E-04 7.1 1.2E-03
Notes:
HI = Hazard Index
Hazard quotients and cancer risks are from Table J-17.

Receptor/Pathway
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TABLE J-13
AIR CONCENTRATIONS OF VOLATILE CHEMICALS OF POTENTIAL CONCERN  FROM GROUNDWATER

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS
Equation 1: VFvoc = kLG/(kNH)

where: VFvoc = volatilization factor of volatile organic compound (unitless)
kLG = Aqueous mass transfer coefficient from the liquid phase to gas phase for VOC of interest (m/sec)
k = Mixing factor to account for incomplete air exchange in trench (unitless)
N = Number of air exchanges per unit time in the trench (sec-1)
H =Height of the trench (m)

assuming: kLG = 3 x 10-6 m/sec (conservative estimate of mass transfer coefficient for VOCs from groundwater to air, USEPA, 1999)

Equation 2: N = u/L
where: u = wind speed (m/sec)

L = length of trench (m)
Equation 3: Cair = CH2O * VFvoc * CF

where: Cair = Concentration of the chemical in the vapor phase (mg/m3)
CH2O = Concentration of the chemical in the water phase (mg/L)
CF = Conversion Factor (L/m3)

Chemical CH2O (mg/L) KLG (m/sec) k (unitless) H (m) L (m) u (m/sec) N (sec-1) VFvoc (unitless) CF (L/m3) Cair (mg/m3)
1,1,1-Trichloroethane 2.1E+00 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 3.8E-02
1,1,2-Trichloroethane 2.6E-02 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 4.7E-04
1,1-Dichloroethene 2.8E+00 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 5.0E-02
1,2-Dichloroethane 1.3E-01 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 2.3E-03
Acetone 9.8E-01 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 1.8E-02
Benzene 1.1E-01 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 2.0E-03
Bromochloromethane 2.0E-03 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 3.6E-05
Chloroethane 3.7E+00 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 6.7E-02
cis-1,2-Dichloroethene 4.0E-01 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 7.2E-03
Ethylbenzene 1.2E-01 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 2.2E-03
Methyl Isobutyl Ketone 1.6E+00 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 2.9E-02
Methylene chloride 5.1E-01 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 9.2E-03
Tetrachloroethene 7.6E-02 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 1.4E-03
Toluene 5.6E+00 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 1.0E-01
Trichloroethene 1.2E-01 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 2.2E-03
Vinyl Chloride 3.6E-01 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 6.5E-03
m,p-Xylene 4.7E-01 3.0E-06 5.0E-01 5.0E+00 1.5E+01 1.0E+00 6.7E-02 1.8E-05 1.0E+03 8.5E-03
Notes:
L = Liter(s) mg = Milligram(s)
m = Meter(s) sec = Second
m3 = Cubic Meter(s)
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TABLE J-14
CONSTRUCTION WORKER HEALTH RISK (INHALATION OF VOCs FROM GROUNDWATER)

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS
Air  Noncarcinogenic IF Carcinogenic IF Subchronic Subchronic Hazard Quotient1 Cancer Risk2

RME CTE RME CTE RME RfD Slope Factor CTE RME CTE RME
(mg/m3) (m3/kg-day) (m3/kg-day) (m3/kg-day) (m3/kg-day) (mg/kg-day) (mg/kg-day)-1

Volatile Organic Compounds
1,1,1-Trichloroethane 3.8E-02 1.8E-02 7.0E-02 2.6E-04 1.0E-03 6.3E-01 NTF 1.1E-03 4.2E-03 NTF NTF
1,1,2-Trichloroethane 4.7E-04 1.8E-02 7.0E-02 2.6E-04 1.0E-03 NTF 5.6E-02 NTF NTF 6.9E-09 2.6E-08
1,1-Dichloroethene 5.0E-02 1.8E-02 7.0E-02 2.6E-04 1.0E-03 5.7E-02 NTF 1.6E-02 6.2E-02 NTF NTF
1,2-Dichloroethane 2.3E-03 1.8E-02 7.0E-02 2.6E-04 1.0E-03 1.4E-03 9.1E-02 3.1E-02 1.2E-01 5.6E-08 2.1E-07
Acetone 1.8E-02 1.8E-02 7.0E-02 2.6E-04 1.0E-03 NTF NTF NTF NTF NTF NTF
Benzene 2.0E-03 1.8E-02 7.0E-02 2.6E-04 1.0E-03 8.6E-03 2.9E-02 4.2E-03 1.6E-02 1.5E-08 5.8E-08
Bromochloromethane 3.6E-05 1.8E-02 7.0E-02 2.6E-04 1.0E-03 NTF NTF NTF NTF NTF NTF
Chloroethane 6.7E-02 1.8E-02 7.0E-02 2.6E-04 1.0E-03 2.9E+00 NTF 4.3E-04 1.6E-03 NTF NTF
cis-1,2-Dichloroethene 7.2E-03 1.8E-02 7.0E-02 2.6E-04 1.0E-03 NTF NTF NTF NTF NTF NTF
Ethylbenzene 2.2E-03 1.8E-02 7.0E-02 2.6E-04 1.0E-03 2.9E-01 3.9E-03 1.4E-04 5.2E-04 2.2E-09 8.4E-09
Methyl Isobutyl Ketone 2.9E-02 1.8E-02 7.0E-02 2.6E-04 1.0E-03 8.6E-01 NTF 6.1E-04 2.4E-03 NTF NTF
Methylene chloride 9.2E-03 1.8E-02 7.0E-02 2.6E-04 1.0E-03 8.6E-01 1.6E-03 2.0E-04 7.5E-04 3.8E-09 1.5E-08
Tetrachloroethene 1.4E-03 1.8E-02 7.0E-02 2.6E-04 1.0E-03 1.7E-01 1.0E-02 1.5E-04 5.7E-04 3.6E-09 1.4E-08
Toluene 1.0E-01 1.8E-02 7.0E-02 2.6E-04 1.0E-03 1.1E-01 1.0E-02 1.7E-02 6.5E-02 2.6E-07 1.0E-06
Trichloroethene 2.2E-03 1.8E-02 7.0E-02 2.6E-04 1.0E-03 NTF 6.0E-03 NTF NTF 3.4E-09 1.3E-08
Vinyl Chloride 6.5E-03 1.8E-02 7.0E-02 2.6E-04 1.0E-03 2.9E-02 1.6E-02 4.2E-03 1.6E-02 2.7E-08 1.0E-07
m,p-Xylene 8.5E-03 1.8E-02 7.0E-02 2.6E-04 1.0E-03 2.9E-02 NTF 5.3E-03 2.1E-02 NTF NTF

Totals 0.08 0.31 3.8E-07 1.5E-06
Notes:
CTE = Central Tendency Exposure
IF = Intake Factor
kg = Kilogram(s)
m3 = Cubic Meter(s)
mg = Milligram(s)
NTF = No established USEPA toxicity factor
RME = Reasonable Maximum Exposure
RfD = Reference Dose 
1 Air RME x Noncarcinogenic IF/RfD
2 Air RME x Carcinogenic IF x Slope Factor
Air concentration from Table J-13.
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TABLE J-15
CONSTRUCTION WORKER HEALTH RISK (INCIDENTAL INGESTION OF GROUNDWATER)

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS
Groundwater 
Concentration  Noncarcinogenic IF  Carcinogenic IF Subchronic Subchronic Hazard Quotient1  Cancer Risk2

RME CTE RME CTE RME RfD Slope Factor CTE RME CTE RME
(mg/L) (L/kg-day) (L/kg-day) (L/kg-day) (L/kg-day) (mg/kg-day) (mg/kg-day)-1

Volatile Oganic Compounds
1,1,1-Trichloroethane 2.1E+00 8.8E-06 3.5E-05 1.3E-07 5.0E-07 2.8E-01 NTF 6.6E-05 2.6E-04 NTF NTF
1,1,2-Trichloroethane 2.6E-02 8.8E-06 3.5E-05 1.3E-07 5.0E-07 4.0E-02 5.7E-02 5.7E-06 2.3E-05 1.9E-10 7.5E-10
1,1-Dichloroethene 2.8E+00 8.8E-06 3.5E-05 1.3E-07 5.0E-07 9.0E-03 NTF 2.7E-03 1.1E-02 NTF NTF
1,2-Dichloroethane 1.3E-01 8.8E-06 3.5E-05 1.3E-07 5.0E-07 3.0E-02 9.1E-02 3.8E-05 1.5E-04 1.5E-09 6.0E-09
Acetone 9.8E-01 8.8E-06 3.5E-05 1.3E-07 5.0E-07 1.0E+00 NTF 8.6E-06 3.5E-05 NTF NTF
Benzene 1.1E-01 8.8E-06 3.5E-05 1.3E-07 5.0E-07 4.0E-03 5.5E-02 2.4E-04 9.7E-04 7.6E-10 3.0E-09
Bromochloromethane 2.0E-03 8.8E-06 3.5E-05 1.3E-07 5.0E-07 2.0E-02 6.2E-02 8.8E-07 3.5E-06 1.6E-11 6.2E-11
Chloroethane 3.7E+00 8.8E-06 3.5E-05 1.3E-07 5.0E-07 4.0E-01 2.9E-03 8.1E-05 3.3E-04 1.3E-09 5.4E-09
cis-1,2-Dichloroethene 4.0E-01 8.8E-06 3.5E-05 1.3E-07 5.0E-07 1.0E-01 NTF 3.5E-05 1.4E-04 NTF NTF
Ethylbenzene 1.2E-01 8.8E-06 3.5E-05 1.3E-07 5.0E-07 1.0E-01 NTF 1.1E-05 4.2E-05 NTF NTF
Methyl Isobutyl Ketone 1.6E+00 8.8E-06 3.5E-05 1.3E-07 5.0E-07 8.0E-01 NTF 1.8E-05 7.0E-05 NTF NTF
Methylene Chloride 5.1E-01 8.8E-06 3.5E-05 1.3E-07 5.0E-07 6.0E-02 7.5E-03 7.5E-05 3.0E-04 4.8E-10 1.9E-09
Tetrachloroethene 7.6E-02 8.8E-06 3.5E-05 1.3E-07 5.0E-07 1.0E-01 5.2E-02 6.7E-06 2.7E-05 5.0E-10 2.0E-09
Toluene 5.6E+00 8.8E-06 3.5E-05 1.3E-07 5.0E-07 2.0E+00 NTF 2.5E-05 9.9E-05 NTF NTF
Trichloroethene 1.2E-01 8.8E-06 3.5E-05 1.3E-07 5.0E-07 6.0E-03 1.1E-02 1.8E-04 7.0E-04 1.7E-10 6.6E-10
Vinyl Chloride 3.6E-01 8.8E-06 3.5E-05 1.3E-07 5.0E-07 3.0E-03 7.2E-01 1.1E-03 4.2E-03 3.3E-08 1.3E-07
m,p-Xylene 4.7E-01 8.8E-06 3.5E-05 1.3E-07 5.0E-07 2.0E-01 NTF 2.1E-05 8.3E-05 NTF NTF

Explosives
2,6-DNT 2.7E-03 8.8E-06 3.5E-05 1.3E-07 5.0E-07 1.0E-02 NTF 2.4E-06 9.5E-06 NTF NTF
RDX 6.9E-03 8.8E-06 3.5E-05 1.3E-07 5.0E-07 3.0E-03 1.1E-01 2.0E-05 8.1E-05 9.5E-11 3.8E-10

Metals
Arsenic 5.8E-02 8.8E-06 3.5E-05 1.3E-07 5.0E-07 3.0E-04 1.5E+00 1.7E-03 6.8E-03 1.1E-08 4.4E-08

Totals 0.01 0.03 4.9E-08 1.9E-07
Notes:
CTE = Central Tendency Exposure RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
2,6-DNT = 2,6-Dinitrotoluene RfD = Reference Dose 
IF = Intake Factor RME = Reasonable Maximum Exposure
kg = Kilogram(s)
L = Liter(s) 1 Groundwater Concentration x Noncarcinogenic IF/RfD
mg = Milligram(s) 2 Groundwater Concentration x Carcinogenic IF x Slope Factor
NTF = No established USEPA toxicity factor
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TABLE J-16
CONSTRUCTION WORKER HEALTH RISK (DERMAL CONTACT WITH GROUNDWATER)

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS
Groundwater 
Concentration Dermal

Dermal 
Adjusted Noncarcinogenic IF Carcinogenic IF Subchronic Subchronic Hazard Quotient1 Cancer Risk2

RME PC RME CTE RME CTE RME RfD Slope Factor CTE RME CTE RME
(mg/L) (cm/hour) (mg/L) (L/kg-day) (L/kg-day) (L/kg-day) (L/kg-day) (mg/kg-day) (mg/kg-day)-1

Volatile Oganic Compounds
1,1,1-Trichloroethane 2.1E+00 1.7E-02 3.6E-02 4.5E-02 1.5E-01 6.4E-04 2.1E-03 2.8E-01 NTF 5.7E-03 1.9E-02 NTF NTF
1,1,2-Trichloroethane 2.6E-02 6.4E-03 1.7E-04 4.5E-02 1.5E-01 6.4E-04 2.1E-03 4.0E-02 5.7E-02 1.9E-04 6.1E-04 6.0E-09 2.0E-08
1,1-Dichloroethene 2.8E+00 1.2E-02 3.4E-02 4.5E-02 1.5E-01 6.4E-04 2.1E-03 9.0E-03 NTF 1.7E-01 5.5E-01 NTF NTF
1,2-Dichloroethane 1.3E-01 4.2E-03 5.5E-04 4.5E-02 1.5E-01 6.4E-04 2.1E-03 3.0E-02 9.1E-02 8.1E-04 2.7E-03 3.2E-08 1.0E-07
Acetone 9.8E-01 5.7E-04 5.6E-04 4.5E-02 1.5E-01 6.4E-04 2.1E-03 1.0E+00 NTF 2.5E-05 8.2E-05 NTF NTF
Benzene 1.1E-01 1.5E-02 1.7E-03 4.5E-02 1.5E-01 6.4E-04 2.1E-03 4.0E-03 5.5E-02 1.8E-02 6.1E-02 5.8E-08 1.9E-07
Bromochloromethane 2.0E-03 4.6E-03 9.2E-06 4.5E-02 1.5E-01 6.4E-04 2.1E-03 2.0E-02 6.2E-02 2.0E-05 6.8E-05 3.6E-10 1.2E-09
Chloroethane 3.7E+00 6.1E-03 2.3E-02 4.5E-02 1.5E-01 6.4E-04 2.1E-03 4.0E-01 2.9E-03 2.5E-03 8.3E-03 4.2E-08 1.4E-07
cis-1,2-Dichloroethene 4.0E-01 7.7E-03 3.1E-03 4.5E-02 1.5E-01 6.4E-04 2.1E-03 1.0E-01 NTF 1.4E-03 4.5E-03 NTF NTF
Ethylbenzene 1.2E-01 4.9E-02 5.9E-03 4.5E-02 1.5E-01 6.4E-04 2.1E-03 1.0E-01 NTF 2.6E-03 8.7E-03 NTF NTF
Methyl Isobutyl Ketone 1.6E+00 4.0E-03 6.4E-03 4.5E-02 1.5E-01 6.4E-04 2.1E-03 8.0E-01 NTF 3.5E-04 1.2E-03 NTF NTF
Methylene Chloride 5.1E-01 3.5E-03 1.8E-03 4.5E-02 1.5E-01 6.4E-04 2.1E-03 6.0E-02 7.5E-03 1.3E-03 4.4E-03 8.5E-09 2.8E-08
Tetrachloroethene 7.6E-02 3.3E-02 2.5E-03 4.5E-02 1.5E-01 6.4E-04 2.1E-03 1.0E-01 5.2E-02 1.1E-03 3.7E-03 8.3E-08 2.7E-07
Toluene 5.6E+00 3.1E-02 1.7E-01 4.5E-02 1.5E-01 6.4E-04 2.1E-03 2.0E+00 NTF 3.9E-03 1.3E-02 NTF NTF
Trichloroethene 1.2E-01 1.2E-02 1.4E-03 4.5E-02 1.5E-01 6.4E-04 2.1E-03 6.0E-03 1.1E-02 1.1E-02 3.5E-02 1.0E-08 3.3E-08
Vinyl Chloride 3.6E-01 5.6E-03 2.0E-03 4.5E-02 1.5E-01 6.4E-04 2.1E-03 3.0E-03 7.2E-01 3.0E-02 9.9E-02 9.2E-07 3.1E-06
m,p-Xylene 4.7E-01 5.3E-02 2.5E-02 4.5E-02 1.5E-01 6.4E-04 2.1E-03 2.0E-01 NTF 5.5E-03 1.8E-02 NTF NTF

Explosives
2,6-DNT 2.7E-03 2.1E-03 5.7E-06 4.5E-02 1.5E-01 6.4E-04 2.1E-03 1.0E-02 NTF 2.5E-05 8.4E-05 NTF NTF
RDX 6.9E-03 3.5E-04 2.4E-06 4.5E-02 1.5E-01 6.4E-04 2.1E-03 3.0E-03 1.1E-01 3.6E-05 1.2E-04 1.7E-10 5.6E-10

Metals
Arsenic 5.8E-02 1.0E-03 5.8E-05 4.5E-02 1.5E-01 6.4E-04 2.1E-03 3.0E-04 1.5E+00 8.6E-03 2.8E-02 5.5E-08 1.8E-07

Totals 0.3 0.9 1.2E-06 4.0E-06
Notes:
cm = Centimeter(s) PC = Permeability Coefficient (cm/hour) (USEPA 1992a, 2001b, RAIS 2003)
CTE = Central Tendency Exposure RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
2,6-DNT = 2,6-Dinitrotoluene RfD = Reference Dose 
IF = Intake Factor RME = Reasonable Maximum Exposure
kg = Kilogram(s)
L = Liter(s) 1 Dermal Adjusted RME x Noncarcinogenic IF/RfD
mg = Milligram(s) 2 Dermal Adjusted RME Concentration x Carcinogenic IF x Slope Factor
NTF = No established USEPA toxicity factor 
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TABLE J-17
COMMERCIAL/INDUSTRIAL WORKER HEALTH RISK (INGESTION OF GROUNDWATER)

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS
Groundwater 
Concentration  Noncarcinogenic IF  Carcinogenic IF Chronic Chronic Hazard Quotient1  Cancer Risk2

RME CTE RME CTE RME RfD Slope Factor CTE RME CTE RME
(mg/L) (L/kg-day) (L/kg-day) (L/kg-day) (L/kg-day) (mg/kg-day) (mg/kg-day)-1

Volatile Oganic Compounds
1,1,1-Trichloroethane 2.1E+00 4.9E-03 9.8E-03 4.6E-04 3.1E-03 2.8E-01 NTF NTF 7.3E-02 NTF NTF
1,1,2-Trichloroethane 2.6E-02 4.9E-03 9.8E-03 4.6E-04 3.1E-03 4.0E-02 5.7E-02 3.2E-03 6.4E-03 6.8E-07 4.5E-06
1,1-Dichloroethene 2.8E+00 4.9E-03 9.8E-03 4.6E-04 3.1E-03 9.0E-03 NTF 1.5E+00 3.0E+00 NTF NTF
1,2-Dichloroethane 1.3E-01 4.9E-03 9.8E-03 4.6E-04 3.1E-03 3.0E-02 9.1E-02 2.1E-02 4.2E-02 5.5E-06 3.6E-05
Acetone 9.8E-01 4.9E-03 9.8E-03 4.6E-04 3.1E-03 1.0E+00 NTF 4.8E-03 9.6E-03 NTF NTF
Benzene 1.1E-01 4.9E-03 9.8E-03 4.6E-04 3.1E-03 4.0E-03 5.5E-02 1.3E-01 2.7E-01 2.8E-06 1.9E-05
Bromochloromethane 2.0E-03 4.9E-03 9.8E-03 4.6E-04 3.1E-03 2.0E-02 6.2E-02 4.9E-04 9.8E-04 5.7E-08 3.8E-07
Chloroethane 3.7E+00 4.9E-03 9.8E-03 4.6E-04 3.1E-03 4.0E-01 2.9E-03 4.5E-02 9.1E-02 4.9E-06 3.3E-05
cis-1,2-Dichloroethene 4.0E-01 4.9E-03 9.8E-03 4.6E-04 3.1E-03 1.0E-01 NTF 2.0E-02 3.9E-02 NTF NTF
Ethylbenzene 1.2E-01 4.9E-03 9.8E-03 4.6E-04 3.1E-03 1.0E-01 NTF 5.9E-03 1.2E-02 NTF NTF
Methyl Isobutyl Ketone 1.6E+00 4.9E-03 9.8E-03 4.6E-04 3.1E-03 8.0E-01 NTF 9.8E-03 2.0E-02 NTF NTF
Methylene Chloride 5.1E-01 4.9E-03 9.8E-03 4.6E-04 3.1E-03 6.0E-02 7.5E-03 4.2E-02 8.3E-02 1.8E-06 1.2E-05
Tetrachloroethene 7.6E-02 4.9E-03 9.8E-03 4.6E-04 3.1E-03 1.0E-01 5.2E-02 3.7E-03 7.4E-03 1.8E-06 1.2E-05
Toluene 5.6E+00 4.9E-03 9.8E-03 4.6E-04 3.1E-03 2.0E+00 NTF 1.4E-02 2.7E-02 NTF NTF
Trichloroethene 1.2E-01 4.9E-03 9.8E-03 4.6E-04 3.1E-03 6.0E-03 1.1E-02 9.8E-02 2.0E-01 6.1E-07 4.0E-06
Vinyl Chloride 3.6E-01 4.9E-03 9.8E-03 4.6E-04 3.1E-03 3.0E-03 7.2E-01 5.9E-01 1.2E+00 1.2E-04 7.9E-04
m,p-Xylene 4.7E-01 4.9E-03 9.8E-03 4.6E-04 3.1E-03 2.0E-01 NTF 1.1E-02 2.3E-02 NTF NTF

Explosives
2,6-DNT 2.7E-03 4.9E-03 9.8E-03 4.6E-04 3.1E-03 1.0E-03 NTF 1.3E-02 2.6E-02 NTF NTF
RDX 6.9E-03 4.9E-03 9.8E-03 4.6E-04 3.1E-03 3.0E-03 1.1E-01 1.1E-02 2.3E-02 3.5E-07 2.3E-06

Metals
Arsenic 5.8E-02 4.9E-03 9.8E-03 4.6E-04 3.1E-03 3.0E-04 1.5E+00 9.5E-01 1.9E+00 4.0E-05 2.7E-04

Totals 3.5 7.1 1.8E-04 1.2E-03
Notes:
CTE = Central Tendency Exposure RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
2,6-DNT = 2,6-Dinitrotoluene RfD = Reference Dose 
IF = Intake Factor RME = Reasonable Maximum Exposure
kg = Kilogram(s)
L = Liter(s) 1 Hazard Quotient = Groundwater Concentration x Noncarcinogenic IF/RfD
mg = Milligram(s) 2 Groundwater Concentration x Carcinogenic IF x Slope Factor
NTF = No established USEPA toxicity factor 
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TABLE J-18
HUMAN HEALTH RISK-BASED PRELIMINARY REMEDIATION GOALS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Medium/Receptor Chemical
RME Concentration

(µg/L)

Noncarcinogenic 
Effects
(µg/L)1

Carcinogenic Effects
(µg/L)2

Shallow Groundwater

Commercial/Industrial Worker 1,1,1-Trichloroethane 2,100 29,000 NTF
 - Ingestion 1,1,2-Trichloroethane 26 4,100 6

1,1-Dichloroethene 2,800 920 NTF
1,2-Dichloroethane 130 3,100 4
Acetone 980 100,000 NTF
Benzene 110 410 6
Bromochloromethane 2.0 2,000 5
Chloroethane 3,700 41,000 110
cis-1,2-Dichloroethene 400 10,000 NTF
Ethylbenzene 120 10,000 NTF
Methyl Isobutyl Ketone 1,600 82,000 NTF
Methylene Chloride 510 6,100 44
Tetrachloroethene 76 10,000 6
Toluene 5,600 200,000 NTF
Trichloroethene 120 610 30
Vinyl Chloride 360 310 0.5
m,p-Xylene 470 20,000 NTF
2,6-Dinitrotoluene 2.7 100 NTF
RDX 6.9 310 3
Arsenic 58 30 0.2

Construction Worker 1,1,1-Trichloroethane 2,100 500,000 NTF
 - Inhalation 1,1,2-Trichloroethane 26 NTF 990

1,1-Dichloroethene 2,800 45,000 NTF
1,2-Dichloroethane 130 1,100 610
Acetone 980 NTF NTF
Benzene 110 6,800 1,900
Bromochloromethane 2 NTF NTF
Chloroethane 3,700 NTF NTF
cis-1,2-Dichloroethene 400 NTF NTF
Ethylbenzene 120 230,000 14,000
Methyl Isobutyl Ketone 1,600 680,000 NTF
Methylene Chloride 510 680,000 35,000
Tetrachloroethene 76 130,000 5,500
Toluene 5,600 87,000 5,500
Trichloroethene 120 NTF 9,200
Vinyl Chloride 360 23,000 3,500
m,p-Xylene 470 23,000 NTF

Construction Worker 1,1,1-Trichloroethane 2,100 7,900,000 NTF
 - Incidental Ingestion 1,1,2-Trichloroethane 26 1,100,000 35,000

1,1-Dichloroethene 2,800 260,000 NTF
1,2-Dichloroethane 130 850,000 22,000
Acetone 980 28,000,000 NTF
Benzene 110 110,000 36,000
Bromochloromethane 2.0 570,000 32,000
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TABLE J-18
HUMAN HEALTH RISK-BASED PRELIMINARY REMEDIATION GOALS

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Medium/Receptor Chemical
RME Concentration

(µg/L)

Noncarcinogenic 
Effects
(µg/L)1

Carcinogenic Effects
(µg/L)2

Shallow Groundwater

Construction Worker Chloroethane 3,700 11,000,000 690,000
 - Incidental Ingestion (Continued) cis-1,2-Dichloroethene 400 2,800,000 NTF

Ethylbenzene 120 2,800,000 NTF
Methyl Isobutyl Ketone 1,600 23,000,000 NTF
Methylene Chloride 510 1,700,000 265,000
Tetrachloroethene 76 2,800,000 38,000
Toluene 5,600 57,000,000 NTF
Trichloroethene 120 170,300 180,700
Vinyl Chloride 360 85,000 2,800
m,p-Xylene 470 5,700,000 NTF
2,6-Dinitrotoluene 2.7 280,000 NTF
RDX 6.9 85,000 18,000
Arsenic 58 8,500 1,300

Construction Worker 1,1,1-Trichloroethane 2,100 110,000 NTF
 - Dermal 1,1,2-Trichloroethane 26 42,000 1,300

1,1-Dichloroethene 2,800 5,100 NTF
1,2-Dichloroethane 130 48,000 1,200
Acetone 980 12,000,000 NTF
Benzene 110 1,800 580
Bromochloromethane 2 30,000 1,700
Chloroethane 3,700 440,000 27,000
cis-1,2-Dichloroethene 400 88,000 NTF
Ethylbenzene 120 14,000 NTF
Methyl Isobutyl Ketone 1,600 1,400,000 NTF
Methylene Chloride 510 120,000 18,000
Tetrachloroethene 76 21,000 280
Toluene 5,600 440,000 NTF
Trichloroethene 120 3,400 3,600
Vinyl Chloride 360 3,600 120
m,p-Xylene 470 26,000 NTF
2,6-Dinitrotoluene 2.7 32,000 NTF
RDX 6.9 58,000 12,000
Arsenic 58 2,000 320

Notes:
µg/L = Micrograms Per Liter
HQ = Hazard Quotient
NTF = No established USEPA toxicity factor
PRG = Preliminary Remediation Goal
RDX = Hexahydro-1,3,5-trinitro-1,3,5-triazine
RME = Reasonable Maximum Exposure
UTL = Upper Tolerance Limit
1 Risk-based PRGs (noncarcinogenic) = (RME concentration/HQ) x 1.0.
2 Risk-based PRGs (carcinogenic) = (RME concentration/cancer risk) x 10-6.
               Shading indicates the lowest calculated risk-based PRG for each chemical.
* Note the arsenic PRG of 0.22 µg/L is less than the background UTL of 40.3 µg/L (see Appendix M).
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NA Not Applicable
Incomplete pathway or minor pathway
Potentially complete pathway
Minor exposure route
Potentially complete exposure route

IC Incomplete exposure route 
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K.1 INTRODUCTION 

K.1.1 Purpose and Authority for the Project 

The United States Army Corps of Engineers (USACE) contracted URS Group, Inc. (URS) to 
complete a groundwater model in conjunction with the Groundwater Remedial Alternatives 
Analysis (RAA) for the Fire Training Pit (FTP) at the Iowa Army Ammunition Plant (IAAAP) 
located near Middletown, Iowa.  Work for this assignment is being performed under Contract 
Number DACA45-96-D-0017, Delivery Order 0063.  The purpose of this technical 
memorandum is to provide the technical documentation for the groundwater flow and 
contaminant fate and transport modeling completed by URS in support of the RAA for the FTP. 

