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EXECUTIVE SUMMARY 

 
 
This Supplemental Remedial Investigation (SRI) Report has been prepared for the Iowa Army 
Ammunition Plant (IAAAP) to summarize and evaluate all available environmental information 
collected for soil, surface water, sediment, and groundwater at sites that are part of Operable Unit 
(OU) 7. The primary objective of this SRI is to expand on previous investigations by further 
evaluating the shallow and subsurface soils, sediment, surface water, and groundwater associated 
with the sites. 
 
IAAAP is a government facility, owned by the U.S. Army (Army) and operated by a private 
contractor, American Ordnance (AO). IAAAP is located in the southeastern part of Iowa, in 
Des Moines County, near the town of Middletown. IAAAP is a secured facility covering 
approximately 19,000 acres. Approximately 7,751 acres are currently leased for agricultural use, 
7,500 acres are forested land, and the remaining 3,749 acres are used for administrative and 
industrial operations, including commercial/industrial leases.  
 
IAAAP is located in the Dissected Till Plain section of the Central Lowland Province of the 
Southern Iowa Drift Plain Region. The topography at IAAAP is generally flat in the uplands and 
dissected by several major drainages, with overall topography sloping gently toward the south. 
The IAAAP property is drained by, from west to east, the Skunk River, Long Creek, Brush 
Creek, and Spring Creek.  
 
The property is underlain by unconsolidated glacial deposits ranging from 1 to 143.5 feet thick 
overlying sedimentary bedrock units, which consist of limestone interbedded with shale ranging 
in age from Cambrian to Mississippian. The water table aquifer at IAAAP occupies the upland till 
plain and is predominantly in clay-rich glacial tills that exhibit low hydraulic conductivities and 
yield only small quantities of groundwater to wells. Depth to the water table in the shallow till is 
generally less than 10 to 15 feet. The uppermost bedrock aquifers underlying the deeper till 
exhibit varying hydraulic conductivities and yield varying amounts of groundwater to wells, 
depending on the intersection of fracture networks. The overall flow direction in the bedrock is 
generally to the south and east toward the Skunk and Mississippi Rivers 
 
Seven sites are included in OU-7 and evaluated within this SRI:  

 IAAP-013: Incendiary Disposal Area (InDA) 
 IAAP-015: Old Fly Ash Waste Pile (FAWP) 
 IAAP-018: Possible Demolition Site (PDS) 
 IAAP-025: Explosive Waste Incinerator (EWI) 
 IAAP-028: Construction Debris Landfill (CDL) 
 IAAP-041: Line 3A Pond 
 IAAP-047: Central Test Area (CTA) 
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The OU-7 SRI consisted of several phases of data collection at the seven sites between August 
2004 and April 2007, which included evaluations of historical photos and plans at all seven sites; 
sampling of soil, surface water, sediment, and groundwater at all seven sites; investigative 
trenching at the CDL; and geophysical surveys at the Line 3A Pond and the CTA. Additionally, 
some sites already had data collected as part of previous investigations, such as the facility-wide 
Remedial Investigation (RI) (JAYCOR, 1996), Resource Conservation and Recovery Act (RCRA) 
closure actions, and other environmental assessments. These previous data were included in the 
evaluations of the seven OU-7 sites. 
 
All soil and sediment data at each site were screened against the remediation goals (RGs) from the 
OU-1 Soils Record of Decision (ROD) (U.S. Environmental Protection Agency [EPA], 1998) or 
the EPA industrial soil Regional Screening Levels (RSLs) (EPA, 2009a) for chemicals where no 
RGs were calculated. Because some organic chemicals are mobile in the environment, detected 
organic constituents were also compared to the soil screening levels (SSLs) presented in the RSL 
table (EPA, 2009a). Soil background concentrations were also used for evaluation of metals, and 
sediment samples were evaluated against upstream samples if available. All surface water and 
groundwater data at each site were screened against EPA Safe Drinking Water Act (SDWA) 
maximum contaminant levels (MCLs) (EPA, 2009b), where available. For constituents without 
MCLs, the greater of the EPA Health Advisory Levels (HALs) (EPA, 2009b) or EPA tap water 
RSLs (EPA, 2009a) were used. Surface water samples were also evaluated against upstream 
samples if available. 
 
A baseline human health risk assessment (BHHRA) was completed for each OU-7 site. The 
following receptors were evaluated:  

 Construction worker: incidental ingestion, dermal contact, and inhalation of surface and 
subsurface soil; ingestion of groundwater from a water supply well, dermal contact and 
inhalation of vapors from groundwater in a trench or excavation (20 feet deep or less). 

 Industrial/commercial worker: incidental ingestion, dermal contact, and inhalation of surface 
soil; ingestion of groundwater from a water supply well; inhalation of vapors from 
groundwater beneath a building. 

 Wading visitor: incidental ingestion, dermal contact, and inhalation of sediment and surface 
water. 

 
An Addendum to the Facility-Wide Baseline Ecological Risk Assessment (BERA) was also 
completed for each OU-7 site. The following receptors were evaluated: 

 Terrestrial receptors: white-footed mouse, short tailed shrew, and Indiana bat exposed to 
surface and shallow soil. 

 Aquatic receptors: orangethroat darter and aquatic algae exposed to surface water, and belted 
kingfisher and Indiana bat exposed to surface water and sediment. 

 
The results from the SRI at each site, including the risk assessments, are summarized below. 
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The InDA is an approximately 3.6 acre area located within the Spring Creek watershed in the 
southeastern portion of IAAAP. The site has varying topography and is overgrown with thickets, 
dense brush, and trees. The site was used for demolition/detonation of ammunition, although it 
was reportedly not used much beyond the World War II era. The results of the investigations 
indicate the following: 
 
 Chemicals detected in soil include metals and phosphorus. Lead concentrations exceeded the 

comparison criteria in three multi-point incremental (MPI) (a type of composite sample) 
samples and in 11 discrete soil samples in two main areas, one in the north part of the site 
and one in the central part of the site. There are no comparison criteria for phosphorus, which 
is considered naturally occurring in the environment. Between February 21 and March 6, 
2007, a total of 179 cubic yards (cy) of lead-contaminated soil was removed from 11 
excavations at the InDA. 

 
 Chemicals detected in sediment adjacent to the site include metals and phosphorus. None of 

the metals concentrations exceed the comparison criteria. There are no comparison criteria 
for phosphorus, which is considered naturally occurring in the environment. 

 
 Chemicals detected in surface water adjacent to the site include total and dissolved metals. 

Dissolved antimony and thallium were detected above comparison criteria in one sample 
each, but the total fraction was not detected, and the dissolved thallium detection had data 
quality issues. 

 
 Chemicals detected in groundwater at the InDA include total and dissolved metals. Twelve 

total metals exceed comparison criteria; the dissolved fraction of all 12 are below comparison 
criteria or detection limits. The total metals exceedances are considered to be due to suspended 
solids in the sample and not to site-related contamination. 

 
 Human health risk from chemicals in soil, sediment, surface water, and groundwater is 

considered to be acceptable. 
 
 Ecological risk to the three terrestrial receptors and the four aquatic receptors is considered to 

be acceptable. 
 
The FAWP, IAAP-015, is an approximately 6.3 acre area located within the Brush Creek watershed 
in the southeastern quadrant of IAAAP. The top of the site is generally flat, while the northern, 
eastern, and southern edges of the site slope steeply, with the eastern edge bordering Brush 
Creek. Fly ash from the coal-fired Main Heating Plant and the Building 1-62 Heating Plant was 
deposited on the surface at the site from 1940 to 1976 in addition to sludge from the main 
Sewage Treatment Plant. The results of the investigations indicate the following: 
 
 Chemicals detected in soil at the FAWP include polynuclear aromatic hydrocarbons (PAHs) 

and metals. PAHs in the MPI ash samples and the discrete ash samples were below RGs and 
RSLs, although three PAHs exceeded their respective SSLs; only one PAH was detected 
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(pyrene at several orders of magnitude below its SSL) in soil beneath the ash. The arsenic 
concentration in only one discrete ash sample exceeded the OU-1 RG.  
 

 Chemicals detected in sediment in the vicinity of the FAWP include explosives (2,4,6-
trinitrotoluene [TNT] and royal demolition explosive [RDX]), the pesticide toxaphene, and 
metals. The two sediment samples analyzed for explosives contain 2,4,6-TNT and RDX 
concentrations above SSLs but below OU-1 RGs, with the higher concentrations in a sample 
collected approximately 600 feet upstream of the FAWP. Toxaphene was detected below the 
RSL and SSL in one sample collected approximately 800 feet downstream of the FAWP. 
None of the metals concentrations in sediment samples exceed comparison criteria. 

 
 Chemicals detected in surface water in the vicinity of the FAWP include explosives, the 

herbicide dalapon, and metals. Of the four explosives detected, only RDX exceeds 
comparison criteria, including in upstream samples. Dalapon was detected in one sample 
below comparison criteria. Dissolved antimony and thallium exceed MCLs in one upstream 
sample, but the total fraction of these metals was not detected. 

 
 Chemicals detected in groundwater at the FAWP include total and dissolved metals. Total 

arsenic and total lead concentrations exceed MCLs in one sample; however, the dissolved 
fraction of arsenic is below the MCL, and the dissolved fraction of lead was not detected. The 
total metals exceedances are considered to be due to suspended solids in the sample and not to 
site-related contamination. 

 
 Human health risk from chemicals in soil, sediment, surface water, and groundwater is 

considered to be acceptable, with the exception of arsenic in surface ash. 
 
 Ecological risk to the three terrestrial receptors is considered acceptable, except for the shrew 

and the mouse exposed to silver in the ash. Ecological risk to the four aquatic receptors is 
considered acceptable, except for arsenic, beryllium, cadmium, and silver in ash samples used 
in the BERA Addendum.  

 
The PDS, IAAP-018, is an approximately 8-acre wooded area immediately east of Long Creek and 
south of Plant Road K. The terrain at the site is flat to gently sloping to Long Creek. The site was 
determined to be used as a demolition area for ammunition items during the 1940s and early 1950s. 
The results of the investigations indicate the following: 
 
 Chemicals detected in soil at the PDS include explosives, one semivolatile organic 

compound (SVOC), metals, and phosphorus. The explosive 2,4,6-TNT exceeded the RG only 
in one MPI sample; while 2,4,6-TNT, 2,4-dintrotoluene (DNT), 2-amino-4,6-DNT, 4-amino-
2,6-DNT, and RDX exceeded SSLs in all MPI and discrete samples in which they were 
detected, primarily in the northern portion of the site. Lead and mercury exceed RGs/RSLs in 
one MPI sample each. In the discrete samples, only mercury exceeds the RSL. There are no 
comparison criteria for phosphorus, which is considered naturally occurring in the 
environment. Between October 6, 2006, and January 11, 2007, a total of 3,952 cy of soil was 
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removed from three excavations at the PDS to remediate soil contaminated with 2,4,6-TNT, 
lead, and mercury. 

 
 Chemicals detected in sediment samples collected in the vicinity of the PDS include metals. 

None of the metals exceed comparison criteria, although selenium exceeds soil background 
in the upstream sample. 
 

 Chemicals detected in surface water samples collected in the vicinity of the PDS include total 
and dissolved metals. No chemicals exceed comparison criteria. 

 
 Chemicals detected in groundwater at the PDS include explosives and total and dissolved 

metals. Explosives were detected at low concentrations below comparison criteria. Total 
arsenic, cobalt, iron, lead, manganese, and mercury exceed their comparison criteria; 
however, none of the dissolved fraction samples exceed comparison criteria. The total metals 
exceedances are considered to be due to suspended solids in the sample and not to site-related 
contamination. 

 
 Human health risk from chemicals in soil, sediment, surface water, and groundwater at the PDS 

is considered acceptable. 
 
 Ecological risk to the three terrestrial receptors and the four aquatic receptors is considered to 

be acceptable. 
 
The EWI, IAAP-025, is located within the Spring Creek watershed in the northeast quadrant of 
IAAAP. The terrain at the EWI is generally flat, with a gentle slope to the east. The site 
underwent RCRA closure in 1998. The results of the investigations indicate the following: 
 
 Chemicals detected in soil at the EWI include explosives, one SVOC, PAHs, volatile organic 

compounds (VOCs), organics and metals. RDX exceeds the OU-1 RG in one sample 
collected from a ditch in 1992; subsequent samples at this location could not reproduce this 
detection. The SVOC di-n-butyl phthalate was detected in one sample below comparison 
criteria. Of the PAHs detected, naphthalene exceeds the SSL (but not the RSL) in two 
samples. Of the six VOCs detected, 1,1,2,2-tetrachloroethane exceeds the SSL but not the 
RSL. No metals concentrations exceed comparison criteria. 

 
 Chemicals detected in surface water in the vicinity of the EWI include total metals, none of 

which exceed comparison criteria. 
 
 Chemicals detected in groundwater at the EWI include one explosive, one VOC, and total 

metals. The explosive RDX and the VOC Freon 113 were detected below comparison criteria 
in one shallow groundwater sample each. No total metals concentrations exceed comparison 
criteria. 

 
 Human health risk from chemicals in soil and groundwater at the EWI is considered 

acceptable. 
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 Ecological risk to the three terrestrial receptors is acceptable. There are no aquatic receptors. 
 
The CDL, IAAP-028, is an approximately 5.7-acre area located within the Long Creek watershed in 
the central portion of IAAAP.  The CDL is located on the edge of an upland plateau that drops off 
steeply at the edges into two steeply cut ravines to the west and south. The CDL operated from the 
early 1940s until at least 1990, and a soil cover was placed on the debris in 1996. The results of 
the investigations indicate the following: 
 
 Chemicals detected in soil at the CDL include explosives, PAHs, pesticides, polychlorinated 

biphenyls (PCBs), and metals. None of the four detected explosives exceeds OU-1 RGs or 
RSLs; 1,3-dinitrobenzene and 4-amino-2,6-DNT exceed SSLs in two isolated surface soil 
samples. Of 14 detected PAHs, only benzo[a]pyrene exceeds the OU-1 RG in two subsurface 
samples in the vicinity of Trench 6 excavated during investigative activities; six PAHs, 
including benzo[a]pyrene, exceed SSLs in six subsurface samples, in the vicinity of Trenches 
1 and 6. No pesticides exceed RGs/RSLs; dieldrin exceeds its SSL in all five samples in 
which it was detected. Total PCBs were detected in 12 samples below the OU-1 RG. 
Beryllium exceeds its comparison criterion in two subsurface ash/soil samples in the central 
part of the CDL. 

 
 Chemicals detected in sediment samples collected in the vicinity of the CDL include 

explosives, pesticides, PCBs, and metals. Two explosives were detected in sediment below 
RGs; 2,4,6-TNT exceeds its SSL in one sample. Three pesticides were detected below RSLs; 
beta-BHC exceeds its SSL in two samples. Total PCBs were detected in four samples below 
the OU-1 RG. Metals concentrations are below comparison criteria. 

 
 Chemicals detected in surface water samples collected in the vicinity of the CDL include one 

explosive, one VOC, and metals. The explosive 1,3,5-trinitrobenzene and the VOC 
chloroform were detected below the RSL in one sample each. None of the total and dissolved 
metals concentrations exceed comparison criteria. 

 
 Chemicals detected in groundwater at the CDL include one explosive compound, SVOCs, 

VOCs, pesticides, and metals. High Melt Explosive was detected below its comparison 
criterion in only one sample. Two SVOCs were detected above comparison criteria: bis(2-
chloroethyl)ether in one sample and bis(2-ethylhexyl)phthalate (BEHP) in three samples. Five 
VOCs were detected below comparison criteria. Aldrin was detected below comparison criteria 
in one sample, and triphenyl phosphate was detected in one sample (no comparison criteria). 
Twelve total metals and two dissolved metals have exceeded their respective comparison 
criteria, primarily in the piezometers and temporary well. The elevated nature of the total 
metals concentrations in groundwater collected from the piezometers and temporary well is 
considered attributable to suspended solids in the sample and not to site-related contamination. 

 
 Human health risk from chemicals in soil, sediment, surface water, and groundwater at the 

CDL is considered acceptable. 
 
 Ecological risk to the three terrestrial receptors is acceptable. There are no aquatic receptors. 
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The Line 3A Pond, IAAP-041, is located within the Skunk River watershed in the southwestern 
quadrant of IAAAP, south of the eastern portion of Line 3A. The terrain at the site is relatively 
flat, sloping gently to the southeast toward a drainage swale. The Line 3A Pond was determined 
to be a former leach field associated with Building 3A-01 for disposal of ―lightly contaminated 
water‖ and a raw chemical disposal pit that were used for a short time in the mid- to late-1950s. 
The results of the investigations indicate the following: 
 
 Chemicals detected in soil at the Line 3A Pond include one SVOC, VOCs, and metals. The 

SVOC BEHP was detected below the RSL and SSL in one sample. Seven VOCs were 
detected at concentrations below RSLs; three (1,2-dichloropropane [DCP], chloroform, and 
methylene chloride) were detected above SSLs, primarily in the former leach field. All metals 
are below comparison criteria in both MPI and discrete samples. 

 
 Chemicals detected in sediment in the vicinity of the Line 3A Pond include metals and VOCs; 

however, the sediment is from a ditch in a different sub-watershed that is more reflective of 
releases from Line 3A. All chemical concentrations are below comparison criteria. 

 
 Chemicals detected in surface water in the vicinity of the Line 3A Pond include metals; 

however, surface water is from a ditch in a different sub-watershed that is more reflective of 
releases from Line 3A. All chemical concentrations are below comparison criteria. 

 
 Chemicals detected in groundwater at the Line 3A Pond include explosives, SVOCs, VOCs, 

and total and dissolved metals. Of the four explosives detected, 2,4,6-TNT exceeds the RSL 
in two of the three samples in which it was detected, all in the former leach field. The SVOC 
diethyl phthalate was detected below comparison criteria in one sample. Of the 11 VOCs 
detected in groundwater, 1,2-DCP and methylene chloride exceed comparison criteria in one 
sample each in the former leach field. Seven total metals and one dissolved metal exceed 
comparison criteria; manganese is the only metal in which the dissolved fraction exceeds the 
comparison criteria. Where detected, the dissolved metals concentrations are lower than the 
total metals concentrations, frequently by an order of magnitude, due to suspended solids in 
the sample. 

 
 Human health risk from chemicals in soil and groundwater at the Line 3A Pond is considered 

unacceptable for methylene chloride, 1,2-DCP, and chloroform in soil and for 1,2-DCP, 2,4,6-
TNT, and methylene chloride in groundwater. 

 
 Ecological risk to all three terrestrial receptors is considered to be acceptable. There are no 

aquatic receptors. 
 
The CTA, IAAP-047, is an approximately 6.4 acre area located within the Brush Creek watershed 
in the north-central portion of the IAAAP between Lines 4A and 5A. The terrain at the CTA is 
generally flat lying with a gentle slope to the east and southeast. The Central Test Lab at the CTA 
was constructed in 1941 and operated until 1963, and the test-fire area was constructed between 
1941 and 1950 and operated for an unknown period of time. The results of the investigations 
indicate the following: 
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 Chemicals detected in soil at the CTA include explosives and metals. Of the 10 explosives 
detected at the CTA, 2,4,6-TNT exceeds its RG in only one sample in the former test-fire 
area; eight explosives, including 2,4,6-TNT, exceed their SSLs in all samples where they 
were detected, primarily in the former test-fire area. Arsenic and cadmium exceed the 
comparison criteria in one sample each at different locations. Between October 9 and 
November 6, 2006, a total of 239 cy of contaminated soil was removed from three 
excavations at the CTA to remediate 2,4,6-TNT, arsenic, and cadmium.  

 
 Chemicals detected in groundwater at the CTA include explosives and total and dissolved 

metals. Of the three explosives detected, 2,4,6-TNT exceeded its comparison criterion in one 
sample. Ten total metals exceed comparison criteria; no dissolved metals exceed comparison 
criteria. The elevated nature of the total metals concentrations in groundwater is considered 
attributable to turbidity. 

 
 Human health risk from chemicals in soil and groundwater at the CTA is considered 

acceptable, except for 2,4,6-TNT in groundwater. 
 
 Ecological risk to all three terrestrial receptors is considered to be acceptable. There are no 

aquatic receptors. 
 
Based on the above results the following paths forward are recommended at the seven OU-7 sites: 

 At all seven OU-7 sites, groundwater is being evaluated in the OU-6 Feasibility Study (FS) 
for site-wide groundwater and will not be evaluated further in OU-7. 

 At the InDA, PDS, and CTA, no further action is recommended for soil because the soil 
component has been transferred to OU-1 (and remediated). 

 At the EWI and CDL, no further action is recommended for soil because human health and 
ecological risks are acceptable. 

 At the FAWP and Line 3A Pond, potential remedial action for soil will be addressed in a FS 
for OU-7 due to unacceptable human health and/or ecological risks. 

 At the InDA, FAWP, and PDS where sediment and surface water were evaluated, no further 
action is recommended for these two media because human health and ecological risks are 
acceptable.  

 
Soil at the FAWP and the Line 3A Pond is recommended to be addressed in the FS for OU-7. 
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1.0 INTRODUCTION 

1.1 PROJECT AUTHORITY 

This Supplemental Remedial Investigation (SRI) Report has been prepared by Tetra Tech, Inc. 
(Tetra Tech) for the Iowa Army Ammunition Plant (IAAAP) to summarize and evaluate all 
available environmental information collected for soil, surface water, sediment, and groundwater 
at sites that are part of Operable Unit (OU) 7 at the IAAAP, Middletown, Iowa. This SRI was 
prepared in accordance with the Draft Final Work Plan for Supplemental Remedial Investigation 
OU-4 (Tetra Tech, 2005), hereinafter referred to as the OU-7 SRI Work Plan; the Final Facility-
Wide Work Plan (including the Quality Assurance Project Plan) (URS Corporation [URS], 2002); 
the requirements of U.S. Army (Army) Contract W911S0-04-F-0026; the Comprehensive 
Environmental Response, Compensation, and Liability Act; and the IAAAP Federal Facility 
Agreement. 

1.2 PURPOSE AND SCOPE OF WORK 

IAAAP is divided into several OUs, which are as follows: 

 OU-1: Soils OU;  

 OU-3: Offsite groundwater OU; 

 OU-4: Inert Disposal Area (IDA) Closure OU (excludes groundwater), formerly considered 
the installation-wide OU; 

 OU-5: Military Munitions Response Program (MMRP) OU; 

 OU-6: Onsite groundwater OU (includes IDA), formerly part of OU-3; 

 OU-7: Installation wide OU (formerly OU-4 without IDA); 

 OU-8: Formerly Utilized Sites Remediation Program OU; 

 OU-9: Contingency Soils Remedy OU. 

The 1998 Final OU-1 Record of Decision (ROD) specified that the installation-wide OU would 
address the closure of the IDA, institutional controls, previously unaddressed areas of soil 
contamination, volatile organic compound (VOC) contaminated media, ecological risks, long-
term monitoring requirements, and any other unacceptable risks identified and not addressed in 
either OU-1 (soil) or OU-3 (groundwater) (U.S. Environmental Protection Agency [EPA], 1998). 
In October 2009, the previously unaddressed areas of soil contamination were placed in OU-7, 
and the closure of the IDA remained in OU-4. The closure of the IDA is being addressed in 
accordance with the Interim ROD (IROD) issued in 2008 (EPA, 2008b). The OU-4 IROD 
includes the selected interim action for closure of Trench 6, Trench 7, and the Cap Extension 
Area. 
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The 2004 Dispute Resolution for the OU-1 ROD indicated that twelve sites outside the scope of 
the OU-1 ROD would be tracked within OU-4 (EPA, 2004), later changed to OU-7. These sites 
include: 

 IAAP-013: Incendiary Disposal Area (InDA) 
 IAAP-015: Old Fly Ash Waste Pile (FAWP) 
 IAAP-018: Possible Demolition Site (PDS) 
 IAAP-019: Contaminated Clothing Laundry 
 IAAP-021: Demolition Area/Deactivation Furnace 
 IAAP-024: Contaminated Waste Processor  
 IAAP-025: Explosive Waste Incinerator (EWI) 
 IAAP-026: Sewage Treatment Plant/Drying Beds 
 IAAP-027: Fly Ash Landfill 
 IAAP-028: Construction Debris Landfill (CDL) 
 IAAP-029: Line 3A Sewage Treatment Plant/Drying Beds 
 IAAP-041: Line 3A Pond 

 
Of these sites, six were determined ineligible for Environmental Restoration, Army funding: 
IAAP-019, IAAP-021, IAAP-024, IAAP-026, IAAP-027, and IAAP-029.  
  