K.1.2 Groundwater Modeling Objectives and Scope of Work 

The objectives for the groundwater flow and contaminant fate and transport modeling effort 
were: 

• Design and construct a baseline MODFLOW groundwater flow model and baseline 
MT3DMS contaminant fate and transport model for the FTP. 

• Calibrate the flow model based on water level data collected during the Spring 2003 FTP 
Feasibility Study (FS) data collection investigation (presented in Section 4). 

• Evaluate the effectiveness of various remedial alternatives for the RAA. 

The overall modeling scope of work completed by URS is subsequently presented. 

K.1.2.1 Groundwater Flow Modeling Scope of Work 

The groundwater flow modeling scope of work included: 

• Construction of a three-dimensional, numerical, finite-difference groundwater flow model in 
MODFLOW (Harbaugh, et al. 2000).  The MODFLOW model was constructed using the 
Visual MODFLOW (WHI 2003) modeling software.  The flow model simulated baseline 
steady-state groundwater flow conditions for the saturated materials (unconsolidated and 
bedrock) underlying the FTP. 

• Calibration of the flow model to Spring 2003 water levels. 

• Simulation of advective particle transport using MODPATH (Pollock 1994).  Model-
predicted transport was compared to the Spring 2003 volatile organic compound (VOC) 
plume to verify flow directions and maximum extent of groundwater movement. 

• Evaluation of the remedial alternatives presented in the RAA using MODPATH (Pollock 
1994) to determine capture zones and/or hydrogeologic effects of the alternatives on the 
baseline groundwater flow conditions. 
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K.1.2.2 Contaminant Fate and Transport Modeling Scope of Work 

The contaminant fate and transport modeling scope of work included: 

• Construction of a three-dimensional, numerical solute transport model using MT3DMS 
(Zheng and Wang 1998).  The transport model was used in conjunction with the calibrated 
MODFLOW flow model.  The transport model used the flow terms (e.g., head, velocity, and 
gradient) from the MODFLOW simulations to calculate transport of VOCs over time.  The 
existing grid and model setup was used as a basis for the fate and transport model.  
Concentrations of VOCs were input into the model using the Spring 2003 groundwater 
sampling results. 

• Using the baseline contaminant fate and transport model to predict current and future 
exposure point concentrations of VOCs in support of a human health risk assessment 
completed for FTP groundwater. 

• Using the baseline contaminant fate and transport model to predict natural attenuation trends 
(e.g., dilution, dispersion, retardation, and degradation) for VOCs in groundwater at the FTP. 

• Using the contaminant fate and transport model for evaluation of the effectiveness of various 
groundwater remedial alternatives to support the RAA. 

K.2 GROUNDWATER FLOW MODELING 

K.2.1 Groundwater Flow Modeling Approach, Methodology, and Assumptions 

The approach, methods, and assumptions used to simulate groundwater flow conditions for the 
FTP are discussed in the following sections. 

K.2.1.1 Groundwater Flow Modeling Approach and Methodology 

Groundwater flow conditions at the site were simulated using the United States Geological 
Survey (USGS) Modular Three-Dimensional Finite-Difference Groundwater Flow Model 
(MODFLOW) (Harbaugh, et al. 2000).  The MODFLOW model was constructed using Visual 
MODFLOW 3.1 (WHI 2003).  Visual MODFLOW 3.1 is a pre- and post-processing program 
and does not affect the results generated by running MODFLOW. 

K.2.1.2 Project Uses of the Groundwater Flow Model 

After the groundwater flow model was constructed and calibrated for the baseline condition (i.e., 
Spring 2003), the remedial alternative components (e.g., vertical wells) were applied to the 
baseline MODFLOW model to simulate the aquifer response to the alternatives.  MODPATH, 
the USGS advective particle-tracking model, was used in the baseline flow model to compute 
and plot advective particle flow paths in the area of the existing VOC plumes.  MODPATH was 
also used to compute and plot capture zones for the active remedial alternatives.  MODFLOW 
and MODPATH model descriptions, assumptions, and flow equations are included in 
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Attachment K-2.  The remedial alternative groundwater flow models were then used for the 
contaminant fate and transport modeling.  Contaminant fate and transport model assumptions, 
input, and results are presented in Section K.3. 

K.2.1.3 Groundwater Flow Modeling Assumptions 

The assumptions for the groundwater flow modeling effort included the following: 

• General MODFLOW model code assumptions, which include single, calculated head values 
within each individual cell, completely efficient sinks and sources, and uniformly porous 
aquifer materials. 

• Only steady-state groundwater flow conditions were modeled. 

• Influences of surface water and drainages (e.g., Spring Creek and surface drainages around 
the FTP) were effectively simulated using drain node boundary conditions applied to the 
cells in the surface water/drainage locations. 

• General head boundary conditions, used to simulate the influence of regional flow, did not 
significantly influence model results in the local areas of interest (e.g., the area around the 
plumes). 

• Only non-reactive, advective particle transport was simulated by MODPATH. 

K.2.2 Groundwater Flow Model Setup and Input Parameters 

To facilitate a cohesive idea of the groundwater flow at the Explosives Disposal Area (EDA) 
(which includes FTP, West Burn Pads Area [WBPA], and East Burn Pads [EBP]), all three areas 
were included within a single flow model grid.  The potentiometric surface map (Figure 4-2) 
shows that FTP is adjacent to the WBPA and indicates groundwater at FTP and WBPA are 
connected.  The eastern boundary of these two sites (Spring Creek) is also the western boundary 
of the EBP.  Based on these interrelationships among the three sites, a single, multi-layer flow 
model was used to simulate groundwater flow in the saturated unconsolidated soils and bedrock 
underlying the EDA.  This technical memorandum primarily presents the flow results for the 
EDA, as well as the fate and transport results for FTP (Section K.3). 

The finite-difference grid, model boundary conditions, and hydrogeologic input parameters for 
the EDA flow model are described below and are presented on Figure K-1. 

K.2.2.1 Finite-Difference Grid 

The finite-difference grid for the baseline flow model consisted of 244 rows, 354 columns, and 7 
layers (for a total of 604,632 cells).  The model grid covered an area approximately 4,000 feet in 
the x (east–west) direction and 2,800 feet in the y (north–south) direction.  The grid was oriented 
north to south. 

The model area was discretized into grid cells varying from 10 feet by 10 feet to 40 feet by 40 
feet, with the highest resolution in the areas of greatest interest (e.g., near the FTP VOC plume).  
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The largest grid cells were placed around the edges of the model area to expand the model 
domain to reduce potential adverse effects in the areas of greatest interest from boundary 
conditions. 

Seven layers were constructed in the flow model to simulate groundwater flow in the 
unconsolidated soils and bedrock.  The topographic surface of the model was based on the Baker 
surveyed topographic map (Baker 1998), direct push elevations, and monitoring well ground 
surface elevations.  The vertical boundaries of the model layers were determined from geologic 
boring logs and model calibration.  The base of the model was set to twenty feet below the 
deepest boring (EBP-MW2).  Model-generated cross-sections in the FTP area, with model layers 
outlined, are shown on Figures K-2 and K-3.  Model-generated cross-sections A-A’ and B-B’ 
can be compared to the interpreted FTP geologic cross-sections A-A’ and B-B’ on Figures 4-3 
and 4-4. 

In the model setup, the flow condition for Layer 1 was unconfined (MODFLOW type 1).  Layers 
2 through 7 were variable confined/unconfined (MODFLOW type 3) and allowed to vary 
between the two conditions. 

Layer thicknesses were input to the model as follows: 

• Layer 1 thickness varied from 5 to 65 feet. 

• Layer 2 thickness was 10 feet. 

• Layer 3 thickness was 10 feet. 

• Layer 4 thickness was 20 feet. 

• Layer 5 thickness was 20 feet. 

• Layer 6 thickness was 20 feet. 

• Layer 7 thickness was 20 feet. 

K.2.2.2 Model Boundary Conditions 

Boundary conditions in MODFLOW determine how water enters (sources) and leaves (sinks) the 
model.  The model boundary conditions discussed below include drain nodes, general heads, and 
no-flow boundary conditions. 

Drain Nodes 

Drain nodes, simulating removal of water from the model, were used to simulate the influence of 
Spring Creek and surface drainages around the EDA.  The locations of drain nodes were based 
on existing surface features (e.g., Spring Creek and major surface drainages around the EDA) 
that exhibited significant impacts on the water table surface.  The elevations of the drain nodes 
were set to simulate the observed groundwater elevations in the wells, with conductance values 
that ranged from 100 square feet per day (ft2/day) to 1600 ft2/day (about 1 ft2/day per square foot 
of cell size) to represent transfer of water from the aquifer to surface water drains.  The 
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conductance values were generally set high enough to not inhibit the flux of water flowing out of 
the model into the drains.   

General Head Boundary Conditions 

General head boundary conditions, representing the regional groundwater flow regime’s 
influence on local conditions, were input along the northern, eastern, southern, and western sides 
of the model in model Layers 1, 2, and 4 through 7, as shown on Figures K-1, K-2, and K-3.  
The model dimensions were sufficiently large to minimize adverse effects of general head 
boundaries on model results in local areas of interest (i.e., the VOC plumes).  General head 
boundary elevations were also used to simulate interpreted effects of the topography on the 
groundwater flow regime.   

General head boundary elevations were estimated using Spring 2003 flow conditions.  The 
model grid extends past the area with observed and interpreted groundwater elevations.  In these 
areas, general heads were input to the model using projected groundwater elevations.  The 
general head boundaries in each layer were independent of the general head boundaries in other 
layers. 

General head boundary conditions are required to have a conductance value input to the model 
that represents the resistance to flow between the boundary head and the model domain.  General 
head conductance values assigned in the calibrated flow model ranged from 25 ft2/day to 200 
ft2/day, depending on the length of the boundary cells.  A constant value of 5 feet per day (ft/day) 
per linear foot of boundary was used (e.g., a 5-foot-long cell would have a conductance of 25 
ft2/day).  These values were based upon model calibration and water balance considerations.  The 
model was not sensitive to the range of general head boundary conductance values. 

No-Flow Boundary Conditions 

No-flow boundary conditions were used in areas where groundwater flow into and out of the 
model was relatively insignificant.  By default, the bottom of the model is a no-flow condition in 
MODFLOW.  The area of interest for the model is well above the bottom of the model and the 
no-flow boundary does not have a significant effect on the modeling results.  No-Flow boundary 
conditions were also used along all four sides of the model in Layer 3.  This model layer 
simulated a hydrogeologic unit that had significantly lower hydraulic conductivities than Layers 
1 and 2.  Based on the difference in elevations of the shallow groundwater and the bedrock 
groundwater, Layer 3 generally acted as an aquitard between the shallow groundwater units and 
the bedrock wells.  The groundwater flux into and out of the model through this layer was 
considered relatively insignificant.  Therefore, no-flow boundaries were used. 

K.2.2.3 Hydrogeologic Input Parameters 

MODFLOW requires the user to construct and define the model with a number of site-specific 
parameters, including aquifer-specific parameters.  Modeling of physical and chemical systems 
requires the use of simplifying assumptions based on existing site information.  The model input 
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parameters were based on the hydrogeologic data collected during the FTP, EBP, and WBPA FS 
data collections, Spring 2003 groundwater analytical results, and recent literature values.  
Aquifer-specific input parameters for the EDA are listed in Table K-1.  The development of 
input values for the EDA flow model is summarized below: 

Top and Bottom of Unit (feet above msl).  Seven model layers were established in the EDA flow 
model.  The thickness of each layer was determined from geologic boring logs and model 
calibration.  The seven model layers were used to facilitate evaluation of horizontal and vertical 
groundwater flow and contaminant transport using the model.  The model layers included the 
following hydrogeologic units: 

• Layer 1 – Shallow till, fill, and weathered bedrock 

• Layer 2 – Upper bedrock/intermediate till 

• Layers 3, 4, 5, and 6 – Bedrock/deep till 

• Layer 7 – Bedrock 

The bottom of the model was set in the bedrock unit. 

Hydraulic Conductivity (K).  Hydraulic conductivity model input values for the FTP portion were 
selected based on aquifer testing results (Appendix F), geologic boring logs, and model 
calibration and sensitivity analysis.  These values are summarized in Table 8-2.  The measured 
horizontal hydraulic conductivity values ranged from: 

• Approximately 0.020 to 0.47 ft/day for shallow till wells and approximately 0.046 to 2.2 
ft/day for till/bedrock contact wells 

• Approximately 0.38 to 8.6 ft/day for deep till/bedrock contact wells 

• Approximately 0.0013 to 2.4 ft/day for upper bedrock wells 

• Approximately 0.00015 to 0.0076 ft/day for bedrock wells 

Ranges of hydraulic conductivity values were assigned to all layers in the numerical model based 
on the aquifer slug test data and model calibration.  The hydraulic conductivity values used in the 
model generally ranged from: 

• 0.02 to 2 ft/day in Layer 1 for shallow till and till/bedrock contact (1 ft/day for the sump 
monitoring well (SA-99-1) area 

• 0.001 to 0.2 ft/day in Layer 2 for upper bedrock 

• 0.01 ft/day in Layer 2 for intermediate till (EBP only) 

• 1x10-6 to 0.002 ft/day in Layers 3 to 7 for bedrock 

• 1x10-5 to 0.006 ft/day in Layer 3 to 6 for deep till (EBP only) 

• 0.4 ft/day for in Layer 1 for alluvium underlying Spring Creek and its tributaries 
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Longitudinal (Kx) and transverse (Ky) hydraulic conductivity values were set equal.  Vertical 
hydraulic conductivity (Kz) values were set at a 1:10 ratio of vertical to horizontal values for all 
layers. 

Porosity (η).  Geotechnical analysis of the soils from the EDA indicated a range of total porosity 
values from 23.0 to 38.0 percent (0.23 to 0.38) with an overall average of about 32 percent 
(Table 4-1).  In most unconsolidated sediments, the total porosity (η) is equal to the effective 
porosity (ηe) (Fetter 1988).  A uniform effective porosity value of 32 percent was assigned to the 
model for the unconsolidated units at the FTP.  Porosity values for the upper bedrock and 
bedrock were not available.  Effective porosity values of 22 and 20 percent were assigned to the 
model for the upper bedrock and bedrock, respectively. 

Horizontal Hydraulic Gradient (i).  Average hydraulic gradients were simulated for each model 
layer by varying hydrogeologic parameters and constant head boundary conditions.  Hydraulic 
heads and the resulting horizontal and vertical gradients were calibrated to Spring 2003 FTP 
values (Table 4-3).  The FTP water table map generated from Spring 2003 water level data is 
shown on Figure 4-5.  A comparison of the Spring 2003 water table map and the model-
predicted water table surface is shown on Figure K-6. 

Recharge.  Recharge was based on average annual precipitation, evaporation, soil types, other 
ground cover, land use, and model calibration.  Precipitation was considered uniform across the 
model area.  Therefore, variations in ground cover and land use primarily accounted for spatial 
variations in recharge across the model.  Figure K-4 presents the distribution of recharge values 
across the EDA model domain.  Recharge was applied to the highest active layer in the model 
(i.e., Layer 1).  In general, recharge values input to the model ranged from 0 to 0.7 inches per 
year. Based on observed groundwater mounds near JAW-25 (WBPA), SA-99-1 (FTP), EDA-01 
(EBP), and JAW-04(B) (EBP), localized zones of higher recharge (1 to 20 inches per year) were 
assigned in these areas. 

Storage Coefficient (S).  Storage coefficients were not used in the model simulations because the 
model was run as a steady-state simulation.  Even under confining conditions, the contribution to 
hydraulic flow from release of water from storage was less than the mass balance uncertainty of 
the model. 

Leakance (L).  Vertical leakance values for all layers were automatically calculated by the model 
using the vertical hydraulic conductivity of each layer, the volume of the model grid cell 
specified by the layer top and bottom elevations, and the cell size. 

Time (t).  The groundwater flow model was not time dependent (i.e., steady-state conditions were 
modeled). 
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K.2.3 Baseline Groundwater Flow Model Calibration, Sensitivity, Uncertainties, and 
Limitations 

Groundwater flow model calibration and sensitivity analysis were completed prior to the 
contaminant fate and transport modeling.  Calibration of the groundwater flow model, 
comparison of model-generated potentiometric head data to actual site data, groundwater flow 
model sensitivity analysis, and uncertainties and limitations of the groundwater flow model are 
presented in the following sections. 

K.2.3.1 Groundwater Flow Model Calibration 

The flow model was calibrated using Spring 2003 water levels (Table 4-2) by varying the model 
input values discussed in Section K.2.2.  Calibration model executions included varying the 
hydraulic conductivity values, varying the hydraulic conductivity fields, varying the recharge 
field and values, varying the conductance of the drain nodes, and varying the elevations of 
constant head boundaries and drains.  These values were varied, within the boundaries of the 
available data, until the model-predicted groundwater flow regime reasonably simulated the 
observed conditions. 

Calibrated Groundwater Flow Configuration 

The Spring 2003 and the model-predicted shallow and intermediate groundwater potentiometric 
surfaces are shown on Figures K-5 and K-6, respectively.  In general, model-predicted 
groundwater flow directions, hydraulic gradients, and hydraulic head values closely matched the 
interpreted field data. 

Potential sources of calibration error in the model are related to the areas of undefined geology 
and hydrogeology west of FTP, north of WBPA, and south of EBP.  However, this area is a 
relatively small portion of the model and does not significantly impact the overall model results.  
The final aquifer parameter values were set in these areas such that the model results would 
closely match the Spring 2003 water levels. 

Calibration Statistics 

The calculated differences between the baseline model-estimated water levels and observed 
water levels are presented in Table K-2.  A summary of the calibration statistics calculated for 
each layer is shown in Table K-3.  The mean absolute differences between observed hydraulic 
heads and simulated hydraulic heads in each layer are as follows: 

• Layer 1:  0.74 feet 

• Layer 2  1.23 feet 

• Layer 4:  0.98 feet 

• Layer 6:  0.5 feet 
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• Overall Model: 0.86 feet 

The slope of the zero-intercept, linear regression comparison line for all model calibration points 
was 0.99.  A perfect linear relationship (included as the perfect calibration line on Table K-3) 
yields a slope of 1.0.  This indicated a very strong linear relationship between model-predicted 
hydraulic heads and actual site conditions.  More importantly, the simulated hydraulic gradients 
appeared to closely match actual hydraulic gradients and groundwater flow directions  
(Figures K-5 and K-6). 

Mean absolute model calibration residuals within 5 percent of total head variations generally are 
considered acceptable.  The calibrated mean absolute head residual values for the EDA model 
averaged about 1.64 percent of the total head change, indicating statistically excellent model 
calibration. 

The root mean squared (RMS) value of the model is defined as the square root of the sum of the 
squared head residual values, divided by the number of observations.  The RMS for the EDA 
flow model was 1.14 feet.  The normalized RMS is the RMS divided by the head difference 
across the model.  The calibrated normalized RMS value for the EDA model was 2.19 percent, 
indicating excellent model calibration. 

Calibrated Volumetric Water Budget 

In addition to calibration statistics, a volumetric water budget calculation was used to estimate 
the accuracy of the numerical groundwater flow model.  The volumetric water budget calculates 
the amount of water that flows in and out of model through the sinks and sources.  The 
volumetric water budget indicates the overall acceptability of the groundwater flow model by 
providing the percent difference in the inflow and outflow of the modeled sinks and sources  
(Harbaugh, et al. 2000).  The volumetric water budget for the baseline flow model had a 
relatively insignificant 0.01 percent discrepancy in mass balance, indicating that the model was 
acceptable for the project uses.  Attachment K-1 includes the MODFLOW-generated 
volumetric water budget for the baseline calibrated groundwater flow model. 

Advective Particle Tracking Calibration 

After model calibration and sensitivity analysis indicated the model reasonably predicted the 
baseline groundwater elevations, the baseline groundwater flow model was used to simulate the 
historical movement of the groundwater at the EDA.  Advective particles were input to the 
baseline flow model in interpreted source areas (e.g., around SA-99-1) and were forward tracked 
throughout the model area for a period of 70 years. 

The final baseline advective particle tracking results are shown on Figures K-7 and K-8.  The 
particle tracking results indicated that the model-simulated flow paths were similar to those 
interpreted for the Spring 2003 plumes.  Advective water particles input to the model near the 
sump monitoring well (SA-99-1) area generally traveled south, southeast, and east toward the 
Spring Creek tributary (assigned as drain nodes).  However, no significant VOC concentrations 
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are expected to be transported in the surface drainages and any VOCs daylighting at the surface 
are expected to volatilize rapidly. 

Advective particle tracking results typically predict downgradient movement of advective 
particles significantly greater than the actual plumes because only non-reactive, advective 
transport can be simulated by MODPATH.  MODPATH does not simulate the effects of 
naturally occurring processes of dispersion, retardation, and degradation of the plume 
concentrations.  These processes will spread contaminants laterally, slow contaminant 
movement, and reduce contaminant concentrations with time and distance from the source.  
However, the widespread downgradient extent of groundwater VOC contamination at the FTP is 
interpreted to be related to surface transport in surface drainage features (discussed in 
Section 7.1.1).  Therefore, the particles inserted near the FTP sump monitoring well area were 
not expected to be transported across the entire VOC plume. 

K.2.3.2 Groundwater Flow Model Sensitivity Analysis 

Sensitivity of the MODFLOW groundwater flow model was evaluated qualitatively and 
quantitatively to describe possible variability in the subsequent aquifer response analyses.  The 
model was sensitive to most aquifer parameters, including (in order of highest sensitivity) 
boundary conditions, hydraulic conductivity, and recharge.  Fluctuating these parameters within 
reasonable estimated ranges created noticeable differences in predicted flow conditions. 

Qualitative Sensitivity Analysis 

The sensitivity of model-predicted heads to recharge and general head values were qualitatively 
evaluated during the calibration process.  Measured water level data does not extend to all model 
boundaries.  Therefore, the groundwater elevations outside of the existing water level data were 
extrapolated from the nearest measured water levels until model residuals (i.e., departure from 
observed conditions) were reasonably minimized.  Systematic changes in the recharge areas and 
general head boundaries created similar systematic changes in the model-predicted heads.  For 
example, increasing the amount of recharge or general head boundary elevations increased the 
model-predicted water table elevation.  This procedure was repeated during the calibration 
process until a groundwater flow regime similar to the interpreted water levels was achieved.   

Similar to the response of the recharge areas and general head elevations, increasing drain 
elevations directly impacted (i.e., raised) potentiometric surface elevations in the modeled areas 
around the surface water drainages.  The drain conductance values were varied to more 
accurately simulate aquifer responses near the surface water drainage areas. 

Quantitative Sensitivity Analysis 

The sensitivity of the model to hydraulic conductivity and recharge was quantitatively evaluated 
following the final calibration of the groundwater flow model.  Model runs were completed 
using a range of values for each parameter.  During the sensitivity analysis, all other parameters 
not being evaluated were held constant to the values used in the final calibrated groundwater 
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flow model.  Calibration statistics, specifically the normalized root mean squared (RMS) values 
between observed and simulated hydraulic heads, were compared and used to determine the 
statistically best fit for each model run.  The quantitative sensitivity analysis results are presented 
in Table K-4. 

Hydraulic Conductivity Sensitivity Analysis 

The highest hydraulic conductivity for Layer 1 was varied from 1 ft/day to 4 ft/day, with the 
calibrated groundwater flow model using a value of 2 ft/day.  The resulting RMS values for the 
entire model ranged from 2.19% to 2.28%, with the calibrated model configuration producing an 
RMS of 2.19%.  The model was slightly sensitive to this parameter. 

The lowest hydraulic conductivity for Layer 1 was varied from 0.015 ft/day to 0.06 ft/day, with 
the calibrated groundwater flow model using a value of 0.03 ft/day.  The resulting RMS values 
for the entire model ranged from 2.19% to 6.36%, with the calibrated model configuration 
producing an RMS of 2.19%.  The model was very sensitive to this parameter. 

Recharge Sensitivity Analysis 

The highest recharge area at WBPA (near JAW-25) was varied from 10 inches/year to 40 
inches/year, with the calibrated groundwater flow model using a value of 20 inches/year.  The 
resulting RMS values ranged from 2.19% to 2.3%, with the calibrated groundwater flow model 
configuration producing the lowest RMS at 2.19%.  The model was slightly sensitive to this 
parameter. 

The highest recharge area at FTP (near SA-99-1) was varied from 2.5 inches/year to 10 
inches/year, with the calibrated groundwater flow model using a value of 5 inches/year.  The 
resulting RMS values ranged from 2.19% to 4.39%, with the calibrated groundwater flow model 
configuration producing the lowest RMS at 2.19%.  The model was slightly sensitive to this 
parameter. 

The highest recharge area at EDA (near EDA-01) was varied from 2.5 inches/year to 10 
inches/year, with the calibrated groundwater flow model using a value of 5 inches/year.  The 
resulting RMS values ranged from 2.19% to 3.16%, with the calibrated groundwater flow model 
configuration producing the lowest RMS at 2.19%.  The model was slightly sensitive to this 
parameter.  These areas (i.e., WBPA, FTP, EDA) are shown on Figure K-4. 

K.2.3.3 Groundwater Flow Model Uncertainties 

Uncertainties in the groundwater flow model included: 

• Limited available hydrogeologic data for subsurface characterization of Layers 3, 5, 6, and 7. 

• Actual conductance values are not available for drain nodes.  This was accounted for by 
calibration to the observed conditions. 
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• Groundwater elevations at the extents of the model cannot be measured and were 
extrapolated from observed water level information. 

• Actual recharge values are not available.  Values were based on topography, vegetation, land 
use, and model calibration.  

K.2.3.4 Groundwater Flow Model Limitations 

Limitations of the flow model: 

• The groundwater flow model was constructed using steady-state conditions from the Spring 
2003 groundwater elevations (Table 4-2).  These measurements were completed in late 
spring (following spring precipitation and storm events) and are anticipated to be slightly 
higher than the average groundwater elevations at EDA during fall and winter. 

K.2.3.5 Baseline Groundwater Flow Modeling Results Summary 

The groundwater flow modeling results are summarized as follows: 

• The overall baseline groundwater flow model calibration was statistically excellent with 
model-predicted heads calibrated to within 2.19 percent normalized root mean squared error 
and 1.64 percent absolute residual mean error. 

• The mass balance of the model had a 0.01 percent discrepancy. 

• The calibrated baseline groundwater flow model adequately simulated the hydraulic 
gradients and flow directions interpreted from the Spring 2003 potentiometric surface maps. 

• Advective particle tracking results indicated that water particles originating from the sump 
monitoring well area would be transported toward the south, southeast, and east, similar to 
the interpreted plume movement at the FTP. 

K.2.4 Groundwater Flow Modeling Remedial Alternatives Evaluation and Capture Zone 
Predictions 

After model calibration and sensitivity analysis indicated that the model reasonably predicted the 
baseline groundwater elevations, the proposed groundwater remediation alternatives were 
evaluated.  This evaluation was completed using a MODFLOW (Harbaugh, et al. 2000) baseline 
groundwater flow model and revising the model to simulate each of the remedial alternatives 
(e.g., adding extraction wells, etc.).  Capture zone analysis for each alternative was completed 
using the reverse particle tracking option in MODPATH (Pollock 1994).  Particle tracks were 
generally calculated for 70 years.  A 70-year period was considered sufficient to adequately 
simulate the capture zones.  The model-predicted capture zones and flow rates assumed 100-
percent well efficiency.  However, subsurface conditions usually create actual efficiencies that 
are significantly lower (Driscoll 1986).  Therefore, the remedial alternatives were typically 
designed in a conservative manner to compensate for potential inefficiencies. 
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Five groundwater remediation alternatives were evaluated with the particle-tracking options in 
the groundwater flow model.  The five remedial alternatives included: 

• Alternative 1: No Action – The baseline flow model was used to simulate the No Action 
remedial alternative. 

• Alternative 2: Monitored Natural Attenuation (MNA) – The baseline flow model was 
also used to simulate the MNA alternative.  

• Alternative 3: Focused Extraction/MNA – The baseline flow model was modified to 
include extracting groundwater from the sump monitoring well. 

• Alternative 4: In-Situ Chemical Oxidation (ISCO)/MNA – The baseline flow model was 
modified to include extracting groundwater from sump monitoring well and four injection 
wells around the perimeter of the sump excavation to inject a solution of hydrogen peroxide 
and water.  

• Alternative 5: Enhanced Degradation/MNA – This alternative used the same flow model 
as Alternative 4. 

The objective of each modeling evaluation was to determine the optimum locations and 
extraction rates that would facilitate cleanup of VOCs.  For the remedial alternative evaluations, 
it was conservatively assumed that the remedial alternatives would address all FTP plume 
groundwater with VOC concentrations greater than the FTP risk-based PRG for each 
contaminant.   

K.2.4.1 Alternative 1: No Action 

The calibrated baseline groundwater flow model was used for the No Action and MNA 
alternatives evaluations.  Construction of this model did not differ from construction of the 
previously described baseline flow model.  The No Action flow model advective particle 
tracking results (Figure K-9) indicated that groundwater originating near the sump monitoring 
well would travel to the south, southeast, and east. 

K.2.4.2 Alternative 2: Monitored Natural Attenuation 

The MNA alternative groundwater flow model was the same as the No Action model. 

K.2.4.3 Alternative 3: Focused Extraction/MNA 

The Focused Extraction Alternative groundwater flow model consisted of extracting 
groundwater from the sump monitoring well at a rate of 0.25 gpm.  Advective particle tracking 
results indicated the extraction well effectively captured the high concentration VOC plume near 
SA-99-1.  Particle tracking results are presented on Figure K-10. 
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K.2.4.4 Alternative 4: ISCO/MNA 

Alternative 4 consisted of extracting groundwater from the sump monitoring well at a rate of 
2 gpm and injecting a solution of hydrogen peroxide and water through four injection wells at a 
rate if 0.5 gpm each.  Figure K-11 presents the extraction well location and model-predicted 
capture zones created the modeled flow rates.  The extraction and injection wells were placed in 
model Layer 1 with 10-foot well screens.  Advective particle tracking results for the ISCO 
alternative indicated effective capture of the VOC plume around the sump monitoring well. 

K.2.4.5 Alternative 5: Enhanced Degradation/MNA 

The flow model for Alternative 5 was identical to Alternative 4.  Figure K-12 presents the 
extraction well location and model-predicted capture zones created by the modeled flow rates.  
Advective particle tracking results for the Enhanced Degradation Alternative indicated effective 
capture of the VOC plume around the sump monitoring well. 

K.2.4.6 Groundwater Flow Modeling Remedial Alternative Evaluation Conclusions 

The groundwater flow modeling evaluation results for the five alternatives indicated: 

• Advective particle tracking results for the No Action and MNA Alternatives indicated that 
water particles originating from the sump monitoring well area would be transported to the 
south, southeast, and east. 

• Advective particle tracking results for the Focused Extraction Alternative indicated the 
extraction well effectively addressed the shallow groundwater near the sump monitoring 
well. 

• Advective particle tracking results for the ISCO and Enhanced Degradation Alternatives 
indicated the extraction and injection wells effectively addressed the shallow groundwater 
near the sump monitoring well. 

• Advective particle tracking results for all of the alternatives also indicated particles traveling 
in the FTP shallow groundwater plume area would not be transported into the bedrock 
groundwater. 

The groundwater flow model accuracy was considered adequate to use in the subsequent 
contaminant fate and transport modeling evaluation (presented in Section K.3). 

K.3 CONTAMINANT FATE AND TRANSPORT MODELING 

The objectives of the contaminant fate and transport modeling effort were to: 

Simulate baseline contaminant transport for the FTP VOC plumes (using Spring 2003 
concentrations). 

• 
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Assess whether VOC concentrations currently detected above the IAAAP regulatory 
standards will be transported further downgradient at the FTP to other potential receptors. 

• 

• 

• 

Assess the ability of the soil and groundwater system to naturally attenuate VOCs at the FTP. 

Evaluate remedial alternatives for the RAA. 

K.3.1 Contaminant Fate and Transport Modeling Approach, Methodology, and 
Assumptions 

The approach, methods, and assumptions used to simulate groundwater contaminant fate and 
transport at the FTP are discussed in the following sections. 

K.3.1.1 Contaminant Fate and Transport Modeling Approach and Methodology 

Groundwater flow conditions at the site were simulated using MODFLOW.  The MODFLOW 
modeling approach and methodology was discussed in Section K.2.  Contaminant fate and 
transport of VOCs was simulated using MT3DMS (Zheng and Wang 1998), a three-dimensional, 
block-centered, finite-difference, numerical transport model.  MT3DMS retrieves the hydraulic 
heads, flow terms, and source-sink terms from the MODFLOW groundwater flow model results 
and calculates chemical concentrations over time.  The MT3DMS models were constructed using 
Visual MODFLOW (WHI 2003).  Visual MODFLOW is a pre- and post-processor and does not 
affect results generated by running MT3DMS. 

The same model dimensions, groundwater configurations, and flow parameters used in the 
groundwater flow model were used in the contaminant fate and transport model. 

Chemicals Selected for MT3DMS Model 
A contaminant fate and transport model was constructed to model benzene, chloroethane, 
trichloroethene (TCE), 1,1-dichloroethene (1,1-DCE), and vinyl chloride concentrations at the 
FTP.  Benzene, chloroethane, TCE, 1,1-DCE, and vinyl chloride were selected as the main 
contaminants above IAAAP regulatory standards in groundwater at the FTP because they were 
reported at concentrations (110, 3700, 120, 2800, and 360 micrograms per liter [µg/L], 
respectively) significantly higher than the IAAAP regulatory standards (5, 4.6, 5, 7, and 2 µg/L, 
respectively) and are mobile in groundwater.  It was not considered necessary to model other 
VOCs because the VOCs selected provided results representative of the various suites of 
contaminants present at FTP.  Explosives were not modeled because they were reported at 
concentrations only slightly higher than the IAAAP regulatory standards, did not have significant 
areal distribution, and were not anticipated to be transported any significant distance at 
concentrations above the IAAAP regulatory standards. 

K.3.1.2 Project Uses for the Contaminant Fate and Transport Model 

The baseline groundwater flow model was used in conjunction with MT3DMS (Zheng and 
Wang 1998) to simulate baseline contaminant fate and transport.  The remedial alternative flow 
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models were then used in conjunction with MT3DMS to predict the effectiveness of the remedial 
alternatives on contaminant fate and transport.  Some of the final flow model design parameters 
(e.g., placement of wells, etc.) were based upon the contaminant fate and transport modeling 
results. 

K.3.1.3 Contaminant Fate and Transport Modeling Assumptions 

MT3DMS uses chemical and site-specific characteristic input values to calculate contaminant 
dispersion and degradation (i.e., fate) and MODFLOW output to calculate advection (i.e., 
transport).  MT3DMS accounts for the effects of adsorption/desorption, dispersion, and natural 
degradation (biotic and abiotic) or other chemical reactions that can be simulated with a first-
order decay rate term for the removal of a chemical from the modeled system.  MT3DMS cannot 
simulate more complicated chemical reaction systems, such as precipitation/re-solution based on 
changing local conditions, the rate of exhaustion of bio-nutrients based on variable uptake by 
indigenous microorganisms, or the transformation of a chemical into a degradation by-product. 

In addition to the general MT3DMS modeling assumptions listed in Attachment K-3, key 
assumptions for this modeling effort included the following: 

• The steady-state MODFLOW model assumptions, setup, and results were appropriate for the 
contaminant fate and transport model. 

• Dissolved VOC concentrations measured from the Spring 2003 sampling event (Table 5-2) 
were used to interpret the isoconcentration maps (Figures 7-1a, 7-1b, 7-2a, 7-2b, 11-2, and 
11-3).  These isoconcentrations were used to input initial concentration values 
(Attachment K-4).  Adsorption was also considered to be at equilibrium at the time of the 
Spring 2003 sampling event. 

• VOCs are subject to adsorption, dispersion, and degradation (approximated with a first-order 
decay rate, Attachment K-4) as it is transported through the saturated zones of the aquifer. 

K.3.2 Contaminant Fate and Transport Model Setup and Input Parameters 

The FTP contaminant fate and transport model was constructed using the same overall model 
setup as the MODFLOW groundwater flow model.  The fate and transport model setup included 
use of the baseline flow model finite-difference grid, hydrostratigraphic layers (i.e., model 
Layers 1 through 7), and groundwater flow boundary conditions, with the added input of 
chemical-specific parameters.  The groundwater flow components were previously described in 
Section K.2.  The chemical-specific input parameters are documented in this section. 

K.3.2.1 Initial Target Compound Concentrations 

Chemical data from the Spring 2003 sampling event were the basis for the interpreted initial 
VOC isoconcentration maps and the subsequent conservative initial concentration values input to 
the baseline contaminant fate and transport model.  Initial concentration values were extrapolated 
from the isoconcentration maps. 
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Current VOC concentration data were discretized and input into the model at values ranging 
from 2 µg/L to 2,800 µg/L.  These values were used for initial concentration input.  The 
contaminant data were discretized into fields of VOC concentrations to match Spring 2003 
conditions.  VOC values were input in model Layer 1 for the FTP shallow groundwater plume.  
A conservative approach (i.e., likely overestimating VOC mass) was used when discretizing 
VOC input into the model.   

Initial concentration plots were constructed from MT3DMS results at a time period of 1-day.  
These initial concentration plots (i.e., initial concentration input) are included in 
Attachment K-4.  Considering the modeling objectives (e.g., long-term simulations), these plots 
were considered appropriate and conservative representations of the nature and extent of 
contamination in Spring 2003. 

K.3.2.2 Contaminant Fate and Transport Model Input Parameters 

MT3DMS requires the definition of a number of site-specific and chemical-specific input 
parameters for each contaminant model (e.g., benzene, chloroethane, TCE, 1,1-DCE, and VC) 
and to make some simplifying assumptions based on existing site information.  Contaminant fate 
and transport model input parameter values are summarized in Table K-5.  The model input 
parameter values were based on the hydrogeologic characteristics of the model layers, site 
chemical analyses, and estimates of chemical characteristics from recent literature values. 

The input parameters for the FTP contaminant fate and transport model were established as 
follows: 

Source Concentrations:  Current benzene, chloroethane, TCE, 1,1-DCE, and vinyl chloride 
concentration data were discretized and input in the model in values ranging from 2 µg/L to 
2,800 µg/L to match Spring 2003 FTP contaminant concentration data (Figures 7-1a and 7-1b). 

Source Mass Decay:  The Spring 2003 concentrations in groundwater of benzene, chloroethane, 
TCE, 1,1-DCE, and vinyl chloride were input as initial concentrations  (i.e., a one-time, non-
constant source). 

Time (t).  MT3DMS used the steady-state, time independent, flow field generated by 
MODFLOW to simulate contaminant fate and transport over time.  The fate and transport model 
was simulated for a time period of 70 years.  This was considered to be a sufficient amount of 
time to predict contaminant transport results to support a 70-year risk evaluation period 
(maximum lifetime exposure) and for the contaminant plume to reach equilibrium. 

Bulk Density (ρb).  The bulk density of the EDA soils was based on geotechnical analysis 
completed during the FTP, EBP, and WBPA FS data collections. Bulk density values ranged 
from 1.6 to 1.9 grams per cubic centimeter (g/cc).  An average bulk density value of 1.8 g/cc was 
input for unconsolidated sediments in the model.  Site-specific bulk density values for the upper 
bedrock and bedrock were not available.  Bulk density values of 2.1 g/cc and 2.2 g/cc were 
assigned to the model for the upper bedrock and bedrock, respectively. 
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Dispersivity (Dl, Dt, Dv).  Chemical dispersivity input values were assumed based on varying 
distances chemicals have been transported from the assumed source areas at FTP.  Longitudinal 
dispersivity (Dl) values were assumed to be 10 percent of the downgradient transport distance.  
Longitudinal dispersivities were conservatively estimated at approximately 10 to 80 feet, and 
vertical dispersivities (Dv) and transverse dispersivities (Dt) were estimated as a fraction of the 
longitudinal values.  Longitudinal dispersivity values are typically reported to be much larger 
than transverse values, which are much larger than vertical values (Gelhar 1992; Anderson 
1979).  The ratios of longitudinal-to-transverse-to-vertical dispersivity (e.g., Dl, Dt,:Dv) were 
input at 100:20:1.  These ratios were established during model calibration based on the geometry 
of the existing plumes. 

Degradation Half-life (t1/2).  Reported benzene, chloroethane, TCE, 1,1-DCE, and vinyl chloride 
degradation (abiotic and biotic) half-life literature values ranged from 0.15 to 7.88 years.  Site-
specific half-lives were calculated from historical data in the FTP shallow groundwater for 
benzene, chloroethane, PCE, TCE, 1,1-DCE, and vinyl chloride.  Half-life calculations are 
included in Attachment K-4.  Site-specific half-life calculations for other chemicals were not 
completed due to a lack of a historical decline in concentrations.  The half-life values selected 
the modeling of benzene, chloroethane, TCE, 1,1-DCE, and vinyl chloride were 2.1, 8.9, 3.9, 2.1, 
and 8.7 years, respectively.  

Half-life values were input to the model as first-order decay constants (k) using k = ln(2)/t1/2.  
The values selected were considered to be representative of natural decay processes occurring at 
the site, based on the site-specific half-life and literature values. 

The MT3DMS code also requires an adsorbed-phase half-life value to simulate degradation of 
the contaminant in the adsorbed phase.  It has been reported that certain biological reactions only 
occur in the dissolved phase (Zheng and Wang 1988), therefore, sorbed-phase half-life values are 
typically longer than dissolved-phase half-lives.  The sorbed-phase half-life for all contaminants 
was assumed at a conservative value of 100 years.  

Organic Carbon/Water Partition Coefficient (Koc).  The Koc values used in the model for benzene, 
chloroethane, TCE, 1,1-DCE, and vinyl chloride are based on reported literature values (USEPA 
1989) (Table 8-1). The following Koc values were used in the model: 

• Benzene:  165.5 milliliters per gram (mL/g) 

• Chloroethane:  23.7 mL/g 

• TCE:  67.7 mL/g 

• 1,1-DCE :  35 mL/g 

• Vinyl Chloride:  23.7 mL/g 

Model calibration indicated that these values yielded results that were considered reasonable. 

Total Organic Carbon (TOC).  The TOC content of the EDA soils was based on laboratory analysis 
of soils collected during the FTP, EBP, and WBPA FS data collections and are shown on 
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Table 4-1.  TOC values for the EDA shallow glacial till ranged from 0.05 percent to 1.6 percent 
with an average value of 0.1 percent.  The average TOC value of 0.1 percent was assigned to the 
model in the shallow, intermediate, and deep tills.  Site-specific TOC values for the upper 
bedrock and bedrock were not available.  TOC values 0.05 percent and 0.03 percent were 
assigned to the model for the upper bedrock and bedrock, respectively. 

Sorption Distribution Coefficient (Kd).  Soil/water partition coefficients (Kd) were estimated for 
each chemical from the product of the Koc and TOC values listed above.  The following Kd 
values were used in the model: 

• Benzene:  0.05 mL/g to 0.17 mL/g 

• Chloroethane:  0.007 mL/g to 0.023 mL/g  

• TCE:  0.02 mL/g to 0.07 mL/g  

• 1,1-DCE:  0.011 mL/g to 0.035 mL/g 

• Vinyl Chloride:  0.007 mL/g to 0.023 mL/g 

Retardation Factor (R).  The model uses the bulk density, the sorption coefficient, and effective 
aquifer porosity to calculate a retardation factor using the following equation: 

e

d bKR
η

ρ⋅
+= 1  

 
Where, 

ρb = Bulk density 
Kd = Soil/water partition coefficient 
ηe = Porosity 

Using the above values, retardation factors were calculated by the model for benzene, 
chloroethane, TCE, 1,1-DCE, and vinyl chloride.  The values for each chemical ranged from: 

• Benzene:  1.55 to 1.88 

• Chloroethane:  1.08 to 1.13 

• TCE:  1.22 to 1.36 

• 1,1-DCE:  1.12 to 1.19 

• Vinyl Chloride:  1.08 to 1.13 

K.3.3 Baseline Contaminant Fate and Transport Model Calibration, Sensitivity, and 
Limitations 

The contaminant fate and transport model was calibrated to accurately simulate the extent of the 
Spring 2003 benzene, chloroethane, TCE, 1,1-DCE, and vinyl chloride plumes and predict future 
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behavior of the plumes.  This calibration effort included qualitative model calibration, parameter 
sensitivity analysis, and understanding the limitations of the model predictions. 

K.3.3.1 Contaminant Fate and Transport Model Calibration 

Contaminant fate and transport model setup and calibration were completed to reproduce the 
Spring 2003 benzene, chloroethane, TCE, 1,1-DCE, and vinyl chloride concentrations at the site 
as closely as possible.  An iterative calibration process was used to refine MT3DMS input based 
on model-predicted results.  Historical source release information (e.g., mass release and dates of 
multiple releases) cannot be accurately estimated because of the nature of the multiple source 
releases over time.  Therefore, calibration of the contaminant fate and transport model relied on 
Spring 2003 groundwater analytical data, and the method of inputting sources at an assumed 
mass and time of release was not implemented.  The model input assumed that the subsurface 
was at equilibrium adsorption.  The calibration procedures completed included: 

• Discretizing Spring 2003 VOC concentrations into model Layer 1 for the FTP shallow 
groundwater plume. 

• Inputting dispersivity values based on distance the contaminant has traveled from the 
assumed origination area. 

– Longitudinal Dispersivity (Dl) = 1/10 downgradient transport distance 

– Transverse Dispersivity (Dt) = 1/5 longitudinal dispersivity 

– Vertical Dispersivity (Dv) was estimated at 1/100 of the longitudinal dispersivity. 

– Ratio of longitudinal to transverse to vertical dispersivity (e.g., Dl:Dt:Dv) was determined 
from the geometry of historic and Spring 2003 VOC plumes. 

These parameters were systematically varied until the model-predicted behavior of the VOC 
plumes most accurately simulated the existing plumes. 

K.3.3.2 Contaminant Fate and Transport Model Sensitivity 

Sensitivity of the contaminant fate and transport model was evaluated qualitatively to describe 
possible variability in the subsequent model-predicted results.  Contaminant fate and transport 
modeling results were sensitive to both contaminant-specific and groundwater flow input 
parameters.  Section K.2.3.2 summarized the groundwater flow model sensitivity to groundwater 
flow input parameters.  It was assumed that if the flow model was sensitive to a parameter, the 
contaminant fate and transport model was also sensitive to the same parameter since the 
advective transport portion of the contaminant fate and transport model is determined by the 
output from the groundwater flow model. 

Additionally, the contaminant fate and transport modeling results were sensitive to most 
contaminant fate and transport model input parameters.  These parameters included: initial 
concentrations, degradation half-life, retardation factor, and dispersivity.  Fluctuating these 
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parameters within reasonable estimated ranges created noticeable differences in model-predicted 
results. 

The degree of contaminant fate and transport model sensitivity to contaminant specific input 
parameters was variable.  Qualitative sensitivity analysis results are summarized in the following 
table. 

Summary of Contaminant Fate and Transport Model Sensitivity 

Input Parameter Sensitivity Summary 
Initial Concentration High  Mass -  Future Transport 
Degradation Half-life High  Decay rate -  Future Transport 
Retardation Factor Moderate  Retardation factor -  Transport distance 
Dispersivity Low  Dispersivity -  Transport distance 

K.3.3.3 Contaminant Fate and Transport Model Limitations 

Limitations of the contaminant fate and transport model were directly related to the model 
assumptions listed in Section K.3.1.3 and Attachment K-3.  These limitations included a single 
concentration value within each cell, equilibrium-controlled adsorption/desorption, and 
irreversible linear decay rates.  The most significant limitations for the FTP fate and transport 
model included: 

• The dissolved VOC decay rates used for model input were calculated from historical site-
specific analytical data and not model-calculated over time as the natural attenuation capacity 
of the aquifer (e.g., assimilative capacity) may change.  

• The dissolved VOC decay rates calculated from chemicals within the sump monitoring well 
SA-99-1 appeared to be significantly impacted by anaerobic conditions in the sump 
monitoring well. 

• Target VOC plume calibration was limited to the Spring 2003 interpreted plume 
concentrations and extent. 

These limitations were compensated for by using very conservative initial VOC concentration 
inputs (i.e., likely overestimating initial mass). 

K.3.3.4 Baseline Contaminant Fate and Transport Modeling Results Summary 

After model calibration and sensitivity analysis indicated the model reasonably predicted 
contaminant fate and transport, the model was used to predict baseline contaminant fate and 
transport conditions for the Spring 2003 VOC plumes.  This evaluation included estimating 
future VOC concentrations at potential exposure points in groundwater over a 70-year human 
health risk evaluation period.  Model-predicted VOC concentrations in general areas of interest 
over time are detailed in Table K-6.  Figure K-13 presents the baseline VOC fate and transport 
modeling results over time at the FTP.  The figures present model-predicted VOC concentrations 
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in model Layer 1 (shallow groundwater) for Spring 2003 conditions, 10 years, 20 years, and 50 
years in the future.  Layer 1 results were presented because they correspond to the 
hydrostratigraphic layer in which the FTP shallow groundwater monitoring wells are screened.  
The model-predicted change in contaminant mass over time is presented in Table K-7.  Full 
graphical documentation of the contaminant fate and transport results is presented in 
Attachment K-5. 

The FTP baseline contaminant fate and transport modeling results are shown on Figure K-13 
and Table K-6.  Key results are summarized as follows: 

• The baseline contaminant fate and transport modeling results indicated that the benzene, 
chloroethane, TCE, 1,1-DCE, and vinyl chloride plume concentrations are at their highest 
predicted concentrations.  Most of the VOC plume concentrations will decline below the 
IAAAP regulatory standards in about 15 to 25 years due to the naturally occurring processes 
of dispersion and degradation. The benzene plume will decline below the IAAAP regulatory 
standard (5 µg/L) in about 15 to 20 years, while TCE and 1,1-DCE will take about 20 to 25 
years to decline below the standard (7 µg/L). vinyl chloride will take about 50 to 55 years to 
decline below the regulatory standard (2 µg/L).  Chloroethane will be reduced to below the 
IAAAP regulatory standard (4.6 µg/L) in greater than 70 years. 

• The modeling results indicated that the VOC plumes in the high concentration areas would 
not be transported downgradient any significant distance away from the sources (i.e., the 
sump monitoring well area). 

• The modeling results indicated that the low concentrations of 1,1-DCE and vinyl chloride at 
the distal edges of the FTP VOC plume will attenuate to below IAAAP regulatory standards 
in less than 20 years. 

K.3.4 Contaminant Fate and Transport Modeling Remedial Alternatives Evaluation 

After model calibration and sensitivity analysis indicated the model reasonably predicted 
contaminant fate and transport, the baseline model was used to help evaluate the effectiveness of 
the groundwater remediation alternatives previously analyzed using the groundwater flow model.  
Five different groundwater remediation alternative scenarios were evaluated with MT3DMS 
(Zheng and Wang 1998).  The five alternatives included: 

• Alternative 1: No Action 

• Alternative 2: Monitored Natural Attenuation 

• Alternative 3: Focused Extraction/MNA 

• Alternative 4: ISCO/MNA 

• Alternative 5:  Enhanced Degradation/MNA 

The objective of the fate and transport modeling remedial alternative evaluations was to estimate 
general time frames required to reduce groundwater concentrations of VOCs below their site-
specific, risk-based PRGs (see Section 9 and Table 9-7).  For comparative purposes, model-
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predicted results for VOCs are presented on Figures K-14 through K-17.  Changes in mass over 
time for each of the five VOCs modeled for each alternative are presented in Table K-7, and 
times required for reduction of VOCs to below various concentrations are presented on 
Table K-8.  

The contaminant fate and transport evaluations used the baseline steady-state groundwater flow 
model (calibrated to Spring 2003 conditions) for Alternatives 1 and 2.  The Focused Extraction 
flow model (discussed in Section K.2.4.3) was used for the contaminant fate and transport 
evaluation of Alternative 3.  The ISCO flow model was used for Alternatives 4 and 5. 

K.3.4.1 Alternative 1:  No Action 

The No Action contaminant fate and transport model was constructed using the VOC 
concentrations and extents interpreted from the Spring 2003 groundwater sampling results.  
Modeling results indicated VOC concentrations less than the site-specific, risk based PRGs for 
the five chemicals modeled can be achieved in 50 to 55 years due to natural attenuation 
processes (Figure K-14).  Modeling results for the individual chemicals are presented on 
Table K-8. 

The modeling results indicated about 53 percent of the total VOC mass would be removed in the 
first five years.  At 10 years, 73 percent of the total VOC mass would be removed (Table K-7). 

K.3.4.2 Alternative 2:  Monitored Natural Attenuation 

The contaminant fate and transport model and results for Alternative 2 was the same as 
Alternative 1. 

K.3.4.3 Alternative 3:  Focused Extraction/MNA 

The focused extraction alternative was evaluated to simulate the extraction of groundwater 
through SA-99-1 at a flow rate of 0.25 gpm. 

Modeling results indicated VOC concentrations less than the site-specific, risk based PRG of the 
five chemicals modeled can be achieved in 15 to 20 years due to extraction through SA-99-1 and 
MNA (Figure K-15).  Modeling results for the individual chemicals are presented on Table K-8. 