It was concluded that the InDA, FAWP, PDS, EWI, CDL, and Line 3A Pond were to be subject 
to a SRI, a feasibility study (FS), and a ROD (EPA, 1998). IAAP-047, the Central Test Area 
(CTA), originally part of IAAP-006, had been moved to its own site for proper tracking and was 
also added to the list of sites, as it had not been addressed as a separate site. 
 
Facility-wide ecological risks across IAAAP were evaluated as part of the Baseline Ecological 
Risk Assessment (BERA) (Montgomery Watson Harza [MWH], 2004), which also determined 
background values for metals in soil used within this SRI. An evaluation of the ecological risks 
pertaining to the OU-7 sites is included within this SRI. Further ecological evaluation for the 
Indiana bat exposure to surface soil was conducted as detailed in the Explanation of Significant 
Differences (ESD) to the OU-1 ROD (Tetra Tech, 2008a). Ecological evaluation of other sites, 
including those that have undergone remedial actions, is included in the Final OU-1 Remedial 
Action (RA) Completion Report (Tetra Tech, 2010). No risk assessment for human health has 
been conducted specifically for these sites prior to this report. A baseline risk assessment 
(BHHRA) is included within this SRI. 
 
Munitions response sites (MRSs), part of the MMRP, are present at IAAAP due to the possible 
presence of unexploded ordnance (UXO). These sites include the West Burn Pads, Line 6, the 
CTA, the PDS, and the InDA. Sites with UXO were to have been addressed under OU-4 (OU-7). 
In a Dispute Resolution dated December 21, 2006, OU-5 was created to include the investigation 
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and remediation of the MRSs (Army, 2006). The MMRP element of the three OU-7 sites 
included in OU-5 is not addressed within this report, and is being addressed separately in OU-5. 
 
Site-wide groundwater (onsite) is being evaluated in a FS for OU-6 (currently in preparation), 
including groundwater at the OU-7 sites. Groundwater is included in this SRI in order to present 
an entire picture for the OU-7 sites, which have not yet been subject to a multi-media remedial 
investigation (RI), with the exception of the CDL.   

1.3 REPORT ORGANIZATION 

This SRI includes sections presenting the facility background and environmental setting 
(Section 2) and the field sampling objectives and methodologies (Section 3). The remainder of 
the document (Sections 4 through 10) addresses each site separately, including a brief summary 
of site operations, the physical site characteristics, the field activities conducted at the site, the 
results of current and previous investigations, the nature and extent of contamination, 
contaminant fate and transport, human health and ecological risk assessment results, and a 
summary. Conclusions and recommendations are presented in Section 11. References are 
presented in Section 12.  
 
Associated tables and figures follow at the end of each section, and the appendices are placed at 
the end of the report, following Section 12. The appendices provide additional information to 
support the statements in the SRI. Due to the voluminous nature of the appendices, they are 
included only on compact disk (CD), and include the following:  

 Appendix A contains a compilation of groundwater elevations and construction information 
for monitoring wells.  

 Appendix B shows photographs of OU-7 sites taken during site reconnaissance.  

 Appendix C contains boring logs and monitoring well construction diagrams for borings and 
wells drilled since 2004.  

 Appendix D contains sampling logs for samples collected since 2004.  

 Appendix E shows historical aerial photos from key areas flown in 1937 to 1994.  

 Appendix F contains a database of all OU-7 sample results.  

 Appendix G contains lab reports for Tetra Tech samples.  

 Appendix H contains validation results for Tetra Tech samples.  

 Appendix I contains screening criteria, including background data. 

 Appendix J contains an evaluation of data quality for data used in the risk assessments.  
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 Appendices K and L contain the BHHRA and BERA Addendum, respectively.  

 Appendix M provides supporting regulatory information on closure of landfills in Iowa. 
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2.0 FACILITY BACKGROUND AND ENVIRONMENTAL SETTING 

2.1 FACILITY DESCRIPTION 

IAAAP is a government facility, owned by the Army and operated by a private contractor, 
American Ordnance, LLC (AO). The property is located in the southeastern part of Iowa, near 
the town of Middletown, Des Moines County, approximately 10 miles west of the Mississippi 
River. IAAAP is a secured facility covering approximately 19,000 acres in a rural setting. 
Approximately 7,750 acres are currently leased for agricultural use, 7,500 acres are forested 
land, and the remaining area is used for administrative and industrial operations (Figure 2-1). 
The principal mission of IAAAP has been load, assemble, and pack operations dealing with a 
variety of conventional ammunition and fusing systems.   
 
IAAAP was initially developed in 1941 for the production of supplies for World War II and 
operated from September 1941 until August 1945. Production was resumed in 1949 and has 
continued to the present. Also, from 1946 to 1950, nitrogen fertilizer was produced at Line 8. 
From 1947 through mid-1975, the former Atomic Energy Commission occupied facilities on the 
site, which then reverted to Army control in 1975 (JAYCOR, 1996). 

2.2 ENVIRONMENTAL SETTING 

2.2.1 Climate 

Des Moines County has a typical midwestern climate of hot, humid summers and cold, wet 
winters (U. S. Army Toxic and Hazardous Materials Agency [USATHAMA], 1980). According 
to the National Weather Service, between 1971 and 2000, the average annual temperature in this 
area was 52 degrees Fahrenheit ( F), ranging from 15 F in January to 85 F in July. Average 
annual precipitation is 37.9 inches with an annual low of 23.6 inches (1988) and high of 
49.9 inches (1993). Approximately 25 percent of precipitation occurs as snow in the winter 
months, amounting to approximately 8.5 inches of precipitation. The highest amounts of rainfall 
tend to occur between May and July. 
 
Snow-melt during spring, combined with frozen or saturated soil conditions that reduce the 
infiltration, can result in high runoff and substantial erosion. High runoff volumes can also occur 
in the summer as severe thunderstorms are able to produce a large amount of precipitation over a 
short period of time (JAYCOR, 1996). 
 
The prevailing wind is from the south and, according to the U.S. Weather Service, the IAAAP 
facility is located in a moderate tornado frequency area. Twenty-three tornadoes were recorded 
in nearby Burlington, Iowa, over a 12-year period (JAYCOR, 1996). 
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2.2.2 Ecology  

Des Moines County is a loess-covered glacial till plain. The soils formed under prairie and forest 
vegetation. The nearly level and gently sloping soils formed in loess, with native vegetation 
consisting of grass. The soils in the steeper areas formed from glacial till, with native vegetation 
consisting of trees. The nearly level and gently sloping soils on bottom land along the 
Mississippi and Skunk rivers formed in alluvium, with native vegetation consisting of deciduous 
trees and prairie grasses (JAYCOR, 1996). 
 
The terrestrial habitats located adjacent to facility operations are vegetated where buildings and 
pavement are not present, and are utilized by small- to medium-sized mammals such as rodents 
and raccoons. Avian species also use the areas to forage for food and to nest. Cropland 
dominates some of the facility, which was predominantly cropland prior to the construction of 
IAAAP in 1941, and much of the off-site area landscape, which is planted with corn, soybeans, 
winter wheat, and alfalfa and pasture grasses. Areas along U.S. Highway 61 and north of the 
Skunk River adjacent to cropland are restored grassland with vegetation consistent with reseeded 
grassland areas. The Skunk River, several oxbow lakes, ponds, gravel pits and creeks scattered 
throughout the onsite and off-site areas are open water wetlands. An area north of the Skunk 
River is identified as a palustrine emergent wetland with vegetation consistent with a non-
forested wetland. There are industrial areas along U.S. Highway 61 (along with agricultural and 
residential areas) throughout the off-site area having vegetation consistent with heavily disturbed 
areas. Lowland forest, which is woodland vegetation consistent with riparian/lowland areas, was 
identified in the north and south floodplains of the Skunk River. North of the Skunk River 
floodplain is upland forest with woodland vegetation consistent with upland areas (MWH, 2004). 
 
Wildlife found at the IAAAP site include white-tailed deer, gray squirrels, raccoons, 
woodchucks, coyotes, eastern cottontail rabbits, red foxes, mice, moles, pocket gophers, beavers, 
muskrats, badgers, opossum, and mink. In an attempt to effectively manage the overpopulation 
of deer, limited hunting seasons are allowed on the facility. Trapping of fur-bearing mammals is 
also allowed during limited times of the year (JAYCOR, 1996). 
 
Numerous bird species inhabit or migrate through the IAAAP site. Some of the most common 
species include the American robin, northern cardinal, blue jay, red-headed woodpecker, common 
crow, common grackle, mourning dove, red-winged blackbird, chipping sparrow, eastern 
meadowlark, American goldfinch, and turkey. Red-tailed hawks are the most common raptor 
species present, but bald eagles have been observed flying over the IAAAP or feeding on fish from 
Mathes Lake, near the southern border of the site. Because of its close proximity to the Mississippi 
River flyway, a large variety of migrating bird species may also use the IAAAP environs. Water fowl 
commonly seen include mallards, blue-winged teals, goldeneyes, buffleheads, wood ducks, hooded 
mergansers, green-winged teals, northern shovelers, and Canadian geese. Nest boxes have been set 
up at the facility for wood ducks, which are common near ponds and lakes (JAYCOR, 1996). 
 
Long, Brush, and Spring Creeks and the Skunk River are classified by the state of Iowa as 
Class B(w) waters, indicating there is warm water suitable for wildlife; fish, aquatic, and semi-
aquatic life; and secondary water uses. Species surveys in the three creeks have indicated an 
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assortment of minnows, darters, and some sucker species in the lower reaches. The upstream 
reaches are apparently too small to support fish species (U.S. Army Corps of Engineers [USACE], 
1989). Existing fishing facilities on Mathes Lake are limited, and extensive development has been 
deliberately avoided to preserve the quality of the lake. Species found in Mathes Lake include 
large-mouth bass, channel catfish, black crappie, white crappie, walleye, flathead catfish, gizzard 
shad, bluegill, carp, black bullheads, and green sunfish (JAYCOR, 1996). 
 
Stump Lake, located north of Mathes Lake, was reported to have aquatic life similar to that found in 
Mathes Lake. Bluegill, northern pike, and channel catfish have been stocked since a fishkill in 1982 
apparently eliminated the bluegill and crappie populations. This fishkill occurred on the upper 
reaches of a tributary to Long Creek. Iowa Department of Natural Resources (IDNR) investigated the 
fishkill and determined the cause to be thermal inversion (JAYCOR, 1996). 
 
The aquatic habitats evaluated in the BERA include the sections of Long Creek, Brush Creek, 
and Spring Creek that flow within IAAAP, along with any related tributaries and tributaries to 
the Skunk River. Because of IAAAP’s large size, some of the headwaters of these streams and 
tributaries originate within the boundaries of IAAAP. These streams primarily flow through 
deciduous forests and deciduous wetland swamps, and are removed some distance from the soil 
areas of concern. These streams provide habitat for a wide variety of aquatic receptors, including 
fish, benthic invertebrates, and amphibians. Wildlife and avian species use the streams as a 
source of water and food. Noteworthy is the presence of the State-endangered orangethroat darter 
(MWH, 2004). 
 
Additional information regarding the ecology of IAAAP is provided in the BERA (MWH, 2004). 
 
According to the U.S. Department of the Interior's Fish and Wildlife Service, no known federally 
endangered species reside at IAAAP. However, two federally listed endangered animals may be 
found as transient species in the vicinity of the site. These species are the bald eagle that winters 
along large rivers such as the Mississippi and Skunk, and the Indiana bat that has been sighted in 
adjacent Louisa and Van Buren counties. The IDNR has identified two state-listed threatened 
species that may be found at IAAAP. These species are the orangethroat darter and the yellow 
trout lily. The orangethroat darter is known to inhabit small headwater streams and was present 
in Brush and Spring creeks during a 1987 sampling event. Although no yellow trout lilies have 
been observed at IAAAP, they are generally found in low woodlands along streams or on low 
wooded slopes and bluffs (JAYCOR, 1996). 

2.2.3 Soils 

The soils in Des Moines County consist of seven soil associations. Each association has a 
distinctive pattern of soils, relief, and drainage, making it a unique natural landscape. Typically, 
an association consists of one or more major soils and some minor soils. Four soil groups are 
present at IAAAP: 
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 Mahaska: windblown soil developed under prairie conditions. This soil is dark colored, 
medium textured, low to moderate permeability, and slopes range from 0 to 3 percent. It is 
found mainly in the northern and central parts of the site. 

 Ladoga: a transition between the Mahaska and Clinton Groups, having developed partly 
under timber vegetation and partly under prairie conditions. This soil is somewhat poorly 
drained to moderately well drained. Silty soils exist on uplands, and slopes range from 1 to 9 
percent. It is found mainly in the northwest and central areas of the IAAAP site. 

 Clinton: windblown soil, developed under timber vegetation. This soil is light colored, 
medium textured, moderately to slowly permeable, and subject to sheet erosion, except on 
flatter areas which frequently exhibit poor drainage. The soil composition is primarily loam 
and silt in association and slopes range from 2 to 4 percent.  It is found mainly in the 
southern and central parts of the site. 

 Webash-Judson: bottomland soil on narrow drainage ways. This soil is generally a black, 
silty clay loam washed in from upland areas, usually from prairie-formed soils. Subsoils are 
clay with permeability similar to the surface soils and slopes range from 1 to 9 percent. It is 
found mainly in the southwestern portion of the IAAAP site, along Skunk River and Long 
Creek (U. S. Department of Agriculture [USDA], 1983). 

2.2.4 Topography and Surface Water 

Overall, topography at IAAAP is generally flat in the uplands and dissected by several major 
drainages, with overall topography sloping gently toward the south. Ground surface elevations 
range from approximately 728 feet (222 meters) above mean sea level (amsl) in the uplands in 
the north to approximately 531 feet (162 meters) amsl near the southern property boundary at 
Long Creek. The IAAAP property is drained by, from west to east, the Skunk River, 
Long Creek, Brush Creek, and Spring Creek (Figure 2-1).  
 
The Skunk River watershed at the facility is approximately 2,395 acres in the far southwest, and 
slopes generally south-southwest toward the Skunk River. There are two large tributaries at the 
site that discharge into the Skunk River, Long Creek and Brush Creek. However, much of the 
flow in the Skunk River watershed is from small intermittent tributaries. The Skunk River flows 
generally east-southeast and discharges into the Mississippi River approximately 6 miles from 
the eastern facility boundary. This watershed is generally undeveloped and includes the former 
Line 3A Pond site.  
 
The Long Creek watershed at the facility is approximately 7,975 acres and comprises the entire 
western half of the facility, excluding the far southwest portion. Topography in the Long Creek 
watershed slopes generally to the south and toward Long Creek and its tributaries. Long Creek 
flows generally east-southeast and is fed by three unnamed perennial tributaries from the north 
and many small intermittent tributaries. In the eastern portion of this watershed at the confluence 
of two of the perennial tributaries and Long Creek, Long Creek has been dammed to form 
George H. Mathes Lake (Mathes Lake). After discharging from Mathes Lake, Long Creek flows 
south and discharges into the Skunk River approximately 0.5 mile from the facility boundary. 
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Development in this watershed is scattered and is mostly near the tributaries rather than Long 
Creek itself. OU-7 sites in the Long Creek watershed include the CDL and the PDS. 
 
The Brush Creek watershed at the facility is approximately 5,000 acres and comprises the east-
central portion of the facility. Topography in the Brush Creek watershed slopes generally south 
and toward Brush Creek and its tributaries. Brush Creek, fed by intermittent tributaries, flows 
generally south and discharges into the Skunk River approximately three miles south of the 
facility boundary. This watershed is the most developed watershed at the facility, with active 
production lines along Brush Creek itself or one of its tributaries. OU-7 sites in the Brush Creek 
watershed include the CTA and the FAWP.  
 
The Spring Creek watershed at the facility is approximately 4,000 acres and comprises the eastern 
portion of the facility. Topography at the Spring Creek watershed slopes generally south and 
toward Spring Creek and its tributaries. Spring Creek is fed by at least two perennial tributaries 
from the north and east and several smaller intermittent tributaries. Spring Creek flows generally 
south and discharges into the Mississippi River approximately 5 miles from the southern facility 
boundary. OU-7 sites in the Spring Creek watershed include the EWI and the InDA. 

2.2.5 Geology and Hydrogeology 

The IAAAP is located in the Dissected Till Plain section of the Central Lowland Province of the 
Southern Iowa Drift Plain Region. The IAAAP is underlain by a sequence of unconsolidated 
glacial deposits of Pleistocene age overlying sedimentary bedrock units.  
 
Loess is at the surface in many areas at IAAAP. Typically, loess deposits consist of silt with clay-
size material of varying types and can form very steep walls in roadcuts or bluffs along major 
stream courses. Most loess' vertical permeability tends to be low but greater than its horizontal 
permeability. According to the RI, the Iowa Geological Survey has determined the average 
permeability of the loess in southeastern Iowa to be 7.3 x 10-6 centimeters per second, primarily in 
the vertical direction. Well logs of existing monitoring wells within the uplands of the IAAAP 
indicate that the loess is present to depths of 26 feet (well JAW-78 in the Brush Creek watershed). 
The thickness of loess deposits within IAAAP vary across the site ranging up to 26 feet with an 
average thickness of seven feet in the Long and Spring Creek watersheds and 15 feet in the Brush 
Creek watershed (JAYCOR, 1996). 
 
The glacial tills underlying the loess consist primarily of silty clay and clayey silt with thin sand 
seams and lenses and are assigned to the Kellerville Till Member (Illinoian Age) of the Glasford 
Formation of southeastern Iowa. Characteristically, the Kellerville Till has a particle size 
distribution of 66 percent clay and 34 percent sand. The till extends to depths in excess of 100 feet 
in portions of the north half of the IAAAP, but is thin or absent locally in deeper stream valleys in 
the south around Mathes Lake and in the northeast in the Spring Creek watershed. In general the 
loess is thicker in the upper reaches, especially in the Brush Creek watershed, and thins to the 
middle reaches (JAYCOR, 1996). 
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The bedrock underlying the till at IAAAP consists of a sequence of limestone interbedded with 
varying thicknesses of shale and sandstone ranging in age from Cambrian to Mississippian. The 
Keokuk Limestone and Burlington Limestone of the Osagean Series (Mississippian) are the 
uppermost rock units within the area (JAYCOR, 1996).  
 
The Keokuk Limestone consists of light gray cherty limestone, which is approximately 70 feet 
thick in the IAAAP area. The upper portion of the formation (40 feet) becomes more dolomitic 
and shaly, grading upward into the Warsaw shale which lies conformably above it. The base of 
the unit is identified by the Montrose cherts, which is a 30-foot layer of alternating gray and blue 
cherty limestone (JAYCOR, 1996). 
 
The Burlington Limestone is estimated to be 70 feet thick at IAAAP. It is exposed at several 
locations within the stream valleys at IAAAP and is the major unit observed in the Raider 
Brother Quarry in Augusta, Iowa, located immediately southwest of IAAAP. The Burlington 
Limestone is a very pale orange to gray crystalline limestone, which contains fossiliferous chert 
beds imbedded with dolomite. There are also two major glauconitic layers within the formation, 
which delineate it from the overlying Keokuk Limestone. The Burlington Limestone is a major 
escarpment formation along the Mississippi River near Burlington, Iowa, and is much more 
resistant to erosion than the overlying Keokuk Limestone (JAYCOR, 1996). 
 
In Des Moines County, Iowa, there are four principal aquifers: the water table aquifer and the 
bedrock aquifers of Mississippian, Devonian, and Cambro-Ordovician units. The water table 
aquifer at IAAAP occupies the upland till plain and is predominantly in clay-rich glacial tills that 
exhibit low hydraulic conductivities and yield only small quantities of groundwater to wells. Depth 
to the water table in the shallow till is generally less than 10 to 15 feet. Shallow groundwater flow 
typically mimics surface topography (JAYCOR, 1996), but is generally toward the south. 
Groundwater elevation data are provided in Appendix A. The shallow groundwater potentiometric 
surface for Spring 2006 is presented on Figure 2-2. 
 
The uppermost bedrock aquifers underlying the deeper till exhibit varying hydraulic 
conductivities and yield varying amounts of groundwater to wells, depending on the intersection 
of fracture networks. The overall flow direction in the bedrock is to the south and east toward the 
Skunk and Mississippi Rivers, when not intercepted by incised surface drainages. Groundwater 
elevation data are provided in Appendix A. The deep groundwater potentiometric surface for 
Spring 2006 is presented on Figure 2-3. 
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3.0 FIELD METHODOLOGIES 

 
 
The OU-7 SRI consisted of several phases of data collection. The first field effort was completed 
by MKM Engineers, Inc. (MKM) in August through September 2004 (hereinafter referenced as 
Fall 2004) in accordance with the Soil Data Collection (SDC) Work Plan (MKM, 2004b) and 
reported in the Draft Final Soil Data Collection Report (MKM, 2005a), and in accordance with the 
Work Plan for the UXO Survey of Line 6 and the Central Test Area (MKM, 2004a) and reported in 
the Draft Final MEC Density Survey Report for Line 6 and the Central Test Area (MKM, 2005b). 
The MKM efforts consisted of collecting primarily soil and sediment data, although groundwater 
data were collected at the FAWP. Subsequent data collection efforts were completed by Tetra Tech 
in Fall 2005 through Summer 2006 in accordance with the OU-7 SRI Work Plan (Tetra Tech, 
2005) at all seven sites, and in accordance with the work plan addenda for the Line 3A Pond and 
InDA. Additional groundwater sampling was performed in Spring 2007 at the EWI as part of 
treatability testing at an adjacent site, and the data were used to supplement the investigation at the 
EWI. The Tetra Tech effort consisted of supplementing the MKM soil and sediment data 
collection activities and collecting groundwater and surface water data.  

3.1 SAMPLING OBJECTIVES 

The SRI activities were conducted in two phases: the MKM SDC and the Tetra Tech SRI 
sampling, as discussed below. 
 
The MKM SDC effort was undertaken to determine if the activities that occurred at six of the 
OU-7 sites (CTA was not included in the SDC activities) had impacted the surrounding soil. The 
primary objective of the SDC at the two solid waste disposal sites (FAWP and CDL) was to 
characterize the source material within the disposal areas and examine the surrounding soil and 
sediment to determine the nature and extent of possible contaminant leaching. The primary 
objective of the SDC at the other four sites was to further evaluate shallow and deep soils and, in 
some cases, sediment associated with the sites to delineate the extent of contamination for each 
site. All activities associated with the SDC were ultimately to aid in the decisions for any future 
investigative or remedial efforts (MKM, 2004b). 
 
The Tetra Tech data collection effort was undertaken to expand on the MKM data collection 
efforts, particularly for media not sampled by MKM, primarily groundwater and surface water, 
and to evaluate the CTA. No sampling was conducted at the EWI because it was considered 
adequately characterized. Because each site had different needs after the MKM data collection 
efforts, the objectives at each site were slightly different. 
 
 At the InDA, the objective was to determine the location of any additional areas of potential 

contamination, such as detonation craters and historical areas; characterize any soil 
contamination resulting from practices at those areas not sampled by MKM; delineate soil 
contamination; and characterize surface water and groundwater.  
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 At the FAWP, the objective was to supplement the existing data with explosives data, to 
confirm or delineate potential metals contamination in the groundwater, and to characterize 
surface water.  