The modeling results indicated about 90 percent of the total VOC mass would be removed in the 
first five years.  At 10 years, 97 percent of the total VOC mass would be removed (Table K-7). 

K.3.4.4 Alternative 4:  ISCO/MNA 

The ISCO alternative was evaluated to simulate the performance of four vertical injection wells 
and one vertical extraction well located inside the excavated sump area (near SA-99-1). 

Modeling results indicated that VOC concentrations less than the site-specific, risk-based PRGs 
of the five chemicals modeled can be achieved in 15 to 20 years due to ISCO, sump extraction, 
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and MNA (Figure K-15).  Modeling results for the individual chemicals are presented on 
Table K-8. 

The modeling results indicated about 85 percent of the total VOC mass would be removed in the 
first five years.  At 10 years, 95 percent of the total VOC mass would be removed (Table K-7). 

K.3.4.5 Alternative 5:  Enhanced Degradation/MNA 

The enhanced degradation alternative was evaluated to simulate the injection of a substrate to 
stimulate the degradation (e.g., biotic or abiotic) of VOC.  This was simulated in the contaminant 
fate and transport model by doubling the VOC degradation rates (e.g., decreasing the dissolved-
phase half-life by half) in the treated area. 

Modeling results indicated VOC concentrations less than the site-specific, risk based PRG of the 
five chemicals modeled can be achieved in 15 to 20 years due to enhanced degradation, ISCO, 
sump extraction, and MNA (Figure K-15).  Modeling results for the individual chemicals are 
presented on Table K-8. 

The modeling results indicated about 91 percent of the VOC mass would be removed in the first 
five years.  At 10 years, 97 percent of the VOC mass would be removed (Table K-7). 

K.3.4.6 Contaminant Fate and Transport Modeling Remedial Alternatives Evaluation 
Conclusions 

The groundwater contaminant fate and transport modeling evaluation of the various remedial 
alternatives is summarized below: 

• The VOC plume concentrations will be reduced to less than the risk-based PRGs in 50 to 55 
years for the No Action and MNA remedial alternatives. 

• The VOC plume concentrations will be reduced to less than the risk-based PRGs in 15 to 20 
years for the Focused Extraction, ISCO, and Enhanced Degradation remedial alternatives. 

K.4 SUMMARY 

Setup and calibration of the FTP groundwater model consisted of incorporating as much of the 
field investigation data as possible.  The initial parameter estimation included all values that 
were measured or calculated (e.g., hydraulic conductivity, hydraulic gradient, TOC, source 
chemicals, and initial discretized plume concentrations).  These parameters, and others, were 
estimated to create a conservative model.  This model was then used to give a conservative 
prediction of future contaminant transport. 

The groundwater flow modeling and the contaminant fate and transport modeling results are 
summarized below. 
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K.4.1 Groundwater Flow Modeling Summary 

The groundwater flow model results indicated: 

• The overall baseline groundwater flow model calibration was statistically excellent, with 
model-predicted heads calibrated to within 2.19 percent normalized root mean squared error 
and 1.64 percent absolute residual mean error. 

• The mass balance of the model had a 0.01 percent discrepancy. 

• The calibrated baseline groundwater flow model predicted flow directions and hydraulic 
gradients similar to the flow directions interpreted from the Spring 2003 potentiometric 
surface maps. 

• Advective particle tracking results for the No Action and MNA Alternatives indicated that 
water particles originating from the sump monitoring well area would be transported to the 
south, southeast, and east. 

• Advective particle tracking results for the Focused Extraction Alternative indicated the 
extraction well effectively addressed the shallow groundwater near the sump monitoring 
well. 

• Advective particle tracking results for the ISCO and Enhanced Degradation Alternatives 
indicated the extraction and injection wells effectively addressed the shallow groundwater 
near the sump monitoring well. 

• Advective particle tracking results for all of the alternatives also indicated particles traveling 
in the FTP shallow groundwater plume area would not be transported into the bedrock 
groundwater. 

K.4.2 Contaminant Fate and Transport Modeling Summary 

The groundwater contaminant fate and transport baseline modeling and evaluation of the various 
remedial alternatives are summarized below: 

• The baseline contaminant fate and transport modeling results indicated that the benzene, 
chloroethane, TCE, 1,1-DCE, and vinyl chloride plume concentrations are at their highest 
predicted concentrations.  Most of the VOC plume concentrations will decline below the 
IAAAP regulatory standards in about 15 to 25 years due to the naturally occurring processes 
of dispersion and degradation. The benzene plume will decline below the IAAAP regulatory 
standard (5 µg/L) in about 15 to 20 years, while TCE and 1,1-DCE will take about 20 to 25 
years to decline below the standard (7 µg/L).  Vinyl chloride will take about 50 to 55 years to 
decline below the regulatory standard (2 µg/L).  Chloroethane will be reduced to below the 
IAAAP regulatory standard (4.6 µg/L) in greater than 70 years. 

• The modeling results indicated that the VOC plumes in the high concentration areas would 
not be transported downgradient any significant distance away from the sources (i.e., the 
sump monitoring well area). 
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• The modeling results indicated that the low concentrations at the distal edges of the FTP 
VOC plume will attenuate to below IAAAP regulatory standards in less than 20 years. 

• The VOC plume concentrations will be reduced to less than the risk-based PRGs in 50 to 55 
years for the No Action and MNA remedial alternatives. 

• The VOC plume concentrations will be reduced to less than the risk-based PRGs in 15 to 20 
years for the Focused Extraction, ISCO, and Enhanced Degradation remedial alternatives. 
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TABLE K-1
GROUNDWATER FLOW MODEL INPUT PARAMETERS

FIRE TRAINING PIT GROUNDWATER MODELING

Model Layer Geologic Profile
Base of Unit

(ft msl)

Layer
Thickness

(ft)

Horizontal 
Hydraulic

Conductivity
K x , K y  (ft/day)1

Vertical Hydraulic
Conductivity
K z  (ft/day)

K x ,K y :K z

Ratio

Effective
Porosity

(%)

Recharge
(in/yr)

Layer 1 Shallow Till/Fill 0.02-2 0.002-0.2 10:1 0.32 0 to 0.72

Spring Creek Alluvium 0.4 0.04 10:1 0.32 0
Layer 2 Upper Bedrock 0.001-0.15 0.0001-0.015 10:1 0.22 NA

Spring Creek Upper Bedrock 0.2 0.02 10:1 0.22 NA
Intermediate Till 0.01 0.001 10:1 0.32 NA

Layer 3 Bedrock 1x10-6-0.001 1x10-7-0.0001 10:1 0.20 NA
Deep Till 1x10-5 1x10-6 10:1 0.32 NA

Layer 4 Bedrock 0.001-0.002 0.0001-0.0002 10:1 0.20 NA
Deep Till 0.001 0.0001 10:1 0.32 NA

Layer 5 Bedrock 0.0001-0.0005 0.00001-0.00005 10:1 0.20 NA
Deep Till 0.001 0.0001 10:1 0.32 NA

Layer 6 Bedrock 0.0005 0.00005 10:1 0.20 NA
Deep Till 0.006 0.0006 10:1 0.32 NA

Layer 7 Bedrock 515-555 20 0.0005 0.00005 10:1 0.20 NA

Notes:
% = Percent
ft = Foot or Feet
in = Inch(es)
K x  = hydraulic conductivity in the x direction
K y  = hydraulic conductivity in the y direction
K z  = hydraulic conductivity in the z direction
msl = Mean Sea Level
yr = Year
1 Hydraulic conductivity values for Layers 1, 2, and 4 were based on calculated values from field measurements
  and model calibration.  Field measurements were not available for Layers 3, 5, 6, and 7; therefore, hydraulic conductivity values were
  based on literature values, other values at IAAAP, and model calibration.
2 Recharge values ranged from 0 to 0.7 inches per year in most areas of the model.  Localized groundwater mounds were simulated with 
  1 to 20 inches per year based on model calibration.

595-635 10

615-655 5-65

605-645 10

535-575 20

575-615 20

555-595 20
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TABLE K-2
COMPARISON OF MEASURED GROUNDWATER ELEVATIONS AND

MODEL-PREDICTED GROUNDWATER ELEVATIONS
FIRE TRAINING PIT GROUNDWATER MODELING

Layer Row Column

EBP-MW3 1 54 239 685.32 685.25 -0.07
EDA-01 1 20 256 688.57 688.51 -0.06
EDA-02(B) 1 98 212 656.39 656.48 0.09
EDA-04 1 40 309 678.87 678.01 -0.86
FTA-99-1 1 198 72 659.93 660.45 0.52
FTP-MW1 1 212 69 654.42 655.09 0.67
FTP-MW2 1 200 91 652.40 652.00 -0.40
FTP-MW5 1 163 86 663.36 663.44 0.08
FTP-MW7 1 216 19 669.36 669.86 0.50
G-29 1 93 275 679.94 680.67 0.73
JAW-04(B) 1 113 192 648.91 647.93 -0.98
JAW-05 1 80 297 682.42 681.15 -1.27
JAW-06 1 37 319 672.34 672.13 -0.21
JAW-07 1 62 316 679.69 678.86 -0.83
JAW-23 1 100 87 649.10 648.54 -0.56
JAW-24 1 106 136 636.60 635.84 -0.76
JAW-25 1 130 76 684.15 682.97 -1.18
JAW-58 1 164 55 683.16 681.72 -1.44
JAW-59 1 185 39 673.78 673.65 -0.13
JAW-60 1 176 58 671.44 673.68 2.24
JAW-61 1 180 30 679.61 677.46 -2.15
JAW-62 1 170 28 681.66 682.33 0.67
JAW-63 1 156 32 684.27 683.47 -0.80
JAW-64 1 13 294 680.48 680.24 -0.24
JAW-68 1 140 95 675.57 675.70 0.13
JAW-80 1 205 46 668.27 666.56 -1.71
M-01 1 236 53 661.16 660.77 -0.39
SA-99-1(SUMP) 1 166 40 683.45 683.82 0.37
WBP-99-1 1 135 59 666.34 667.24 0.90
WBP-99-2 1 109 56 658.70 657.96 -0.74
WBP-99-3(B) 1 138 143 644.89 643.61 -1.28
EBP-MW4(B) 2 82 183 645.04 646.45 1.41
EBP-MW5(B) 2 148 189 636.73 637.00 0.27
FTP-MW3(B) 2 179 108 642.25 644.69 2.44
G-30(B) 2 162 114 644.43 645.04 0.61
JAW-614(B) 2 121 236 654.96 653.96 -1.00
WBP-99-4(B) 2 97 58 655.48 656.03 0.55
WBP-99-5(B) 2 100 110 640.49 642.83 2.34
EBP-MW1(B) 4 171 242 636.39 636.98 0.59
EBP-MW6(B) 4 147 188 640.96 639.42 -1.54
FTA-99-2(B) 4 198 71 650.09 650.44 0.35
FTP-MW4(B) 4 186 40 665.73 665.67 -0.06
FTP-MW6(B) 4 163 87 647.47 647.15 -0.32
FTP-MW8(B) 4 216 20 666.67 666.23 -0.44
WBP-99-6(B) 4 100 87 639.24 641.70 2.46

Model-Predicted 
Head Difference

(ft)

Observation
Well Name

Model Location Groundwater 
Elevation
May 2003

(ft msl)

Model-Predicted 
Baseline Groundwater

Elevation
(ft msl)
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TABLE K-2
COMPARISON OF MEASURED GROUNDWATER ELEVATIONS AND

MODEL-PREDICTED GROUNDWATER ELEVATIONS
FIRE TRAINING PIT GROUNDWATER MODELING

Layer Row Column

Model-Predicted 
Head Difference

(ft)

Observation
Well Name

Model Location Groundwater 
Elevation
May 2003

(ft msl)

Model-Predicted 
Baseline Groundwater

Elevation
(ft msl)

WBP-99-7(B) 4 141 142 641.58 641.46 -0.12
WBP-MW1(B) 4 100 111 640.32 640.86 0.54
WBP-MW2(B) 4 105 137 643.80 640.40 -3.40
EBP-MW2 6 110 300 637.95 638.45 0.50

Absolute Residual Mean 0.86
Notes:
ft = Foot or Feet
msl = Mean Sea Level
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TABLE K-3
SUMMARY OF BASELINE GROUNDWATER FLOW MODEL CALIBRATION STATISTICS

FIRE TRAINING PIT GROUNDWATER MODELING

Observation 
Location

Number of 
Calibration Data 

Points

Absolute
Residual Mean

(feet)

Root Mean 
Squared (RMS)

(feet)

Total Head 
Change Within 

Flow Region 
(feet)

Absolute Residual 
Mean as a 

Percentage of Total 
Head Change (%)

Normalized 
RMS 
(%)

Layer 1 31 0.74 0.94 51.97 1.43% 1.80%

Layer 2 7 1.23 1.47 18.88 6.53% 7.81%

Layer 4 10 0.98 1.45 30.07 3.27% 4.83%

Layer 6 1 0.50 0.50 NA NA NA

Total Model 49 0.86 1.14 52.18 1.64% 2.19%

RDX HAL = 2 µg/L

Baseline Calibration

695

697

699

701

703

705

707

709

711

690 695 700 705 710 715

Layer 1
Layer 3
Layer 5
Perfect Calibration

Baseline Calibration

635

645

655

665

675

685

630 640 650 660 670 680 690 700

Observed Head Values (ft amsl)

M
o

d
el

-P
re

d
ic

te
d

 H
ea

d
 V

al
u

es
 (

ft
 a

m
sl

)

Layer 1
Layer 2
Layer 4
Layer 6
Perfect Calibration
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TABLE K-4
GROUNDWATER FLOW MODEL SENSITIVITY ANALYSIS

FIRE TRAINING PIT GROUNDWATER MODELING

Area of Interest

Hydraulic 
Conductivity 

(ft/day)1
Normalized RMS 
(All model layers)

Layer 1
High Hydraulic Conductivity 1 2.28%

2 2.19%
4 2.27%

Low Hydraulic Conductivity 0.015 6.36%
0.03 2.19%
0.06 5.43%

Layer 4
Hydraulic Conductivity 0.001 2.31%

0.002 2.19%
0.004 2.26%

Area of Interest
Recharge Value 

(in/yr)2
Normalized RMS 
(All model layers)

Area near JAW-25 10 2.3%
20 2.19%
40 2.26%

Area near the sump (SA-99-1) 2.5 3.43%
5 2.19%

10 4.39%

Area near EDA-01 2.5 2.62%
5 2.19%

10 3.16%

Notes:
ft/day = Foot or Feet Per Day
in/yr = Inch(es) Per Year
RMS = Root Mean Squared

1

2
Bold indicates values used in final calibrated groundwater flow model.
See Figure K-4 for aerial distribution of recharge zones.
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TABLE K-5
CONTAMINANT FATE AND TRANSPORT MODEL INPUT PARAMETERS

FIRE TRAINING PIT GROUNDWATER MODELING

Geologic Profile Chemical

Sorbed 
Degradation 

Half-Life
(t 1/2  - years)1

Dissolved 
Degradation 

Half-Life
(t 1/2  - years)1

Dissolved First 
Order Rate 

Constant
(k  - 1/day)2

Total Organic 
Carbon (TOC)
(% by weight)

Sorption 
Coefficient

(K d  - mL/g)3
Bulk Density 

(g/cc)

Retardation 
Factor 

(R)4
Dispersivity 
(D l - feet)5

Dispersivity 
Ratio 

(D l :D t :D v )6

Shallow Till Benzene 100 2.2 8.6E-04 0.10% 0.17 1.7 1.88 10-80 100:20:1
Chloroethane 100 8.9 2.1E-04 0.10% 0.02 1.7 1.13 10-80 100:20:1
TCE 100 3.9 4.9E-04 0.10% 0.07 1.7 1.36 10-80 100:20:1
1,1-DCE 100 2.1 9.0E-04 0.10% 0.04 1.7 1.19 10-80 100:20:1
Vinyl Chloride 100 8.7 2.2E-04 0.10% 0.02 1.7 1.13 10-80 100:20:1

Intermediate Till Benzene 100 2.2 8.6E-04 0.10% 0.17 1.7 1.88 10 100:20:1
Chloroethane 100 8.9 2.1E-04 0.10% 0.02 1.7 1.13 10 100:20:1
TCE 100 4.5 4.2E-04 0.10% 0.07 1.7 1.36 10 100:20:1
1,1-DCE 100 2.1 9.0E-04 0.10% 0.04 1.7 1.19 10 100:20:1
Vinyl Chloride 100 8.7 2.2E-04 0.10% 0.02 1.7 1.13 10 100:20:1

Deep Till Benzene 100 2.2 8.6E-04 0.10% 0.17 1.7 1.88 10 100:20:1
Chloroethane 100 8.9 2.1E-04 0.10% 0.02 1.7 1.13 10 100:20:1
TCE 100 4.5 4.2E-04 0.10% 0.07 1.7 1.36 10 100:20:1
1,1-DCE 100 2.1 9.0E-04 0.10% 0.04 1.7 1.19 10 100:20:1
Vinyl Chloride 100 8.7 2.2E-04 0.10% 0.02 1.7 1.13 10 100:20:1

Upper Bedrock Benzene 100 2.2 8.6E-04 0.05% 0.08 2.1 1.79 10 100:20:1
Chloroethane 100 8.9 2.1E-04 0.05% 0.01 2.1 1.11 10 100:20:1
TCE 100 4.5 4.2E-04 0.05% 0.03 2.1 1.32 10 100:20:1
1,1-DCE 100 2.1 9.0E-04 0.05% 0.02 2.1 1.17 10 100:20:1
Vinyl Chloride 100 8.7 2.2E-04 0.05% 0.01 2.1 1.11 10 100:20:1

Bedrock Benzene 100 2.2 8.6E-04 0.03% 0.05 2.2 1.55 10 100:20:1
Chloroethane 100 8.9 2.1E-04 0.03% 0.01 2.2 1.08 10 100:20:1
TCE 100 4.5 4.2E-04 0.03% 0.02 2.2 1.22 10 100:20:1
1,1-DCE 100 2.1 9.0E-04 0.03% 0.01 2.2 1.12 10 100:20:1
Vinyl Chloride 100 8.7 2.2E-04 0.03% 0.01 2.2 1.08 10 100:20:1

Notes:

% = Percent 1 Site-specific half-life values were calculated from historical data and can be found in Appendix K.
1,1-DCE = 1,1-Dichloroethene 2 k = ln(2)/t1/2

g/cc = Grams Per Cubic Centimeter 3 K d = K oc *TOC;  See Table 8-1

mL/g = Milliliters Per Gram 4 R = 1+(ρb *K d )/η
TCE = Trichloroethene 5 Assumed D l  value based on 1/10 transport distance (Gelhar 1992, Anderson 1979)

6 D t  and D v  based on existing and calibrated model-predicted plume geometries.
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TABLE K-6
BASELINE CONTAMINANT FATE AND TRANSPORT MODELING RESULTS

FIRE TRAINING PIT GROUNDWATER MODELING

IAAAP Regulatory

Groundwater Plume Location Chemical Standard (in µg/L) @0-years1 @10-years @20-years @70-years

FTP VOC Plumes - groundwater near SA-99-1 (Sump Area) Benzene 5 110 18 3 <1
Chloroethane 4.6 3700 1470 582 <1
TCE 5 3 1 <1 <1
1,1-DCE 7 28 6 <1 <1
Vinyl Chloride 2 360 135 43 <1

- groundwater near JAW-60 and JAW-61 Benzene 5 11 5 1 <1
Chloroethane 4.6 <3 8 27 7
TCE 5 74/120 27 4 <1
1,1-DCE 7 380/190 22 1 <1
Vinyl Chloride 2 <3 3 7 <1

- groundwater near JAW-58 1,1-DCE 7 81/2800 120 5 <1

- groundwater near FTP-MW1 Vinyl Chloride 2 19 2 <2 <2

Notes:
µg/L = Micrograms Per Liter
1,1-DCE = 1,1-Dichloroethene
FTP = Fire Training Pit
TCE = Trichloroethene
VOC = Volatile Organic Compound
1 Concentration values at 0 years were based upon Spring 2003 groundwater monitoring results (URS 2003, HGL 2003b).  This information can be found in Table 5-2.

Model-Predicted Concentrations (in µg/L)
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TABLE K-7
MODEL-PREDICTED CHANGE IN TOTAL VOC MASS OVER TIME FOR REMEDIAL ALTERNATIVES

FIRE TRAINING PIT GROUNDWATER MODELING

lb % of Initial 
Mass lb % of Initial 

Mass lb % of Initial 
Mass lb % of Initial 

Mass
02 53.0 100.0% 02 53.0 100.0% 02 53.0 100.0% 02 53.0 100.0%
1 44.7 84.4% 1 17.3 32.6% 1 24.4 46.1% 1 21.4 40.4%
5 25.0 47.1% 5 5.6 10.5% 5 8.2 15.5% 5 4.9 9.3%

10 14.4 27.1% 10 1.6 3.0% 10 2.6 4.9% 10 1.3 2.5%
15 9.3 17.5% 15 0.5 1.0% 15 1.0 1.9% 15 0.5 1.0%
20 6.3 11.9% 20 0.2 0.4% 20 0.5 0.9% 20 0.2 0.4%
25 4.4 8.3% 25 0.1 0.2% 25 0.2 0.5% 25 0.1 0.2%
30 3.1 5.8% 30 0.0 0.1% 30 0.2 0.3% 30 0.1 0.1%
35 2.2 4.1% 35 0.0 0.0% 35 0.1 0.2% 35 0.0 0.1%
40 1.6 2.9% 40 0.0 0.0% 40 0.1 0.1% 40 0.0 0.1%
45 1.1 2.1% 45 0.0 0.0% 45 0.0 0.1% 45 0.0 0.0%
50 0.8 1.5% 50 0.0 0.0% 50 0.0 0.1% 50 0.0 0.0%
55 0.6 1.0% 55 0.0 0.0% 55 0.0 0.0% 55 0.0 0.0%
60 0.4 0.7% 60 0.0 0.0% 60 0.0 0.0% 60 0.0 0.0%
65 0.3 0.5% 65 0.0 0.0% 65 0.0 0.0% 65 0.0 0.0%
70 0.2 0.4% 70 0.0 0.0% 70 0.0 0.0% 70 0.0 0.0%

Notes:
% = Percent
1,1-DCE = 1,1-Dichloroethene
ISCO = In-Situ Chemical Oxidation
lb = Pound(s)
MNA = Monitored Natural Attenuation
TCE = Trichloroethene
1 Percent of initial mass was calculated using the model-predicted mass at the respective time period, divided by the 
   mass in the initial (0 year) time period.  The initial mass used was the total benzene, chloroethane, TCE, 1,1-DCE, and vinyl chloride mass in the model at 1 day.
2 Mass at 0 years was based on Spring 2003 groundwater monitoring results (URS 2003, HGL 2003b).

Remedial Alternative 5
Enhanced Degradation/MNA

Remedial Alternative 3
Focused Extraction/MNA

Remedial Alternative 4
ISCO/MNA

Baseline and Alternatives 1 & 2
No Action/MNA

Time 
Elapsed 
(years)

 Mass Remaining1 Time 
Elapsed 
(years)

 Mass Remaining1Time 
Elapsed 
(years)

 Mass Remaining1 Time 
Elapsed 
(years)

 Mass Remaining1
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TABLE K-8
SUMMARY OF CONTAMINANT FATE AND TRANSPORT MODELING RESULTS OF REMEDIAL ALTERNATIVES

FIRE TRAINING PIT GROUNDWATER MODELING

Benzene Chloroethane TCE 1,1-DCE Vinyl Chloride
<6 µg/L <110 µg/L <30 µg/L <920 µg/L <2 µg/L

Alternatives 1 and 2 - No Action and MNA 15-20 35-40 5-10 <5 50-55

Alternative 3 - Focused Extraction/MNA 10-15 5-10 5-10 <5 15-20

Alternative 4 - ISCO/MNA 10-15 5-10 5-10 <5 15-20

Alternative 5 - Enhanced Degradation/MNA 10-15 5-10 5-10 <5 15-20

Notes:

< = Less than
µg/L = Micrograms per liter
DCE = Dichloroethene
ISCO = In-Situ Chemical Oxidation
MNA = Monitored Natural Attenuation
TCE = Trichloroethene
VC = Vinyl Chloride

See Figures K-13 to K-17 for the model-predicted extent of chemicals in groundwater for each alternative.

Alternative
Amount of time for plume concentration to be reduced below:1
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ATTACHMENT K-1 
Groundwater Flow Model – Related Calculations and Input 

 

Calibrated Baseline Flow Model Volumetric Water Budget 
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ATACHMENT K-1
CALIBRATED BASELINE FLOW MODEL VOLUMETRIC WATER BUDGET

FIRE TRAINING PIT GROUNDWATER MODELING

Inflow Outflow

Drains 0.0 1844.0
Recharge 1257.3 0.0
General Head 1670.6 1084.2

Total 2927.88 2928.19

In - Out =
% Discrepancy =

CUMULATIVE 
VOLUMES (ft3)

-0.31
0.01%
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ATTACHMENT K-1 
Groundwater Flow Model – Related Calculations and Input 

 

Hydraulic Conductivity Fields 
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MODFLOW and MODPATH Documentation 
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MODFLOW (Harbaugh, et al. 2000) and MODPATH (Pollock 1989) were used to evaluate 
groundwater flow patterns for the baseline groundwater flow model. 

K-2.1 MODFLOW GROUNDWATER FLOW MODEL DOCUMENTATION 

K-2.1.1 MODFLOW Model Description and Assumptions 

MODFLOW is a modular three-dimensional, finite difference flow code developed by the 
United States Geological Survey (USGS) to solve the governing equation of groundwater flow.  
MODFLOW has been used extensively for groundwater flow modeling and has been available 
since 1983.  MODFLOW can simulate the effects of wells, rivers, drains, evapotranspiration, and 
recharge of three-dimensional groundwater systems with heterogeneous, anisotropic aquifer 
properties and complex boundary conditions.  Aquifers may be simulated as confined, 
unconfined, or a combination of both.  The code permits the user to select a series of packages 
(or modules) to simulate hydrologic processes for wells, drains, rivers, evapotranspiration from 
the water table, surface recharge, and general head boundaries. 

Model development typically requires calibration of input parameters, and a common calibration 
criterion is the comparison of simulated and observed heads.  MODFLOW provides simulated 
head values at user specified intervals for every cell in the model.  This calibration test gives an 
excellent indication of how well a model is simulating head changes at a particular location. 

General assumptions related to MODFLOW model applications include: 

• All hydraulic properties are uniform across the length, width, and depth of each individual 
cell.  Solution nodes are only calculated at the center of each cell. 

• Aquifer materials are uniformly porous (i.e., no fracture flow is considered). 

• Wells/sinks/sources are completely efficient and fully penetrate the individual cells in which 
they are placed. 

• Assumed constant head boundaries remain constant through time. 

• Recharge is only applied to the uppermost active cell in the model. 

K-2.1.2 MODFLOW Model Equations and Implementation 

The governing equation of groundwater flow of constant density through porous earth material 
may be described by the partial-differential equation: 
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Kx denotes hydraulic conductivity along the x axis (ft/day) 

Ky denotes hydraulic conductivity along the y axis which is assumed to be parallel to 
the major axis of hydraulic conductivity (ft/day) 

Kz denotes hydraulic conductivity along the z axis (ft/day) 

h is the hydraulic head (feet) 

W is a volumetric flux per unit volume and represents sources or sinks of water 
(per day) 

Ss is the specific storage of the porous material (per foot) 

t is time (days) 

The governing equation is approximated by a set of algebraic equations which are solved by an 
iteration or matrix solution technique.  The solution algorithms to the partial differential equation 
of flow include two iteration techniques, the Strongly Implicit Procedure (SIP) and the Slice-
Successive Overrelaxation method (SSOR).  SIP utilizes certain general concepts of matrix 
algebra and numerical analysis to solve large systems of simultaneous equations by iteration. 

MODFLOW uses a block-centered finite-difference grid for numerical formulation.  In the 
block-centered formulation, the blocks formed by the sets of parallel lines are the cells; the 
solution nodes are at the center of the cells.  The model equations are based on the assumption 
that hydraulic properties are uniform within individual cells.  In confined layers, transmissivity 
(the product of hydraulic conductivity and layer thickness) is specified; and the storage 
coefficient (the product of specific storage and layer thickness) is also used.  For an unconfined 
layer, aquifer bottom elevation and hydraulic conductivity are input for each cell.  Saturated 
thickness is calculated as the difference between head and bottom elevation, and transmissivity is 
then calculated as the product of the hydraulic conductivity and saturated thickness.  Thus, 
transmissivity can vary from cell to cell depending on bottom elevation and head. 

The cells in the model can be defined as constant head, variable head, or inactive (no-flow) cells.  
Constant head cells are those for which the head is specified in advance and is held at this 
specified value through all time steps of the simulation.  Inactive or no-flow cells are those for 
which no flow into or out of the cell is permitted, in any time step of the simulation.  Variable-
head cells are characterized by heads that are unspecified and free to vary with time.  Constant-
head and no-flow cells are used in the model to represent conditions along various hydrologic 
boundaries.  Other boundary conditions, such as areas of constant inflow or areas where inflow 
varies with head, can be simulated using external source terms or through a combination or no-
flow cells and external source terms. 

The model simulates groundwater flow using both spatial and temporal discretization.  Spatial 
discretization is handled in the horizontal direction by reading the number of rows, the number of 
columns and the width of each row and column (that is, the width of the cells in the direction 
transverse to the row or column).  Discretization of space in the vertical direction is handled in 
the model by specifying the number of layers to be used and by specifying hydraulic parameters 
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which contain or embody the layer thickness.  Vertical discretization can be used to represent 
individual aquifers or less permeable zones by individual layers of the model. 

The program handles temporal discretization by dividing the simulation time into stress periods, 
time intervals during which all external stresses are constant, which can be subdivided into time 
steps.  Within each stress period, the time steps form a linear or geometric progression.  The user 
specifies the length of the stress period; the number of time steps into which it is to be divided; 
and the time step multiplier or ratio of the length of each time step to that of the preceding time 
step.  Using these terms, the program calculates the length of each time step in the stress period. 

K-2.2 MODPATH PARTICLE TRACKING MODEL DOCUMENTATION 

K-2.2.1 MODPATH Model Description and Assumptions 

MODPATH is an advective particle tracking post-processing package developed by the USGS to 
compute three-dimensional path lines using steady-state simulation output from the USGS 
MODFLOW numerical groundwater flow model.  MODPATH uses a semi-analytical particle 
tracking scheme to simulate three-dimensional path lines and particle positions at specified 
points in time in groundwater.  MODPATH also can compute particle discharge point 
coordinates and total travel time. 

General assumptions related to MODPATH model applications include: 

• Head potential flow terms are from a block-centered, finite-difference, groundwater flow 
model (e.g., USGS MODFLOW).  All standard assumptions related to the flow model are 
applicable (i.e., discretization effects, uniform properties within cells, completely efficient 
sinks/sources/wells, etc.). 

• All simulations use steady-state flow conditions only (i.e., no transient conditions). 

• Particle tracking simulates nonreactive, advective transport only.  Dispersion, retardation, 
and decay cannot be accounted for. 

K-2.2.2 MODPATH Model Equation and Implementation 

Once the USGS MODFLOW flow model solves the governing equation for groundwater flow 
for heads and intercell flow rates, MODPATH computes values for principal components of the 
velocity vector at all points in the flow field using the MODFLOW-derived intercell flow rates. 

MODPATH uses simple linear interpolation to compute the velocity components at points within 
a cell.  Linear interpolation produces a continuous velocity vector field within each individual 
cell that identically satisfies the differential conservation of mass equation everywhere within the 
cell.  Linear interpolation of the six-cell face velocity components results in a velocity vector 
field within the cell that automatically satisfies the conservation of mass equation at every point 
inside the cell, if it is assumed that internal sources or sinks are considered to be uniformly 
distributed within the cell. 
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The change in a particle’s velocity with time as it moves through a three-dimensional, finite-
difference cell is given by: 

 ∂
∂







∂
∂







∂
∂







∂
∂







∂
∂







∂
∂







∂
∂







∂
∂







∂
∂







x y z x x zv
t

+ v
t

+ v
t

= v
x

x
t

+ v
x

y
t

+ v
z

z
t

  

where: 

 vx  =  x-component of velocity 

 vy  =  y-component of velocity 

 vz  =  z-component of velocity 

 x  =  x-location of a particle 

 y  =  y-location of a particle 

 z  =  z-location of a particle 

 t  =  time 

MODPATH calculates the coordinates of a particle (p) at any time (t) within a cell using the 
following solutions: 

p 1 o x x o x xox ( t )= x +(1 / A )[ v ( t ) ( A Dt)- vexp   1 

p 1 o y y o yy ( t )= y +(1 / A )[ v ( t ) ( A Dt)- vexp yo   2 

p 1 o z z o z zoz ( t )= z +(1 / A )[ v ( t ) ( A Dt)- vexp   3 

where: 

 xp(t1)  =  x-location of particle p at time t1 

 yp(t1)  =  y-location of particle p at time t1 

 zp(t1)  =  z-location of particle p at time t1 

 vx(to)  =  x-component of the particle’s velocity at time to 

 vy(to)  =  y-component of the particle’s velocity at time to 

 vz(to)  =  z-component of the particle’s velocity at time to 

 Ax  =  velocity gradient in the x-direction or ∂vx/∂x 

 Ay  =  velocity gradient in the y-direction or ∂vy/∂y 

 Az  =  velocity gradient in the z-direction or ∂vz/∂z 

 Q:\1616\9421\Six Sites\FTP\Rev1\AppK_FTP_Rev1.doc\14-May-04 /OMA    K-2-4 



 Groundwater Flow and Contaminant Fate and 

APPENDIXK Transport Modeling Technical Memorandum 

 to  =  time (original) 

 t1  =  time (future) 

MODPATH calculates the time required for a particle to travel from any point within a cell to a 
boundary face of the cell.  The calculations are repeated, cell-by-cell, until the future time (t1) of 
analysis. 
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ATTACHMENT K-3 
MT3DMS Model Documentation 
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MT3DMS (Zheng and Wang 1998) is a modular three-dimensional multi-species transport 
model for simulation of advection, dispersion, and chemical reactions of dissolved constituents 
in groundwater systems.  The model program uses a modular structure similar to that 
implemented in MODFLOW (Harbaugh, et al. 2000).  This modular structure makes it possible 
to simulate advection, dispersion, sink/source mixing, and chemical reactions independently 
without reserving computer memory space for unused options. 

The MT3DMS transport model is intended to be used in conjunction with any block-centered 
finite difference flow model, such as MODFLOW (Harbaugh, et al. 2000), and is based on the 
assumption that changes in the concentration field will not affect the flow field measurably.  This 
allows the user to construct and calibrate a flow model independently.  MT3DMS retrieves the 
hydraulic heads and the various flow and sink/source terms saved by the flow model, 
automatically incorporating the specified hydrologic boundary conditions.  Currently, MT3DMS 
accommodates the following spatial discretization capabilities and transport boundary 
conditions: (1) confined, unconfined or variably confined/unconfined aquifer layers; (2) inclined 
model layers and variable cell thickness within the same layer; (3) specified concentration or 
mass flux boundaries; and (4) the solute transport effects of external sources and sinks such as 
wells, drains, rivers, aerial recharge and evapotranspiration. 

General assumptions related to MT3DMS model applications include the following: 

• Constituent concentrations are uniform across the length, width, and depth of each 
individual cell in each layer.  Solution nodes are only calculated at the center of each 
cell. 

• Constituents are dissolved in groundwater and adsorbed onto aquifer materials (i.e., 
no modeling of nonaqueous-phase liquids). 

• Equilibrium-controlled or rate-limited sorption and first-order irreversible or 
reversible kinetic reactions (e.g., biodegradation) are occurring. 

• General concentration boundary conditions must be specified around a boundary 
(Dirichlet Condition) or across a boundary (Neumann Condition), and must remain 
unchanged throughout the simulation. 

MT3DMS Model Equations and Implementation 

The governing equation for contaminant transport is described by the partial-differential 
equation: 
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Where R is called the retardation factor, defined as: 
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R = 1+ C
C

bρ
θ
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Where: 

C  is the concentration of contaminants dissolved in groundwater, (pounds 
per cubic foot [pcf]) 

C  is the concentration of contaminants adsorbed on the porous medium 
(pounds per pound) 

t  is time (days) 

ix  is the distance along the respective Cartesian coordinate axis (feet) 

ijD  is the hydrodynamic dispersion coefficient (ft2/day) 

iv  is the seepage or linear pore water velocity (ft/day) 

θ  is the effective porosity of the porous medium (unitless) 

sq  is the volumetric flux of water per unit volume of aquifer representing 
sources (positive) and sinks (negative) (per day) 

sC  is the concentration of the sources or sinks (pcf) 

bρ  is the bulk density of the porous medium (pcf) 

λ  is the rate constant of the first-order decay rate reactions (per day) 

The transport equation is linked to the flow equation through the relationship: 

i
ii

i
v = - K h

xθ
∂
∂

 

Where: 
iiK  is a principal component of the hydraulic conductivity tensor (ft/day) 

h  is hydraulic head (feet) 

The hydraulic head is obtained from the solution of the three-dimensional groundwater flow 
equation: 

∂
∂

∂
∂











∂i
ii

j
s s

x
K

h
x

+ q = S
∂ h

 t
 

Where sS  is the specific storage of the porous material (per foot). 
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MT3DMS includes three major classes of transport solution techniques: the standard finite 
difference method, the particle-tracking-based Eulerian-Lagrangian methods, and the higher-
order finite-volume total-variation-diminishing (TVD) method.  Since no single numerical 
technique has been shown to be effective for all transport conditions, the combination of these 
solution techniques, each having its own strengths and limitations, is believed to offer the best 
approach for solving the most wide-ranging transport problems with desired efficiency and 
accuracy. 

In addition to the explicit formulation of the original MT3D code, MT3DMS includes an implicit 
formulation that is solved with an efficient and versatile solver.  The iterative solver is based on 
generalized conjugate gradient (GCG) methods with three preconditioning options and the 
Lanczos/ORTHOMIN acceleration scheme for non-symmetrical matrices.  If the GCG solver is 
selected, dispersion, sink/source, and reaction terms are solved implicitly without any stability 
constraints.  For the advection term, the user has the option to select any of the solution schemes 
available, including the standard finite-difference method, the particle tracking based Eulerian-
Langrangian methods, and the third-order TVD method.  The finite-difference method can be 
fully implicit without any stability constraint to limit transport step-size.  The particle tracking 
based Eulerian-Langrangian methods and the third- order TVD method still have time step 
constraints associated with the particle tracking and TVD methodology.  If the GCG solver is not 
selected, the explicit formulation is automatically used in MTDMS with the usual stability 
constraints.  The explicit formulation is efficient for solving advection-dominated problems in 
which the transport step-sizes are restricted by accuracy considerations.  It is also useful when 
the implicit solver requires a large number of iterations to converge or when the computer 
system does not have enough memory to use the implicit solver. 
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ATTACHMENT K-4 
Contaminant Fate and Transport Model Input Justification 

 

Contaminant Half-Life Estimations and Model Input 
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This section discusses the calculation of the site-specific half-lives for contaminants of potential 
concern at FTP. 

DEFINITIONS: 
The following terms are used in the calculations below.  
Ct  Contaminant concentration at time (t) (µg/L) 
C0  Contaminant concentration at time (0) (µg/L) 
k Estimated first order decay constant (1 per day) 
t  Time between samples (days) 
t0.5  Target compound half-life (days) 
L Distance between wells (feet) 
Vgw  Average linear groundwater flow velocity (ft/day) 
Vc  Velocity of target compound in groundwater (ft/day) 
K Hydraulic conductivity based on aquifer tests (ft/day) 
i  Hydraulic gradient calculated water level data (feet per foot) 
η  Effective porosity of aquifer based on geotechnical analysis 
R  Target compound retardation factor in groundwater 
Koc  Water-organic carbon partition coefficient of target compound in groundwater 

(mL/g) 
TOC Total organic carbon content of aquifer  
ρb Dry bulk density of the aquifer from geotechnical analysis  

DEGRADATION HALF-LIVES: 
From Graves (1995), target compound half-lives can be estimated using measured 

concentrations over time.  Half-lives can be estimated using data from one monitoring well over 
time, or multiple wells (along the groundwater flow path in a single event), using the following 
equations. 

Ct C0 e k− t⋅⋅  

Solving for k gives: 

 
k

ln
Ct

C0








−

t
 

Use k to calculate the degradation half-life:
 

t0.5
ln 2( )

k
 

  
For single wells: For multiple wells: 

at t = 0 ( ) and t = t ( t ) C0 C

t = time between sample events 
t

L
Vc( )

 

 
Vc

K i⋅
η

R
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At the FTP, wells JAW-58, JAW-59, JAW-60, JAW-80, FTA-99-1, SA-99-1 were used for this 
analysis.  Selection of these wells were based on: 

• These wells were the only wells at FTP that were installed before the FTP, EBP, and WBPA 
FS data collections with contaminants currently (Spring 2003) detected above the IAAAP 
regulatory standards. 

• There have been a sufficient number of sampling events to demonstrate an overall decline in 
contaminant concentrations over time. 

Additionally, the wells used have not demonstrated a large transport distance, therefore the 
single well over-time method was used.  The multiple well method was not used because of the 
limited transport of the plumes. 

Supporting target compound concentration data and concentration versus time plots are included 
on the attached table. 

REFERENCES: 
Graves, D.  1995.  Test Protocols for Evaluating Natural Attenuation in Groundwater.  

Biotechnologies Applications Center.  Knoxville, Tennessee.  August. 
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ATTACHMENT K-4
HALF-LIFE ESTIMATES OVER TIME

SINGLE WELL METHOD (GRAVES 1995)
FIRE TRAINING PIT GROUNDWATER MODELING

Initial 
Concentration

Ending 
Concentration

Elapsed 
Time Rate Constant Half-life

C0 Ct t k t1/2

(µg/L) (µg/L) (years) (1/year) (years)
Benzene
JAW 60 32 Fall 2000 11 Spring 2003 2.5 0.43 1.6
SA-99-1 250 Fall 2000 110 Spring 2003 2.5 0.33 2.1

Average 1.9
Chloroethane
SA-99-1 4,500 Fall 2000 3,700 Spring 2003 2.5 0.08 8.9

PCE
JAW-59 11 Fall 2000 5 Spring 2003 2.5 0.32 2.20
SA-99-1 14 Spring 2001 3 Spring 2003 2 0.77 0.90

Average 1.55
TCE
JAW-60 94 Spring 2001 74 Spring 2003 2 0.12 5.8
JAW-80 9 Spring 2001 2 Spring 2003 2 0.75 0.9

FTA-99-1 9 Spring 2000 7 Spring 2003 3 0.08 8.3
SA-99-1 96 Fall 2000 3 Spring 2003 2.5 1.39 0.5

Average 3.9
1,1-DCE
JAW 58 860 Spring 1996 81 Spring 2003 7 0.34 2.1
JAW 80 150 Spring 2001 17 Spring 2003 2 1.09 0.6
SA-99-1 930 Fall 2000 28 Spring 2003 2.5 1.40 0.5

Average 1.1
VC
JAW-60 3 Spring 2002 1.5 Spring 2003 1 0.69 1.00
SA-99-1 10 Fall 2000 390 Spring 2002 1.5 -2.44 -0.28
SA-99-1 390 Spring 2002 360 Spring 2003 1 0.08 8.66

Average 3.13
RDX
FTA-99-1 9 Spring 2002 6.9 Spring 2003 1 0.27 2.6

Notes: k=-ln(C0/Ct)/t
t1/2=ln(2)/k

Well

Initial 
Concentration 

Sampling 
Event

Ending 
Concentration 

Sampling 
Event
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ATTACHMENT K-4 
Contaminant Fate and Transport Model Input Justification 

 

Initial Target Compound Concentrations Input 
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dlchamb0
0 µg/L

dlchamb0
37 µg/L

dlchamb0
6.9 µg/L

dlchamb0
6.9 µg/L

dlchamb0
0 µg/L

dlchamb0
84 µg/L

dlchamb0
20 µg/L

dlchamb0
74 µg/L

dlchamb0
400 µg/L

dlchamb0
500 µg/L

dlchamb0
2,800 µg/L

dlchamb0
190 µg/L



dlchamb0
0 µg/L

dlchamb0
110 µg/L

dlchamb0
32 µg/L

dlchamb0
7.5 µg/L

dlchamb0



dlchamb0
0 µg/L

dlchamb0
10 µg/L

dlchamb0
10 µg/L

dlchamb0
10 µg/L

dlchamb0

dlchamb0
30 µg/L

dlchamb0
50 µg/L

dlchamb0
360 µg/L

dlchamb0



dlchamb0
5 µg/L

dlchamb0
12 µg/L

dlchamb0
74 µg/L

dlchamb0
12 µg/L

dlchamb0
120 µg/L

dlchamb0
0 µg/L



dlchamb0
0 µg/L

dlchamb0
100 µg/L

dlchamb0


dlchamb0
500 µg/L

dlchamb0
17 µg/L

dlchamb0
3,700 µg/L

dlchamb0
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Contaminant Fate and Transport Model Input Justification 

 

Dispersivity Input 
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dlchamb0
10 ft

dlchamb0
20 ft

dlchamb0
40 ft

dlchamb0
80 ft



dlchamb0
10 ft(Layers 2 through 7)
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ATTACHMENT K-5 
Contaminant Fate and Transport Modeling Results 

 

Baseline Fate and Transport Model  
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ATTACHMENT K-5 

Contaminant Fate and Transport Modeling Results 

 

Alternatives 1 and 2 – No Action/MNA 
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ATTACHMENT K-5 
Contaminant Fate and Transport Modeling Results 

 

Alternative 3 – Focused Extraction/MNA 
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ATTACHMENT K-5 
Contaminant Fate and Transport Modeling Results 

 

Alternative 4 – ISCO/MNA 
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ATTACHMENT K-5 
Contaminant Fate and Transport Modeling Results 

 

Alternative 5 – Enhanced Degradation/MNA 
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APPENDIXL Vegetation/Land Use Survey 

This site visit report presents the results of a vegetation/land use survey at the IAAAP FTP.  A 
general vegetation survey was conducted from October 11 through October 12, 2002.  Existing 
vegetation reflects past and present land use within the area surveyed.  Species identification and 
an orthometric photograph from 1998 were used to classify the FTP vegetation types/land uses.  
Due to the size of the area, vegetation identification efforts focused on areas potentially impacted 
by remedial action alternatives.  The community types/land uses identified and described below 
include cropland, idle grassland, and woodland.  The FTP is indicated on Figure 4-1 by the line 
labeled “Approximate Boundary of Previous Soil Removal Action” in the map legend.  
Photographs from each community/land use type are shown in Figures L-1 and L-2. 

Present land use patterns are very different from the time of pre-European settlement.  Horton, 
et al. (1996) stated that by 1937 (when the first aerial photographs of the area were taken), all 
natural vegetation within the IAAAP had been disturbed, primarily by grazing and farming.  
While only scattered trees were present in 1937, tree cover has expanded dramatically since that 
time.  With cessation of grazing after the IAAAP area was acquired by the DoD in 1940 and fire 
suppression since the early 1900s (Horton, et al. 1996), stands of unevenly aged trees 
(presumably ranging from seedling to around 100 years) now dominate the areas along the 
creeks and upland unfarmed areas. 

The native tall-grass prairies that would have dominated the area in pre-European settlement era 
are now rare (most were destroyed by farming practices), and no prairie remnant areas were 
encountered in the 2002 vegetation/land use survey.  In addition, a comprehensive survey of the 
IAAAP was conducted in 1994 and 1995 that included vascular plants, bryophytes, vertebrates, 
and invertebrates (Horton, et al. 1996).  The report stated that approximately 19 percent of the 
vascular plants at the IAAAP were introduced in the United States from other regions of the 
world, and approximately one percent were species that had been introduced from elsewhere in 
the United States.  The 2002 site visit confirmed the presence of many non-native vascular 
plants, especially in the more disturbed areas. 

L.1 VEGETATION TYPES/LAND USE 

L.1.1 Cropland 

Tilled cropland was identified to the west and southeast of the previous soil removal action.  In 
2002, all of the tilled cropland was planted with soybeans.  Because the majority of the farmland 
in this area is on a corn–soybean rotation and varies from year to year, the type of crop is not 
specified on Figure 4-1. 

L.1.2 Grassland – Reseeded Non-Native Species 

The area directly surrounding the previous soil removal action boundary was classified as a non-
native grassland community.  This unmowed grassland community had significant past 
disturbance.  Brome grasses (planted sometime in the past) and goldenrod species dominated the 
area’s vegetation, but many non-native and immature trees (sun-loving, invading species) were 
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also encountered.  West of Spring Creek, the reseeded non-native grassland community 
contained a stand of poplar trees that appeared to have been planted within the last five years. 

L.1.3 Woodland 

Woodland areas were located south and east of the previous soil removal action at the FTP. 

A number of different woodland communities may occur in southeast Iowa.  Lammers (1983) 
identified three forest communities in Des Moines County (where the IAAAP is located):  
floodplain, maple-basswood, and oak-hickory.  Horton, et al. (1996) identified three forest 
communities at the IAAAP: lowland/floodplain, upland (oak-hickory), and disturbed. 

To a certain degree, all woodland areas at the IAAAP have been previously disturbed (Horton, 
et al. 1996).  Species encountered in the forested areas around the FTP included several non-
native (native to the United States but not to Iowa) trees such as Osage-orange and black locust, 
both of which were a significant component of the vegetation.  Horton, et al. (1996) stated that 
black locust, honey locust, eastern red cedar, Osage-orange, and shingle oak are tree species 
characteristic of sites with considerable human disturbance.  Another indication that the 
woodland areas had been previously disturbed was the presence of a dense shrub layer (Horton, 
et al. 1996). 

In 2002, the forest communities around the FTP contained a mixture of vegetation common to 
disturbed, lowland, and upland communities.  For this reason, the “Woodland” category was 
used rather than attempting to differentiate community types.  Trees encountered that are 
common to lowland areas included cottonwood, American elm, and slippery elm.  One area of 
more “upland” forest vegetation was southeast of the previous soil removal action, adjacent to 
Spring Creek.  More oaks and hickories were present in this area, including shagbark hickory, 
bitternut hickory, and white oak.  However, this area was not differentiated on Figure 4-1 as an 
upland forest community because no obvious boundary existed between community types, and 
trees common to disturbed lowland forests (e.g., Osage-orange, black locust, honey locust) were 
also frequently encountered.  Other tree species commonly encountered in the woodland areas 
included black cherry, dogwood species, and American hackberry.  Generally, a dense shrub 
layer was present in the forested areas, with multiflora rose, Missouri gooseberry, common 
blackberry, and black raspberry being the most common.  Common vines and herbaceous species 
encountered in the woodland communities included poison ivy, Virginia Creeper, stinging 
nettles, white avens, and black snakeroot.  A summary of the dominant species identified in this 
area is presented in Table L-1. 

L.2 THREATENED AND ENDANGERED SPECIES 

None of the state or federal listed T&E vascular plants were identified during the 2002 
vegetation/land use survey, and no surveys of bryophytes, vertebrates, or invertebrates were 
conducted.  However, a natural habitat and biota assessment of the IAAAP conducted in 1994 
and 1995 did identify the orangethroat darter (a state threatened species) in the Spring Creek 
tributary southwest of the FTP at plant road P (Horton, et al. 1996).  This comprehensive survey 
included plants, bryophytes, vertebrates and invertebrates. 
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The forested areas adjacent to Spring Creek and its tributaries provide potential roosting and 
foraging habitat for the federally endangered Indiana bat (Myotis sodalis).  Indiana bats use 
distinctly different habitats during summer and winter.  In winter, bats congregate in a few large 
caves and mines for hibernation.  Nearly 85 percent of the known population winters in only 
seven caves and mines in Missouri, Indiana, and Kentucky, and approximately one-half of the 
population uses only two of these hibernacula (IDNR 2001). 

In spring, females migrate north from their hibernacula and form maternity colonies in 
predominantly agricultural areas of Missouri, Iowa, Illinois, Indiana, and Michigan.  These 
colonies, consisting of 50 to 150 adults and their young, normally roost under the loose bark of 
dead, large-diameter trees (including but not limited to shagbark hickory, bitternut hickory, and 
white oak) throughout summer.  Living shagbark hickories and tree cavities are also used 
occasionally (Humphrey 1977).  Females tend to forage around water, over floodplain trees, and 
in and around wooded areas.  Males forage more frequently among trees.  The Indiana bat is an 
insectivore, eating mostly moths, caddisflies, leafhoppers, planthoppers, and beetle larvae (IDNR 
2001). 

Considering the Indiana bat’s ecology, Spring Creek and its tributaries provide potential foraging 
habitat for female bats.  The woodland area southeast of the previous soil removal action 
contains some hickory and oak tree species that may provide potential roosting habitat. 

L.3 REFERENCES 

Horton, D., et al.  1996.  An assessment of the natural habitats and biota of the Iowa Army 
Ammunition Plant, Middletown, Iowa.  Unpublished report.  93 pp. 

Humphrey, S.R., A.R. Richter, and J.B. Cope.  1977.  Summer habitat and ecology of the 
endangered Indiana bat, Myotis sodalis.  Journal of Mammalogy, 58:334-346. 

Iowa Department of Natural Resources (IDNR).  2001.  Biodiversity of Iowa:  Aquatic Habitats 
CD-ROM. 

Lammers, T.G.  1983.  The vascular flora of Des Moines County, Iowa.  Proceedings of the Iowa 
Academy of Science, 90:55-71. 
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TABLE L-1
SUMMARY OF VEGETATION/LAND USE SURVEY

OCTOBER 11-12, 2002, FIRE TRAINING PIT AND ADJACENT AREA
FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Cropland cropland Corn or soybeans.
brome species (Bromus spp.) Vegetation dominated by planted 
goldenrod species (Solidago  spp.) brome grasses and invading immature 
pasture thistle (Cirsium discolor ) tree species.
queen annes lace (Daucus carota )
daisy fleabane (Erigeron annuus )
crown vetch (Coronilla varia )
sumac (Rhus  sp.)
honey locust (Gleditsia triacanthos )
eastern red cedar (Juniperus virginiana )
black cherry (Prunus serotina ) Generally lowland forest vegetation with 
American elm (Ulmus americana) scattered oaks and hickories.
slippery elm (Ulmus rubra)
cottonwood (Populus deltoides)
black locust (Robina pseudo-acacia)
honey locust (Gleditsia triacanthos)
American hackberry (Celtis occidentalis)
shingle oak (Quercus imbricaria)
dogwood species (Cornus spp.)
Osage-orange (Maclura pomifera)
American basswood (Tilia americana )
mulberry (Morus spp.)
eastern red cedar (Juniperus virginiana )
multiflora rose (Rosa multiflora)
black raspberry (Rubus occidentalis)
common blackberry (Rubus allegheniensis)
Missouri Gooseberry (Ribes missouriense)
Virginia creeper (Parthenocissus quinquefolia )
white snakeroot (Eupatorium rugosum )
white avens (Geum canadense)
sweet cicely (Osmorhiza claytoni)
brome species (Bromus  spp.)
bedstraw (Galium sp.)
shagbark hickory (Carya ovata )
shingle oak (Quercus imbricaria )
white oak (Quercus alba )
bitternut hickory (Carya cordiformis )
black walnut (Juglans nigra )
hornbeam (Ostrya virginiana )
corallberry (Symphoricarpos orbiculatus )
poison ivy (Toxicodendron radicans )
stinging nettles (Urtica dioia )
clearweed (Pilea pumila )

Woodland

Comments
Vegetation/Land                

Use Type
Species Identified in Area                                                                    

Common Name (Scientific Name)

Grassland - Reseeded 
Non-Native Species
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APPENDIXM Background Metals and Nitrate Concentrations in Groundwater 

During the Spring 2003 field activities, groundwater samples were collected from 47 monitoring 
wells across the EDA for characterization of metals and NO3 concentrations in ground water. 
The statistical analysis of these data is presented in this appendix. 