 At the PDS, the objective was to determine the location of any additional areas of potential 
contamination, such as detonation craters and historical areas; characterize any soil 
contamination resulting from practices at those areas not sampled by MKM; delineate soil 
contamination; and characterize sediment, surface water, and groundwater. 

 At the CDL, the objective was to delineate the extent of buried fly ash and beryllium 
detections in soil in addition to characterizing the groundwater and surface water. 

 At the Line 3A Pond, the objective was to determine the location of any additional areas of 
potential contamination, such as historical areas; characterize any contamination resulting 
from practices at areas not sampled by MKM; delineate soil contamination; and characterize 
groundwater.  

 At the CTA, the objective was to determine the location of any additional areas of potential 
contamination, such as historical areas; characterize any soil contamination resulting from 
historical practices at areas not sampled by MKM; delineate soil contamination; and 
characterize groundwater. 

The ultimate objective of the data collection efforts by Tetra Tech was to provide a complete 
picture of potential contamination at each site in order to make future remedial decisions. 

3.2 SAMPLING METHODS 

Sample-specific sampling methods are summarized in Table 3-1. 

3.2.1 Fall 2004  

In order to accomplish the sampling objectives, MKM used the methods presented below in Fall 
2004 (MKM, 2004, 2005a).  Any variances from the work plan are also discussed in this section. 
 
3.2.1.1 Soil Sampling Methodologies 

To collect soil samples at the sites, MKM employed several methods: multi-point incremental 
(MPI) sampling, hand auger sampling, direct push technology (DPT) sampling and trench 
sampling. All the soil sampling methodologies resulted in discrete samples, except MPI, which is 
a composite soil sampling technique. MPI sample results represent environmental conditions 
within a larger area than those represented by discrete sample results. A description of the 
sampling methods is presented below. 
 
Prior to collecting soil samples using MPI sampling techniques, each site was divided into 
numbered grids (the number and size of the grids were dependant on the size of each site).  
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At 30 locations within each grid, a decontaminated, stainless steel, tube-type soil sampling probe 
was advanced manually to 1 foot below ground surface (bgs) to collect a sample core, and the 
probe was slowly removed from the soil in order to preserve the sample.  
 
For MPI samples that required VOC analysis, a discrete sample was collected from 0 to 1 foot bgs 
at a single point within each grid and placed directly into a sample container. Excess material was 
returned to the boring. For MPI samples that did not require VOC analysis, each sample core was 
placed in a five-gallon bucket with polyethylene liner, which was kept covered when not adding or 
removing soil, and a geologic description of the soil core was recorded on the appropriate field 
form. Once the required aliquots were collected, the bucket was taken to the sample preparation 
area, where the entire contents of the bucket were spread out onto a stainless steel baking sheet. 
The baking sheet with the sample was placed into a drying oven or allowed to air dry overnight. 
When the sample was sufficiently dry, all 30 aliquots were ground and sieved to obtain the desired 
particle size for the sample. Once the sample was sieved, samples of the homogenized soil were 
placed into sample containers. Any excess material was returned to the borings. 
 
For soil samples collected using a hand auger, each boring was advanced up to four feet bgs by 
manually turning a hand auger equipped with decontaminated 3-inch-diameter cylindrical 
stainless steel bits until the auger head filled with cuttings. The hand auger was then slowly 
pulled from the boring. The hand augering was continued until the total sample depth was 
achieved. For hand auger samples that required VOC analysis, the sample was collected directly 
from the hand auger bucket. For hand auger samples that did not require VOC analysis, the 
cuttings were placed into a stainless steel mixing bowl. A geologic description of the soil was 
recorded on the appropriate field form. Once the required amounts of soils were collected, they 
were homogenized in the stainless steel mixing bowl and placed into the appropriate sample 
containers. Any material not placed into sample containers was returned to the boring. 
 
For soil samples collected using DPT, each boring deeper than four feet bgs was advanced using 
a two-inch Macro-Core® sampler with a Geoprobe® or similar direct push rig. All Macro-
Core® samplers were internally fitted with a disposable butyrate acetate liner, into which the soil 
was collected. Each sample was collected in a new liner. After withdrawing the sampler from the 
boring, a geologic description of the soil was recorded on the appropriate field form. Soil 
samples were collected directly from the butyrate acetate liner using a decontaminated stainless 
steel trowel and placed into a stainless steel bowl for processing. Excess soil material was 
returned to the boring.  
 
For soil samples collected during trenching activities, a track-mounted excavator was used.  
The trench length and depth extended horizontally and vertically as far as the excavator boom 
could reach and was the width of the bucket. During the excavation of each trench, visual 
observations were made in regard to the condition and types of soil/debris encountered, and a 
video camera was used to record the activities. Soil samples were collected from areas within 
each trench where staining or abnormal soil conditions were encountered. In the absence of 
staining, one sample was collected from the middle of the excavation, and the second sample 
was collected from the bottom of the excavation. Soil samples were collected directly from the 
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excavator bucket using a decontaminated stainless steel scoop and placed into a stainless steel 
bowl for processing. Excess soil material was returned to the trench.  
 
3.2.1.2 Sediment Sampling Methodologies 

Each sediment sample was collected using a decontaminated stainless steel scoop or trowel and 
stainless steel bowl. The scoop or trowel was used to remove the sediments from their location 
and place them in the bowl. Scooping continued until an adequate sample volume was recovered 
to fill the appropriate sampling containers. A geologic description of the sediment was recorded 
on the appropriate field forms. Any excess material was returned to the area. 
 
3.2.1.3  Groundwater Sampling Methodologies 

Two different methods were used to install temporary wells. Both involved using DPT to 
advance temporary well points to groundwater. A surface casing was set as an additional 
precautionary step for the two on-pile wells, as described below.  
 
One method installed a temporary well using an all-terrain-vehicle-mounted DPT rig. A 3-inch 
outside diameter split-spoon was used to advance the borehole through unconsolidated material 
to a depth of 20 feet bgs. A geologic description of the soil in the split spoon was recorded on the 
appropriate field form. A temporary monitoring well was set in the borehole following 
termination of DPT activities at the appropriate depth. Ten feet of new, pre-cleaned 1-inch 
schedule 40 polyvinyl chloride (PVC), 0.010 slot screen was set to straddle the static water level 
determined during drilling activities. The well was completed to the surface using new schedule 
40 PVC riser. The screen and riser were pushed into the borehole through the split spoon during 
well construction. This method was used in areas without fly ash. 
 
The other method installed a temporary well using hollow stem auger (HSA) drilling method. 
A 4.25-inch inside diameter HSA was used to advance the borehole. Subsurface soil was 
collected continuously using a split-spoon sampler lined with an acetate sleeve. Once the fly ash/ 
soil interface was encountered, drilling was continued 5 feet into native soil, and a 4-inch PVC 
surface casing was installed, capped at both ends, and grouted in place with bentonite grout. 
Once the grout set up (approximately 24 hours), both end caps were drilled out in order for the 
drill rig to continue the boring and set the temporary well. Following termination of drilling 
activities at the appropriate depth, 10 feet of new, pre-cleaned 1-inch schedule 40 PVC, 0.010 
slot screen was set to straddle the static water level determined during drilling activities. The 
well was completed to the surface using new schedule 40 PVC riser. The screen and riser were 
pushed into the borehole through the split spoon during well construction.  
 
After the completion of the temporary monitoring wells, they were allowed to sit for 
approximately 24 hours. Each well was evaluated for condition, depth to water, and depth to the 
bottom of the well. An attempt was made to purge at least one well volume from each well for 
the purpose of the collection of water quality indicators such as pH, temperature, dissolved 
oxygen, and conductivity. Both purging and sampling took place using a ¾-inch Teflon bailer. 
Samples were collected within 24 hours of the construction of each monitoring well and placed 
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into the appropriate sample bottles. Once groundwater samples were collected from the 
temporary wells, the well casings were abandoned by pulling the well riser and screen, and the 
borings were filled with bentonite hole-plug. 
 
3.2.1.4 UXO Avoidance  

UXO consists of explosive ordnance that has been primed, fused, armed, or otherwise prepared 
for action; that has been fired, dropped, launched, projected, buried, or placed in such a manner 
as to constitute a hazard to operations, installations, personnel, or material; and that remains 
unexploded by malfunction, design, or any other cause. UXO technicians screened the InDA and 
PDS for potential UXO items prior to entry by sample team members, and avoidance was 
practiced during sampling activities. Screening was performed using a magnetometer. 
Additionally, soil boreholes at these sites were screened with a down hole magnetometer 
(Schonstedt GeoMag) to the depth where undisturbed soils were encountered, as determined by 
the geologist in consultation with the UXO technician. 
 
3.2.1.5 Sample Location Surveying 

During field activities, key landmarks and sampling locations were surveyed using Global 
Positioning System (GPS) instrumentation. Upon completion of sampling activities, all sampling 
locations were surveyed by a registered professional land surveyor for horizontal control and 
ground surface elevations were measured at each sampling location for the vertical control.  
In the case of incremental samples, the corners of the grid the sample was collected in were 
surveyed. This survey was completed by a state-registered surveyor for the state of Iowa. Results 
of the survey were reported in a format compatible with the USACE Geographic Information 
System (GIS) for Arc Info and Arc View. 
 
3.2.1.6 Variances from Work Plan 

Every effort was made to complete the field activities in Fall 2004 in accordance with the 
approved work plan. However, in some instances, circumstances or field conditions necessitated 
a modification. For soil sampling, all MPI samples were collected into a 5-gallon bucket with a 
polyethylene liner owing to the volume of soil required (30 aliquots); the work plan stated a 
stainless steel bowl was to be used. Site-specific changes made are noted below and summarized 
in Tables 3-2a, 3-2b, and 3-2c for soil, sediment/surface water, and groundwater, respectively.  

InDA 

No deviations from the work plan occurred at the InDA.  

FAWP 

Soil borings FAP-SB-003 and FAP-SB-006 were originally scoped to have two sample intervals 
collected for each boring, one sample collected from the fly ash and one sample collected from 
the soil immediately below the fly ash/soil interface. Upon observation of the soil boring cores, it 
was decided to collect samples from three intervals from each of these borings: one sample was 
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collected from the fly ash, one was collected from the grey clay-like material immediately below 
the fly ash/soil interface, and one was collected from the native glacial till between 25 and 
28 feet bgs.  
 
Temporary wells installed at the FAWP, per the work plan, were to be installed via DPT 
methods. Temporary wells installed within the fly ash area were installed using HSA methods. 
Groundwater samples collected from the FAWP were to include analysis for polynuclear 
aromatic hydrocarbon (PAH) compounds; however, due to an oversight during field work a 
sample aliquot for PAHs was not collected. Dissolved metals were not field filtered but sent to 
the lab for filtering. Additionally, groundwater samples were collected using a bailer instead of 
tubing and pump.  

PDS  

Sample location PDS-SS-001 was moved from the position originally proposed in the work plan 
to a small, approximately 1 square yard, unvegetated area along the southern border of the grid 
containing MPI sample number PDS-SSI-003-0001-SO.  
 
Sample location PDS-SS-002 was moved from the position originally proposed in the work plan 
to a location in the southeast corner of MPI sample grid number PDS-SSI-005-0001-SO adjacent 
to where an empty gun clip was found.  
 
Sample location PDS-SS-003 was moved from the position originally proposed in the work plan 
to an area in the center of the grid containing MPI sample number PDS-SSI-002-0001-SO 
adjacent to a small pile of filters and small scrap metal pieces which appeared to be automotive 
related parts.  
 
Sample location PDS-SS-004 was moved from the position originally proposed in the work plan 
to an area along the northern border of the grid containing MPI sample number PDS-SSI-003-
0001-SO adjacent to where subsurface metals were detected during the magnetometer sweep of 
the area.  

EWI 

No deviations from the work plan occurred at this site.  

CDL  

The placement of the CDL-TS-002 excavation in the field was in close proximity to CDL-TS-
003, as opposed to its original planned location in the center of the site. To correct the error, 
trench CDL-TS-006 was added and excavated at the originally planned location for CDL-TS-002 
and sampled. 
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Line 3A Pond  

Due to the initial uncertainty in the results of the geophysical investigation, the second sampling 
scenario from the work plan, involving the collection of four MPI shallow soil samples and 
fourteen soil borings, was selected. 
 
Sample location L3AP-SB-015 was advanced in order to obtain further geologic information 
within the area initially suspected to be the former Line 3A Pond.  

CTA 

No deviations from the work plan occurred at the CTA. 

3.2.2 Fall 2005 through Spring 2007  

In order to accomplish the sampling objectives, Tetra Tech used the methods presented below in 
Fall 2005 through Spring 2007 (Tetra Tech, 2005).  Any variances from the work plan are also 
discussed in this section. 
 
In order to determine historical areas of potential contamination and if additional sampling was 
required, historical documents, drawings, and aerial photographs were identified and reviewed to 
determine likely areas of historical use. The historical drawings and aerial photographs were 
imported into a GIS, warping them where appropriate relative to known locations of roads, 
waterways, buildings, etc. By overlaying the information in this way, existing sample locations 
were evaluated to determine if they adequately defined areas of interest, and proposed sample 
locations were determined. Additional detail regarding the historical documents used at each site 
is provided in Sections 4.0 through 10.0. 
 
3.2.2.1 Soil Sampling Methodologies 

For soil samples collected using a hand auger, each boring was advanced up to 5 feet bgs by 
manually turning a hand auger equipped with decontaminated 3-inch-diameter cylindrical 
stainless steel bits until the auger head filled with cuttings. The hand auger was then slowly 
pulled from the boring. The hand augering was continued until the desired sample depth was 
achieved. For hand auger samples that required VOC analysis, the sample was collected directly 
from the hand auger bucket. For hand auger samples that did not require VOC analysis, the 
cuttings were placed into a stainless steel mixing bowl. A geologic description of the soil was 
recorded on the appropriate field form. Once the required amounts of soils were collected, they 
were homogenized in the stainless steel mixing bowl and placed into the appropriate sample 
containers. Any material not placed into sample containers was returned to the boring. 
 
For soil samples collected using DPT, each boring deeper than five feet bgs was advanced using 
a two-inch Macro-Core® sampler with a Geoprobe® or similar direct push rig. All Macro-
Core® samplers were internally fitted with a disposable butyrate acetate liner, into which the soil 
was collected. Each sample was collected in a new liner. After withdrawing the sampler from the 
boring, a geologic description of the soil was recorded on the appropriate field form. Soil 
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samples were collected directly from the butyrate acetate liner using a decontaminated stainless 
steel trowel and placed onto plastic sheeting for processing. Excess soil material was returned to 
the boring.  
 
3.2.2.2 Surface Water Sampling Methodologies 

Surface water samples were collected directly into laboratory-provided sample containers. 
 
3.2.2.3 Groundwater Sampling Methodologies 

Where possible, groundwater samples were collected at specific depths utilizing DPT screen point 
samplers. The closed screen point sampler was advanced to the target depth to groundwater, and 
the four-foot long screen was exposed by pulling up on the DPT rods. In some cases, the screen 
point sampler was left open in the boring overnight to obtain enough water for a sample. 
A peristaltic pump was used to extract the groundwater from the subsurface. Where the 
groundwater volume was sufficient, field parameters were collected. 
 
At sites where groundwater samples could not be collected utilizing a DPT screen point sampler, a 
temporary monitoring well was installed in a DPT boring. Wells were constructed of 1-inch 
diameter PVC with up to 10 feet of 0.010 slot screen, adequate sand pack (of appropriate grain size 
for 0.010 slot screen) to reduce the occurrence of fines in the well, and a bentonite seal to prevent 
contamination of the sand pack with soils from upper portions of the borehole. Wells were installed 
to straddle the known water table. No surface completion was constructed; however, wells were 
fitted with lockable expansion caps. Groundwater samples were collected utilizing a peristaltic 
pump. Where the groundwater volume was sufficient, field parameters were collected. 
 
At sites where existing monitoring wells were sampled (CDL and EWI), groundwater samples 
were collected using dedicated bladder pumps (CDL) or peristaltic pumps (EWI) and low-flow 
sampling techniques. Field parameters were collected as part of the sampling activities. 
 
3.2.2.4 UXO Avoidance  

At sites where detonation practices were suspected to have occurred (CTA, InDA, and PDS), 
UXO avoidance measures were enforced as a health and safety measure for field personnel. The 
―mag and flag‖ technique was employed where a UXO technician is on site to identify and mark 
potential UXO. These potential UXO locations were avoided by personnel collecting samples at 
the site.  
 
Because this was employed as an avoidance measure for health and safety each time a crew 
visited a site, the locations of any ―hits‖ on the magnetometer were not recorded. UXO concerns 
will be addressed under OU-5, and the locations of potential UXO will be documented therein. 
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3.2.2.5 Sample Location Surveying 

Locations of soil, sediment, and surface water samples, temporary wells, and areas of interest 
were surveyed utilizing a hand-held GPS unit with submeter accuracy. At the InDA and PDS, 
because UXO clearance was required, soil sample locations were surveyed at the time of 
collection. Land surveying techniques were used at these two sites since they are overgrown with 
thickets, dense brush, and trees, and an acceptable GPS signal was not received at most of the 
site. Results of the survey were entered into the GIS.  
 
3.2.2.6 Variances from the Work Plan 

Every effort was made to complete the field activities in accordance with the approved work 
plan. However, in some instances, circumstances or field conditions necessitated a modification. 
Site-specific changes made are noted below and in Table 3-2.  

InDA 

Soil samples InDA-TTSB-001, InDA-TTSB-005, and InDA-TTSB-006 were cancelled during 
field operations based on visual observations.  These locations were determined to be outside of 
the area exhibiting explosive detonation craters and lacked any evidence of former site activities.  
Analysis of explosives was added to samples InDA-TTSB-007 through -011. Soil samples 
InDA-TTSB-012 through -016 were added in the field for metals and explosives analyses. Four 
of the surface soil samples were pre-screened for the presence of explosives using Expray field 
test kits, which was not included in the work plan. 
 
Because of craters with lead contamination observed during sampling efforts, 115 soil samples 
(INDA-TTSB-017 through -034, INDA-TTSB-036 through -090, and INDA-TTSB-093 through 
-134 were collected to characterize and delineate the lead contamination. 
 
A survey of pock marks or craters identified and flagged during the July 2005 site reconnaissance 
and at the former area depicted on facility drawing as the InDA was not conducted. However, 
many of the craters were sampled during the second round of soil sampling. 
 
Collection of a groundwater sample was attempted on the upland portion of the site utilizing a DPT 
screen point sampler; however, no groundwater was encountered at depths to 60 feet bgs. A second 
attempt to collect a groundwater sample closer to the tributary was successful.  
 
Groundwater and surface water samples for analysis of perchlorate were added as described in a 
letter dated March 7, 2006 (Baxter, 2006). 

FAWP 

Collection of two groundwater samples was attempted near FAP-GW-003 utilizing DPT screen 
samplers; however, no groundwater was encountered at depths ranging from 12 to 60 feet bgs. 
No groundwater samples were collected. 
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PDS  

Soil samples PDS-TTSB-001 through -055 were cancelled during field operations. These 
samples were primarily designed to delineate areas with soil contamination identified from 
MKM’s sampling efforts.  The EPA, Army, and Tetra Tech jointly decided that it would be more 
appropriate to remove contaminated soil associated with soil samples collected by MKM rather 
than attempt to further delineate and refine the contaminated areas.  Further delineation of 
contaminated areas would have been problematic due to the large areas represented by the MPI 
composite samples.  Soil samples PDS-TTSB-057 and PDS-TTSB-058 were added in the field 
for metals and explosives analyses at two craters observed during site reconnaissance.  
 
Groundwater and surface water samples for analysis of perchlorate were added as described in a 
letter dated March 7, 2006 (Baxter, 2006). 

EWI 

No groundwater sampling was included in the work plan for this site. Monitoring well FTP-
MW7 was sampled as part of activities at the neighboring Fire Training Area (FTA) site, and the 
data were used for this SRI. 

CDL  

All sample locations at the CDL were moved in the field due to field conditions (presence of 
debris, access, etc.). Soil samples CDL-TTSS-006, CDL-TTSB-002, CDL-TTSB-009, CDL-
TTSB-010, CDL-TTSB-015, CDL-TTSB-016, and CDL-TTSB-017 were not collected due to 
shallow refusal. All samples that did not encounter shallow refusal were terminated at 12 feet 
bgs, regardless of whether the bottom of the fly ash was determined. 
 
To better characterize potential impacts to groundwater, a groundwater sample was attempted on 
the southwest portion of the site utilizing a DPT screen point sampler; however, no groundwater 
was encountered at depths to 28 feet bgs. A temporary well was installed to 28 feet bgs in the 
same borehole in December 2006, but insufficient water was present for sampling, owing to the 
drought at the time. Sampling was conducted in March 2007 when sufficient water was present 
for sampling.  

Line 3A Pond  

Six soil and seven groundwater sample locations at the Line 3A Pond were added to the 
sampling plan as described in a letter dated November 22, 2005, to characterize and delineate a 
chemical odor encountered in 3AP-TTSB-001 (Baxter, 2005). 

CTA 

Because explosives were detected in groundwater at one of the DPT screen point sampler 
locations at the CTA (CTA-TTTW-001), additional groundwater samples were collected 
immediately adjacent to the detected sample and downgradient utilizing DPT screen point 
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samplers. During the additional sampling, groundwater samples were collected for analysis of 
perchlorate. 

3.2.3 Summer 2011 

A review of dissolved thallium data in surface water at the PDS indicated contamination in the 
laboratory blank that may have caused false detections, and the dissolved data indicated potential 
unacceptable risk to ecological receptors. Therefore, additional surface water samples were 
collected at the same locations as previous for analysis of dissolved thallium. Sampling 
techniques were the same as described in Section 3.2.2.  
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4.0 INCENDIARY DISPOSAL AREA (IAAP-013) 

4.1 SITE DESCRIPTION 

 
The InDA is an approximately 3.6 acre area located within the Spring Creek watershed in the 
southeastern portion of IAAAP, east of Yard D (Figure 4-1). The InDA is a densely wooded area 
bounded by a tributary of Spring Creek (called the InDA tributary herein) to the immediate west and 
Plant Road K (also known as Lower Augusta Road) to the east. Only remains of structures are 
currently present at the site, and the remains of a fence are present in the central portion of the site. 
Additional details regarding a reconnaissance of the current site layout are provided in Section 4.4.1. 
Photos of the site are provided in Appendix B. 

4.1.1 Topography and Surface Water 

As illustrated on Figure 4-1, the terrain on the far eastern portion of the InDA is relatively flat in 
the vicinity of Plant Road K, then slopes moderately (0.1 to 0.2 foot/foot) to the west toward the 
InDA tributary, although some areas in the central and western portions of the site form much 
steeper slopes (up to 0.9 foot/foot). Ground surface elevations range from 656 feet (200 meters) 
amsl in the eastern portion of the site near Plant Road K to 584 feet (178 meters) amsl at the 
InDA tributary immediately southwest of the site. The slope facing the InDA tributary contains 
prevalent craters and undulating terrain presumed to be a result of former operations at the site 
(MKM, 2005a). The site is overgrown with thickets, dense brush, and trees. 
 
The south-flowing InDA tributary, which lies adjacent to the site to the west, is an intermittent stream 
based on the dashed blue-line stream symbol on the U.S. Geologic Survey (USGS) West Burlington 
Quadrangle topographic map (USGS, 1985). The stream starts approximately 1,000 feet north of the 
site and joins Spring Creek approximately 900 feet downstream of the site, with an average gradient 
of approximately 0.05 foot/foot. Surface drainage at the site is anticipated to be primarily sheet flow, 
although the presence of heavy vegetation would impede sheet flow in all but the heaviest rainfall 
events. A drainage ravine on either side of an east-west ridge is present on the site that drains to the 
InDA tributary, which would tend to channelize flow. 

4.1.2 Geology and Hydrogeology 

The facility-wide RI described soils at the InDA as silt with sand (loess) overlying glacial till 
(JAYCOR, 1996). Soil borings and surface soil samples (Figure 4-2) indicate surface soils are 
comprised of brown silty clay to clayey silt with varying amounts of sand. The underlying till is 
comprised of gray clay with occasional organic debris, sand, and gravel. The thickness of the 
overburden is at least 60 feet. Available boring logs are provided in Appendix C, and sampling 
logs (with descriptions) are provided in Appendix D. 
 
Groundwater was not encountered to 60 feet bgs (approximately 530 feet amsl) in Fall 2005 on a 
bluff approximately 30 feet above the InDA tributary. At monitoring well G-26, approximately 
1,350 feet northeast of the attempted groundwater sample, groundwater has typically been 
encountered at approximately 615 feet amsl, likely owing to sandy layers encountered during the 
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well installation; however, no groundwater was encountered during drilling. Groundwater was 
encountered at approximately 4 feet bgs (approximately 585 feet amsl) in the floodplain of the 
InDA tributary in Spring 2006. Based on the Spring 2006 facility-wide shallow potentiometric 
surface, shallow groundwater is anticipated to generally follow the topography and flow to the 
west/southwest toward the InDA tributary and Spring Creek as shown in Figures 2-2 and 4-1. The 
nearest well to the site that had hydraulic conductivity calculated is 13-D, located on the rise 
opposite Spring Creek approximately 4,050 feet from the InDA.  The hydraulic conductivity at that 
location was 0.0040 foot/day (Harza, 2001). A similar conductivity could be expected for the InDA 
proper, although a higher conductivity may be expected in the floodplain of the InDA tributary. 

4.2 SITE BACKGROUND 

 
Based on a review of all available information, there are no records stating the types of munitions 
detonated at the InDA or definitive mention of its total period of use. JAYCOR’s 1996 facility-wide 
Site Investigation (SI) states that the InDA was rumored to have been used for burial of incendiary 
material during the mid-1940s. The SI report indicates that magnesium fuses may also have been 
buried at this location. As part of their Historical Records Review (HRR), Shaw Environmental, Inc. 
(Shaw) interviewed current and previous employees who indicated that the InDA was not well 
known, and any items that were not burned on burning pads were detonated (Shaw, 2005). The 
interviewees also claimed that this area was not used often or after World War II, giving it a 
likely short period of use. 
 
An early report describes the InDA as being a fenced-in area in the southern portion of the 
installation near the eastern boundary used by a contractor from 1940 to 1946 for demolition of 
high explosives and burial of unknown materials (USATHAMA, 1980). This is supported by a 
subsequent document referencing two Army employees who describe an area that was fenced with 
signs, east of Yard D, purporting to have World War II material buried within it (Mason & Hangar 
[M&H], 1989).   
 
Originally the size of the impacted area was believed to be approximately 40 by 60 feet, 
encompassing three depressions suspected to be burial pits for incendiary materials 
approximately 175 feet west of Plant Road K (JAYCOR, 1996). The total area has been 
expanded to include a cratered area west and south of the suspected InDA observed during a site 
walkover conducted by the Army in 2000 (Army, 2004). In Fall 2004 through Spring 2006, 
pieces of munitions-related scrap metal were encountered in numerous detonation craters 
grouped together predominantly along the slope, uphill of the InDA tributary. All of the craters 
were less than 10 feet in diameter and no more than 4 feet deep. Additional detail is provided in 
Sections 4.3.1 and 4.4.1. 

4.3 INVESTIGATION ACTIVITIES 

 
MKM determined the following chemicals were representative of contaminants resulting from 
munitions demolition/detonation activities and were considered of potential concern at the InDA: 
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2,4,6-trinitrotoluene (TNT), royal demolition explosive (RDX), high melt explosive (HMX), 
tetryl, barium, chromium, cadmium, copper, lead, zinc, perchlorate, and white and red 
phosphorus (MKM, 2004b). 
 
Two types of phosphorus may have been used in incendiary devices disposed of at the site, white 
phosphorous and red phosphorus. Based on information available from the Agency for Toxic 
Substances and Disease Registry (ATSDR), a collaborative entity between the EPA and Centers 
for Disease Control (CDC), white phosphorus is the most toxic version of phosphorus and is 
readily converted to nontoxic chemical species in the environment. Except for cases where 
buried pockets (not exposed to air or moisture) remain from pyrotechnics disposal or where 
incendiary devices remain intact, phosphorus does not pose a substantial threat to human health 
or the environment. If red or white phosphorus is released into the environment from past 
disposal or training exercises, it is readily oxidized in the presence of moisture to produce 
phosphoric acid and phosphate (ATSDR, 1997). White phosphorus has a EPA Regional 
Screening Level (RSL) (EPA, 2009a), red phosphorus has no known regulatory limit. 
 
All known field activities, including historical activities and the facility-wide RI, are summarized 
below. Details regarding sampling may be found in the below-referenced reports and Section 3.  

4.3.1 Site Reconnaissance 

Site reconnaissance at the InDA was performed by MKM in Fall 2004 and by Tetra Tech in Fall 
2005.  MKM’s reconnaissance involved determining the physical location of features described 
in previous reports. The MKM SDC Report does not indicate if the features were identified. 
 
As part of the preparation of the OU-7 SRI Work Plan (Tetra Tech, 2005), a paper site 
reconnaissance was performed. Tetra Tech reviewed several historical aerial photos and a 
drawing created by Day & Zimmerman (operating contractor) dated October 1945, entitled 
―Contaminated Areas Near East Boundary - South of Augusta Road and East of Yard E‖ (Day 
and Zimmerman, 1945). Using the Manifold GIS platform, the drawing was georeferenced to 
Plant Road K and overlain on the 1941 aerial photo. Field reconnaissance was performed in Fall 
2005 per the OU-7 SRI Work Plan (Tetra Tech, 2005) to determine if the location of historical site 
activities indicated on the 1945 site map could be confirmed, to determine if proposed soil sample 
locations would adequately delineate existing contaminants detected during the Fall 2004 sampling 
event, and if additional areas of potential contamination existed that had not been previously 
identified and sampled.  
 
To facilitate the reconnaissance, extensive brush clearing was conducted in concert with UXO 
avoidance procedures as described in Section 3.0. UXO avoidance was required due to the 
possibility of suspected UXO from prior detonation practices. All Schonstedt magnetometer 
―hits‖ were investigated by a UXO technician using a shovel. Detections of potential UXO were 
not surveyed or sampled; however, some soil samples were collected adjacent to hits. 
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4.3.2 Soil Sampling 

Figure 4-2 presents the locations of all soil samples collected during the site investigations at the 
InDA. The sample locations have been color coded relative to each specific sampling event 
discussed in the text below. Samples whose locations are unknown are not represented in the 
figure. The number of samples collected during each sampling event and the chemical groups 
analyzed are summarized below. The specific chemicals analyzed in each chemical group during 
each event are provided in Table 4-1. 
 

Sampling Event Company 
Total No. of 

Samples 
Explosives Metals 

Summer 1991 JAYCOR 2 2 2 
Fall 2004 MKM 16 16 16 

Summer/Fall 2005 Tetra Tech 31 31 31 
Summer 2006 Tetra Tech 228 -- 228 

 
In Summer 1991 as part of the SI, JAYCOR collected two three-point composite surface soil 
samples (shown in light blue in Figure 4-2), one using aliquots from three rectangular pits that 
may have been possible burial pits (13SD0101) and one using aliquots from three of the many 
crater-like depressions at the site (13SD0201) (JAYCOR, 1996). The sampling methods are not 
specified in the facility-wide RI, which includes the SI data, and no sample or boring logs for 
these samples were provided in the facility-wide RI.  
 
In Fall 2004, MKM collected MPI surface soil samples from within the established 
grids/subgrids for a total of six samples. The site was divided into four large grids (001 to 004) 
placed in an area approximately 10 acres in size, making sure to include detonation craters 
observable across the site. Two smaller grids, approximately 45 feet by 90 feet, were also located 
within grid 003 (subgrids 005 and 006) to assess a small area of pock marks. MPI samples were 
collected using the methods detailed in Section 3.2.1.1. Each MPI sample was comprised of 
30 aliquots acquired at random from 0 to 1 foot bgs from within each grid (MKM, 2004). The 
locations of the individual aliquots were not surveyed. Figure 4-2 shows the grid and places the 
MPI samples (IDA-SSI-001-0001-S0 through IDA-SSI-006-0001-S0) as individual points (in 
dark brown) centered in each grid. Sampling logs are provided in Appendix D. 
 
In Fall 2004, MKM also collected six discrete soil samples at three locations (shown in dark 
brown on Figure 4-2), at the estimated locations of the aliquots for 13SD0101. Samples were 
collected from the surface (IDA-SS-001-0001-S0 through IDA-SS-003-001-0001-S0) and from  
1 to 4 feet bgs (IDA-SB-001-0001-S0 through IDA-SB-003-0001-S0) by hand auger using the 
methodologies discussed in Section 3.2.1.1. MKM does not state in the SDC report if these 
samples were collected where indications of possible burial pits were evident. It should be noted 
that the JAYCOR sample locations were estimated based on the elevation and distance from the 
road, whereas the MKM sample locations were from coordinates provided by MKM. Based on 
the available information, it appears that the MKM samples were not collected from the same 
locations as 13SD0101. Additionally, no indication of such pits was indicated during the 
Tetra Tech paper and field reconnaissance, as discussed in Section 4.4.1. Four discrete surface 
soil samples (IDA-SS-004-0001-S0 through IDA-SS-007-0001-S0) were collected by MKM 
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from pock marks found in subgrids 005 and 006. Samples were collected using a hand auger. All 
of the MKM discrete sample locations were staked and surveyed (MKM, 2005a). Sampling logs 
are provided in Appendix D. 
 
Upon review of all prior sampling activities and the paper site reconnaissance, Tetra Tech 
determined that further investigation at the InDA was necessary to delineate soil exceedances at 
the site and to characterize areas of potential contamination that were not characterized in 
previous investigations, as detailed in the OU-7 SRI Work Plan (Tetra Tech, 2005). In 
Summer/Fall 2005, 31 samples were collected at 13 locations within grid 003, subgrids 005 and 
006, and in the vicinity of the InDA as depicted on the 1945 drawing. The locations of the soil 
samples are shown in light green in Figure 4-2 along with the 1945 historical area. Samples were 
collected at all locations at the surface and from 1 to 2 feet bgs and at five locations from 2 to 
4 feet bgs by hand auger using the methodologies discussed in Section 3.2.2.1. To achieve the 
goals presented in the work plan, some samples were collected from inside craters and pock 
marks, while other samples were collected adjacent to craters to ensure that contaminants had not 
been ejected outside of the craters during detonation events. Four of the surface soil samples 
were also pre-screened for the presence of explosives using Expray. The sampling logs for these 
measurements are provided in Appendix D. All sample locations from this sampling event were 
staked and surveyed using land surveying techniques as the tree cover at the InDA hindered the 
effectiveness of GPS. Sampling logs are provided in Appendix D. 
 
In Summer 2006, Tetra Tech collected 228 samples from 119 detonation craters across the site to 
confirm that the presence of lead was associated and isolated to these features, and to aid in 
determining the extent of OU-1 remedial activities that would be needed at the site. The locations 
of these soil samples are shown in dark green in Figure 4-2. Samples were collected at the 
surface and from 1 to 2 feet bgs by hand auger using the methodologies discussed in 
Section 3.2.2.1. All of the observed craters were sampled and surveyed. Sampling logs are 
provided in Appendix D. 

4.3.3 Sediment Sampling 

Figure 4-3 presents the locations of all sediment samples collected during the site investigations 
at the InDA. All samples were analyzed for explosives and metals; one sample was analyzed for 
herbicides, PAHs, polychlorinated biphenyls (PCBs)/pesticides, and semivolatile organic 
compounds (SVOCs); samples are summarized below. The specific chemicals analyzed in each 
chemical group during this event are provided in Table 4-1. 
 

Sampling Event Company 

Total 

No. of 

Samples 

Explosives Metals 
Herbi

-cides 
PAHs 

PCBs/ 

Pesticides 
SVOCs 

Fall 2000 MWH 1 1 1 1 1 1 1 
Fall 2004 MKM 3 3 3     

 
In Fall 2000 MWH collected one sediment sample (SCT01-H) in the InDA tributary near the 
northwest corner of the site during the facility-wide BERA (MWH, 2004), using the sampling 
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methods presented in Appendix B of the BERA. The location of the sample is shown in orange 
in Figure 4-3. No sample logs are provided in the BERA. 
 
In Fall 2004, three sediment samples (IDA-SD-001, -002, and -003) were collected by MKM just 
above the water line (0 to 0.5 foot bgs) from the InDA tributary upstream of, adjacent to, and 
downstream of the InDA to evaluate the potential impact to sediment in the tributary. Sediment 
collected just above the water line would be periodically wet, particularly given the dry time of 
year (fall) in which the samples were collected. The locations of the samples are shown in dark 
brown in Figure 4-3. Samples were collected via scoop using the methodologies discussed in 
Section 3.2.1.2. The MKM sample locations were staked and surveyed (MKM, 2005a). Sampling 
logs are provided in Appendix D. 

4.3.4 Surface Water Sampling 

Figure 4-3 presents the locations of all surface water samples collected during the site 
investigations at the InDA. Five samples were analyzed for metals and explosives; two samples 
were analyzed for PAHs, PCBs/pesticides, and SVOCs; and three were analyzed for perchlorate. 
The chemicals analyzed are summarized below. The specific chemicals analyzed in each 
chemical group during this event are provided in Table 4-1. 
 

Sampling Event Company 
Total No. 

of Samples 
Explosives Metals PAHs 

PCBs/ 

Pesticides 
SVOCs Perchlorate 

Spring 2000 MWH 1 1 1 1 1 1 - 
Fall 2000 MWH 1 1 1 1 1 1 - 

Summer/Fall 2005 Tetra Tech 3 3 3 - - - - 
Spring 2006 Tetra Tech 3 - - - - - 3 

 
In Spring 2000, MWH collected one surface water sample from the InDA tributary at the same 
location as sediment sample SCT01-H (MWH, 2004). In Fall 2000, a surface water sample was 
collected from the same location. The location of the samples is shown in orange in Figure 4-3. 
Both samples were collected as part of the facility-wide BERA using the sampling methods 
presented in Appendix B of the BERA. No sample logs are provided in the BERA. 
 
In Summer/Fall 2005 per the OU-7 SRI Work Plan (Tetra Tech, 2005), Tetra Tech collected three 
surface water samples adjacent to MKM sediment samples IDA-SD-001 and IDA-SD-002 (InDA-
TTSW-001 and -002, respectively) and downslope of the InDA location as depicted on the 1945 
as-built (InDA-TTSW-003). Tetra Tech collected additional surface water samples in Spring 2006 at 
these three locations to analyze for perchlorate. The locations of the samples are shown in green in 
Figure 4-3. Samples were collected using the sampling methodologies detailed in Section 3.2.2.2. 
Sample locations were staked and surveyed. Sampling logs are provided in Appendix D.   
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4.3.5 Groundwater Sampling 

Figure 4-2 presents the location of the groundwater sample collected during a site investigation 
at the InDA. The sample was analyzed for explosives, metals, and perchlorate, as summarized 
below. The specific chemicals analyzed in each chemical group are provided in Table 4-1.  
 

Sampling Event Company 
Total No. 

of Samples 
Explosives Metals Perchlorate 

Spring 2006 Tetra Tech 1 1 1 1 
 
In Summer/Fall 2005, Tetra Tech attempted to collect a groundwater sample in the vicinity of the 
detonation craters using a DPT screen point sampler as described in Section 3.2.2.3 to 
characterize the downgradient groundwater conditions at the InDA per the OU-7 SRI Work Plan 
(Tetra Tech, 2005). The DPT location and associated detonation crater were located on a bluff 
approximately 40 feet east of and 30 feet higher in elevation than the InDA tributary. The boring 
was advanced to a total depth of 60 feet bgs (approximately 30 feet below the elevation of the 
InDA tributary). Groundwater was not encountered, and the DPT rods were observed to be dry 
down to the total depth.  
 
In Spring 2006, a second attempt was made to sample groundwater via DPT screen point sampler 
using the same methodologies as before. The DPT location was downgradient of the previous 
location in the floodplain of the InDA tributary (InDA-TTTW-001). Groundwater was 
encountered at 4 to 8 feet bgs, and a groundwater sample was collected using a peristaltic pump 
as described in Section 3.2.2.3. The sample location was staked and surveyed. The boring log is 
provided in Appendix C, and the sampling log is provided in Appendix D. 

4.4 RESULTS OF INVESTIGATION 

 
As part of this SRI, Tetra Tech evaluated all of the historical and recent sampling data collected at 
the InDA. This includes an evaluation of every soil, sediment, surface water, and groundwater 
sample collected at the site. Chemicals analyzed for each medium for each sampling event are 
presented in Table 4-1; and a summary of all analytical data at the OU-7 sites is provided in 
Appendix F. Sampling logs for samples collected in 2004 and later are provided in Appendix D, 
with sampling logs for previous samples contained in their respective reports. Laboratory 
analytical reports and validation reports for Tetra Tech samples are provided in Appendices G and 
H, respectively. All other laboratory and validation reports are contained in their respective reports.   

4.4.1 Site Reconnaissance 

During their Fall 2004 site reconnaissance, MKM did not observe the presence of magnesium 
fuses or the possible disposal pits, both of which were reported in the SI (JAYCOR, 1996); thus, 
it is unclear if their ―disposal pit‖ samples were collected in the appropriate location of the 
―pits,‖ particularly given the estimated nature of the JAYCOR samples (no surveyed coordinates, 
few reproducible landmarks). Many craters were observed, with pieces of munitions-related 
scrap metal observed in several craters. These craters, approximately 5 to 6 feet in diameter, 
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were located along the slope facing the InDA tributary and extended further south beyond the 
boundary of grid 003, located in the western portion of the site. Visually, the area within grid 003 
appeared to be the most heavily impacted area of the site, with numerous pock marks observed in 
subgrids 005 and 006 (MKM, 2005a). None of the craters or pock marks were surveyed, except 
for those that were to be sampled. 
 
While conducting UXO avoidance operations in Fall 2004, no subsurface UXO or munitions-related 
items were identified; however, many subsurface anomalies were detected and avoided. Grid 003 
contained the greatest concentration of surface anomalies and subsurface ferrous anomalies, none of 
which were surveyed. A large piece of metal debris was encountered at nine inches bgs at sampling 
location IDA-SS-005. Areas outside of grid 003 reportedly contained no observable surface 
munitions-related items and very few subsurface ferrous anomalies (MKM, 2005a). 
 
An evaluation of historical documents was conducted by Tetra Tech as part of the OU-7 Work Plan 
(Tetra Tech, 2005). The October 1945 drawing presented in Figure 4-4 shows the InDA to be 
approximately ¼ acre in size located west of Plant Road K and west-southwest of Building P.97, 
with a fence bounding the northwestern edge. The uses of Building P.97 are unknown, and it is 
suspected to pre-date the construction of IAAAP. However, it was not included in the 1984 Historic 
Properties Report, nor is it listed in the 1944 Industrial Facilities Inventory. The location of the 
InDA in the 1945 drawing was surveyed, and the coordinates were used to place the area on 
Figure 4-2 (coordinates were not used to place the location in the OU-7 SRI Work Plan). The 
1941 aerial photo (Figure 4-5) was reviewed to determine if any of the features from the drawing 
were evident. Although the photo quality is poor, it shows a linear tree line perpendicular to Plant 
Road K that terminates in a larger treed area. These match the location of the driveway and Building 
P.97, respectively, as indicated on the 1945 drawing, supporting the supposition that the building 
predates the construction of IAAAP. The 1937 aerial photo (Appendix E) and 1941 aerial photos 
also indicate the following: 

 The area between Plant Road K and the tributary of Spring Creek west of the site is cleared (an 
area of approximately 875 x 385 feet), but trees are present along the InDA tributary. 

 Two fenced or formerly fenced areas appear to be present along Plant Road K: one northeast of 
the structures, with the fence line appearing as dark lines on the photo, likely due to a tree line 
(covering an area of approximately 330 x 115 feet); and one southwest of driveway and building 
area, with the fence line appearing as lighter lines on the photo, possibly due to the lack of 
vegetation (covering an area of approximately 250 x 110 feet). 

 There appears to be some shading northwest of both fenced areas, but is more pronounced at the 
northeastern fence area, where it appears to be another fence or tree line. 

 
By the 1978 aerial photo (Appendix E), no traces of these features are apparent, and the northern 
area is beginning to be overgrown, particularly at the southeastern end. 
 
Tetra Tech performed further site reconnaissance as part of sampling activities in August 2005 
per the OU-7 SRI Work Plan (Tetra Tech, 2005). The remains of the fence suspected to be that 
shown in the 1945 drawing were still present at the site and were surveyed. Upon placement on 
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the figure with the surveyed 1945 InDA in Figure 4-2, the fence appears to be the same fence 
from the 1945 drawing. Remains of Building P.97 (footers and concrete slab) were observed, but 
none of the fences from the 1937/1941 aerial photos were observed. No indications of ―burial 
pits‖ were observed. Numerous detonation craters were observed grouped together in a linearly 
shaped area trending approximately northeast-southwest along the slope uphill of the InDA 
tributary and south of the MKM sampling area. In June and July 2006, Tetra Tech surveyed the 
locations of the detonation craters as part of additional sampling of the craters in support of 
OU-1 remedial activities. The locations of some of the more prominent craters are presented on 
Figure 4-6, with the remainder shown as sample locations on Figure 4-2; all the Tetra Tech soil 
sample locations in 2005 and 2006 were located in craters with the exception of InDA-TTSB-
007 and -010, which were collected between craters. All of the craters were less than 10 feet in 
diameter and no more than 4 feet deep, with a greater number located to the west of the fence 
than to the east. Based on the location of MKM’s field sample stakes, sample data were not 
collected by MKM at any of the detonation craters or locations within the InDA shown in the 
1945 drawing during the August 2004 sampling event.  
 
No UXO was observed during the field operations in Fall 2005 and Spring 2006, but the 
magnetometer readings suggested the potential for metallic debris near the surface. A rusted, large 
fragment of an artillery shell was found at the surface along with other scattered metallic fragments 
throughout the site during UXO avoidance in Fall 2005 and Spring 2006. Small metal debris was 
observed in some of the detonation craters at up to 3 feet bgs, consisting of shrapnel (InDA-TTSB-
016), metal balls approximately ¼ inch diameter in size (InDA-TTSB-002, -013, -036, -056), and 
grape shot (InDA-TTSB-057, -063,-078, -079, -083, -099, -109, -113, -116, -119, -122, -127, -129, 
-131, -132, -134). Larger metal debris encountered in or near craters adjacent to soil samples 
included a fuse collar (InDA-TTSB-048), shell casings (between InDA-TTSB-048 and 
-049, InDA-TTSB-051), and shrapnel/metal scrap of indeterminate use (InDA-TTSB-019 and -080). 
Photos of the site and some of the debris are provided in Appendix B. 

4.4.2 Soil Analytical Results 

Tables 4-2a and 4-2b present summaries of all chemical data for MPI and discrete soil samples, 
respectively, at the InDA, including number of detects, minimum and maximum concentrations, 
and comparison criteria for each chemical. The comparison criteria for all chemicals include the 
OU-1 remediation goals (RGs) (EPA, 1998) or the EPA industrial soil RSLs (EPA, 2009a) for 
chemicals where no RGs were calculated. Because some organic chemicals are mobile in the 
environment, detected organic constituents were also compared to the soil screening levels 
(SSLs) presented in the RSL table (EPA, 2009a). Soil background concentrations calculated as 
part of the BERA (MWH, 2004) and presented in Appendix I were also used for evaluation of 
metals. The concentrations of the chemicals detected in MPI and discrete soil samples are 
discussed below for each chemical group in relation to the comparison criteria. The two types of 
soil samples are discussed separately because MPI sample results represent environmental 
conditions within a larger area than those represented by discrete sample results. 
 