M.1 STATISTICAL ANALYSIS APPROACH 

The analytical data for the eight RCRA metals (arsenic, barium, cadmium, chromium, lead, 
mercury, selenium, and silver) and NO3 (Table 5-2) were separated into two data groups: clean 
monitoring wells (i.e., nondetect for explosives and less than 5 µg/L VOCs) and contaminated 
monitoring wells (i.e., explosives detected or greater than 5 µg/L VOCs). 

Barium was detected in all monitoring wells sampled at the EDA.  Because the barium analytical 
data were normally distributed (skewness greater than 1), the 95% UTL was calculated using the 
equation for establishing tolerance limits given in the USEPA Statistical Analysis of 
Groundwater Monitoring Data at RCRA Facilities – Addendum to Interim Final Guidance 
(USEPA 1992b).  The barium values and method of calculation are presented in Table M-1. 

The remaining data sets contained a significant number of nondetects (greater than 15 percent).  
Due to the large number of nondetects in these data sets, the data could not be assumed or proven 
to be normally or lognormally distributed.  Therefore, based on USEPA guidance (USEPA 
1992b), the nonparametric method of establishing the UTL was used.  That is, the 95% UTL for 
these compounds within each data set was assigned the maximum detected concentration.  It 
should also be noted that, for the purpose of analysis, concentrations flagged with a J qualifier 
(estimated concentration, as indicated on Table 5-2) were treated in the same manner as 
nonqualified data.  Sample concentrations reported as nondetect (below the laboratory reporting 
limit) were given a value of one-fifth the reporting limit for that analyte.  The means and 
standard deviations were calculated with and without nondetect values for each data set that 
contained a significant number of nondetects.  These values are presented in Tables M-1 through 
M-8. 

Analytical data from the contaminated monitoring wells were compared to the 95% UTL for the 
background concentration established for each of the clean monitoring well data sets.  The 
results of these comparisons are presented and discussed in Section M.2. 

M.2 RESULTS OF THE STATISTICAL ANALYSIS 

M.2.1 Barium 

Barium was detected in all monitoring wells sampled at the EDA. The background 95% UTL 
calculated for barium in groundwater was 382 µg/L.  Three monitoring wells (JAW-23, JAW-24, 
and WBP-99-5) from the contaminated well data set exceeded the background 95% UTL for 
barium with concentrations of 2,460 µg/L, 1,510 µg/L and 1,140 µg/L, respectively.  Also, one 
well (EBP-MW2) from the clean monitoring well data set exceeded the 95% UTL with a value 
of 612 µg/L.  The data are presented in Table M-1. 
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APPENDIXM Background Metals and Nitrate Concentrations in Groundwater 

M.2.2 Arsenic, Cadmium, Chromium, Lead, Mercury, and Selenium 

Arsenic, cadmium, chromium, lead, mercury, and selenium were all represented by a statistically 
significant number of nondetects (greater than 15 percent).  Therefore, in accordance with 
USEPA (1992b), the 95% UTLs were assigned the maximum detected concentration for each 
analyte.  The 95% UTLs taken from the clean monitoring well data set were: 

 
Constituents 95% UTL (µg/L) 
Arsenic 40.3 
Cadmium 0.9 
Chromium 68.6 

Mercury 0.077 
Selenium 9.5 

Notes: 
µg/L = Micrograms Per Liter 
UTL = Upper Tolerance Limit 

Lead 35.5 

Two monitoring wells (SA-99-1 and JAW-24) in the contaminated well data set exceeded the 
background 95% UTL for arsenic with concentrations of 58 µg/L and 99.8 µg/L. respectively. 
One monitoring well (JAW-23) in the contaminated well data set exceeded the background 
95% UTL for cadmium, with a concentration of 5.1 µg/L.  No monitoring wells in the 
contaminated well data set exceeded the background 95% UTL for chromium.  No monitoring 
wells in the contaminated well data set exceeded the background 95% UTL for lead (35.5 µg/L).  
One monitoring well (JAW-614) in the contaminated well data set exceeded the background 
95% UTL for mercury, with a concentration of 0.2 µg/L.  One monitoring well (FTP-MW3) in 
the contaminated well data set exceeded the background 95% UTL for selenium, with a 
concentration of 16.2 µg/L.  The data are presented in Table M-2 through M-7. 

M.2.3 Silver 

All clean well sample results for silver were nondetect.  Therefore, these data were not analyzed 
statistically, and “nondetect” was assumed to be the background level for these constituents.  No 
monitoring wells from the contaminated well data sets exceeded nondetect for silver. 

M.2.4 Nitrate 

NO3 was detected in 35 of the 52 wells sampled for NO3.  NO3 was represented by a statistically 
significant number of nondetects (greater than 15 percent).  Therefore, in accordance with 
USEPA (1992), the 95% UTL was assigned the maximum detected concentration.  The 
background 95% UTL assigned to NO3 was 500 µg/L.  Fifteen monitoring wells from the 
contaminated well data set exceeded the background 95% UTL for NO3, with concentrations 
ranging from 690 µg/L to 13,000 µg/L.  The data are presented in Table M-8. 

M.3 STATISTICAL ANALYSIS SUMMARY 

Two monitoring wells (SA-99-1 and JAW-24) in the contaminated well data set exceeded the 
background 95% UTL for arsenic, with concentrations of 58 µg/L and 99.8 µg/L, respectively.  
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APPENDIXM Background Metals and Nitrate Concentrations in Groundwater 

Three monitoring wells (JAW-23, JAW-24, and WBP-99-5) exceeded the background 95% UTL 
for barium, with concentrations of 2,460 µg/L, 1,510 µg/L, and 1,140 µg/L, respectively.  
Cadmium was detected in one monitoring well (JAW-23) in the contaminated well data set at a 
concentration (5.1 µg/L) exceeding the background 95% UTL.  No monitoring wells in the 
contaminated well data set exceeded the background 95% UTLs for chromium (68.6 µg/L) and 
lead (35.5 µg/L).  One monitoring well (JAW-614) in the contaminated well data set exceeded 
the background 95% UTL for mercury with a concentration of 0.2 µg/L.  One monitoring well 
(FTP-MW3) in the contaminated well data set exceeded the background 95% UTL for selenium 
with a concentration of 16.2 µg/L.  Fifteen monitoring wells from the contaminated well data set 
exceeded the background 95% UTL for NO3 with concentrations ranging from 690 µg/L to 
13,000 µg/L.  No other monitoring wells from the contaminated well data set exceeded the 
background 95% UTLs.  The 95% UTLs (i.e., background levels) and the IAAAP regulatory 
standards for the RCRA metals and NO3 are presented the table below. 

 

Analyte 
95% UTL 

(µg/L) 

IAAAP Regulatory 
Standard 

(µg/L) 
Arsenic 40.3 10 (a) 
Barium 382 2000 (a) 
Cadmium 0.9 5 (a) 
Chromium 68.6 100 (a) 
Lead 35.5 15 (a) 
Mercury 0.077 2 (a,b) 
Selenium 9.5 50 (a) 
Silver ND 100 (b) 
NO3 500 10000 (a,c) 

Notes: 
µg/L = Micrograms Per Liter 
95% UTL = 95 Percent Upper Tolerance Limit 
ND = Nondetect 
(a) Maximum Contaminant Level (MCL) 
(b) Health Advisory Level (HAL) 
(c) Region 9 Preliminary Remediation Goal (PRG) 

A comparison of the background UTLs and IAAAP regulatory standards indicated that arsenic 
and lead background UTLs at the EDA exceeded the IAAAP regulatory standards.  The arsenic 
and lead background UTLs were considered in the COPC screening process presented in 
Section 6. 
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TABLE M-1
BACKGROUND 95% UPPER TOLERANCE LIMIT CALCULATIONS

AND COMPARISON FOR BARIUM
EXPLOSIVES DISPOSAL AREA GROUNDWATER 

REMEDIAL ALTERNATIVES ANALYSIS
Clean MW Contaminated MW

Barium (µg/L)
FTA-99-1 151
FTA-99-2 54.9 Sample Size (n ) 18
JAW-58 85.4 Skewness1 2.74
JAW-59 133 Average (x ) 134.13
JAW-60 219 Standard Deviation (s ) 138.25
JAW-61 93.5 t17 ,0.05

2 1.74
JAW-62 70.8 k  3 1.79
JAW-63 79.2 UTL 4 382
JAW-80 189
M-01 231 1 Skewness >1 indicates normality of the data set
SA-99-1 353 2 From Johnson, R.A. & Bhattacharyya, G.K.  (1996)
FTP-MW1 142   Statistics:  Principles and Methods, 3rd ed. United
FTP-MW2 88.6   States: John Wiley and Sons, Inc., p. 666
FTP-MW3 106 3 Where k  = t17 ,0.05(1+1/n-1)^0.5
FTP-MW4 71.6 4 Where UTL = x  + k (s )
FTP-MW5 55.6
FTP-MW6 67.4
FTP-MW7 130
FTP-MW8 86.8
EBP-MW2 612
EBP-MW3 44.9
EDA-01 66.9
EDA-02 111
EDA-03 96.5
EDA-04 59.5
G-29 55.5
JAW-04 123
JAW-05 74.5 Notes:
JAW-06 167 µg/L = Micrograms Per Liter
JAW-07 75.7 EBP = East Burn Pads
JAW-64 150 EDA = Explosives Disposal Area
JAW-614 127 FTA = Fire Training Area
G-30 53.8 FTP = Fire Training Pit
JAW-23 2460 G = Government Well
JAW-24 1510 ID = Identification
JAW-25 17.8 JAW = JAYCOR Well
JAW-68 64.6 MW/M = Monitoring Well
WBP-99-1 84.8 ND = Nondetect(s)
WBP-99-2 53.6 RL = Reporting Limit
WBP-99-3 258 SA = Sump well
WBP-99-4 73.4 UTL = Upper Tolerance Limit
WBP-99-5 1140 WBP = West Burn Pads Area
WBP-99-6 62.2
WBP-99-7 251 Concentrations in bold typeface indicate detected values.
WBP-MW1 48.7 Nondetect values represent one-fifth the RL.
WBP-MW2 38.4 Shaded cells indicate exceedance of the UTL.
WBP-MW3 257

FIELD ID
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TABLE M-2
BACKGROUND 95% UPPER TOLERANCE LIMIT CALCULATIONS

AND COMPARISON FOR ARSENIC
EXPLOSIVES DISPOSAL AREA GROUNDWATER 

REMEDIAL ALTERNATIVES ANALYSIS
Clean MW Contaminated MW

Arsenic (µg/L)
FTA-99-1 < 2.0
FTA-99-2 3.4 Sample Size (n ) 18
JAW-58 < 2.0 Average without ND 13.48
JAW-59 < 2.0 Average with ND 5.19
JAW-60 3.3 Standard Deviation without ND 16.08
JAW-61 < 2.0 Standard Deviation with ND 9.42
JAW-62 < 2.0 UTL 1 40.3
JAW-63 < 2.0
JAW-80 < 2.0 1 UTL = maximum detected value
M-01 < 2.0
SA-99-1 58
FTP-MW1 < 2.0
FTP-MW2 < 2.0
FTP-MW3 < 2.0
FTP-MW4 < 2.0
FTP-MW5 < 2.0
FTP-MW6 < 2.0
FTP-MW7 < 2.0
FTP-MW8 < 2.0
EBP-MW2 16.8
EBP-MW3 2.5
EDA-01 < 2.0
EDA-02 < 2.0
EDA-03 < 2.0
EDA-04 < 2.0
G-29 < 2.0
JAW-04 < 2.0
JAW-05 < 2.0 Notes:
JAW-06 < 2.0 µg/L = Micrograms Per Liter
JAW-07 4.0 EBP = East Burn Pads
JAW-64 < 2.0 EDA = Explosives Disposal Area
JAW-614 2.5 FTA = Fire Training Area
G-30 2.5 FTP = Fire Training Pit
JAW-23 23 G = Government Well
JAW-24 99.8 ID = Identification
JAW-25 < 2.0 JAW = JAYCOR Well
JAW-68 < 2.0 MW/M = Monitoring Well
WBP-99-1 6.1 ND = Nondetect(s)
WBP-99-2 < 2.0 RL = Reporting Limit
WBP-99-3 < 2.0 SA = Sump well
WBP-99-4 < 2.0 UTL = Upper Tolerance Limit
WBP-99-5 5.8 WBP = West Burn Pads Area
WBP-99-6 < 2.0
WBP-99-7 2.9 Concentrations in bold typeface indicate detected values.
WBP-MW1 2.0 Nondetect values represent one-fifth the RL.
WBP-MW2 2.0 Shaded cells indicate exceedance of the UTL.
WBP-MW3 40.3

FIELD ID
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TABLE M-3
BACKGROUND 95% UPPER TOLERANCE LIMIT CALCULATIONS

AND COMPARISON FOR CADMIUM
EXPLOSIVES DISPOSAL AREA GROUNDWATER 

REMEDIAL ALTERNATIVES ANALYSIS
Clean MW Contaminated MW

Cadmium (µg/L)
FTA-99-1 < 1.0
FTA-99-2 < 1.0 Sample Size (n ) 18
JAW-58 < 1.0 Average without ND 0.37
JAW-59 < 1.0 Average with ND 0.90
JAW-60 < 1.0 Standard Deviation without ND 0.46
JAW-61 < 1.0 Standard Deviation with ND 0.29
JAW-62 < 1.0 UTL 1 0.9
JAW-63 < 1.0
JAW-80 < 1.0 1 UTL = maximum detected value
M-01 < 1.0
SA-99-1 < 1.0
FTP-MW1 < 1.0
FTP-MW2 < 1.0
FTP-MW3 < 1.0
FTP-MW6 0.11
FTP-MW5 0.16
FTP-MW4 0.11
FTP-MW7 0.06
FTP-MW8 < 1.0
EBP-MW2 < 1.0
EBP-MW3 < 1.0
EDA-01 < 1.0
EDA-02 < 1.0
EDA-03 < 1.0
EDA-04 < 1.0
G-29 < 1.0
JAW-04 < 1.0
JAW-05 < 1.0 Notes:
JAW-06 < 1.0 µg/L = Micrograms Per Liter
JAW-07 < 1.0 EBP = East Burn Pads
JAW-64 < 1.0 EDA = Explosives Disposal Area
JAW-614 < 1.0 FTA = Fire Training Area
G-30 < 1.0 FTP = Fire Training Pit
JAW-23 5.1 G = Government Well
JAW-24 < 1.0 ID = Identification
JAW-25 < 1.0 JAW = JAYCOR Well
JAW-68 < 1.0 MW/M = Monitoring Well
WBP-99-1 < 1.0 ND = Nondetect(s)
WBP-99-2 < 1.0 RL = Reporting Limit
WBP-99-3 < 1.0 SA = Sump well
WBP-99-4 < 1.0 UTL = Upper Tolerance Limit
WBP-99-5 < 1.0 WBP = West Burn Pads Area
WBP-99-6 < 1.0
WBP-99-7 < 1.0 Concentrations in bold typeface indicate detected values.
WBP-MW1 < 1.0 Nondetect values represent one-fifth the RL.
WBP-MW2 < 1.0 Shaded cells indicate exceedance of the UTL.
WBP-MW3 0.9

FIELD ID
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TABLE M-4
BACKGROUND 95% UPPER TOLERANCE LIMIT CALCULATIONS

AND COMPARISON FOR CHROMIUM
EXPLOSIVES DISPOSAL AREA GROUNDWATER 

REMEDIAL ALTERNATIVES ANALYSIS
Clean MW Contaminated MW

Chromium (µg/L)
FTA-99-1 1.7
FTA-99-2 < 2.0 Sample Size (n ) 18
JAW-58 < 2.0 Average without ND 7.83
JAW-59 1 Average with ND 2.69
JAW-60 < 2.0 Standard Deviation without ND 10.01
JAW-61 < 2.0 Standard Deviation with ND 3.16
JAW-62 < 2.0 UTL 1 14.9
JAW-63 < 2.0
JAW-80 < 2.0 1 UTL = maximum detected value
M-01 0.75
SA-99-1 0.78
FTP-MW1 < 2.0
FTP-MW2 < 2.0
FTP-MW3 < 2.0
FTP-MW4 < 2.0
FTP-MW5 < 2.0
FTP-MW6 < 2.0
FTP-MW7 < 2.0
FTP-MW8 < 2.0
EBP-MW2 14.9
EBP-MW3 0.76
EDA-01 < 2.0
EDA-02 < 2.0
EDA-03 < 2.0
EDA-04 < 2.0
G-29 < 2.0
JAW-04 < 2.0
JAW-05 < 2.0 Notes:
JAW-06 6.7 µg/L = Micrograms Per Liter
JAW-07 < 2.0 EBP = East Burn Pads
JAW-64 < 2.0 EDA = Explosives Disposal Area
JAW-614 < 2.0 FTA = Fire Training Area
G-30 < 2.0 FTP = Fire Training Pit
JAW-23 42.3 G = Government Well
JAW-24 < 2.0 ID = Identification
JAW-25 < 2.0 JAW = JAYCOR Well
JAW-68 < 2.0 MW/M = Monitoring Well
WBP-99-1 7.8 ND = Nondetect(s)
WBP-99-2 1.4 RL = Reporting Limit
WBP-99-3 < 2.0 SA = Sump well
WBP-99-4 < 2.0 UTL = Upper Tolerance Limit
WBP-99-5 < 2.0 WBP = West Burn Pads Area
WBP-99-6 < 2.0
WBP-99-7 < 2.0 Concentrations in bold typeface indicate detected values.
WBP-MW1 < 2.0 Nondetect values represent one-fifth the RL.
WBP-MW2 < 2.0 Shaded cells indicate exceedance of the UTL.
WBP-MW3 68.6

FIELD ID
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TABLE M-5
BACKGROUND 95% UPPER TOLERANCE LIMIT CALCULATIONS

AND COMPARISON FOR LEAD
EXPLOSIVES DISPOSAL AREA GROUNDWATER 

REMEDIAL ALTERNATIVES ANALYSIS
Clean MW Contaminated MW

Lead (µg/L)
FTA-99-1 < 2.0
FTA-99-2 < 2.0 Sample Size (n ) 18
JAW-58 < 2.0 Average without ND 35.50
JAW-59 < 2.0 Average with ND 3.86
JAW-60 < 2.0 Standard Deviation without ND NA
JAW-61 < 2.0 Standard Deviation with ND 7.90
JAW-62 < 2.0 UTL 1 35.5
JAW-63 < 2.0
JAW-80 < 2.0 1 UTL = maximum detected value
M-01 < 2.0
SA-99-1 < 2.0
FTP-MW1 < 2.0
FTP-MW2 < 2.0
FTP-MW3 < 2.0
FTP-MW4 < 2.0
FTP-MW5 < 2.0
FTP-MW6 < 2.0
FTP-MW7 < 2.0
FTP-MW8 < 2.0
EBP-MW2 < 2.0
EBP-MW3 < 2.0
EDA-01 < 2.0
EDA-02 < 2.0
EDA-03 < 2.0
EDA-04 < 2.0
G-29 < 2.0
JAW-04 < 2.0
JAW-05 < 2.0 Notes:
JAW-06 < 2.0 µg/L = Micrograms Per Liter
JAW-07 < 2.0 EBP = East Burn Pads
JAW-64 < 2.0 EDA = Explosives Disposal Area
JAW-614 < 2.0 FTA = Fire Training Area
G-30 < 2.0 FTP = Fire Training Pit
JAW-23 27 G = Government Well
JAW-24 < 2.0 ID = Identification
JAW-25 < 2.0 JAW = JAYCOR Well
JAW-68 < 2.0 MW/M = Monitoring Well
WBP-99-1 < 2.0 ND = Nondetect(s)
WBP-99-2 < 2.0 RL = Reporting Limit
WBP-99-3 < 2.0 SA = Sump well
WBP-99-4 < 2.0 UTL = Upper Tolerance Limit
WBP-99-5 < 2.0 WBP = West Burn Pads Area
WBP-99-6 < 2.0
WBP-99-7 < 2.0 Concentrations in bold typeface indicate detected values.
WBP-MW1 < 2.0 Nondetect values represent one-fifth the RL.
WBP-MW2 < 2.0 Shaded cells indicate exceedance of the UTL.
WBP-MW3 35.5

FIELD ID
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TABLE M-6
BACKGROUND 95% UPPER TOLERANCE LIMIT CALCULATIONS

AND COMPARISON FOR MERCURY
EXPLOSIVES DISPOSAL AREA GROUNDWATER 

REMEDIAL ALTERNATIVES ANALYSIS
Clean MW Contaminated MW

Selenium (µg/L)
FTA-99-1 < 0.04
FTA-99-2 < 0.04 Sample Size (n ) 18
JAW-58 < 0.04 Average without ND 0.05
JAW-59 < 0.04 Average with ND 0.04
JAW-60 < 0.04 < 0.04 Standard Deviation without ND 0.03
JAW-61 < 0.04 < 0.04 Standard Deviation with ND 0.01
JAW-62 < 0.04 UTL 1 0.077
JAW-63 < 0.04
JAW-80 < 0.04 1 UTL = maximum detected value
M-01 < 0.04
SA-99-1 < 0.04
FTP-MW1 < 0.04
FTP-MW2 < 0.04
FTP-MW3 < 0.04
FTP-MW4 < 0.04
FTP-MW5 < 0.04
FTP-MW6 < 0.04
FTP-MW7 < 0.04
FTP-MW8 0.022
EBP-MW2 < 0.04
EBP-MW3 < 0.04
EDA-01 < 0.04
EDA-02 < 0.04
EDA-03 0.048
EDA-04 0.027
G-29 < 0.04
JAW-04 < 0.04
JAW-05 < 0.04 Notes:
JAW-06 < 0.04 µg/L = Micrograms Per Liter
JAW-07 0.077 EBP = East Burn Pads
JAW-64 < 0.04 EDA = Explosives Disposal Area
JAW-614 0.2 FTA = Fire Training Area
G-30 < 0.04 FTP = Fire Training Pit
JAW-23 < 0.04 G = Government Well
JAW-24 < 0.04 ID = Identification
JAW-25 < 0.04 JAW = JAYCOR Well
JAW-68 0.023 MW/M = Monitoring Well
WBP-99-1 < 0.04 ND = Nondetect(s)
WBP-99-2 < 0.04 RL = Reporting Limit
WBP-99-3 < 0.04 SA = Sump well
WBP-99-4 < 0.04 UTL = Upper Tolerance Limit
WBP-99-5 < 0.04 WBP = West Burn Pads Area
WBP-99-6 0.022
WBP-99-7 < 0.04 Concentrations in bold typeface indicate detected values.
WBP-MW1 < 0.04 Nondetect values represent one-fifth the RL.
WBP-MW2 < 0.04 Shaded cells indicate exceedance of the UTL.
WBP-MW3 0.059

FIELD ID
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TABLE M-7
BACKGROUND 95% UPPER TOLERANCE LIMIT CALCULATIONS

AND COMPARISON FOR SELENIUM
EXPLOSIVES DISPOSAL AREA GROUNDWATER 

REMEDIAL ALTERNATIVES ANALYSIS
Clean MW Contaminated MW

Silver (µg/L)
FTA-99-1 < 2.0
FTA-99-2 < 2.0 Sample Size (n ) 18
JAW-58 5.9 Average without ND 4.50
JAW-59 < 2.0 Average with ND 3.11
JAW-60 < 2.0 Standard Deviation without ND 3.40
JAW-61 < 2.0 Standard Deviation with ND 2.53
JAW-62 < 2.0 UTL 1 9.5
JAW-63 < 2.0
JAW-80 < 2.0 1 UTL = maximum detected value
M-01 < 2.0
SA-99-1 3.7
FTP-MW1 0.44
FTP-MW2 0.16
FTP-MW3 16.2
FTP-MW4 1.5
FTP-MW5 0.26
FTP-MW6 6.1
FTP-MW7 1
FTP-MW8 4.1
EBP-MW2 < 2.0
EBP-MW3 3.0
EDA-01 3.5
EDA-02 5
EDA-03 < 2.0
EDA-04 < 2.0
G-29 < 2.0
JAW-04 9.5
JAW-05 < 2.0 Notes:
JAW-06 < 2.0 µg/L = Micrograms Per Liter
JAW-07 < 2.0 EBP = East Burn Pads
JAW-64 < 2.0 EDA = Explosives Disposal Area
JAW-614 < 2.0 FTA = Fire Training Area
G-30 < 2.0 FTP = Fire Training Pit
JAW-23 3.4 G = Government Well
JAW-24 5.7 ID = Identification
JAW-25 < 2.0 JAW = JAYCOR Well
JAW-68 < 2.0 MW/M = Monitoring Well
WBP-99-1 < 2.0 ND = Nondetect(s)
WBP-99-2 2.9 RL = Reporting Limit
WBP-99-3 4.2 SA = Sump well
WBP-99-4 < 2.0 UTL = Upper Tolerance Limit
WBP-99-5 < 2.0 WBP = West Burn Pads Area
WBP-99-6 2.0
WBP-99-7 < 2.0 Concentrations in bold typeface indicate detected values.
WBP-MW1 1.6 Nondetect values represent one-fifth the RL.
WBP-MW2 0.66 Shaded cells indicate exceedance of the UTL.
WBP-MW3 9

FIELD ID
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TABLE M-8
BACKGROUND 95% UPPER TOLERANCE LIMIT CALCULATIONS

AND COMPARISON FOR NITRATE
EXPLOSIVES DISPOSAL AREA GROUNDWATER 

REMEDIAL ALTERNATIVES ANALYSIS
Clean MW Contaminated MW

Nitrate (µg/L)
FTA-99-1 1600 Sample Size (n ) 20
FTA-99-2 130 Average without ND 268.33
JAW-58 90 Average with ND 191.25
JAW-59 180 Standard Deviation without ND 160.39
JAW-60 80 Standard Deviation with ND 178.19
JAW-61 380 UTL 1 500
JAW-62 310
JAW-63 380 1 UTL = maximum detected value
JAW-80 1900
M-01 70
SA-99-1 < 10.0
FTP-MW1 360
FTP-MW2 160
FTP-MW3 < 10.0
FTP-MW4 < 10.0
FTP-MW5 < 10.0
FTP-MW6 190
FTP-MW7 2000
FTP-MW8 < 10.0
EBP-MW1 500
EBP-MW2 < 10
EBP-MW3 2800
EBP-MW4 100
EBP-MW5 770
EBP-MW6 < 10
EDA-01 200
EDA-02 2000
EDA-03 1300 Notes:
EDA-04 690 µg/L = Micrograms Per Liter
G-29 500 EBP = East Burn Pads
JAW-04 < 10 EDA = Explosives Disposal Area
JAW-05 60 FTA = Fire Training Area
JAW-06 < 10 FTP = Fire Training Pit
JAW-07 470 G = Government Well
JAW-64 200 ID = Identification
JAW-614 1100 JAW = JAYCOR Well
G-30 < 10.0 MW/M = Monitoring Well
JAW-23 9400 ND = Nondetect(s)
JAW-24 < 10.0 RL = Reporting Limit
JAW-25 1900 SA = Sump well
JAW-68 < 10.0 UTL = Upper Tolerance Limit
WBP-99-1 12000 WBP = West Burn Pads Area
WBP-99-2 13000
WBP-99-3 1000 Concentrations in bold typeface indicate detected values.
WBP-99-4 8100 Nondetect values represent one-fifth the RL.
WBP-99-5 180 Shaded cells indicate exceedance of the UTL.
WBP-99-6 < 10.0
WBP-99-7 < 10.0
WBP-MW1 < 10.0
WBP-MW2 < 10.0
WBP-MW3 210

FIELD ID
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ALTERNATIVE 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Taken from: http://www.carbonair.com/rental%20spec%20sheets/STATs/STAT%2030.pdf 
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APPENDIXN Conceptual Design Information 

ALTERNATIVE 4 

H2O 

H2O2 
50% 

4.9 gal/day =  

EXTRACTED 
WATER 

INJECTION 

QPCP 

Q C

 
Goal 
Determine H2O2 dosage rate (QP) required to achieve an injection concentration of 1,000 mg 
(H2O2) per liter. 