Chemicals detected in soil at the InDA include metals and phosphorus; no explosives were detected.  
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Metals 

The distribution of metals detected at least once above maximum background is illustrated on 
Figure 4-7a (northern samples) and Figure 4-7b (southern samples).  
 
Six composite MPI surface soil samples were collected and analyzed for metals. Four samples 
were collected in four quadrants of the site and two were collected from a smaller area within the 
western quadrant, as illustrated in Figure 4-2. The results presented in Table 4-3 indicate that all 
six MPI samples contain generally similar concentrations below screening criteria, with lead 
showing the greatest variation. Lead concentrations exceeded the maximum background value in 
three samples (Table 4-4a). Mercury was elevated in one sample above the others, but the 
concentration was within the range of background values. 
 
A total of 43 discrete surface and subsurface soil samples were collected and analyzed for metals 
and phosphorus, as illustrated in Figure 4-2, and an additional 228 soil samples were collected 
and analyzed for lead only. The results presented in Table 4-3 indicate that the discrete samples 
consistently contained higher concentrations of the respective metals than did the MPI samples. 
The metals in the discrete samples contain generally similar concentrations below screening 
criteria, with the exception of lead. Lead concentrations exceeded the RG of 1,000 milligrams 
per kilogram (mg/kg) in 11 samples at depths ranging from 0 to 2 feet bgs, with concentrations 
above the RG ranging from 1,050 to 3,740 mg/kg (Table 4-4b). The lead exceedances occur in 
two areas, one in grids 005 and 006 in the northern portion of the site and one west of the 
fence/northwest of the 1945 activity area, as illustrated in Figures 4-7a and 4-7b. The samples 
with RG exceedances are surrounded by samples with lead concentrations below the RG; thus, 
the extent of the elevated concentrations appears to be limited to these two areas. Although 
mercury concentrations were above maximum background in seven samples, the highest 
concentration was 7.8 mg/kg, below the RSL of 310 mg/kg. 
 
Phosphorus 
The same six composite MPI samples collected of surface soil were also analyzed for 
phosphorus. Phosphorus was detected in all six samples (Table 4-3). Phosphorus was also 
detected in six of the 10 discrete surface soil samples for which it was analyzed (Table 4-3). 
There are no comparison criteria for phosphorus.  

4.4.3 Sediment Analytical Results 

Table 4-5 presents a summary of all chemical data for sediment samples in the vicinity of the 
InDA, including number of detects, minimum and maximum concentrations, and comparison 
criteria for each chemical. The comparison criteria for all chemicals include the OU-1 RGs 
(EPA, 1998) or the EPA industrial soil RSLs (EPA, 2009a) for chemicals where no RGs were 
calculated. Soil background concentrations were also used for evaluation of metals. 
Concentrations in an upstream sample (IDA-SD-001) were also used for evaluation. The 
concentrations of the chemicals detected in sediment samples are discussed below in relation to 
the comparison criteria. Chemicals detected in sediment in the vicinity of the InDA include 
metals and phosphorus. Explosives, herbicides, PAHs, PCBs/pesticides, and SVOCs were not 
detected in any of the samples.  
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Metals 
Four sediment samples have been collected in the vicinity of the InDA and analyzed for metals. 
Of those four, one sample (IDA-SD-001) was collected upstream of the site. The results 
presented in Table 4-6 indicate that none of the sample concentrations exceed the OU-1 RGs or 
RSLs for soil. Metals in samples adjacent to and downstream of the site are generally similar to 
the upstream sample, with the exception of barium in SCT01-H, located adjacent to the site 
upstream of the cratered area. The barium concentration in SCT01-H (113 mg/kg) is higher than 
the upstream sample IDA-SD-001 (45 mg/kg); however, it is below the background value for 
soil of 368 mg/kg, indicating a naturally occurring concentration.  
 
Due to the lack of exceedances of any comparison criteria or maximum background 
concentrations, no figure was prepared to depict the extent of metals in sediment in the vicinity 
of the InDA. 
 
Phosphorus 
Three of the four sediment samples were also analyzed for phosphorus, which was detected in all 
three samples. The phosphorus concentrations were higher in the two samples downstream of the 
cratered area (Table 4-6). Without any comparison criteria or a background concentration, no 
figure was prepared to depict the extent of phosphorus in sediment in the vicinity of the InDA. 
Although no comparison criterion exists for phosphorus, it is considered naturally occurring in 
the environment and essential to plant life. 

4.4.4 Surface Water Analytical Results 

Table 4-7 presents a summary of all chemical data for surface water samples in the vicinity of the 
InDA, including number of detects, minimum and maximum concentrations, and comparison 
criteria for each chemical. Concentrations of detected constituents were compared to EPA Safe 
Drinking Water Act (SDWA) Maximum Contaminant Levels (MCLs) (EPA, 2009b), where 
available. For constituents without MCLs, the greater of the EPA Health Advisory Levels (HALs) 
(EPA, 2009b) or RSLs (EPA, 2009a) were used. Concentrations in an upstream sample (InDA-
TTSW-001) were also used for evaluation. The concentrations of the chemicals detected in surface 
water samples are discussed below in relation to the comparison criteria. Chemicals detected in 
surface water in the vicinity of the InDA include total and dissolved metals. Explosives, PAHs, 
PCBs/pesticides, SVOCs, and perchlorate were not detected.  
 
Metals 

Five surface water samples have been collected in the vicinity of the InDA and analyzed for total 
and dissolved metals. Of those five, one sample (InDA-TTSW-001) was collected upstream of 
the site. The results presented in Tables 4-8 and 4-9 indicate that two sample results exceed 
comparison criteria for dissolved metals. Dissolved antimony and thallium were detected above 
their respective MCLs in one sample each, but the total fraction of these two metals was not 
detected. Because the antimony and thallium exceedances in the dissolved metals fraction were 
not associated with detections in the total metals fraction, these exceedances are regarded as 
anomalous and not indicative of site contamination. Additionally, there were data quality issues 
with the one dissolved thallium detection as discussed in Appendix J. Samples adjacent to and 
downstream of the site contain total and dissolved concentrations that are generally similar to the 
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upstream sample, with the exception of total aluminum, copper, iron, vanadium, and zinc in the 
sample collected in Fall 2000 at SCT01-H, located adjacent to the site upstream of the cratered 
area. These metals are detected at significantly higher concentrations in this sample relative to 
the upstream sample InDA-TTSW-001, and are also higher than the sample collected at the same 
location in Spring 2000, as well as in the other downstream samples. Except for the suspect 
antimony and thallium detections mentioned above, no one sample location has metals 
concentrations consistently higher than the upstream sample. 

4.4.5 Groundwater Analytical Results 

Table 4-10 presents a summary of all chemical data for groundwater at the InDA, including 
number of detects, minimum and maximum concentrations, and comparison criteria for each 
chemical. Concentrations of detected constituents were compared to EPA MCLs (EPA, 2009b), 
where available. For constituents without MCLs, the greater of the HALs (EPA, 2009b) or RSLs 
(EPA, 2009a) were used. The concentrations of the chemicals detected in groundwater samples 
are discussed below in relation to the comparison criteria. Chemicals detected in groundwater at 
the InDA include total and dissolved metals. Explosives and perchlorate were not detected. 
 
Metals 

As shown on Figure 4-2, one groundwater sample (INDA-TTTW-001) has been collected at the 
InDA west (downgradient) of the cratered area and analyzed for total and dissolved metals. The 
results presented in Tables 4-11 and 4-12 indicate that 12 total metals exceed applicable 
comparison criteria: aluminum, arsenic, barium, beryllium, cadmium, chromium, cobalt, iron, lead, 
manganese, mercury, and vanadium. Dissolved aluminum, barium, iron, and manganese 
concentrations are below the applicable comparison criteria; and dissolved arsenic, beryllium, 
cadmium, chromium, cobalt, lead, mercury, and vanadium are below detection limits. Where 
detected, the dissolved concentration is typically one to two orders of magnitude lower than the total 
concentration. This difference is considered to be caused by the turbidity in the sample collected via 
the DPT screen point sampling method. Although no quantitative turbidity measurement was 
taken of the sample, the sample is noted as turbid on the sampling log (Appendix D).  

4.5 REMEDIAL ACTIONS COMPLETE OR IN PROGRESS 

Between February 21 and March 6, 2007, a total of 179 cubic yards (cy) of contaminated soil was 
removed from 11 excavations at the InDA, as detailed in the Final RA Completion Report for 
OU-1 Soils (Tetra Tech, 2010). Excavations are shown on Figure 4-8. Five excavations were 
located in the approximate center of the site, and six were in the northern portion of the site. 
Lead-contaminated soils were removed to 4 feet bgs at all 11 excavations. One excavation (InDA-
E8) required additional (phase 2) sidewall excavation and confirmation sampling (sample ending 
in P2). Based on confirmation sampling results, provided in Table 4-13, no soil above the RG 
remains in the excavated areas. All excavations were backfilled with clean fill as detailed in the 
Final RA Completion Report (Tetra Tech, 2010). 
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4.6 CONTAMINANT FATE AND TRANSPORT 

As illustrated in Figure 4-4, the InDA as of 1945 consisted of a small, roughly rectangular area; 
however, numerous shallow detonation craters have been identified in and surrounding the area in 
the 1945 drawing (illustrated on Figure 4-6), some of which still contain metal debris. Releases 
from such craters would have been confined to surface and near surface soil. The shallow 
(to approximately 3 or 4 feet bgs) nature of the craters was confirmed through observations during 
soil sampling and the sample analytical results. The extent of soil contamination and the 
likelihood for sediment, surface water, and groundwater contamination would have been 
controlled by the following: 

 The violence of the detonations, which would have ejected soil and debris from the detonation 
crater and onto the ground surface. However, based on sampling results from outside of the 
craters, including confirmation samples collected during the RA, the areas outside of the craters 
do not appear to be significant contamination sources, as concentrations outside of the craters 
are generally within the range of background concentrations. 

 The topography and vegetation of the area. Although the topography is relatively steep in 
places, the dense vegetation would hinder the movement of surface contamination. 
Additionally, with contamination confined to the craters, which are depressions, runoff from 
the craters would rarely occur. No evidence of such transport of contamination is present in 
the sample analytical results (including confirmation samples) or was observed in the field 
(drainage ruts leaving the craters). 

 The properties of the chemicals in detonated ordnance. Explosives, the most mobile of the 
chemical analytes at the InDA, would presumably have been used up in the detonation process 
or degraded over the extensive period of time (50 years or more) since detonation practices 
ceased, as none were detected in soil samples within or outside of the detonation craters. 
Metals mobility from soil to water (groundwater or surface water) is controlled by both the 
soil and water geochemistry (i.e., oxidation/reduction potential [ORP] and pH) (Dragun, 
1988), although metals can be transported as suspended solids to both surface water and 
groundwater regardless of geochemistry. Although selenium concentrations in soil exceed 
background, selenium appears to be present in the soil naturally above background values. 
An elevated concentration of selenium was detected in the groundwater sample; however, it 
is considered to be due to suspended solids (turbidity) in the sample as noted on the log and 
the much lower concentration in the dissolved fraction. The concentrations of these metals in 
soil (prior to the soil RA) apparently are not being transported in the dissolved phase to 
groundwater at elevated concentrations. 

 
With shallow impacts to soil, leaching to groundwater, which was not encountered at depths up to 
60 feet deep in the vicinity of the craters, is not a likely transport pathway. The lack of transport to 
groundwater is also evidenced in the lack of site-related contaminants in the groundwater sample 
collected at four to eight feet bgs downgradient of the area with a high density of craters.  
 
Based on the analytical results at the site, it appears that the contamination at the InDA is 
confined primarily to the detonation craters and has not migrated horizontally in more than 
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50 years. The majority of the metals contamination has been removed, and any remaining 
contamination is unlikely to migrate. 

4.7 DATA EVALUATION 

All of the sample data for the InDA have been assessed for overall data quality and usability for 
risk assessments as discussed in Appendix J. All sample data were considered of acceptable 
quality, although some dissolved metals in surface water samples may have data quality issues 
that result in estimated data. All associated samples are within the study area. The JAYCOR 
samples were not surveyed, and the locations are considered to be estimated; however, these data 
are considered usable for the risk assessments. It should be noted that the lack of accurate and 
reliable sampling locations provides some uncertainty in the risk assessments. 

4.8 RISK ASSESSMENT RESULTS 

4.8.1 Human Health Risk Assessment 

The BHHRA is provided in Appendix K, including methodologies, tables for the human health 
risk assessment, and a discussion of the results. The data used were derived from Section 4.7 and 
Appendix J. The results of the BHHRA are detailed in Tables 4-14 through 4-16, and 
summarized in Sections 4.8.1.1 and 4.8.1.2. 
 
4.8.1.1 Chemicals of Potential Concern  

To determine soil chemicals of potential concern (COPCs), the data derived from Section 4.7 and 
Appendix J were evaluated against the OU-1 RGs. For any chemical with no RG, the EPA 
industrial RSL was used (EPA, 2009a). Conservatively, screening levels for noncarcinogens are 
one-tenth these RSLs (based on a hazard index [HI] of 0.1) to account for potential additivity of 
noncarcinogenic effects. If screening levels existed for a chemical for both carcinogenic and non-
carcinogenic effects, the lower of the two values was used for screening. Soil COPC selection 
was a two-fold process depending on the availability of an RG value for a given chemical. When 
an RG value was available, the COPC selection depended on whether the maximum detected 
concentration for that chemical exceeded the RG. When an RG value was not available, the 
COPC selection depended on whether the maximum detected concentration for that chemical 
exceeded the industrial RSL. Residential RSLs were not used in COPC screening.  Lead, with a 
maximum concentration of 3,740 mg/kg, was the only identified COPC in soil. Soil risks are 
summarized in Table 4-14. 
 
To determine sediment COPCs at the InDA, the data derived from Section 4.7 and Appendix J 
were evaluated against the EPA residential RSLs (EPA, 2009a). Conservatively, screening levels 
for noncarcinogens are one-tenth these RSLs (based on a HI of 0.1) to account for potential 
additivity of noncarcinogenic effects. If screening levels existed for a chemical for both 
carcinogenic and non-carcinogenic effects, the lower of the two values was used for screening. 
The maximum detected concentration for each detected chemical in sediment was screened 
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against the residential RSL. Chemicals that exceeded toxicity screening levels were retained as 
COPCs. Conversely, chemicals that were not detected or were not detected at maximum 
concentrations exceeding toxicity screening levels were not retained as COPCs. Arsenic, cobalt, 
iron, and manganese were identified as COPCs in sediment, with respective maximum 
concentrations of 5.1, 13.1, 9,840, and 1,140 mg/kg. Sediment risks are summarized in Table 4-15. 
 
To determine surface water COPCs at the InDA, the data derived from Section 4.7 and 
Appendix J were evaluated against EPA tap water RSLs, and federal SDWA MCLs and HALs 
(the HALs were used for screening only when there was no RSL or MCL for a given chemical). 
Conservatively, screening levels for noncarcinogens based on RSLs are one-tenth these RSLs 
(based on a HI of 0.1) to account for potential additivity of noncarcinogenic effects. If screening 
levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the lower of the 
two values was used for screening. The maximum detected concentration for each detected 
chemical in surface water was screened against the greater of the screening levels based on the 
EPA tap water RSLs or MCLs. Chemicals that exceeded toxicity screening levels were retained 
as COPCs. Conversely, chemicals that were not detected or were not detected at maximum 
concentrations exceeding toxicity screening levels were not retained as COPCs. Iron and 
manganese were identified as COPCs in surface water with respective maximum concentrations 
of 3,950 and 142 micrograms per liter (µg/L). Surface water risks are summarized in Table 4-15. 
 
To determine groundwater COPCs at the InDA, the data derived from Section 4.7 and 
Appendix J were evaluated against EPA tap water RSLs, and MCLs and HALs (the HALs were 
used for screening only when there was no RSL or MCL for a given chemical). Conservatively, 
screening levels for noncarcinogens based on RSLs are one-tenth these RSLs (based on a HI of 
0.1) to account for potential additivity of noncarcinogenic effects. If screening levels existed for 
a chemical for both carcinogenic and non-carcinogenic effects, the lower of the two values was 
used for screening. In the case of metals, the total fraction was used in determining COPCs to be 
conservative. The maximum detected concentration for each detected chemical in groundwater 
was screened against the greater of the screening levels based on the EPA tap water RSLs or 
MCLs. Chemicals that exceeded toxicity screening levels or MCLs were retained as COPCs. 
Conversely, chemicals that were not detected or were not detected at maximum concentrations 
exceeding toxicity screening levels were not retained as COPCs. The following metals were 
identified as groundwater COPCs: 
 

Chemical 
Maximum 

Concentration (µg/L) 
Chemical Maximum 

Concentration (µg/L) 
aluminum 212,000 iron 381,000 

arsenic 93.3 lead 283 
barium 7220 manganese 73,700 

beryllium 21.5 mercury 2.8 
cadmium 13.1 nickel 606 
chromium 364 vanadium 503 

cobalt 377   
 
Groundwater risks are summarized in Table 4-16. 
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4.8.1.2 Chemicals of Concern 

Because IAAAP is an active site and no change in mission is expected, potential current and future 
receptors may include agricultural workers, construction workers, industrial workers, trespassers, 
and wading visitors.  
 
The following receptors are expected to be exposed to the following media at the InDA: 

 Construction worker: incidental ingestion, dermal contact, and inhalation of surface and 
subsurface soil; ingestion of groundwater from a water supply well. 

 Industrial/commercial worker: incidental ingestion, dermal contact, and inhalation of surface 
soil; ingestion of groundwater from a water supply well. 

 Wading visitor: incidental ingestion, dermal contact, and inhalation of sediment and surface 
water. 

 
The InDA does not include any current agricultural use areas, so exposure to agricultural workers 
would not be a complete pathway. Trespassers are unlikely as the facility has restricted access, so 
they are not considered likely receptors.  
 
As with the COPC selection in Section 4.8.1.1, the total fraction of metals in groundwater was 
used in calculating risk to be conservative during the calculations, and a comparison to dissolved 
metals results was conducted if necessary. The results of the risk calculations and metals 
comparison are presented below.  
 
For the construction worker, lead is the only chemical considered a soil COPC. Exposure to lead 
in soil was evaluated using the EPA’s adult lead model, as described in Appendix K. As 
illustrated in Table 4-14, results indicate that no unacceptable risk is posed by lead in soil at the 
InDA. Because no chemicals in soil with potential cancer risk were selected as COPCs, no figure 
of cancer risk in soil is presented.  
 
Exposure to groundwater for a construction worker is only by ingestion of water from a 
groundwater well within the contaminated groundwater area due to the depth to groundwater of 
greater than 20 feet bgs, and indicates a total cancer risk of 2.0E-05 and a non-cancer hazard 
quotient (HQ) of 26. Table 4-16 provides the risk values for each of the COPCs in groundwater. 
The cancer risk driver is total arsenic with a value of 2.0E-05. The non-cancer risk drivers are 
total iron with an HQ of 12.5, total manganese with an HQ of 5.5, total arsenic with an HQ of 
3.1, total aluminum with an HQ of 2.1, and total chromium with an HQ of 1.2. Although lead is a 
groundwater COPC, there is no model for health effects from adult exposure to groundwater. 
Because there is only one groundwater sample location at the InDA, no figure presenting cancer 
risk in groundwater is presented. 
 
The dissolved concentrations of arsenic, chromium, and lead were below detection limits, and 
dissolved concentrations of aluminum, iron, and manganese were at least three orders of 
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magnitude lower than total aluminum, iron and manganese. The risk from these metals is 
attributable to sample turbidity as discussed in Section 4.4.5 and likely would not have an actual 
adverse effect on drinking water, which is required by EPA to have low turbidity. Therefore, risk 
from these metals in groundwater would be considered acceptable.  
 
For the industrial/commercial worker, lead is the only chemical considered a soil COPC. Exposure 
to lead was evaluated using the EPA’s adult lead model. As illustrated in Table 4-14, results 
indicate no unacceptable risk is posed by lead in soil at the InDA. Because no chemicals in soil 
with potential cancer risk were selected as COPCs, no figure of cancer risk is presented.  
 
For the industrial/commercial worker, exposure to groundwater by ingestion of water from a 
groundwater well within the contaminated groundwater area indicates a total cancer risk of 
4.9E-04 and a non-cancer HQ of 26. Table 4-16 provides the risk values for each of the COPCs in 
groundwater. The cancer risk driver is total arsenic with a value of 4.9E-04. The non-cancer risk 
drivers are total iron, with an HQ of 12.4, total manganese with an HQ of 5.2, total arsenic with an 
HQ of 3.0, total aluminum with an HQ of 2.1, and total chromium with an HQ of 1.2. Although 
lead is a groundwater COPC, there is no model for health effects from adult exposure to 
groundwater. Because there is only one groundwater sample location at the InDA, no figure 
presenting cancer risk in groundwater is presented.  
 
Dissolved concentrations of arsenic, chromium, and lead were below detection limits, and 
dissolved aluminum, iron, and manganese were at least three orders of magnitude lower than total 
aluminum, iron and manganese. The risk from these metals is attributable to sample turbidity as 
discussed in Section 4.4.5 and likely would not have an adverse effect on drinking water, which is 
required by EPA to have low turbidity. Therefore, risk from these metals in groundwater would be 
considered acceptable.  
 
For the wading visitor, exposure to sediment indicates a total cancer risk of 5.5E-08 and a non-
cancer HQ of 0.0022, while exposure to surface water indicates a non-cancer HQ of 0.0019. 
Table 4-15 presents the risks for each of the sediment and surface water COPCs. Since total 
cancer risk and non-cancer HQ did not exceed their respective threshold values of 1.0E-06 and 
1.0, no figure representing cancer risk in either sediment or surface water is presented. 

4.8.2 Ecological Risk Assessment 

The BERA Addendum is provided in Appendix L, including methodologies, tables for the 
ecological risk assessment, and a discussion of the results. The data used were derived from 
Section 4.7 and Appendix J. Shallow soil (2 feet bgs or shallower), sediment, and surface water 
were evaluated; groundwater is not considered a potential pathway for the ecological receptors.  
 
The InDA is densely wooded, with no development, making the area likely inhabited by wildlife 
(including the rodents used as representative species in the BERA); and potentially used as a 
forage area by the Indiana bat. The InDA is adjacent to an intermittent tributary that drains to 
Spring Creek. 
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To determine chemicals of potential ecological concern (COPECs) for shallow soil, sediment, 
and surface water, the data derived from Section 4.7 and Appendix J were evaluated as detailed 
in Appendix L. Metals and organics were screened against the Screening Level Ecological Risk 
Assessment (SLERA) screening values (SVs). Soil COPECs include metals (aluminum, 
antimony, arsenic, boron, cadmium, chromium, copper, lead, manganese, mercury, selenium, 
vanadium, and zinc). Soil COPECs for the Indiana bat include metals above background 
concentrations calculated in the BERA. Sediment COPECs include five metals (barium, 
beryllium, boron, manganese, and vanadium). Surface water COPECs include seven metals 
(aluminum, arsenic, barium, copper, lead, manganese, and zinc). 
 
The ecological risk posed by COPECs in soil and surface water/sediment was evaluated using 
multiple lines of evidence, as described in the sections below. 
 