QWCW Assumptions 

• 
• 
• 
• 
• 
•  

Conditions are steady state (no storage). 
CI = 1,000 mg/L (H2O2) I I

CP = 598,000 mg/L (H2O2) (vendor provided) 
QI = 2 gpm = 7.6 L/min 
CW = 0 mg/L (H2O2) 
No H2O2 will be created or destroyed prior to injection.

Solution 

 QICI = (QWCW) + (QPCP) (mass balance @ steady state) 

 QP = QICI 
 CP 

 QP = (7.6 L/min)(1,000 mg/L (H2O2)) = 0.013 L/min (H2O2) 
 598,000 mg/L (H2O2) 
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ALTERNATIVE 4 
 

 

 
 
 
 
 
 

 

 
 
 
 
 

 
 
 
 

Taken from http://www.h2o2.com/intro/properties/summary.html 

 Q:\1616\9421\Six Sites\FTP\Rev1\FTP_RAA_Rev1.doc\14-May-04 /OMA 





HRC Design Software for Plume Area/Grid Treatment US Version 3.1
Regenesis Technical Support: USA (949) 366-8000,  www.regenesis.com

Site Name: IAAAP FTP (East plume), Initial Application
Location: Middleton, Iowa

Consultant: URS

Site Conceptual Model/Extent of Plume Requiring Remediation
Width of plume (intersecting gw flow direction) 155 ft
Length of plume (parallel to gw flow direction) 230 ft           = 35,650                sq. ft.
Depth to contaminated zone 20 ft
Thickness of contaminated saturated zone 10 ft
Nominal aquifer soil (gravel, sand, silty sand, silt, clay) clay
Total porosity 0.3 Eff. porosity: 0.3
Hydraulic conductivity 0.06 ft/day    = 2.1E-05 cm/sec
Hydraulic gradient 0.078 ft/ft
Seepage velocity 5.7 ft/yr       = 0.016 ft/day,
Treatment Zone Pore Volume 106,950              ft3             = 800,093              gallons

Stoich. (wt/wt)
Dissolved Phase Electron Donor Demand Conc (mg/L) Mass (lb) contam/H2

Tetrachloroethene (PCE) 0.04 0.2 20.7
Trichloroethene (TCE) 0.00 0.0 21.9
cis-1,2-dichloroethene (DCE) 0.00 0.0 24.2
Vinyl Chloride (VC) 0.00 0.0 31.2
Carbon tetrachloride 0.00 0.0 19.2
Chloroform 0.00 0.0 19.9
1,1,1-Trichloroethane (TCA) 2.10 14.0 22.2
1,1-Dichlorochloroethane (DCA) 0.72 4.8 24.7
Hexavalent Chromium 0.00 0.0 17.3
RDX 0.00 0.0 20.0
User added, also add stoichiometric demand 0.00 0.0 0.0

Sorbed Phase Electron Donor Demand
Soil bulk density 1.5 g/cm3       = 94 lb/cf
Fraction of organic carbon: foc 0.0007 range: 0.0001 to 0.01

(Values are estimated using  Soil Conc=foc*Koc*Cgw) Koc Stoich. (wt/wt)
(Adjust Koc as nec. to provide realistic estimates) (L/kg) Conc (mg/kg) Mass (lb) contam/H2

Tetrachloroethene (PCE) 263 0.01 0.2 20.7
Trichloroethene (TCE) 107 0.00 0.0 21.9
cis-1,2-dichloroethene (DCE) 80 0.00 0.0 24.2
Vinyl Chloride (VC) 2.5 0.00 0.0 31.2
Carbon tetrachloride 110 0.00 0.0 19.2
Chloroform 34 0.00 0.0 19.9
1,1,1-Trichloroethane (TCA) 183 0.27 9.0 22.2
1,1-Dichlorochloroethane (DCA) 183 0.09 3.1 24.7
RDX 108 0.00 0.0 20.0
User added, also add stoichiometric demand 0 0.00 0.0 0.0

Stoich. (wt/wt)
Competing Electron Acceptors Conc (mg/L) Mass (lb) elec acceptor/H2

Oxygen 7.71 51 8.0
Nitrate 0.09 1 12.4
Est. Mn reduction demand (potential amt of Mn2+ formed) 1.00 7 27.5
Est. Fe reduction demand (potential amt of Fe2+ formed) 0.01 0 55.9
Estimated sulfate reduction demand 35.00 233 12.0

Microbial Demand Factor 3 Recommend 1-4x
Safety Factor 3 Recommend 1-4x

Injection Point Spacing and Dose:
Injection spacing within rows (ft) 10.0 # points per row: 16
Injection spacing between rows (ft) 20.0 # of rows: 12
Advective travel time bet. rows (days) 1282 Total #  of points: 192

Minimum req. HRC dose per foot (lb/ft) 4.0 <-Minumum Dose Override

Contaminant

Contaminant

Electron Acceptor
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HRC Design Software for Plume Area/Grid Treatment US Version 3.1
Regenesis Technical Support: USA (949) 366-8000,  www.regenesis.com

Site Name: IAAAP FTP (East plume), Initial Application
Location: Middleton, Iowa

Consultant: URS

Project Summary
Number of HRC delivery points (adjust as nec. for site) 192
HRC Dose in lb/foot (adjust as nec. for site) 4.0 <-Minumum Dose Override
Corresponding amount of HRC per point (lb) 40
Number of 30 lb HRC Buckets per injection point 1.3
Total Number of 30 lb Buckets 256
Total Amt of HRC (lb) 7,680
HRC Cost 5.50$                  List Price has been adjusted
Total Material Cost 42,240$              
Shipping and Tax Estimates in US Dollars
Sales Tax rate: 7% -$                    
Total Matl. Cost 42,240$              
Shipping of HRC (call for amount) -$                    
Total Regenesis Material Cost 42,240$              

HRC Installation Cost Est. (responsibility of customer to contract work) Other Project Costs
Footage for each inj. point = uncontaminated + HRC inj. interval (ft) 30 Design and regulatory issues -$                    
Total length for direct push for project (ft) 5,760 Groundwater monitoring and rpt -$                    
Estimated daily installation rate (ft per day: 500 for push, 200 for drilling) 400 Other -$                    
Estimated  points per day (10 to 20 is typical for direct push) 13.3 Other -$                    
Required number of days 15 Other -$                    
Mob/demob cost for injection subcontractor -$                    Other -$                    
Daily rate for inj. Sub. ($1-2K for push $3-4K for drill rig) -$                    Other -$                    
Total injection subcontrator cost for application -$                    Other -$                    
Total Install Cost (not inc. consultant, lab, etc.) 42,240$              Total Project Cost 42,240$              

Q:\1616\9421\Six Sites\FTP\Rev1\hrc grid east.xls [HRC Grid Eval] Page 2 of 2 5/14/2004



HRC Design Software for Plume Area/Grid Treatment US Version 3.1
Regenesis Technical Support: USA (949) 366-8000,  www.regenesis.com

Site Name: IAAAP FTP (South plume), Initial Application
Location: Middleton, Iowa

Consultant: URS

Site Conceptual Model/Extent of Plume Requiring Remediation
Width of plume (intersecting gw flow direction) 100 ft
Length of plume (parallel to gw flow direction) 260 ft           = 26,000                sq. ft.
Depth to contaminated zone 15 ft
Thickness of contaminated saturated zone 10 ft
Nominal aquifer soil (gravel, sand, silty sand, silt, clay) clay
Total porosity 0.3 Eff. porosity: 0.3
Hydraulic conductivity 0.11 ft/day    = 3.9E-05 cm/sec
Hydraulic gradient 0.03 ft/ft
Seepage velocity 4.0 ft/yr       = 0.011 ft/day,
Treatment Zone Pore Volume 78,000                ft3             = 583,518              gallons

Stoich. (wt/wt)
Dissolved Phase Electron Donor Demand Conc (mg/L) Mass (lb) contam/H2

Tetrachloroethene (PCE) 0.08 0.4 20.7
Trichloroethene (TCE) 0.12 0.6 21.9
cis-1,2-dichloroethene (DCE) 0.02 0.1 24.2
Vinyl Chloride (VC) 0.00 0.0 31.2
Carbon tetrachloride 0.00 0.0 19.2
Chloroform 0.00 0.0 19.9
1,1,1-Trichloroethane (TCA) 0.27 1.3 22.2
1,1-Dichlorochloroethane (DCA) 0.00 0.0 24.7
Hexavalent Chromium 0.00 0.0 17.3
RDX 0.00 0.0 20.0
User added, also add stoichiometric demand 0.00 0.0 0.0

Sorbed Phase Electron Donor Demand
Soil bulk density 1.5 g/cm3       = 94 lb/cf
Fraction of organic carbon: foc 0.0007 range: 0.0001 to 0.01

(Values are estimated using  Soil Conc=foc*Koc*Cgw) Koc Stoich. (wt/wt)
(Adjust Koc as nec. to provide realistic estimates) (L/kg) Conc (mg/kg) Mass (lb) contam/H2

Tetrachloroethene (PCE) 263 0.01 0.3 20.7
Trichloroethene (TCE) 107 0.01 0.2 21.9
cis-1,2-dichloroethene (DCE) 80 0.00 0.0 24.2
Vinyl Chloride (VC) 2.5 0.00 0.0 31.2
Carbon tetrachloride 110 0.00 0.0 19.2
Chloroform 34 0.00 0.0 19.9
1,1,1-Trichloroethane (TCA) 183 0.03 0.8 22.2
1,1-Dichlorochloroethane (DCA) 183 0.00 0.0 24.7
RDX 108 0.00 0.0 20.0
User added, also add stoichiometric demand 0 0.00 0.0 0.0

Stoich. (wt/wt)
Competing Electron Acceptors Conc (mg/L) Mass (lb) elec acceptor/H2

Oxygen 0.23 1 8.0
Nitrate 0.08 0 12.4
Est. Mn reduction demand (potential amt of Mn2+ formed) 1.00 5 27.5
Est. Fe reduction demand (potential amt of Fe2+ formed) 0.02 0 55.9
Estimated sulfate reduction demand 39.00 190 12.0

Microbial Demand Factor 3 Recommend 1-4x
Safety Factor 3 Recommend 1-4x

Injection Point Spacing and Dose:
Injection spacing within rows (ft) 10.0 # points per row: 10
Injection spacing between rows (ft) 20.0 # of rows: 13
Advective travel time bet. rows (days) 1818 Total #  of points: 130

Minimum req. HRC dose per foot (lb/ft) 4.0 <-Minumum Dose Override

Contaminant

Contaminant

Electron Acceptor
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HRC Design Software for Plume Area/Grid Treatment US Version 3.1
Regenesis Technical Support: USA (949) 366-8000,  www.regenesis.com

Site Name: IAAAP FTP (South plume), Initial Application
Location: Middleton, Iowa

Consultant: URS

Project Summary
Number of HRC delivery points (adjust as nec. for site) 130
HRC Dose in lb/foot (adjust as nec. for site) 4.0 <-Minumum Dose Override
Corresponding amount of HRC per point (lb) 40
Number of 30 lb HRC Buckets per injection point 1.3
Total Number of 30 lb Buckets 174
Total Amt of HRC (lb) 5,220
HRC Cost 5.50$                  List Price has been adjusted
Total Material Cost 28,710$              
Shipping and Tax Estimates in US Dollars
Sales Tax rate: 7% -$                    
Total Matl. Cost 28,710$              
Shipping of HRC (call for amount) -$                    
Total Regenesis Material Cost 28,710$              

HRC Installation Cost Est. (responsibility of customer to contract work) Other Project Costs
Footage for each inj. point = uncontaminated + HRC inj. interval (ft) 25 Design and regulatory issues -$                    
Total length for direct push for project (ft) 3,250 Groundwater monitoring and rpt -$                    
Estimated daily installation rate (ft per day: 500 for push, 200 for drilling) 400 Other -$                    
Estimated  points per day (10 to 20 is typical for direct push) 16.0 Other -$                    
Required number of days 9 Other -$                    
Mob/demob cost for injection subcontractor -$                    Other -$                    
Daily rate for inj. Sub. ($1-2K for push $3-4K for drill rig) -$                    Other -$                    
Total injection subcontrator cost for application -$                    Other -$                    
Total Install Cost (not inc. consultant, lab, etc.) 28,710$              Total Project Cost 28,710$              
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TABLE O-1
COMPARISON OF TOTAL COST OF REMEDIAL ALTERNATIVES

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

Site: FTP Groundwater Base Year: 2004
Location: IAAAP Middletown, Iowa Date: 5/17/2004
Phase: RAA (-30% to +50%)

Alternative 1 Alternative 2 Alternative 3 Alternative 4 Alternative 5

Description No Action MNA
Focused 

Extraction/MNA ISCO/MNA
Enhanced 

Degradation/MNA

Total Project Duration (Years) 55 55 20 20 20

Capital Cost $0 $114,000 $208,000 $225,000 $504,000

Total O&M Cost $0 $1,849,000 $1,037,000 $822,000 $822,000

Total Periodic Cost $0 $113,000 $49,000 $105,000 $305,000

Total Cost of Alternative $0 $2,075,000 $1,295,000 $1,152,000 $1,631,000

Total Present Value of Alternative $0 $711,000 $882,000 $773,000 $1,228,000
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TABLE O-2
COST ESTIMATE SUMMARY - ALTERNATIVE 2

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

MONITORED NATURAL ATTENUATION

Site: FTP Groundwater Description:
Location: IAAAP Middletown, Iowa
Phase: RAA (-30% to +50%)
Base Year: 2004
Date: 5/17/2004

CAPITAL COSTS:

Description Qty Unit Unit Cost Cost Notes

Mobilization/Demobilization
Submittals/Implementation Plans 1 LS $8,000 $8,000 FSP, QAPP, SSHP
Subtotal $8,000

Monitoring, Sampling, Testing, Analysis
MW Installation, Development 10 EA $3,521 $35,209 See cost worksheet
GW Sampling, Analysis - Initial 1 LS $23,817 $23,817 See cost worksheet
Surveying 1 LS $1,200 $1,200 9 MWs 
Subtotal $60,225

Subtotal 1 $68,225

Contingency 25% $17,056 10% scope + 15% bid

Subtotal 2 $85,281

Project Management 10% $8,528
Remedial Design 20% $17,056
Construction Management 15% $12,792
Subtotal $25,584

Institutional Controls 1 LS $3,000 $3,000 Implementation plan

TOTAL CAPITAL COST: $113,866

ANNUAL O&M COSTS (YEARS 1-10):

Description Qty Unit Unit Cost Cost Notes

Site Monitoring
GW Sampling, Analysis 19 EA $1,254 $23,817 See cost worksheet
Data Management 1 LS $2,000 $2,000
Reporting 1 LS $8,000 $8,000 Annual reporting
Subtotal $33,817

Contingency 25% $8,454 10% scope + 15% bid

Subtotal $42,271

Project Management 10% $4,227
Technical Support 15% $6,341
Subtotal $10,568

TOTAL ANNUAL O&M COST (YEARS 1-10): $52,838

No active remediation systems used. Intall 10 new monitoring wells. Annual groundwater 
sampling at 19 wells in Years 1 to 10. Annual groundwater sampling at 9 wells in Years 11 to 
55. Institutional and engineering controls to mitigate risks. Capital costs in Year 0; O&M costs 
in Years 1 to 55; periodic costs in Years 5,10,15,20,25,30,35,40,45,50, and 55.
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TABLE O-2
COST ESTIMATE SUMMARY - ALTERNATIVE 2

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

MONITORED NATURAL ATTENUATION
ANNUAL O&M COSTS (YEARS 11-55):

Description Qty Unit Unit Cost Cost Notes

Site Monitoring
GW Sampling, Analysis 9 EA $1,254 $11,282 See cost worksheet per well cost
Data Management 1 LS $1,500 $1,500
Reporting 1 LS $6,000 $6,000 Annual reporting
Subtotal $18,782

Contingency 25% $4,695 10% scope + 15% bid

Subtotal $23,477

Project Management 10% $2,348
Technical Support 15% $3,522
Subtotal $5,869

TOTAL ANNUAL O&M COST (YEARS 11-55): $29,346

PERIODIC COSTS:

Description Year Qty Unit Unit Cost Cost Notes

Five-Year Review Report 5 to 55 1 EA $8,000 $8,000
MW Maintenance 5 to 55 1 EA $1,500 $1,500 Repair damage, redevelop
Subtotal $9,500
MW Abandonment 55 25 EA $300 $7,500 25 MWs
Remedial Action Report 55 1 EA $10,000 $10,000
Subtotal $17,500

PRESENT VALUE ANALYSIS:

Cost Type Year Total Cost
Total Cost 
Per Year

Discount 
Factor (7%) Present Value Notes

Capital Cost 0 $113,866 $113,866 1.000 $113,866
O&M Cost 1-10 $528,383 $52,838 7.024 $371,114
O&M Cost 11-55 $1,320,575 $29,346 6.916 $202,968
Periodic Cost 5 $9,500 $9,500 0.713 $6,773
Periodic Cost 10 $9,500 $9,500 0.508 $4,829
Periodic Cost 15 $9,500 $9,500 0.362 $3,443
Periodic Cost 20 $9,500 $9,500 0.258 $2,455
Periodic Cost 25 $9,500 $9,500 0.184 $1,750
Periodic Cost 30 $9,500 $9,500 0.131 $1,248
Periodic Cost 35 $9,500 $9,500 0.094 $890
Periodic Cost 40 $9,500 $9,500 0.067 $634
Periodic Cost 45 $9,500 $9,500 0.048 $452
Periodic Cost 50 $9,500 $9,500 0.034 $323
Periodic Cost 55 $17,500 $17,500 0.024 $424

$2,075,324 $711,170 

TOTAL PRESENT VALUE OF ALTERNATIVE: $711,000
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TABLE O-3
COST ESTIMATE SUMMARY - ALTERNATIVE 3

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

FOCUSED EXTRACTION/MNA

Site: FTP Groundwater Description:
Location: IAAAP Middletown, Iowa
Phase: RAA (-30% to +50%)
Base Year: 2004
Date: 5/17/2004

CAPITAL COSTS:

Description Qty Unit Unit Cost Cost Notes
Mobilization/Demobilization

Submittals/Implementation Plans 1 LS $10,000 $10,000 FSP, QAPP, SSHP

Subtotal $10,000

Monitoring, Sampling, Testing, Analysis
MW Installation, Development 10 EA $3,521 $35,209 See cost worksheet
GW Sampling, Analysis - Initial 19 EA $1,254 $23,817 See cost worksheet
Photo Ionization Detector 1 LS $4,000 $4,000 For off-gas monitoing
Surveying 1 LS $1,300 $1,300 10 MWs 
Subtotal $64,325

Extraction System Installation
Submersible Pump Install 1 EA $2,500 $2,500 4-in diameter pneumatic
Equilization Tank 1 EA $300 $300 300-gal poly
Air Stripper 1 EA $7,700 $7,700 3 tray, 210 cfm
Air Compressor 1 EA $250 $250 5-hp, 30-gal
Electric Heater 1 EA $150 $150
Pumps/Piping/Controls/Electrical 1 LS $13,791 $13,791 See cost worksheet
Steel Building 1 EA $10,000 $10,000 15-ft x 15-ft with slab
Subtotal $34,691

Subtotal 1 $109,016
Contingency 30% $32,705 15% scope + 15% bid

Subtotal 2 $141,721
Project Management 10% $14,172
Remedial Design 20% $28,344
Construction Management 15% $21,258
Subtotal $63,774
Institutional Controls 1 LS $3,000 $3,000 Implementation plan

TOTAL CAPITAL COST: $208,495

Intall 10 new monitoring wells. Install a submersible pump in SA-99-1 to  remove and treat 
contaminated groundwater for Years 1 to 5.  Annual groundwater sampling at 19 wells in Years 1 
to 10. Annual groundwater sampling at 9 wells in Years 11 to 20.   Institutional and engineering 
controls to mitigate risks. Capital costs in Year 0; O&M costs in Years 1 to 20; periodic costs in 
Years 5,10,15, and 20.
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TABLE O-3
COST ESTIMATE SUMMARY - ALTERNATIVE 3

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

FOCUSED EXTRACTION/MNA
ANNUAL O&M COSTS (YEARS 1-5):

Description Qty Unit Unit Cost Cost Notes

Site Monitoring
GW Sampling, Analysis 19 EA $1,254 $23,817
Data Management 1 EA $2,000 $2,000
Reporting 1 EA $8,000 $8,000 Annual reporting
Subtotal $33,817

Treatment System Monitoring, Maintenance
O&M Labor 12 MO $1,000 $12,000 3 day/wk, includes sampling
Equipment/Repair 1 LS $1,000 $1,000
Power Usage 12 MO $500 $6,000 Process, $0.07/Kwh
Water Sampling, Analysis 4 QTR $400 $1,600 1 sample for VOCs, explosives, metals, incl shipping
Data Management 4 QTR $750 $3,000
Reporting 4 QTR $1,000 $4,000
Subtotal $27,600

Subtotal 1 $61,417
Contingency 25% $15,354 10% scope + 15% bid

Subtotal 2 $76,771
Project Management 10% $7,677
Technical Support 15% $11,516
Subtotal $19,193

TOTAL ANNUAL O&M COST (YEARS 1-5): $95,963

ANNUAL O&M COSTS (YEARS 6-10):

Description Qty Unit Unit Cost Cost Notes

Site Monitoring
GW Sampling, Analysis 19 EA $1,254 $23,817 See cost worksheet per well cost
Data Management 1 LS $2,000 $2,000
Reporting 1 LS $8,000 $8,000 Annual reporting
Subtotal $33,817

Contingency 25% $8,454 10% scope + 15% bid

Subtotal $42,271

Project Management 10% $4,227
Technical Support 15% $6,341
Subtotal $10,568

TOTAL ANNUAL O&M COST (YEARS 6-10): $52,838
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TABLE O-3
COST ESTIMATE SUMMARY - ALTERNATIVE 3

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

FOCUSED EXTRACTION/MNA
ANNUAL O&M COSTS (YEARS 11-20):

Description Qty Unit Unit Cost Cost Notes

Site Monitoring
GW Sampling, Analysis 9 EA $1,254 $11,282 See cost worksheet per well cost
Data Management 1 LS $1,500 $1,500
Reporting 1 LS $6,000 $6,000 Annual reporting
Subtotal $18,782

Contingency 25% $4,695 10% scope + 15% bid

Subtotal $23,477

Project Management 10% $2,348
Technical Support 15% $3,522
Subtotal $5,869

TOTAL ANNUAL O&M COST (YEARS 11-20): $29,346

PERIODIC COSTS:

Description Year Qty Unit Unit Cost Cost Notes

Five-Year Review Report 5,10,15 1 EA $8,000 $8,000
Well Maintenance 5,10,15 1 EA $1,500 $1,500 Repair damage, redevelop
Subtotal $9,500

Dismantle Treatment System 20 1 EA $2,500 $2,500
Well Abandonment 20 26 EA $300 $7,800 25 MWs, and 1 EW
Remedial Action Report 20 1 EA $10,000 $10,000
Subtotal $20,300

PRESENT VALUE ANALYSIS:

Cost Type Year Total Cost
Total Cost 
Per Year

Discount 
Factor 
(7%) Present Value Notes

Capital Cost 0 $208,495 $208,495 1.000 $208,495
O&M Cost 1-5 $479,817 $95,963 4.100 $393,469
O&M Cost 6-10 $264,192 $52,838 2.923 $154,467
O&M Cost 11-20 $293,461 $29,346 3.570 $104,778
Periodic Cost 5 $9,500 $9,500 0.713 $6,773
Periodic Cost 10 $9,500 $9,500 0.508 $4,829
Periodic Cost 15 $9,500 $9,500 0.362 $3,443
Periodic Cost 20 $20,300 $20,300 0.258 $5,246

$1,294,765 $881,501

TOTAL PRESENT VALUE OF ALTERNATIVE: $882,000
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TABLE O-4
COST ESTIMATE SUMMARY - ALTERNATIVE 4

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

ISCO/MNA

Site: FTP Groundwater Description:
Location: IAAAP Middletown, Iowa
Phase: RAA (-30% to +50%)
Base Year: 2004
Date: 5/17/2004

CAPITAL COSTS:

Description Qty Unit Unit Cost Cost Notes
Mobilization/Demobilization

Submittals/Implementation Plans 1 LS $10,000 $10,000 FSP, QAPP, SSHP

Subtotal $10,000

Monitoring, Sampling, Testing, Analysis
MW Installation, Development 10 EA $3,521 $35,209 See cost worksheet
GW Sampling, Analysis - Initial 19 EA $1,254 $23,817 See cost worksheet
Surveying 1 LS $1,300 $1,300 10 MWs 
Subtotal $60,325

ISCO Treatment System
Submersible Pump Install 1 EA $2,500 $2,500 4-in diameter pneumatic
Equilization Tank 1 EA $300 $300 300-gal poly for extracted water collection
Injection Wells 4 EA $3,920 $15,682 See cost worksheet
Air Compressor 1 EA $250 $250 5-hp, 30-gal
Pumps/Piping/Controls/Electrical 1 LS $12,679 $12,679 See cost worksheet
Trailer 1 EA $5,000 $5,000
Subtotal $36,411

Subtotal 1 $106,736
Contingency 30% $32,021 15% scope + 15% bid

Subtotal 2 $138,757
Project Management 10% $13,876
Pre-Design Investigation 15% $20,814 Pump test, bench and field scale treatability testing
Remedial Design 20% $27,751
Construction Management 15% $20,814
Subtotal $83,254
Institutional Controls 1 LS $3,000 $3,000 Implementation plan

TOTAL CAPITAL COST: $225,011

ANNUAL O&M COSTS (YEARS 1-10):