4.8.2.1 Terrestrial Environment 

Ecological risks to terrestrial receptors (white-footed mouse, short tailed shrew, and Indiana bat) at 
the InDA were evaluated using equations from the BERA Addendum in Appendix L. HQ values 
were estimated from no observed adverse effects level (NOAEL)-based and lowest observed 
adverse effects level (LOAEL)-based toxicity reference values (TRVs). TRVs are used to 
quantitatively estimate the magnitude of toxicity of each COPEC. Table 4-14 provides the results 
of the HQ calculations for soil. Consistent with the MWH BERA, those COPECs with LOAEL-
based HQs exceeding 1.0 and detected at concentrations greater than background were compared 
to the critical concentrations (CCs) to evaluate the spatial distribution of the risk drivers. The CCs 
are calculated analyte concentrations that equate to a HQ of 1.0. Per the BERA, exposure to 
media containing COPECs below the LOAEL-based CCs should not result in unacceptable 
levels of risk to ecological receptors. Therefore, the CC values corresponding to LOAEL-based 
HQs of 1.0 (or background) were used to estimate COPEC concentrations in soil that might pose 
an ecological concern (MWH, 2004). 
 
A summary of the NOAEL- and LOAEL-based HQ values that exceed 1.0 for the white-footed 
mouse and short-tailed shrew exposed to COPECs in soil at the InDA is presented below.  
 

COPEC 
White-Footed Mouse Short-Tailed Shrew Concentrations 

Below Background? 
Compare to 

CCs? NOAEL HQ LOAEL HQ NOAEL HQ LOAEL HQ 
Aluminum 28 2.8 379 38 Yes No 
Antimony <1.0 <1.0 4.6 <1.0 Yes No 
Arsenic <1.0 <1.0 1.0 <1.0 No No 

Selenium <1.0 <1.0 2.0 1.2 No Yes 
Vanadium <1.0 <1.0 6.9 <1.0 Yes No 

 
The risks from aluminum, antimony, arsenic, and vanadium are considered to be acceptable 
because the LOAEL-based HQs are less than 1.0 or concentrations are below background. With 
LOAEL-based HQs greater than 1.0 and concentrations above background, selenium poses a 
potential risk to the short-tailed shrew. The selenium CC of 2.09 mg/kg is exceeded in 27 of 
44 samples where it was detected with a maximum concentration of 6.3 mg/kg. There is no 
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apparent spatial pattern to the CC exceedances. A review of the data does not indicate any one 
area with elevated selenium concentrations relative to other areas that would indicate selenium 
contamination. Some sample locations with selenium concentrations above background are 
adjacent to sample locations with no detected selenium (INDA-TTSB-007, -010, and -011 
adjacent to IDA-SS-005). Selenium appears to be naturally occurring at concentrations above 
background. Based on the likely natural occurrence of selenium and the LOAEL-based HQ being 
only slightly above 1.0, the risk to the shrew from selenium is considered to be acceptable.  
 
For the Indiana bat, the cumulative NOAEL-based HI is less than 10, and LOAEL-based HQ 
values exceed 1.0 for only selenium (1.09). A review of the selenium data at the site indicates a 
relatively consistent range of concentrations regardless of location as discussed above, indicating 
that selenium appears to be naturally occurring at concentrations above background. When risks 
to the bat were re-evaluated using only the post-removal data, the cumulative NOAEL HI was 
less than 10, and no LOAEL-based HQs exceeded 1.0, including selenium. Therefore, the risk to 
the bat is considered to be acceptable at the InDA. Consistent with the 2008 ESD for the OU-1 
ROD and the MWH BERA, because no COPECs had LOAEL-based HQs exceeding 1.0 (using 
the post-removal data), the COPECs were not compared to CCs.  
 
The ecological risk to all three terrestrial receptors from COPECs in the soil at the InDA is 
considered to be acceptable. 
 
4.8.2.2 Aquatic Environment 

Aquatic receptors (the orangethroat darter, aquatic algae, the belted kingfisher, and the Indiana 
bat) at the InDA were evaluated using equations from the BERA Addendum in Appendix L. The 
orangethroat darter and aquatic algae are exposed only to surface water, whereas the food sources 
for the belted kingfisher (fish) and Indiana bat (insects) are exposed to a combination of sediment 
and surface water. Table 4-15 provides the results of the HQ calculations for sediment and surface 
water.  Consistent with the MWH BERA, those COPECs with LOAEL-based HQs exceeding 1.0 
and detected at concentrations greater than soil background (sediment) or upstream samples 
(sediment and surface water) were compared to the critical to evaluate the spatial distribution of the 
risk drivers. Similar to soil, the CC values corresponding to LOAEL-based HQs of 1.0 
(or background) were used to estimate COPEC concentrations in sediment and/or surface water 
that might pose an ecological concern. 
 
A summary of the water-based HQ values that exceed 1.0 for the orangethroat darter and aquatic 
algae exposed to COPECs in surface water adjacent to the InDA is presented below.   
 

COPEC 
Orangethroat Darter Aquatic Algae Concentrations Below 

Upstream Values? HQ HQ 
Aluminum 1.2 7.5 No 

Copper 64 26 No 
Manganese <1 1.2 No 
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The maximum aluminum concentration was used as the exposure point concentration (EPC); all 
other aluminum concentrations are an order of magnitude lower and are near or below the 
upstream concentration. Likewise, the maximum copper concentration was used as the EPC; all 
other copper concentrations are an order of magnitude lower and are slightly above the upstream 
concentration. The stream from which the surface water samples were collected at the InDA is 
intermittent, and any fish or algae populations would not be permanent. Therefore, the ecological 
risks for these two receptors exposed to COPECs in surface water at the InDA are considered to 
be acceptable.  
 
A summary of the NOAEL- and LOAEL-based HQ values that exceed 1.0 for the belted kingfisher 
and Indiana bat exposed to COPECs in surface water and sediment adjacent to the InDA is 
presented below.  
 

COPEC 

Belted Kingfisher Indiana Bat 
Surface Water 
Values Below 

Upstream 
Values? 

Sediment 
Values Below 

Soil 
Background 

Compare 
to 

Surface 
Water 
CCs 

Compare 
to 

Sediment 
CCs 

NOAEL 
HQ 

LOAEL 
HQ 

NOAEL 
HQ 

LOAEL 
HQ 

Aluminum <1 NA 2723 272 No Yes Yes No 
Barium NA 11 8.9 2.3 No Yes Yes No 
Copper 40 NA 5.4 3.5 No Yes Yes No 
Lead 10 1.1 <1 <1 No Yes Yes No 
Zinc 1.3 <1 <1 <1 No Yes No No 

 
Although aluminum, copper, lead, and zinc are not COPECs in sediment at the InDA; the 
concentrations were used in the risk calculations for completeness.  
 
The risk to the belted kingfisher from exposure to zinc in surface water is considered to be 
acceptable because the LOAEL-based HQ is less than 1.0. The risk to the belted kingfisher and the 
Indiana bat from exposure to barium in sediment is considered to be acceptable because barium 
concentrations are less than soil background. As stated previously, the maximum concentrations 
were used as the EPC, which may not be representative of the overall exposure to the ecological 
receptors. Other surface water and sediment samples, particularly the most recent ones collected in 
2005, have concentrations lower than the maximum concentrations used as the EPC. With LOAEL-
based HQs greater than 1.0 and concentrations greater than the upstream sample, aluminum, 
barium, copper, and lead in surface water may pose ecological risk to the belted kingfisher or the 
Indiana bat. 
 
The aluminum concentrations in two of the five surface water samples (SCT01-H and INDA-TTSW-
003) exceed the aluminum surface water CC. As noted previously, the aluminum concentrations in 
all other samples are an order of magnitude lower and are near or below the CC. The barium 
concentration in only one surface water sample (SCT01-H) slightly exceeds the CC of 128 ug/L. The 
copper concentrations in all five of the surface water samples exceed the CC. As noted previously, 
the copper concentrations in all other samples are an order of magnitude lower; they only slightly 
exceed the CC. Only dissolved (filtered) copper concentrations exceed the CC; the total copper 
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concentrations were below detection limits or the CC. The lead concentrations in two of the five 
surface water samples slightly exceed the CC. 
 
In the evaluation of effects from surface water and sediment, including the calculation of CCs, the 
belted kingfisher was assumed to ingest all of the fish it feeds upon from areas adjacent to the site; 
however, the stream from which the surface water samples were collected at the InDA is intermittent, 
and any fish populations would not be permanent. Likewise, in the evaluation of effects from surface 
water and sediment, the Indiana bat was assumed to ingest all of the insects it feeds upon from areas 
adjacent to the site, which is not representative of the forage area/home range of the Indiana bat. 
Rather, the bat very likely consumes insects from larger areas given its home range of 70 acres, 
including terrestrial areas and areas beyond the plant boundaries. Additionally, the CC exceedances 
appear to be limited  in extent, particularly when using more recent data, which would further limit 
the exposure to these two receptors. Therefore the ecological risk to the belted kingfisher and Indiana 
bat from COPECs in surface water/sediment adjacent to the InDA is considered to be acceptable. 

4.9 SUMMARY AND CONCLUSIONS 

Based on a review of historical information at the InDA, the site was used for 
demolition/detonation of ammunition, although it was reportedly not used much beyond the 
World War II era. Investigations conducted between 1991 and 2006 indicate that lead and 
mercury concentrations above background are present primarily in surface soil. Lead above the 
OU-1 RG of 1,000 mg/kg was present in several of the craters observed at the site; mercury 
concentrations were below the industrial soil RSL. In March 2007, the lead-impacted soil in the 
craters was removed under OU-1; confirmation sampling indicated that the elevated 
concentrations did not extend far beyond the craters or to a depth of greater than 4 feet. In 
sediment, no concentrations exceed the soil background, OU-1 RGs, or RSLs. In surface water 
dissolved antimony and thallium exceeded MCLs, but the total fraction of these two metals was 
not detected, and the dissolved thallium detection had data quality issues; aluminum, copper, 
iron, vanadium, and zinc concentrations were higher in one sample collected in 2000 than 
concentrations in all other samples, including samples collected in 2005. In groundwater, total 
metals concentrations above applicable comparison criteria are present in groundwater; however, 
dissolved metals are below detection limits or the applicable screening criteria; thus, total metals 
are considered attributable to sample turbidity and not to site-related contamination. 
 
Human health and ecological risk assessments were conducted for the InDA. The results of the 
human health risk assessment indicate that there are no unacceptable cancer risks or non-cancer 
hazards identified from the chemicals detected at InDA for the construction worker exposed to 
soil in a trench or excavation, or for the industrial/commercial worker exposed to surface soil. 
For the construction worker or industrial/commercial worker ingesting water from a groundwater 
well installed though the contaminated area, the total cancer risk is greater than 1.0E-06, with 
total arsenic the risk driver. The non-cancer HQ is greater than 1.0, with total iron, total 
manganese, total arsenic, total aluminum, and total chromium being the risk drivers; there is no 
model for health effects from adult exposure to lead in groundwater. The dissolved fraction of 
arsenic, chromium, and lead was not detected; and dissolved iron, aluminum, and manganese 
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concentrations were at least three orders of magnitude lower than total iron, aluminum, and 
manganese. In groundwater, the total metals concentrations above applicable comparison criteria 
would not likely contribute risk to a water supply because treatment to lower turbidity would be 
required prior to its use as drinking water. Dissolved metals are below detection limits or the 
applicable screening criteria; thus, total metals are considered attributable to sample turbidity. 
Therefore, the human health risk from the InDA is considered to be acceptable. 
 
The results of the ecological risk assessment indicate that for soil COPECs detected at 
concentrations greater than background concentrations, LOAEL-based HQs exceed 1.0 for only 
the short-tailed shrew from exposure to selenium; however, selenium was detected at 
concentrations considered to be naturally occurring above background; thus, ecological risk is 
considered to be acceptable. Ecological risk to the other two terrestrial receptors is considered to 
be acceptable. For surface water/sediment COPECs detected at concentrations greater than 
background (sediment) or upstream samples (surface water and sediment) concentrations, water-
based HQs exceed 1.0 for aluminum, copper and manganese; however, given that the stream is 
intermittent and not a suitable year-round habitat, risks are considered acceptable for the orangetail 
darter and aquatic algae. For the belted kingfisher and Indiana bat exposed to COPECs in surface 
water/sediment, LOAEL-based HQs exceed 1.0 and background/upstream concentrations for 
barium, copper, and lead; given the limited exposure to these two receptors, ecological risks are 
considered acceptable. Therefore, ecological risk from the InDA is considered to be acceptable.
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5.0 OLD FLY ASH WASTE PILE (IAAP-015) 

5.1 SITE DESCRIPTION 

The FAWP, IAAP-015, is an approximately 6.3 acre area located within the Brush Creek watershed 
in the southeastern quadrant of IAAAP (Figure 5-1). The FAWP is a well-vegetated area dominated 
by grasses and a few small trees and shrubs. It is bounded by Brush Creek to the east, Road H to the 
west, and drainages to the north and south. There are no structures or remains of structures currently 
present at the site. Additional details regarding a reconnaissance of the current site layout are provided 
in Section 5.4.1. Photos of the site where it bounds Brush Creek are provided in Appendix B.  

5.1.1 Topography and Surface Water 

As illustrated in Figure 5-1, the terrain at the top of the site is generally flat to gently sloping 
toward the northwest. Elevations on the top of the FAWP range from approximately 676 feet 
(206 meters) amsl at the southern end to approximately 666 feet (203 meters) amsl on the 
northern end, with an overall slope of 0.014 foot/foot. Vegetation on top of the FAWP consists 
primarily of grasses, with sparse small trees and shrubs. 
 
The northern, eastern, and southern edges of the site slope steeply. Vegetation on the steep sides 
of the FAWP is sparse and consists of grasses where the soil and fly ash have not eroded. On the 
northern edge of the site, the elevations range from 666 to 646 feet (203 to 197 meters) amsl, 
with a slope of approximately 0.4 foot/foot; the drainage to the north of the FAWP ranges from 
approximately 640 to 633 feet (195 to 193 meters) amsl and is steeply incised. The slope flattens 
as it approaches the northern drainage, although the steep slope appears to extend all the way to 
the drainage on the northeast edge of the FAWP. On the eastern edge of the site, the elevations 
range from approximately 676 feet (206 meters) amsl to approximately 630 feet (192 meters) 
amsl, with slopes varying between approximately 0.5 foot/foot and nearly vertical. In many 
places, particularly the southern half of the site, the steep slope appears to extend all the way to 
Brush Creek, where it forms the west bank. In other places, there is a relatively flat floodplain 
between the steep slope and Brush Creek. On the southern edge of the site, the elevations range 
from 676 to 633 feet (206 to 193 meters) amsl, with a slope of approximately 0.42 foot/foot. 
The slope extends to the south drainage, although it flattens out where the drainage joins Brush 
Creek southeast of the FAWP.  
 
Based on soil borings installed by MKM and an evaluation of the surrounding topography, the 
ground surface of the highest area prior to the deposition of fly ash was approximately 655 feet 
(200 meters) amsl and sloped to the north, east, and south at a gradient of approximately 0.6 to 
0.9 foot/foot. Some of the pre-FAWP slopes may have been incised by the drainages and Brush 
Creek, as seen in other areas at IAAAP. As viewed on photographs in Appendix B, the bulk of 
the fly ash on the steep eastern slope does not extend all the way to Brush Creek or its floodplain, but 
stops at the likely former ground surface above Brush Creek. However, some of the fly ash has 
sloughed off this slope and has partially covered the ground surface on the west bank of Brush Creek.  
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Brush Creek, which lies adjacent to the site to the east, starts approximately 2.72 miles north of 
the FAWP. The gradient of Brush Creek north of the site is approximately 0.005 foot/foot, and 
the gradient of Brush Creek from the site to the facility boundary is approximately 
0.004 foot/foot. Brush Creek has eroded into parts of the west bank at the FAWP, and there is 
evidence of flood deposits of fly ash downstream of the FAWP. Surface runoff from the top of 
the FAWP is generally sheet flow to the north and west and into the ditch along Road H, which 
flows north and south into drainages (not blue-line streams on the USGS West Burlington 
Quadrangle topographic map [USGS, 1985] of Brush Creek). However, due to the thickness of 
the grasses, sheet flow would be impeded except during heavy rainfall events. Surface runoff on 
the steep slopes would sheet flow into the two drainages to the north and south and to the east 
into Brush Creek, particularly where the grasses are thin to non-existent.  

5.1.2 Geology and Hydrogeology 

Observations from soil borings at the FAWP indicate the thickness of the fly ash ranges from 
approximately 9 to 12 feet in the western half of the site, to greater than 20 feet on the eastern 
half of the site, which supports the assumption that the pre-FAWP land surface generally sloped 
toward Brush Creek. The lowest elevation of the bottom the fly ash appears to be 645 feet amsl 
near the eastern slope (FAP-SB-002), indicating that the bottom of the fly ash (and top of the 
former land surface) is approximately 15 feet above Brush Creek, as seen in the photos in 
Appendix B. Cross sections of the FAWP were prepared and their locations are shown on 
Figure 5-2. The thickness of the fly ash is illustrated in the cross sections presented on Figure 5-3.  
 
The soil beneath the fly ash is clayey silt to silty clay containing fine to coarse sand and occasional 
organic debris. Within the soil, non-continuous sandy to gravelly lenses are present, as illustrated 
in the cross sections on Figure 5-3. Bedrock has not been encountered at the site, where the deepest 
boring is 60 feet bgs (approximately 616 feet amsl) and approximately 35 feet beneath the soil/fly 
ash interface. Available boring logs are provided in Appendix C. 
 
During drilling in August 2004, wet to saturated zones were encountered at fairly discrete and 
variable depths in some of the borings, typically coincident with lenses of greater permeability 
(e.g., sand). The locations of the soil borings are shown in Figure 5-4. At FAP-GW-001, located 
northwest of the FAWP, a wet to saturated zone was encountered at 12 to 15 feet bgs, coincident 
with a sandy to gravelly layer at the same depth. Groundwater was measured in the well at 
9.7 feet bgs (screened interval 9.9 to 19.9 feet bgs). At FAP-SB-003, located in the center of the 
FAWP, wet to saturated zones were encountered at 29.7 to 30.3 feet bgs and 31.8 to 35 feet bgs, 
with a zone of less moisture between. Groundwater was measured in the well installed at this 
location at 33.9 feet bgs (screened interval 30 to 40 feet bgs).  
 
At FAP-SB-006, wet to saturated zones were encountered at 24 to 29 feet bgs, coinciding with the 
soil/fly ash interface at 26.8 feet bgs, and at 39.3 to 43.1 feet bgs, coinciding with a sand/gravel 
layer at that depth. The screened interval in temporary well FAP-GW-003 installed at this location 
was 36.8 to 46.8 feet bgs, intersecting the lower saturated zone, and groundwater was measured at 
34.7 feet bgs. However, in August 2005, no groundwater was encountered between 12 and 
60 feet bgs (668 to 620 feet amsl) in boring FAP-TTTW-001 (adjacent to FAP-SB-006) or 
between 15 and 44 feet bgs (658 to 629 feet amsl) in boring FAP-TTTW-002 (southeast of FAP-
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TTTW-001). At these  two DPT points, the DPT rods were observed to be dry, indicating that the 
previously saturated zones observed in nearby boring FAP-SB-006 (FAP-GW-003) in 2004 were 
no longer present. 
 
To determine if groundwater may typically be present at depths above 60 feet bgs at the FAWP, 
facility-wide groundwater data were reviewed. Shallow groundwater in monitoring wells 
screened only in the overburden was evaluated for facility-wide gauging events with over 
50 wells (Appendix A). The average shallow groundwater depths ranged from 6.08 feet below 
top of casing (btoc) in Spring 2006 to 12.78 feet btoc in Fall 2005, with an overall average of 
9.21 feet btoc. The average shallow groundwater depth in Fall 2004 was 7.34 feet btoc, 1.87 feet 
off the mean, whereas the Fall 2005 average was 3.57 feet off the mean. While the actual numbers 
may not indicate the depth at which groundwater may be found at the FAWP, the data suggest that 
the groundwater conditions encountered at the FAWP in Fall 2004 are more typical of groundwater 
conditions at IAAAP. 
 
Based on the Spring 2006 facility-wide shallow potentiometric surface, groundwater flow at the 
site is anticipated to generally follow the topography and flow to the east toward Brush Creek as 
illustrated on Figures 2-2 and 5-1. Because there is a large degree of uncertainty regarding site-
specific groundwater elevations (no vertical survey data were collected, the reference point for 
groundwater gauging was not specified, water levels are from undeveloped wells), no site-
specific potentiometric surface was generated.  
 
Horizontal hydraulic conductivities calculated for shallow wells adjacent to Brush Creek north 
(G-14) and south (G-24) of the FAWP were 2.42 and 1.47 feet/day, respectively (Tetra Tech, 
2008a). Similar conductivities could be expected for groundwater at the FAWP. 

5.2 SITE BACKGROUND 

Fly ash from the coal-fired Main Heating Plant and the Building 1-62 Heating Plant was 
deposited at the site from 1940 to 1976 (JAYCOR, 1994). Coal fly ash consists of unburned coal 
particles and spherical agglomerates that form during cooling of droplets of inorganic coal 
residue (Palmer et al., 2000). Records reviewed as part of the HRR indicate that sludge from the 
main Sewage Treatment Plant was also deposited at the FAWP (Shaw, 2005). Ash and sludge 
were dumped directly onto the ground surface, but there were no records of the total amount 
deposited. By 1976 the dumping of fly ash at the site was terminated, and no remedial or closure 
action was initiated (USATHAMA, 1980).   
 
It was determined that by 1977, the facility had produced approximately 1,425.5 metric tons of 
fly ash per month (USATHAMA, 1980). The facility-wide SI referenced a September 1977 
USACE document, Brush Creek Watershed Pollution Abatement Revision 1, that estimated the 
resulting fly ash pile had a top surface area of 3.5 acres, a bottom surface area of 5.3 acres, and a 
maximum height of 45 feet. A drawing dated October 29, 1945, identifies the Fly Ash Waste Pile 
as approximately 290 by 550 feet, which is approximately 3 acres in area (Shaw, 2005).  
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The total volume of fly ash is approximately 131,388 cy. This volume was calculated by utilizing 
the spatial extent of the FAWP observed in the 1945 drawing and observed at the site and along the 
banks of Brush Creek during site reconnaissance, along with fly ash layer thicknesses taken from 
the soil borings obtained across the site. Of this volume, approximately 129,000 cy are present in 
the pile, with the rest distributed downslope in relatively thin (less than 1 foot) deposits. 
 
The 1980 USATHAMA report indicates that fly ash was used to remove 2,4,6-TNT nitrobodies 
from Brush Creek. However, it does not indicate how much fly ash was used from the FAWP. 
Shaw’s 2005 HRR provided considerable detail as to how the fly ash was used in this process. 
Dump trucks would bring fly ash from the waste piles and dump it into hoppers that were placed 
directly in the creek near the Sewage Treatment Plant, upstream of the FAWP. The fly ash would 
then be deposited directly into the creek to filter red water in the creek, and the fly ash would 
then eventually settle out. It was not clear from Shaw’s interviews as to what happened to the ash 
once it was in the creek. One interviewee indicated that the ash was removed from the creek once 
it had exhausted its filtering capabilities, taken to the burning grounds, and then burned. 
However, another interviewee indicated that the ash was allowed to flow downstream.   

5.3 INVESTIGATION ACTIVITIES 

Because fly ash is made up of inorganic portions of coal, metals are considered the primary 
contaminants resulting from fly ash. Some organic substances that are byproducts of burning 
(PAHs) would be also considered potential contaminants. For the sewage treatment sludge, 
metals would be considered the primary contaminants, as they settle out as heavier particles in 
the plant sludge; organics (e.g., PAHs, SVOCs) would be also considered potential contaminants 
depending on what the sewage contained. Since the sewage treatment plant received explosives-
type wastes, there is the possibility for explosives being present from the sludge. 
 
All known field activities, including historical activities and the facility-wide RI, are summarized 
below. Details regarding sampling may be found in the below-referenced reports and Section 3. 

5.3.1 Site Reconnaissance 

Tetra Tech conducted site reconnaissance in two phases. The first phase was completed in 
Spring 2005 during preparation of the OU-7 SRI Work Plan (Tetra Tech, 2005) and was jointly 
attended by representatives of Tetra Tech, EPA, and the Army. The ash pile escarpment facing 
Brush Creek was examined to observe locations where ash was sloughing into Brush Creek and 
to select locations for a surface soil sample of the fly ash material. The second phase of 
reconnaissance took place during and after field sampling in Fall 2005/Winter 2006 per the OU-7 
SRI Work Plan (Tetra Tech, 2005). 

5.3.2 Soil Sampling 

Figure 5-4 presents the locations of all soil samples collected during the site investigations at the 
FAWP. The sample locations have been color coded relative to each specific sampling event 
discussed in the text below. Samples whose locations are unknown are not represented in the 
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figure. The number of samples collected during each sampling event and the chemical groups 
analyzed are summarized below. The specific chemicals analyzed in each chemical group during 
each event are provided in Table 5-1. 
 

Sampling Event Company 
Total No. of 

Samples 
Explosives Metals 

TCLP 

Metals 
PAHs SVOCs 

Summer 1981 ERG  1 1 1 - - 1 
Summer 1991 JAYCOR 2 - 2 - - - 

Fall 2004 MKM 13 - 13 8 13 - 
Summer/Fall 2005 Tetra Tech 3 3 3 - - - 

 
In 1981, Environmental Research Group, Inc. (ERG) collected one surface soil sample (S-14) 
during the facility-wide Contamination Survey (ERG, 1982), using methods specified in the 
Contamination Survey. The location of the sample is shown in white in Figure 5-4. No sample 
logs are provided in the ERG report. 
 
In 1987, Dames & Moore collected an unknown number of fly ash samples during the facility-
wide Endangerment Assessment. The sampling methods are not specified in the Endangerment 
Assessment, and the locations and results are not available. Therefore, these samples are not 
presented on Figure 5-4. 
 
In 1991 during the facility-wide SI, JAYCOR collected two three-point composite soil/fly ash 
samples (shown in light blue in Figure 5-4), one surface (15SS0301) and one subsurface (3 feet 
bgs) (15SA0301), from non-vegetated areas at the FAWP (JAYCOR, 1996). The sampling 
methods are not specified in the facility-wide RI, which includes the SI data; and no sample or 
boring logs for these samples were provided in the facility-wide RI.  
 
In Fall 2004, MKM collected two MPI fly ash samples from within the established grids to 
assess the fly ash as a potential source of contamination to surface water due to eroding and/or 
leaching of the fly ash into Brush Creek. The site was divided into two large grids with a 
northern half (grid 001) approximately 330 by 400 feet and a southern half (grid 002) 
approximately 350 by 430 feet. Figure 5-4 places these MPI samples, FAP-SSI-001-0001-SO 
and FAP-SSI-002-0001-SO, as individual points in dark brown centered in each grid. MPI 
samples were collected using the methods detailed in Section 3.2.1.1. Each MPI sample was 
comprised of 30 aliquots acquired at random from 0 to 1 feet bgs from within each grid. The 
locations of the individual aliquots were not surveyed. Sampling logs are provided in Appendix D. 
 
In Fall 2004, MKM collected 11 subsurface soil/fly ash samples at six locations across the site 
(FAP-SB-001 through -006) to characterize the fly ash, to determine if chemicals were leaching 
from the FAWP, and to delineate the vertical and horizontal extent of any contamination (MKM 
2005a). The locations of the samples are shown in dark brown in Figure 5-4. Samples were 
collected from fly ash (8.7 to 24 ft bgs) at all six locations, samples from the fly ash/soil interface 
(12.3 to 26 ft bgs) were collected from three locations (FAP-SB-001, -003, and -006), and 
samples from soil beneath the fly ash (25 to 28 ft bgs) were collected at two locations (FAP-SB-
003 and -006). The six fly ash samples were analyzed for metals using the Toxicity Characteristic 
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Leaching Procedure (TCLP). Samples were collected via DPT, using methods detailed in Section 
3.2.1.1 Sample locations were staked and surveyed. Boring logs are provided in Appendix C. 
Sampling logs are provided in Appendix D. 

 
In Summer/Fall 2005, Tetra Tech collected three surface fly ash samples from non-vegetated 
locations at the top of the waste pile (FAP-TTSS-001 through -003) to characterize the fly ash 
for explosives, which had not been done previously, and to further characterize metals per the 
OU-7 SRI Work Plan (Tetra Tech, 2005). The locations of the samples are shown in green in 
Figure 5-4. Samples were collected via hand auger, using sampling methodologies detailed in 
Section 3.2.2.1. A GPS unit with submeter accuracy was used to locate sample locations in the 
field. Sampling logs are provided in Appendix D.  

5.3.3 Sediment Sampling 

Figure 5-5 presents the locations of all sediment samples collected during the site investigations 
at the FAWP. The sample locations have been color coded relative to each specific sampling 
event discussed in the text below. Samples whose locations are unknown are not represented in 
the figure. The number of samples collected during each sampling event and the chemical groups 
analyzed are summarized below. The specific chemicals analyzed in each chemical group during 
each event are provided in Table 5-1. 
 

Sampling 

Event 
Company 

Total 

No. of 

Samples 

Explosives Metals Herbicides PAHs 
PCBs/ 

Pesticides 
SVOCs 

Summer 1991 JAYCOR 3 - 3  - - - 
Fall 2000 MWH 2 2 2 1 1 1 1 
Fall 2004 MKM 7 - 7  - - - 

 
In August 1991, JAYCOR collected three sediment samples, one upstream (15SD0101), one 
downstream (15SD0201), and one adjacent to the FAWP (15SD0401), during the facility-wide 
SI (JAYCOR, 1996). The locations of the samples are shown in light blue in Figure 5-5. 
The sampling methods are not specified in the facility-wide RI, which includes the SI data; and 
no sample logs for these samples were provided in the facility-wide RI.  
 
In Fall 2000, during the facility-wide BERA, MWH collected two sediment samples (shown in 
orange in Figure 5-5), one approximately 600 feet upstream of the FAWP (BC19-H) and one 
approximately 800 feet downstream of the FAWP (BC05-H), using the sampling methods 
presented in Appendix B of the BERA (MWH, 2004). Sample logs are not provided in the BERA. 
 
In Fall 2004, MKM collected four sediment samples in Brush Creek, one upstream of the site 
(FAP-SD-001), two adjacent to the site (FAP-SD-002 and -003), and one downstream of the site 
(FAP-SD-004). MKM also collected three near-sediment samples from the flank of the waste pile 
near Brush Creek (FAP-NSD-001 through -003). Near-sediment samples are interpreted to 
represent floodplain deposits adjacent to Brush Creek. The locations of the samples are shown in 
dark brown in Figure 5-5. The sediment samples and near-sediment samples were collected to 
evaluate if the runoff from and erosion of the fly ash had impacted the sediment adjacent to and 
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downstream of the FAWP (MKM, 2005a). Samples were collected via scoop using the 
methodologies discussed in Section 3.2.1.2. The MKM sample locations were staked and surveyed. 
Sampling logs are provided in Appendix D. The samples were analyzed for TCLP metals. 

5.3.4 Surface Water Sampling 

Figure 5-5 presents the locations of all surface water samples collected during the site 
investigations at the FAWP. The sample locations have been color coded relative to each specific 
sampling event discussed in the text below. Samples whose locations are unknown are not 
represented in the figure. The number of samples collected during each sampling event and the 
chemical groups analyzed are summarized below. The specific chemicals analyzed in each 
chemical group during each event are provided in Table 5-1. 
 

Sampling 

Event 
Company 

Total No. 

of 

Samples 

Explosives Metals Herbicides PAHs 
PCBs/ 

Pesticides 
SVOCs 

Summer 
1991 JAYCOR 3 - 3 - - - - 

Spring 2000 MWH 2 2 2 1 1 1 1 
Fall 2000 MWH 2 2 2 1 1 1 1 

Winter 2006 Tetra Tech 3 3 3 - 3 - - 
 
In 1991 during the facility-wide SI, JAYCOR collected three surface water samples (shown in 
light blue in Figure 5-5) at the same locations as the 1991 sediment samples, one upstream 
(15SW0101), one downstream (15SW0201), and one adjacent to the FAWP (15SW0401) 
(JAYCOR, 1996). The sampling methods are not specified in the facility-wide RI, which 
includes the SI data; and no sample or boring logs for these samples were provided in the 
facility-wide RI.  
 
In Spring 2000, MWH collected two surface water samples (shown in yellow in Figure 5-5) from 
Brush Creek at the same locations as sediment samples BC05-H and BC19-H (MWH, 2004).  
In Fall 2000, surface water samples (shown in orange in Figure 5-5) were collected from the same 
locations. The samples were collected as part of the facility-wide BERA using the sampling 
methods presented in Appendix B of the BERA. No sample logs are provided in the BERA. 
 
In Winter 2006, Tetra Tech collected three surface water samples (shown in green in Figure 5-5) 
at similar locations as the MKM 2004 sediment samples to characterize the current potential 
impact of fly ash to Brush Creek per the OU-7 SRI Work Plan (Tetra Tech, 2005). An upstream 
sample was obtained near the location of FAP-SD-001 (FAP-TTSW-001). The second sample 
was collected near sediment sample FAP-SD-003 (FAP-TTSW-003) where fly ash material 
appears to be sloughing into Brush Creek. The final sample was collected downstream of 
sediment sample FAP-SD-004 (FAP-TTSW-002). Samples were collected using the sampling 
methodologies detailed in Section 3.2.2.2. A GPS unit with submeter accuracy was used to locate 
sample locations in the field. Sampling logs are provided in Appendix D. 



 IAAAP 
Supplemental Remedial Investigation  

Operable Unit 7 
 
 

 5-8 

5.3.5 Groundwater Sampling 

Figure 5-4 presents the locations of the three groundwater samples acquired during the site 
investigations at the FAWP. Boring logs are provided in Appendix C, and sampling logs are 
provided in Appendix D. The sample locations have been color coded relative to each specific 
sampling event discussed in the text below. Samples whose locations are unknown are not 
represented in the figure. The number of samples collected during each sampling event and the 
chemical groups analyzed are summarized below. The specific chemicals analyzed in each 
chemical group during each event are provided in Table 5-1. 
 

Sampling Event Company 
Total No. of 

Samples 
Metals 

Fall 2004 MKM 3 3 
 
In Fall 2004, MKM collected three groundwater samples from three temporary wells using the 
sampling methodologies detailed in Section 3.2.1.3. The temporary wells were located northwest 
(presumably upgradient) of the FAWP (FAP-GW-001-0001-GW), in the center of the FAWP 
(FAP-GW-002-0001-GW), and in the southern portion of the FAWP (FAP-GW-003-0001-GW). 
The locations of the samples are shown in dark brown in Figure 5-4. The temporary wells were 
installed 5 feet into the underlying native soil without sand packs and with an outer casing 
separating the well from the fly ash (MKM, 2005a). Sample locations were staked and surveyed. 
Due to an oversight during field work, samples for PAH analysis were not collected. Sampling 
logs are provided in Appendix D 
 
In Fall 2005, Tetra Tech attempted to collect groundwater samples at the south end of the FAWP 
using DPT screen point samplers as specified in Section 3.2.2.3 near FAP-GW-003, per the OU-7 
SRI Work Plan (Tetra Tech, 2005). No groundwater was encountered by Tetra Tech within or 
below the waste pile prior to reaching a maximum depth of 60 feet bgs. Two separate attempts 
were made to collect groundwater samples. A GPS unit with submeter accuracy was used to 
locate sample locations in the field. 
 
In Spring 2006, another attempt was made to collect groundwater samples adjacent to the locations 
of Fall 2005 using the same methods. Groundwater was not encountered to a depth of 50 feet bgs 
in either boring.  

5.4 RESULTS OF INVESTIGATION 

As part of this SRI, Tetra Tech evaluated all of the historical and recent sampling data collected at 
the FAWP. This includes an evaluation of every soil, sediment, surface water, and groundwater 
sample collected at the site. Summaries of chemical data, detected chemicals, and exceedances for 
soil/ash, sediment, surface water, and groundwater samples are provided in tables at the end of this 
section. All analytical data from the OU-7 sites are provided in Appendix F. Sampling logs for 
samples collected in 2004 and later are provided in Appendix D, with sampling logs for previous 
samples contained in their respective reports. Laboratory analytical reports and validation reports 
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for Tetra Tech samples are provided in Appendices G and H, respectively. All other laboratory and 
validation reports are contained in their respective reports.   
 
5.4.1 Site Reconnaissance 

During a site visit in 1999, it was observed that the steep slope of the waste pile had begun to 
erode into Brush Creek, and signs were present of uncontrolled dumping of solid waste including 
tires, bricks, 5-gallon cans, and vegetation (MKM, 2004b). Photos of the site are provided in 
Appendix B. 
 
During the Spring 2005 site reconnaissance conducted during the preparation of the OU-7 SRI 
Work Plan (Tetra Tech, 2005), the fly ash pile escarpment facing Brush Creek was examined to 
observe locations where fly ash was sloughing into Brush Creek. In Fall 2005/Winter 2006, ash 
was observed in and adjacent to Brush Creek along the west bank as well as in flood bank 
deposits on the opposite bank of Brush Creek as seen in photos (Appendix B). Flood bank ash 
deposits thin to a few inches toward the east and terminate approximately 50 feet east of Brush 
Creek along a low-relief topographic rise. Some of the fly ash present in the floodplain could be 
a result of the addition of fly ash to Brush Creek for nitrobody filtration, as discussed in Section 
5.2. Ash less than 2 feet thick was observed south of the FAWP. The presence of the ash is most 
likely due to periodic flooding of Brush Creek and its drainages and sloughing of fly ash from 
the steep slope where vegetation is thin or absent. An estimate of the extent of the fly ash is 
presented in Figure 5-6. Where fly ash extends from the top of the pile down to Brush Creek and 
the northern drainage, it is not the pile itself but relatively thin layers of fly ash that have 
sloughed from the pile. Based on soil borings and photographic evidence, native soil is present 
up to approximately 15 feet above Brush Creek. 
 
Although the steep slopes, particularly of fly ash, are not known to have suffered a massive 
failure in the past, there is still the potential for instability, which could possibly pose a safety 
threat to anyone on the edge of the waste pile or downslope. Small failures of the fly ash slope 
have resulted in sloughing of the fly ash onto the native soil slopes and into Brush Creek. It is not 
known if the steep native soil slope has ever failed; however, there is no evidence in the native 
soil slope of any sort of mass movement. 

5.4.2  Soil Analytical Results 

Summaries of chemical data, detected chemicals, and exceedances at the FAWP are provided in 
tables at the end of this section. Comparison criteria are provided in all tables. Tables 5-2a and 
5-2b present summaries of chemical data for ash and soil samples, respectively. A summary of 
chemical data for TCLP analyses for MPI and discrete samples is provided in Table 5-2c. These 
tables present the number of detects, minimum and maximum concentrations, and comparison 
criteria for each chemical. The two types of soil samples are discussed separately because MPI 
sample results represent environmental conditions within a larger area that those represented by 
discrete sample results. The comparison criteria for all chemicals include the OU-1 RGs  
(EPA, 1998) or the EPA industrial soil RSLs (EPA, 2009a) for chemicals where no RGs were 
calculated. Because some organic chemicals are mobile in the environment, detected organic 
constituents were also compared to the SSLs presented in the RSL table (EPA, 2009a). Soil 
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background concentrations were also used for evaluation of metals. Other comparison criteria are 
specific to chemical group and are included with each chemical group in the sections below. 
TCLP leachate concentrations were compared to the maximum concentration of contaminants 
for toxicity characteristic (the D-list) from 40-CFR-261.24, SDWA MCLs and HALs (EPA, 
2009b), and EPA tap water RSLs (EPA, 2009a). The chemicals detected in MPI and discrete 
ash/soil samples, TCLP results for MPI and discrete soil samples, and summaries of exceedances 
of comparison criteria for ash and soil samples are provided. There were no exceedances of 
comparison criteria for TCLP samples.  
 
Chemicals detected in soil at the FAWP include PAHs and metals. Explosives and SVOCs were 
not detected in any of the soil samples. 
 
PAHs 

Because some PAHs are mobile in the environment, the concentrations were also compared to 
the SSLs presented in the RSL table (EPA, 2009a). The SSL is an indicator of the potential of a 
chemical to leach to water at concentrations above tap water screening criteria. The SSLs 
provided in the RSL table utilize a very conservative dilution attenuation factor (DAF) of 1, 
which is typically used at sites where little or no dilution or attenuation of soil leachate 
concentrations is expected at a site (i.e., sites with shallow water tables relative to the source or a 
source size greater than 30 acres). Since dilution and attenuation are dependent on the depth to 
groundwater relative to soil and ash samples, some of which are close to the groundwater 
encountered in August 2004, this DAF may be appropriate. It may also be appropriate in 
assessing the potential of chemicals at the surface to leach to surface water. Table 5-3a presents 
the detected MPI and discrete data from the ash and soil ash samples. The distribution of 
detected PAHs is illustrated on Figure 5-7. TCLP samples (Table 5-3b) were not analyzed for 
PAHs. 
 
The two surface MPI ash samples were analyzed for SVOCs; only PAHs were detected. 
A summary of exceedances of comparison criteria is presented in Table 5-4a. The results 
presented in Tables 5-3a and 5-4a indicate that neither MPI sample contained PAHs at 
concentrations that exceeded RGs or RSLs, although three PAHs did exceed their respective SSLs. 
The northern MPI sample (FAP-SSI-001) generally contained higher PAH concentrations than the 
southern sample (Figure 5-7). Three PAHs (benzo[a]anthracene, benzo[b]fluoranthene, and 
naphthalene) exceeded SSLs in this sample, while only benzo[a]anthracene and naphthalene 
exceeded SSLs in the other sample. The SSL exceedances in these surface soil samples indicate a 
potential for the PAHs to leach to surface water at concentrations above tap water RSLs. However, as 
discussed in Section 5.4.4, no PAHs have been detected in surface water adjacent to or downgradient 
of the FAWP. 
 
The six discrete subsurface ash samples collected in 2004 were analyzed for SVOCs; only PAHs 
were detected. A summary of detects and exceedances of comparison criteria is presented in 
Tables 5-3a and 5-4b. The results presented in the tables indicate that sample concentrations 
were generally similar to one another, and all were below the RSLs and OU-1 RGs. With the 
exception of naphthalene, concentrations in the subsurface ash samples are generally lower than 
those seen in the surface MPI ash samples. Two of the PAHs that exceeded SSLs in the MPI 
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samples (benzo[a]anthracene and naphthalene) exceeded the SSLs in some subsurface ash 
samples, indicating a potential to leach to water at concentrations above tap water RSLs. 
However, as indicated in Table 5-3a, neither of these PAHs was detected in subsurface soil 
beneath the ash. 
 
Five subsurface soil samples collected in 2004 from three borings at the soil/ash interface 
(designated I in Table 5-3a) or in native soil (designated S in Table 5-3a) were analyzed for 
SVOCs; only one PAH was detected (pyrene at several orders of magnitude below its SSL). No 
PAHs were detected in the subsurface soil samples at concentrations exceeding screening 
criteria; therefore, no exceedance table is presented for these samples. 
 
The results discussed above and presented in Table 5-3a indicate that only one PAH (pyrene) 
was detected in one sample at the soil/ash interface; it has no OU-1 RG and does not exceed the 
RSL or the SSL. The PAHs detected above SSLs in the ash were not detected in the underlying 
soil; thus, PAHs concentrations appear to decrease with depth and not extend into the underlying 
soil below the soil/ash interface. The vertical extent of total PAH concentrations in these three 
borings is illustrated in cross sections B-B’ and C-C’ on Figure 5-3. 
 
Metals 

Table 5-3a presents the detected data from the soil and ash samples. The distribution of metals 
detected at least once at concentrations exceeding maximum background is illustrated on Figure 5-8.  
 
Two composite MPI samples of surface ash were collected (indicated by SSI in the sample 
number), one in the northern half of the site and one in the southern half of the site, as illustrated 
in Figure 5-4. The samples were analyzed for metals and TCLP metals. Table 5-3a presents a 
summary of detects and Tables 5-4a and 5-4b present exceedances of screening criteria for non-
TCLP data. A summary of detects for TCLP data is presented in Table 5-3b. There were no 
exceedances of screening criteria for TCLP data; therefore, no exceedance table is presented.  
 
The results presented in Table 5-3a indicate that both MPI samples contain generally similar 
concentrations below screening criteria. Both MPI ash samples contain higher concentrations of 
chromium, and much higher concentrations of mercury and silver relative to the discrete samples 
discussed below. TCLP results of the MPI samples presented in Table 5-3b indicate barium was 
the only metal detected. Barium was detected in the leachate in both samples at concentrations 
below D-list values, indicating that neither sample of surface fly ash would be considered 
Resource Conservation and Recovery Act (RCRA) characteristic hazardous waste due to metals 
toxicity. The TCLP leachate concentrations were also below drinking water standards. 
 
Discrete samples collected and analyzed for metals include five surface ash samples, seven 
subsurface ash samples, and five subsurface soil samples. Two ash samples (15SS0301 and 
15SA0301) grouped with the discrete samples were 3-point composite samples from an area of 
unknown size. The six subsurface ash samples collected in 2004 were also analyzed for TCLP 
metals. A summary of detects and exceedances of screening criteria of discrete non-TCLP data is 
presented in Tables 5-3a and 5-4b and a summary of detects of TCLP data is presented in 
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Table 5-3c. There were no exceedances of screening criteria for TCLP data; therefore, no 
exceedance table is presented. 

The results presented in Table 5-3a indicate that the discrete samples generally contained similar 
metals concentrations, with the exception of arsenic and silver, which were detected at higher 
concentrations in some discrete samples. The arsenic concentration in surface ash sample 
FAP-TTSS-002 (46.1 mg/kg), located in the north-central portion of the site (Figure 5-8), exceeded 
the OU-1 RG (30 mg/kg). The adjacent subsurface samples (up to 8.9 mg/kg) and other discrete 
surface samples (up to 18.6 mg/kg) contained lower arsenic concentrations, as did the MPI sample 
collected in the vicinity of FAP-TTSS-002 (FAP-SSI-001 at 25 mg/kg). The extent of the arsenic 
exceedance appears to be limited to this one area and may be an isolated occurrence.  
 
The silver concentration in surface ash sample FAP-TTSS-003 (10.2 mg/kg), located in the 
central portion of the site (Figure 5-8), was below the RSL, although it was roughly an order of 
magnitude higher than in other discrete samples (up to 1.9 mg/kg). It was an order of magnitude 
lower than the MPI samples (up to 160 mg/kg), indicating that high silver concentrations may 
not be widespread at the site. The remaining metals in the discrete samples were detected below 
their respective screening criteria. The elevated chromium and mercury concentrations in the 
MPI samples were not confirmed in the discrete samples, indicating that high concentrations of 
these two metals may not be widespread at the site. 
 
TCLP results presented in Table 5-3b indicate that barium was detected in the leachate of all six 
samples, cadmium was detected in the leachate of two samples, and lead was detected in the 
leachate of one sample. All metals were detected at concentrations below D-list levels; thus, the 
fly ash would not be considered a RCRA characteristic hazardous waste. The leachate 
concentrations did not exceed drinking water standards. 
 
Five subsurface soil samples were collected from three borings at the soil/ash interface 
(designated I in Table 5-3a) or in native soil (designated S in Table 5-3a) and analyzed for 
metals. The results presented in Table 5-3a indicate that the soil beneath the fly ash contains 
generally similar concentrations below screening criteria, regardless of depth. The results also 
indicate that concentrations in the soil are similar to the concentrations in the subsurface fly ash 
samples, with the exception of beryllium and boron. Concentrations of these two metals are 
higher in the ash samples. The vertical extent of metals concentrations in these three borings and 
their relation to the overlying fly ash are illustrated in cross sections A-A’, B-B’, and C-C’ on 
Figure 5-3. There were no exceedances of comparison criteria in subsurface soil samples. 