Description Qty Unit Unit Cost Cost Notes

Site Monitoring
GW Sampling, Analysis 19 EA $1,254 $23,817 See cost worksheet per well cost
Data Management 1 LS $2,000 $2,000
Reporting 1 LS $8,000 $8,000 Annual reporting
Subtotal $33,817

Contingency 25% $8,454 10% scope + 15% bid

Subtotal $42,271

Project Management 10% $4,227
Technical Support 15% $6,341
Subtotal $10,568

TOTAL ANNUAL O&M COST (YEARS 1-10): $52,838

Install 1 extraction well and 4 injection wells to circulate H2O2 throughout the sump area 
groundwater for one year.   Intall 10 new monitoring wells. Annual groundwater sampling at 19 
wells in Years 1 to 10. Annual groundwater sampling at 9 wells in Years 10 to 20.   Institutional 
and engineering controls to mitigate risks. Capital costs in Year 0; O&M costs in Years 1 to 20; 
periodic costs in Years 1,5,10,15, and 20.
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TABLE O-4
COST ESTIMATE SUMMARY - ALTERNATIVE 4

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

ISCO/MNA
ANNUAL O&M COSTS (YEARS 11-20):

Description Qty Unit Unit Cost Cost Notes

Site Monitoring
GW Sampling, Analysis 9 EA $1,254 $11,282 See cost worksheet per well cost
Data Management 1 LS $1,500 $1,500
Reporting 1 LS $6,000 $6,000 Annual reporting
Subtotal $18,782

Contingency 25% $4,695 10% scope + 15% bid

Subtotal $23,477

Project Management 10% $2,348
Technical Support 15% $3,522
Subtotal $5,869

TOTAL ANNUAL O&M COST (YEARS 11-20): $29,346

PERIODIC COSTS:

Description Year Qty Unit Unit Cost Cost Notes

Treatment System Monitoring, Maintenance
O&M Labor 1 12 MO $1,000 $12,000 3 day/wk, includes sampling
Equipment/Repair 1 1 LS $1,000 $1,000
Power Usage 1 12 MO $500 $6,000 Process, $0.07/Kwh
Hydrogen Peroxide 1 1 LS $25,869 $25,869 50% solution, 32-500lb drums/yr
Hydrogen Peroxide Shipping 1 16000 LB $0.1 $1,600 32-500lb drums
Water Sampling, Analysis 1 4 QTR $400 $1,600 1 sample for VOCs, explosives, metals, incl shipping
Data Management 1 4 QTR $750 $3,000
Reporting 1 4 QTR $1,000 $4,000
Subtotal $55,069

Five-Year Review Report 5,10,15 1 EA $8,000 $8,000
Well Maintenance 5,10,15 1 EA $1,500 $1,500 Repair damage, redevelop
Subtotal $9,500

Dismantle Treatment System 20 1 EA $2,500 $2,500
Well Abandonment 20 30 EA $300 $9,000 25 MWs, 4 IWs, 1 EW, 
Remedial Action Report 20 1 EA $10,000 $10,000
Subtotal $21,500

PRESENT VALUE ANALYSIS:

Cost Type Year Total Cost
Total Cost 
Per Year

Discount 
Factor 
(7%) Present Value Notes

Capital Cost 0 $225,011 $225,011 1.000 $225,011
O&M Cost 1-10 $528,383 $52,838 7.024 $371,114
O&M Cost 11-20 $293,461 $29,346 3.570 $104,778
Periodic Cost 1 $55,069 $55,069 0.935 $51,466
Periodic Cost 5 $9,500 $9,500 0.713 $6,773
Periodic Cost 10 $9,500 $9,500 0.508 $4,829
Periodic Cost 15 $9,500 $9,500 0.362 $3,443
Periodic Cost 20 $21,500 $21,500 0.258 $5,556

$1,151,924 $772,972

TOTAL PRESENT VALUE OF ALTERNATIVE: $773,000
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TABLE O-5
COST ESTIMATE SUMMARY - ALTERNATIVE 5

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

ENHANCED DEGRADATION/MNA

Site: FTP Groundwater Description:
Location: IAAAP Middletown, Iowa
Phase: RAA (-30% to +50%)
Base Year: 2004
Date: 5/17/2004

CAPITAL COSTS:

Description Qty Unit Unit Cost Cost Notes
Mobilization/Demobilization

Submittals/Implementation Plans 1 LS $10,000 $10,000 FSP, QAPP, SSHP

Subtotal $10,000

Monitoring, Sampling, Testing, Analysis
MW Installation, Development 10 EA $3,521 $35,209 See cost worksheet
GW Sampling, Analysis - Initial 19 EA $1,254 $23,817 See cost worksheet
Surveying 1 LS $1,300 $1,300 10 MWs 
Subtotal $60,325

ISCO Treatment System
Submersible Pump Install 1 EA $2,500 $2,500 4-in diameter pneumatic
Equilization Tank 1 EA $300 $300 300-gal poly for extracted water collection
Injection Wells 4 EA $3,920 $15,682 See cost worksheet
Air Compressor 1 EA $250 $250 5-hp, 30-gal
Pumps/Piping/Controls/Electrical 1 LS $12,679 $12,679 See cost worksheet
Trailer 1 EA $5,000 $5,000
Subtotal $36,411

HRC Injection 1 LS $162,787 $162,787 See cost worksheet

Subtotal 1 $269,523
Contingency 30% $80,857 15% scope + 15% bid

Subtotal 2 $350,380
Project Management 8% $28,030
Pre-Design Investigation 10% $35,038 Pump test, bench and field scale treatability testing
Remedial Design 15% $52,557
Construction Management 10% $35,038
Subtotal $150,663
Institutional 1 LS $3,000 $3,000 Implementation plan

TOTAL CAPITAL COST: $504,043

ANNUAL O&M COSTS (YEARS 1-10):

Description Qty Unit Unit Cost Cost Notes

Site Monitoring
GW Sampling, Analysis 19 EA $1,254 $23,817 See cost worksheet per well cost
Data Management 1 LS $2,000 $2,000
Reporting 1 LS $8,000 $8,000 Annual reporting
Subtotal $33,817

Contingency 25% $8,454 10% scope + 15% bid

Subtotal $42,271

Project Management 10% $4,227
Technical Support 15% $6,341
Subtotal $10,568

TOTAL ANNUAL O&M COST (YEARS 1-10): $52,838

Install 1 extraction well and 4 injection wells to circulate H2O2 throughout the sump area 
groundwater for one year. Use direct push to inject HRCTM  into CVOC plume outside the sump area. 
HRCTM re-applied once.  Intall 10 new monitoring wells. Annual groundwater sampling at 19 wells 
in Years 1 to 10. Annual groundwater sampling at 9 wells in Years 10 to 20.   Institutional and 
engineering controls to mitigate risks. Capital costs in Year 0; O&M costs in Years 1 to 20; periodic 
costs in Years 1,2,5,10,15, and 20.
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TABLE O-5
COST ESTIMATE SUMMARY - ALTERNATIVE 5

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

ENHANCED DEGRADATION/MNA

ANNUAL O&M COSTS (YEARS 11-20):

Description Qty Unit Unit Cost Cost Notes

Site Monitoring
GW Sampling, Analysis 9 EA $1,254 $11,282 See cost worksheet per well cost
Data Management 1 LS $1,500 $1,500
Reporting 1 LS $6,000 $6,000 Annual reporting
Subtotal $18,782

Contingency 25% $4,695 10% scope + 15% bid

Subtotal $23,477

Project Management 10% $2,348
Technical Support 15% $3,522
Subtotal $5,869

TOTAL ANNUAL O&M COST (YEARS 11-20): $29,346

PERIODIC COSTS:

Description Year Qty Unit Unit Cost Cost Notes

Treatment System Monitoring, Maintenance
O&M Labor 1 12 MO $1,000 $12,000 3 day/wk, includes sampling
Equipment/Repair 1 1 LS $1,000 $1,000
Power Usage 1 12 MO $500 $6,000 Process, $0.07/Kwh
Hydrogen Peroxide 1 1 LS $25,869 $25,869 50% solution, 32 500-lb drums/Year
Hydrogen Peroxide Shipping 1 16000 LB $0.1 $1,600 32 500-lb drums
Water Sampling, Analysis 1 4 QTR $400 $1,600 1 sample for VOCs, explosives, metals, incl shipping
Data Management 1 4 QTR $750 $3,000
Reporting 1 4 QTR $1,000 $4,000

HRC Performance Sampling 1 3 EA $6,268 $18,803 Qrtly, 5 wells (excl annual)
Subtotal $73,872

HRC Performance Sampling 2 3 EA $6,268 $18,803 Qrtly, 5 wells (excl annual)
HRC Re-Injection 2 1 EA $162,787 $162,787 See cost worksheet
Subtotal $181,589

Five-Year Review Report 5,10,15 1 EA $8,000 $8,000
Well Maintenance 5,10,15 1 EA $1,500 $1,500 Repair damage, redevelop
Subtotal $9,500

Dismantle Treatment System 20 1 EA $2,500 $2,500
Well Abandonment 20 30 EA $300 $9,000 25 MWs, 4 IWs, 1 EW, 
Remedial Action Report 20 1 EA $10,000 $10,000
Subtotal $21,500
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TABLE O-5
COST ESTIMATE SUMMARY - ALTERNATIVE 5

FIRE TRAINING PIT GROUNDWATER REMEDIAL ALTERNATIVES ANALYSIS

ENHANCED DEGRADATION/MNA
PRESENT VALUE ANALYSIS:

Cost Type Year Total Cost
Total Cost 
Per Year

Discount 
Factor 
(7%) Present Value Notes

Capital Cost 0 $504,043 $504,043 1.000 $504,043
O&M Cost 1-10 $528,383 $52,838 7.024 $371,114
O&M Cost 11-20 $293,461 $29,346 3.570 $104,778
Periodic Cost 1 $73,872 $73,872 0.935 $69,039
Periodic Cost 2 $181,589 $181,589 0.873 $158,607
Periodic Cost 5 $9,500 $9,500 0.713 $6,773
Periodic Cost 10 $9,500 $9,500 0.508 $4,829
Periodic Cost 15 $9,500 $9,500 0.362 $3,443
Periodic Cost 20 $21,500 $21,500 0.258 $5,556

$1,631,348 $1,228,184

TOTAL PRESENT VALUE OF ALTERNATIVE: $1,228,000
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Capital Cost Sub-Element COST WORKSHEET
MONITORING WELL INSTALLATION AND DEVELOPMENT

Site: FTP Groundwater Prepared By: DRH Checked By: JMR
Location: IAAAP Middletown, Iowa Date: 5/17/2004 Date: 5/17/2004
Phase: RAA (-30% to +50%)
Base Year: 2004

Work Statement:
Install (5 days), develop (2 days), and slug test (2 days) additional LTM monitoring wells.  Assume 10 shallow (25-foot) wells. Install includes drilling with 
4.25-inch HSAs, continuous soil sampling, install of 2-inch Schedule 40 PVC blank and factory-slotted screen, and aboveground completions.

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL UNIT TOTAL TOTAL NOTES

Labor
Field Preparation 4 HR 43 - - 43 172 $43/hr tech
Digging Permits 4 HR 43 - - 43 172 $43/hr tech
Drilling Oversight 100 HR 113 - - 113 11300 $70/hr geo+$43/hr tech (incl travel time)

SUBTOTAL $11,644

Supplies, Rental, and Travel
PPE/Decon/Misc Suppiles 1 EA - - 150 150 150
Hermit Transducer and Logger 2 DAY - 100 - 100 200 Slug testing
Horiba U-10 2 DAY - 21 - 21 42 Development
Submersible Pump 2 DAY - 63 - 63 126
Polyethylene Tubing 100 LF - - 0.25 0.25 25
Water Level Probe 9 DAY - 40 - 40 360
Minirae PID 9 DAY - 35 - 35 315
Per Diem (2-man crew) 9 DAY - - - 170 1530 ($30+$55) x 2
Mileage 1150 MI - - - 0.36 414 800 mi mob/demob+50 mi/day x 9 days

SUBTOTAL $3,162
G&A Markup 5.0% 158

SUBTOTAL $3,320

Subcontract
Drillers Mob/Demob 1 LS - - - 500 500
Drillers Per Diem (3-man crew) 3 DAY - - - 150 450
Install Temp Decon Pads 1 EA - - - 200 200
Overburden Drilling (2-in SS) 250 LF - - - 18 4500 4.25-in HSA
2-in PVC Sched 40 Riser 170 LF - - - 8.7 1479 10-ft sections
2-in PVC Sched 40 Fact-Slot Scrn 100 LF - - - 12.25 1225 10-ft sections
Filter Pack Sand 120 LF - - - 9 1080 Colorado silica
Bentonite Seal 10 EA - - - 33.5 335 0.375-in chips
Annular Seal 110 LF - - - 5 550 Bentonite grout
Completions/Protective Cover 9 EA - - - 250 2250
55-gal Drums, Filled and Staged 20 EA - - - 65 1300 Includes drums
Off-site IDW Transport 1 LS - - - 495 495 Subcontract disposal service
Off-site IDW Disposal 20 EA - - - 45 900 Subcontract disposal service

SUBTOTAL $15,264
Prime Contractor Overhead 15.0% 2290 Applies to subcontract only

SUBTOTAL $32,518
Prime Contractor Profit 10.0% 2691 Applies to labor and subcontract only

TOTAL COST $35,209

OR $3,521 Per monitoring well

Source of Cost Data:

Previous experience with drilling in 2003.  RSMeans 2004, Environmental Remediation Cost Data, 10th Annual Edition.

Cost Adjustment Checklist:

FACTOR: NOTES:

þ   H&S Productivity (labor and equipment only) Level D

þ   Escalation to Base Year Current year (2004) is base year

þ   Area Cost Factor 0.86 based on area code (RS Means data only)

þ   Subcontractor Overhead and Profit Included in cost

þ   Prime Contractor Overhead and Profit Includes 15% overhead and 10% profit
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Capital Cost Sub-Element COST WORKSHEET
FOCUSED EXTRACTION - TREATMENT SYSTEM PUMPS/PIPING/CONTROLS/ELECTRICAL

Site: FTP Groundwater Prepared By: DRH Checked By: JMR
Location: IAAAP Middletown, Iowa Date: 5/17/2004 Date: 5/17/2004
Phase: RAA (-30% to +50%)
Base Year: 2004

Work Statement:
Subcontractors supply and install pipes, meters, electrical, and controls hookup.

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL UNIT TOTAL TOTAL NOTES

Exterior Pipe Install
Mob/Demob 1 LS - - - 250 250
Trenching 1 DAY 100 300 - 400 400 Chain trencher
0.75-in Poly 50 LF - - - 1.2 60 Air to submersible pump
1-in PVC 50 LF - - - 2 100 Influent
2-in PVC 80 LF - - - 2.6 208  Effluent

SUBTOTAL $1,018

Process Pumps Install
Transfer, 0.5-hp, 10-gpm 2 EA - - - 2500 5000

SUBTOTAL $5,000

Interior Process Pipe Install
1-in PVC 20 LF - - - 8.7 174 Includes fittings
2-in PVC 20 LF - - - 7.6 152 Includes fittings
4-in PVC 30 LF - - - 10.8 324 Off-gas 

SUBTOTAL $650

Interior Process Pipe Install
1-in Ball Valve 1 EA 12 - 34 46 46
2-in Ball Valve 2 EA 81 - 16 97 194
4-in Ball Valve 2 EA 262 - 25 287 574
1-in Check Valve 1 EA 40 - 12 52 52
2-in Check Valve 2 EA 93 - 16 109 218
1-in Flow Meter 1 EA - - - 100 100
2-in Flow Meter 2 EA - - - 200 400
Pressure Gauge 3 EA - - - 25 75
Temp Gauge 3 EA - - - 25 75

SUBTOTAL $1,734

Electrical Hookup 1 LS - - - 2500 2500 Includes controls, process, building

SUBTOTAL $2,500

SUBTOTAL $10,902
Prime Contractor Overhead 15.0% 1635 Applies to all

SUBTOTAL $12,537
Prime Contractor Profit 10.0% 1254

TOTAL COST $13,791

Source of Cost Data:

RSMeans 2004.  Environmental Remediation Cost Data, 10th Annual Edition.

Cost Adjustment Checklist:

FACTOR: NOTES:

þ   H&S Productivity (labor and equipment only) Level D

þ   Escalation to Base Year Current year (2004) is base year

þ   Area Cost Factor 0.86 based on area code (RS Means data only)

þ   Subcontractor Overhead and Profit Included in cost

þ   Prime Contractor Overhead and Profit Includes 15% overhead and 10% profit
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Cost Sub-Element COST WORKSHEET
GROUNDWATER SAMPLING AND ANALYSIS

Site: FTP Groundwater Prepared By: DRH Checked By: JMR
Location: IAAAP Middletown, Iowa Date: 5/17/2004 Date: 5/17/2004
Phase: RAA (-30% to +50%)
Base Year: 2004

Work Statement:
Groundwater sampling cost per event (19 wells total).  Assume 2.5 hours per well by a 2-person team (47.5 hours total).  VOCs, explosives, metals, and 
natural attenuation parameters analyzed in the laboratory. 

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL UNIT TOTAL TOTAL NOTES

Labor
Technician 57.5 HR 43 - - 43 2473 includes travel time
Geo/Chem/Eng 57.5 HR 70 - - 70 4025 includes travel time

SUBTOTAL $6,498

Supplies, Rental, and Travel
PPE/Decon/Misc Suppiles 1 EA - - 150 150 150
Horiba U-10 5 DAY - 21 - 21 105
Peristaltic Pump 5 DAY - 63 - 63 315
Polyethylene Tubing 450 LF - - 0.25 0.25 113
Water Level Probe 5 DAY - 8 - 8 40
Minirae PID 5 DAY - 35 - 35 175
Per Diem (2-man crew) 5 DAY - - - 170 850 ($30+$55) x 2
Package and Ship 5 EA - - - 90 450
Mileage 1050 MI - - - 0.36 378 800 mi mob/demob+50 mi/day x 5 days

SUBTOTAL $2,576
G&A Markup 5.0% 129

SUBTOTAL $2,704

Subcontract
Lab Analysis

VOCs 21 EA - - - 140 2940 Includes 10% duplicates
Explosives 21 EA - - - 145 3045 Includes 10% duplicates
Metals 21 EA - - - 70 1470 Includes 10% duplicates
Natural Attenuation Parameters 21 EA - - - 177 3717 Includes 10% duplicates

SUBTOTAL $11,172
Prime Contractor Overhead 15.0% 1676 applies to subcontract only

SUBTOTAL $22,050
Prime Contractor Profit 10.0% 1767 applies to labor and subcontract only

TOTAL COST $23,817

OR $1,254 per monitoring well

Source of Cost Data:

Previous experience with drilling in 2003.  RSMeans 2004, Environmental Remediation Cost Data, 10th Annual Edition.

Cost Adjustment Checklist:

FACTOR: NOTES:

þ   H&S Productivity (labor and equipment only) Level D

þ   Escalation to Base Year Current year (2004) is base year

þ   Area Cost Factor 0.86 based on area code (RS Means data only)

þ   Subcontractor Overhead and Profit Included in cost

þ   Prime Contractor Overhead and Profit Includes 15% overhead and 10% profit
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Capital Cost Sub-Element COST WORKSHEET
ISCO - TREATMENT SYSTEM PUMPS/PIPING/CONTROLS/ELECTRICAL

Site: FTP Groundwater Prepared By: DRH Checked By: JMR
Location: IAAAP Middletown, Iowa Date: 5/17/2004 Date: 5/17/2004
Phase: RAA (-30% to +50%)
Base Year: 2004

Work Statement:
Subcontractors supply and install pipes, meters, electrical, and controls hookup.

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL UNIT TOTAL TOTAL NOTES

Exterior Pipe Install
Mob/Demob 1 LS - - - 250 250
0.75-in Poly 50 LF - - - 1.2 60 Air to submersible pump
1-in SS SCH 40 220 LF - - - 11.7 2574 To injection wells

SUBTOTAL $2,884

Process Equipment
Injection Pump 1 EA - - - 1287 1287 Adjustable, 0 to 20 gpm, 200 psi
Feed Tank, Regulator, Injector 1 EA - - - 2368 2368 Peroxide mixture/controls

SUBTOTAL $3,655

Interior Process Pipe Install 1
1-in SS SCH 40 20 LF - - - 11.7 234 Includes fittings
1-in Flow Meter 5 EA - - - 100 500
Pressure Gauge 5 EA - - - 25 125
Temp Gauge 5 EA - - - 25 125

SUBTOTAL $984

Electrical Hookup 1 LS - - - 2500 2500 Includes controls, process, trailer

SUBTOTAL $2,500

SUBTOTAL $10,023
Prime Contractor Overhead 15.0% 1503 Applies to all

SUBTOTAL $11,526
Prime Contractor Profit 10.0% 1153

TOTAL COST $12,679

Source of Cost Data:

RSMeans 2004.  Environmental Remediation Cost Data, 10th Annual Edition.

Cost Adjustment Checklist:

FACTOR: NOTES:

þ   H&S Productivity (labor and equipment only) Level D

þ   Escalation to Base Year Current year (2004) is base year

þ   Area Cost Factor 0.86 based on area code (RS Means data only)

þ   Subcontractor Overhead and Profit Included in cost

þ   Prime Contractor Overhead and Profit Includes 15% overhead and 10% profit
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Capital Cost Sub-Element COST WORKSHEET
INJECTION WELL INSTALLATION AND DEVELOPMENT

Site: FTP Groundwater Prepared By: DRH Checked By: JMR
Location: IAAAP Middletown, Iowa Date: 5/17/2004 Date: 5/17/2004
Phase: RAA (-30% to +50%)
Base Year: 2004

Work Statement:
Install (2 days) and develop (1 day) ISCO injection wells.  Assume 4 shallow (15-foot) wells. Install includes drilling with 4.25-inch HSAs,
continuous soil sampling, install of 2-inch stainless steel blank and factory-slotted screen, and below ground completions.

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL UNIT TOTAL TOTAL NOTES

Labor
Field Preparation 4 HR 43 - - 43 172 $43/hr tech
Digging Permits 4 HR 43 - - 43 172 $43/hr tech
Drilling Oversight 40 HR 113 - - 113 4520 $70/hr geo+$43/hr tech (incl travel time)

SUBTOTAL $4,864

Supplies, Rental, and Travel
PPE/Decon/Misc Suppiles 1 EA - - 150 150 150
Hermit Transducer and Logger 1 DAY - 100 - 100 100 Slug testing
Horiba U-10 1 DAY - 21 - 21 21 Development
Submersible Pump 1 DAY - 63 - 63 63
Polyethylene Tubing 100 LF - - 0.25 0.25 25
Water Level Probe 3 DAY - 40 - 40 120
Minirae PID 3 DAY - 35 - 35 105
Per Diem (2-man crew) 3 DAY - - - 170 510 ($30+$55) x 2
Mileage 950 MI - - - 0.36 342 800 mi mob/demob+50 mi/day x 3 days

SUBTOTAL $1,436
G&A Markup 5.0% 72

SUBTOTAL $1,508

Subcontract
Drillers Mob/Demob 1 LS - - - 500 500
Drillers Per Diem (3-man crew) 1 DAY - - - 150 150
Install Temp Decon Pads 1 EA - - - 200 200
Overburden Drilling (2-inch SS) 60 LF - - - 18 1080 4.25-in HSA
2-in SS Riser 40 LF - - - 21.9 876 10-ft sections
2-in SS Screen 20 LF - - - 18.6 372 5-ft sections
Filter Pack Sand 28 LF - - - 9 252 Colorado silica
Bentonite Seal 4 EA - - - 33.5 134 0.375-in chips
Annular Seal 24 LF - - - 5 120 Bentonite grout
Completions/Protective Cover 4 EA - - - 500 2000 24-in diameter CMP vault with lid
55-gal Drums, Filled and Staged 8 EA - - - 65 520 Includes drums
Off-site IDW Transport 1 LS - - - 495 495 Subcontract disposal service
Off-site IDW Disposal 8 EA - - - 45 360 Subcontract disposal service

SUBTOTAL $7,059
Prime Contractor Overhead 15.0% 1059 Applies to subcontract only

SUBTOTAL $14,490
Prime Contractor Profit 10.0% 1192 Applies to labor and subcontract only

TOTAL COST $15,682

OR $3,920 Per injection well

Source of Cost Data:

Previous experience with drilling in 2003.  RSMeans 2004, Environmental Remediation Cost Data, 10th Annual Edition.

Cost Adjustment Checklist:

FACTOR: NOTES:

þ   H&S Productivity (labor and equipment only) Level D

þ   Escalation to Base Year Current year (2004) is base year

þ   Area Cost Factor 0.86 based on area code (RS Means data only)

þ   Subcontractor Overhead and Profit Included in cost

þ   Prime Contractor Overhead and Profit Includes 15% overhead and 10% profit

Q:\1616\9421\Six Sites\FTP\Rev1\FTP_RAA_Tables1_Rev1.xls [INJ WELL] Page 1 of 1 5/14/2004



Capital Cost Sub-Element COST WORKSHEET
HRC INJECTION

Site: FTP Groundwater Prepared By: DRH Checked By: JMR
Location: IAAAP Middletown, Iowa Date: 5/17/2004 Date: 5/17/2004
Phase: RAA (-30% to +50%)
Base Year: 2004

Work Statement:
Inject HRCTM into the contaminant plume using direct push injection.  Treatment zone covers areas east and south od SA-99-1.  Estimated 12 days 
to complete using two rigs.

Cost Analysis:

DESCRIPTION QTY UNIT LABOR EQUIP MTRL UNIT TOTAL TOTAL NOTES

Labor
Field Preparation 8 HR 43 - - 43 344 $43/hr tech
Digging Permits 8 HR 43 - - 43 344 $43/hr tech
Drilling Oversight 130 HR 140 - - 140 18200 $70/hr geo/eng x 2 (incl travel time)

SUBTOTAL $18,888

Supplies, Rental, and Travel
HRC Product 12900 LB - - 5.5 5.5 70950 see HRCTM design sheets (App. N)
HRC Tax 1 LS - - - 6.50% 4612 6.50%
HRC Shipping 12900 LB - - 0.1 0.1 1290
PPE/H&S Setups 1 LS - 250 - 250 250
Minirae PID 12 DAY - 70 - 70 840 x 2
Oversight Per Diem (2-man crew) 12 DAY - - - 170 2040 ($30+$55) x 2
Mileage 1400 MI - - - 0.36 504 800 mi mob/demob+50 mi/day x 12 days

SUBTOTAL $80,486
G&A Markup 5.0% 4024

SUBTOTAL $84,510

Subcontract
Direct Push Mob/Demob 2 LS - - - 1000 2000 2 rigs and 2 crews
Direct Push 11 DAY - - - 4000 44000 $2000/day/rig

SUBTOTAL $46,000
Prime Contractor Overhead 15.0% 6900 applies to subcontract only

SUBTOTAL $156,298
Prime Contractor Profit 10.0% 6489 applies to labor and subcontract only

TOTAL COST $162,787

Source of Cost Data:

Regenesis HRC Grid Design Versino 3.1 and cost information from Regenesis sales rep.

Cost Adjustment Checklist:

FACTOR: NOTES:

þ   H&S Productivity (labor and equipment only) Level D

þ   Escalation to Base Year Current year (2004) is base year

þ   Area Cost Factor 0.86 based on area code (RS Means data only)

þ   Subcontractor Overhead and Profit Included in cost

þ   Prime Contractor Overhead and Profit Includes 15% overhead and 10% profit
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