5.4.3 Sediment Analytical Results 

Table 5-5 presents a summary of all chemical data for sediment in the vicinity of the FAWP, 
including number of detects, minimum and maximum concentrations, and comparison criteria 
for each chemical. The comparison criteria for all chemicals include the OU-1 RGs (EPA, 1998) 
or the EPA industrial soil RSLs (EPA, 2009a) for chemicals where no RGs were calculated. 
Because some organic chemicals are mobile in the environment, detected organic constituents 
were also compared to the SSLs presented in the RSL table (EPA, 2009a). Soil background 
concentrations were also used for evaluation of metals. Upstream samples 15SD0101, BC 19-H, 
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and FAP-SD-001 were also used for evaluation. The concentrations of the chemicals detected in 
sediment samples are presented in Table 5-6. Chemicals detected in sediment in the vicinity of 
the FAWP include metals, explosives (2,4,6-TNT and RDX), and the pesticide toxaphene. 
Herbicides, PAHs, PCBs, and SVOCs were not detected in any of the sediment samples. 
 
Explosives 

Because explosives are mobile in the environment, the concentrations were also compared to the 
SSLs presented in the RSL table (EPA, 2009a), which assumes no dilution or attenuation 
between the source and water. 
 
Two sediment samples were collected in Brush Creek several hundred feet upstream (BC19-H) 
and downstream (BC05-H) of the FAWP (Figure 5-5) and analyzed for explosives compounds. 
No other sediment samples at the FAWP were analyzed for explosives. Detected explosives in 
sediment are shown in Table 5-6. 
 
The results presented in Tables 5-6 and 5-7 indicate that both samples contain 2,4,6-TNT and 
RDX at concentrations above their respective SSLs but below their OU-1 RGs. The exceedance 
of the SSL indicates a potential for leaching to surface water. The higher concentrations of both 
explosives are located at upstream sample BC19-H approximately 600 feet upstream of the 
FAWP (Figure 5-9), indicating upstream sources of explosives contamination in Brush Creek.    
 
Pesticides 

As illustrated in Table 5-6, toxaphene was detected at 0.26 mg/kg in BC05-H, the only sample in 
which pesticides were analyzed, located approximately 800 feet downstream of the FAWP. The 
concentration does not exceed the EPA industrial soil RSL of 1.6 mg/kg or the SSL of 0.6 
mg/kg. Because there was only one detection of pesticides, no figure is presented. 
 

Metals 

Nine sediment and three near-sediment samples (indicated by NSD in the sample names) have been 
collected in the vicinity of the site and analyzed for metals, including two samples (BC19-H and 
BC05-H) located several hundred feet from the site, as illustrated in Figure 5-5. Of those nine 
sediment samples, three (15SD0101, BC19-H, and FAP-SD-001) were collected upstream of the site.  
 
The results presented in Tables 5-6 and 5-7 indicate that none of the metals concentrations in 
sediment samples exceed RSLs or OU-1 RGs. Near-sediment samples generally contain higher 
concentrations of all metals. Samples adjacent to and downstream of the site contain 
concentrations that are generally similar to the upstream samples, with the exception of 
beryllium, boron, lead, and silver. Beryllium concentrations in the three near-sediment samples 
and FAP-SD-004, downstream of the site, are higher than concentrations in the upstream 
samples. Boron concentrations are higher in FAP-NSD-003, located south of the site, than in the 
upstream samples. Lead concentrations are higher in FAP-SD-004, FAP-NSD-001 and -002 than 
in the upstream samples. Silver concentrations are higher in FAP-NSD-002 and 15SD0201 than 
in the upstream samples. Downstream sample BC05-H contains similar concentrations relative to 
the upstream samples, indicating that the extent of elevated metals concentrations is limited to 
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the area adjacent to the FAWP. Silver was the only metal detected at a concentration above 
background in the downstream sample.  

Figure 5-10 presents the distribution of metals in sediment detected at least once at 
concentrations exceeding maximum background. 

5.4.4 Surface Water Analytical Results 

Table 5-8 presents a summary of all chemical data for surface water in the vicinity of the FAWP, 
including number of detects, minimum and maximum concentrations, and comparison criteria 
for each chemical. Concentrations of detected constituents were compared to EPA MCLs (EPA, 
2009b), where available. For constituents without MCLs, the greater of the HALs (EPA, 2009b) 
or RSLs (EPA, 2009a) were used. Concentrations in upstream sample, InDA-TTSW-001, were 
also used as site-specific background values for evaluation. The concentrations of the chemicals 
detected in surface water samples are presented in Table 5-9. Chemicals detected in surface 
water in the vicinity of the FAWP include metals, explosives, and the herbicide dalapon. No 
PAHs, PCBs, or SVOCs were detected in any of the surface water samples.    
 
Explosives 

Seven surface water samples have been collected from five locations in Brush Creek in the vicinity 
of the FAWP and analyzed for explosives. The results presented in Table 5-9 indicate that 
2-amino-4,6-dinitrotoluene (DNT), 4-amino-2,6-DNT, RDX, and HMX have been detected in 
surface water at locations upstream of, adjacent to, and downstream of the site. Of these four, 
RDX above comparison criteria (Table 5-10) and HMX below comparison criteria have been 
detected in all seven samples. The highest concentrations of all four explosives were in BC05-H 
in September 2000, located approximately 800 feet downstream of the site. In January 2006, the 
highest RDX and HMX concentrations were detected in FAP-TTSW-001, upstream of the site. 
The highest 2-amino-4,6-DNT and 4-amino-2,6-DNT concentrations were in FAP-TTSW-003, 
near the southern end of the site. Concentrations of all four detected explosives were lower in the 
January 2006 samples than those in the September 2000 sample from BC05-H. 
 
Figure 5-11 presents the most recent sample data at each location. The 2006 results indicate that 
RDX and HMX are apparently from upstream sources. The 2006 results for 2-amino-4,6-DNT 
and 4-amino-2,6-DNT are very similar regardless of location, indicating a likely upstream 
source.  
 

Herbicides 
As illustrated in Table 5-9, Dalapon was the only herbicide/pesticide detected in surface water, at 
BC05-H in May 2000. It was not detected in September 2000. The concentration of 1.9 µg/L 
does not exceed the HAL of 200 µg/L or the EPA tap water RSL of 1,100 µg/L. Because there 
was only one detection below comparison criteria and it was not repeated, no figure is presented.  
 

Metals 

Ten surface water samples have been collected from eight locations in Brush Creek in the 
vicinity of the FAWP and analyzed for total metals; seven of those samples have also been 
analyzed for dissolved metals. Surface water samples from three locations (15SW0101, BC19-H, 
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and FAP-TTSW-001) were collected upstream of the site. The results presented in Table 5-9 
indicate that none of the sample results for total metals exceed comparison criteria. Dissolved 
antimony and thallium exceed their respective MCLs in the Spring 2000 sample from BC19-H, 
located upstream of the site, although the total fraction of these metals is not detected. These 
exceedances are not considered site-related. Samples adjacent to and downstream of the site 
contain total and dissolved concentrations that are typically similar to or lower than the upstream 
samples, with the exception of dissolved antimony and thallium in one surface water sample 
collected in 2000.  
 
Because no metals associated with the site exceed comparison criteria, no figure is presented. 

5.4.5 Groundwater Analytical Results 

Table 5-11 presents a summary of all chemical data for groundwater at the FAWP, including 
number of detects, minimum and maximum concentrations, and comparison criteria for each 
chemical. Concentrations of detected constituents were compared to EPA MCLs (EPA, 2009b), 
where available. For constituents without MCLs, the greater of the HALs (EPA, 2009b) or RSLs 
(EPA, 2009a) were used. The concentrations of the chemicals detected in groundwater samples 
are presented in Table 5-12. Chemicals detected in groundwater at the FAWP include total and 
dissolved metals. 
  
Metals 

Three groundwater samples have been collected at the FAWP and analyzed for total and dissolved 
metals. The results presented in Tables 5-12 and 5-13 indicate that total arsenic and total lead 
concentrations exceed their respective MCLs in FAP-GW-003, located at the southern end of the 
FAWP. The dissolved fraction of arsenic is below the MCL, and the dissolved fraction of lead is 
not detected. Where detected in this and other samples at the FAWP, the dissolved fraction of 
metals is typically lower than the total fraction. This difference is considered to be due to the 
turbidity in the sample, causing elevated total metals concentrations. Turbidity is noted as  
999+ Nephelometric Turbidity Units (NTUs) (the maximum recorded by the equipment) on the 
sampling log for FAP-GW-002 and FAP-GW-003, and 792 NTUs in FAP-GW-001 (Appendix D). 
Additionally, the sample for FAP-GW-003 was noted as having a high solids content. Because of 
the limited nature of metals above comparison criteria, no figure is presented. 

5.5 CONTAMINANT FATE AND TRANSPORT 

The FAWP is a thick deposit of fly ash and wastewater treatment plant sludge that was 
apparently placed on the original land surface adjacent to Brush Creek and was used for such 
disposal over a period of approximately 36 years.  Such a waste disposal area would have 
resulted in potential contamination of the underlying soil and the sediment and water within 
Brush Creek. The likelihood for soil, sediment, surface water, and groundwater contamination 
would have been controlled by the following: 

 The volume of fly ash and wastewater treatment plant sludge deposited at the site. The 
volume of waste at the FAWP is approximately 129,000 cy, with additional volume in the 
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floodplain of Brush Creek from sloughing of material from the steep sides of the pile. It is 
unknown how much of the main pile is sludge, which would likely have contained organics 
in addition to inorganics, and how much is fly ash, which would have likely contained mostly 
inorganics. As metals above background and organic compounds have been detected, both 
may play a role in potential contamination. 

 The properties of the deposits. Fly ash does not have a steep angle of repose, and as observed 
at the site, material is sloughing from the steep fly ash slopes onto the soil below and into 
Brush Creek, and has become part of the floodplain deposits of Brush Creek in the vicinity of 
the FAWP. 

 The properties of the chemicals within the deposits.  

o According to the Material Safety Data Sheets of the chemicals detected, the PAHs 
detected in soil are not considered very mobile or soluble. Of the PAHs detected in the 
ash, only one (pyrene) was detected in the soil near the soil/fly ash interface. This pyrene 
concentration was an order of magnitude below the pyrene concentrations in the ash.  

o Metals mobility from soil to water (groundwater or surface water) is controlled by both 
the soil and water geochemistry (i.e., ORP and pH) (Dragun, 1988), although metals can 
be transported as suspended solids to both surface water and groundwater regardless of 
geochemistry. TCLP results indicate that barium in surface ash and barium, cadmium, 
and lead in subsurface ash may leach to water; no other detected metals appear to leach to 
water. Barium leached to water in all samples tested using TCLP, with no definite 
pattern, indicating that it likely leaches to surface water and groundwater. Barium 
concentrations in soil/ash are below soil background concentrations; TCLP leachate 
concentrations are below comparison criteria for groundwater and surface water. TCLP 
results indicate that cadmium leaches to water only from subsurface samples collected at 
the southern portion of the FAWP. The cadmium concentrations in ash in these borings 
are not the highest at the FAWP and are below background for soil; TCLP leachate 
concentrations do not exceed comparison criteria for groundwater and surface water. 
TCLP results indicate that lead leaches to water only from one subsurface sample in the 
northern portion of the site. The lead concentration in ash in this boring is relatively low 
compared to other borings at the site and below background for soil; the TCLP leachate 
concentration is below comparison criteria for surface water and groundwater. Dissolved 
metals concentrations in groundwater and surface water indicate that leaching to water 
may be occurring, but at relatively low levels (no dissolved metals were detected at 
concentrations exceeding comparison criteria). 

 
Based on groundwater and soil contamination distributions that have been studied across 
IAAAP, a groundwater contaminant plume would likely migrate only a short distance from the 
source material and at a very slow rate, given the low vertical and horizontal hydraulic 
conductivities encountered in the clayey till at the facility. Based on the analytical results at the 
site, it appears that the contamination at FAWP is confined to the area of the waste pile and 
sediments in Brush Creek in the immediate vicinity of the FAWP. Dissolved contamination is 
not anticipated to migrate far from the site.  
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5.6 DATA EVALUATION 

All of the sample data from the FAWP have been assessed for their overall data quality and 
usability for risk assessments as discussed in Appendix J.  

5.6.1 Data Quality 

All sample data were considered of acceptable quality, although some dissolved metals in 
surface water samples may have data quality issues that result in estimated data. 

5.6.2 Sample Locations 

JAYCOR soil, sediment, and surface water sample locations are estimated from maps from the 
1996 RI, as there are no reliable survey data for these locations. These locations are considered 
acceptable for use in the risk assessment; however, the lack of accurate and reliable sampling 
locations provides some uncertainty in the risk assessment. 
 
Sediment and surface water sample BC05-H is approximately 800 feet downstream of the site, 
and there are more recent data (2004/2006) collected upstream of this location that define any 
sediment and surface water contamination downstream of the FAWP (FAP-SD-004 and FAP-
TTSW-002, respectively). Because of the distance from the site and the presence of more recent 
data closer to the site, data from this location will not be used in the risk assessment. 
 
Sediment and surface water sample BC19-H is approximately 600 feet upstream of the site and is 
likely impacted by more contaminated sites upstream such as Line 1, Line 2, Line 3, and Line 
800. Additionally, while the data may be useful for potential background values for this 
particular site, they do not reflect site uses, and will not be used in the risk assessment.  
 
Because of the changing nature of surface water with time (15 years between sampling events), 
only the most recent data will be used in the risk assessment, to give a more accurate assessment 
of current conditions. This eliminates three samples collected in August 1991: 15SW0101, 
15SW0201, 15SW0401. Three surface water samples were collected in January 2006 at locations 
surrounding the 1991 samples and will be used in the risk assessment. 
 
Because of the shifting nature of sediment with time (13 years between sampling events), 
particularly during storm events, only the most recent data will be used in the risk assessment to 
give a more accurate assessment of current conditions. This eliminates three samples collected in 
August 1991: 15SD0101, 15SD0201, and 15SD0401. Seven sediment and near-sediment 
samples were collected in August 2004 at locations near the 1991 locations. 

5.7 RISK ASSESSMENT RESULTS 

5.7.1 Human Health Risk Assessment 

The BHHRA is provided in Appendix K, including methodologies, tables for the human health 
risk assessment, and a discussion of the results. The data used were derived from Section 5.6 and 
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Appendix J. The results of the BHHRA are detailed in Tables 5-14 through 5-16, and 
summarized in Sections 5.7.1.1 and 5.7.1.2. 
 
5.7.1.1 Chemicals of Potential Concern 

To determine soil COPCs at the FAWP, the data derived from Section 5.6 and Appendix J were 
evaluated against the OU-1 RGs. For chemicals with no RG, the EPA industrial RSLs were used 
(EPA, 2009a). Conservatively, screening levels for noncarcinogens are one-tenth these RSLs 
(based on an HI of 0.1) to account for potential additivity of noncarcinogenic effects. If 
screening levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the 
lower of the two values was used for screening. Soil COPC selection was a two-fold process 
depending on the availability of an RG value for a given chemical. When an RG value was 
available, the COPC selection depended on whether the maximum detected concentration for 
that chemical exceeded the RG. When an RG value was not available, the COPC selection 
depended on whether the maximum detected concentration for that chemical exceeded the 
industrial RSL. Residential RSLs were not used in COPC screening.  Arsenic, with a maximum 
concentration of 46.1 mg/kg, was the only identified COPC in soil. 
 
To determine sediment COPCs at the FAWP, the data derived from Section 5.6 and Appendix J 
were evaluated against the EPA residential RSLs (EPA, 2009a). Conservatively, screening levels 
for noncarcinogens are one-tenth these RSLs (based on a HI of 0.1) to account for potential 
additivity of noncarcinogenic effects. If screening levels existed for a chemical for both 
carcinogenic and non-carcinogenic effects, the lower of the two values was used for screening. 
The maximum detected concentration for each detected chemical in sediment was screened 
against the residential RSL. Chemicals that exceeded toxicity screening levels were retained as 
COPCs. Conversely, chemicals that were not detected or were not detected at maximum 
concentrations exceeding toxicity screening levels were not retained as COPCs. The following 
compounds were identified as COPCs in sediment: 

Chemical Maximum Concentration (mg/kg) 

aluminum 11000 
arsenic 46.1 

iron 16700 
manganese 1310 

silver 160 
benzo[a]pyrene 0.11 

 
To determine surface water COPCs at the FAWP, the data derived from Section 5.6 and 
Appendix J were evaluated against EPA tap water RSLs (EPA, 2009a) and federal SDWA MCLs 
and HALs (EPA, 2009b) (HALs were used for screening only when there was no RSL or MCL 
for a given chemical). Conservatively, screening levels for noncarcinogens based on RSLs are 
one-tenth these RSLs (based on a HI of 0.1) to account for potential additivity of 
noncarcinogenic effects. If screening levels existed for a chemical for both carcinogenic and non-
carcinogenic effects, the lower of the two values was used for screening. The maximum detected 
concentration for each detected chemical in surface water was screened against the greater of the 
screening levels based on the EPA tap water RSLs or MCLs. Chemicals that exceeded toxicity 
screening levels were retained as COPCs. Conversely, chemicals that were not detected or were 
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not detected at maximum concentrations exceeding toxicity screening levels were not retained as 
COPCs. RDX with a maximum concentration of 8.4 μg/L was the only identified COPC in 
surface water. 
 
To determine groundwater COPCs at the FAWP, the data derived from Section 5.6 and 
Appendix J were evaluated against EPA tap water RSLs (EPA, 2009a) and federal SDWA MCLs 
and HALs (EPA, 2009b) (HALs were used for screening only when there was no RSL or MCL 
for a given chemical). Conservatively, screening levels for noncarcinogens based on RSLs are 
one-tenth these RSLs (based on a HI of 0.1) to account for potential additivity of 
noncarcinogenic effects. If screening levels existed for a chemical for both carcinogenic and non-
carcinogenic effects, the lower of the two values was used for screening. In the case of metals, 
the total fraction was used in determining COPCs to be conservative. The maximum detected 
concentration for each detected chemical in groundwater was screened against the greater of the 
screening levels based on the EPA tap water RSLs or MCLs. Chemicals that exceeded toxicity 
screening levels or MCLs were retained as COPCs. Conversely, chemicals that were not detected 
or were not detected at maximum concentrations exceeding toxicity screening levels were not 
retained as COPCs. Total arsenic, boron, and lead were identified as COPCs in groundwater, 
with respective maximum concentrations of 31, 5,000, and 50 μg/L. Dissolved boron was 
identified as a COPC in filtered groundwater with a maximum concentration of 5,000 μg/L. 
Filtered groundwater COPCs were not further evaluated. There were no COPCs identified for 
groundwater from 0 to 20 ft bgs. 
 
5.7.1.2 Chemicals of Concern 

Because IAAAP is an active site and no change is expected in that status, potential current and 
future receptors may include agricultural workers, construction workers, industrial workers, 
trespassers, and wading visitors.  
 
The following receptors are expected to be exposed to the following media at FAWP: 

 Construction worker: incidental ingestion, dermal contact, and inhalation of surface and 
subsurface soil; ingestion of groundwater from a water supply well. 

 Industrial/commercial worker: incidental ingestion, dermal contact, and inhalation of surface 
soil; ingestion of groundwater from a water supply well. 

 Wading visitor: incidental ingestion, dermal contact, and inhalation of sediment and surface 
water. 

 
The FAWP does not include any agricultural use areas, so exposure to agricultural workers would 
not be a complete pathway. Trespassers are unlikely as the facility is restricted access, so they are 
not considered likely receptors.  
 
As with the COPC selection in Section 5.7.1.1, the total fraction of metals in groundwater was 
used in calculating risk to be conservative during the calculations, and a comparison to dissolved 
metals results was conducted if necessary. The results of the risk calculations and metals 
comparison are presented below. 
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For the construction worker, arsenic is the only chemical considered a soil COPC. Exposure to 
arsenic in soil by a construction worker in a trench or excavation indicates a cancer risk of 4.9E-07 
and a non-cancer HQ of 0.076 (Table 5-14). Because the cancer risk for the construction worker 
does not exceed 1.0E-06, no figure of cancer risk in soil is presented.  
 
Exposure to groundwater by a construction worker via ingestion of water from a groundwater 
well within the contaminated groundwater area indicates a total cancer risk of 6.5E-06 and a non-
cancer HQ of 1.3 (Table 5-16). The cancer and non-cancer risk driver is total arsenic with a cancer 
risk of 6.5E-06, and a non-cancer HQ of 1.0. Although lead is a groundwater COPC, there is no 
model for health effects from adult exposure to groundwater.  Dissolved arsenic was three times 
lower than total arsenic, and dissolved lead was not detected. The risk from these metals is likely 
from sample turbidity as discussed in Section 5.4.5, and would likely not have an adverse effect on 
drinking water, which is required by EPA to have low turbidity. Therefore, risk from these metals 
in groundwater would be considered acceptable.  
 
For the industrial/commercial worker, arsenic is the only chemical considered a soil COPC. 
Exposure to arsenic in soil by an industrial/commercial worker indicates a cancer risk of 2.1E-05 
and a non-cancer HQ of 0.13 (Table 5-14). Figure 5-12 illustrates the arsenic risk in soil for the 
industrial/commercial worker at each sampling point. Six samples exceed a 1.0E-06 cancer risk, 
with the risk ranging from 4.6E-06 at FAP-TTSS-001 to 2.9E-05 at FAP-TTSS-002. The 
maximum detected arsenic concentration of 46.1 mg/kg exceeds the OU-1 RG and the maximum 
background concentration (both 30 mg/kg) in only one of the surface ash soil samples 
(FAP-TTSS-002).  
 
For the industrial/commercial worker, exposure to groundwater by ingestion of water from a 
groundwater well within the contaminated groundwater area indicates a total cancer risk of 1.6E-04 
and a non-cancer HQ of 1.3 (Table 5-16). The cancer risk driver is total arsenic with a value of 
1.6E-04. The non-cancer risk driver is total arsenic with an HQ of 1.0. Although lead is a 
groundwater COPC, there is no model for health effects from adult exposure to groundwater. Figure 
5-13 illustrates the arsenic risk in groundwater at each sampling point for the industrial/commercial 
worker (greater exposure than the construction worker). Three samples exceed a 1.0E-06 cancer risk: 
FAP-GW-001-0001-GW, FAP-GW-002-0001-GW, and FAP-GW-003-0001-GW. The maximum 
dissolved arsenic concentration is 9.5 µg/L, below the MCL of 10 µg/L and less than one third of the 
maximum total arsenic concentration of 30 µg/L; dissolved lead was not detected. The risk from 
these metals is attributable to sample turbidity as discussed in Section 5.4.5 and likely would not 
have an actual adverse effect on drinking water, which is required by EPA to have low turbidity. 
Therefore, risk from these metals in groundwater would be considered acceptable.  
 
For the wading visitor, exposure to sediment indicates a total cancer risk of 2.1E-07 and a non-
cancer HQ of 0.0054, while exposure to surface water indicates a total cancer risk of 6.6E-09 and 
a non-cancer HQ of 0.0001. Table 5-15 presents the risks for each of the sediment and surface 
water COPCs. Since total cancer risk and non-cancer HQ did not exceed their respective 
threshold values of 1.0E-06 and 1.0, no figure representing cancer risk in either sediment or 
surface water is presented. 
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5.7.2 Ecological Risk Assessment 

The BERA Addendum is provided in Appendix L, including methodologies, tables for the ecological 
risk assessment, and a discussion of the results. The data used were derived from Section 5.6 and 
Appendix J. Shallow soil (2 feet bgs or shallower), sediment, and surface water data were evaluated; 
groundwater is not considered a potential pathway for the ecological receptors.  
 
The FAWP is grassed and sparsely wooded, with no development, making the area likely 
inhabited by wildlife (including the rodents used as representative species in the BERA); and 
potentially used as forage area by the Indiana bat. The FAWP is adjacent to Brush Creek, which 
is the only perennial water body that would contain aquatic receptors. 
 
To determine COPECs for shallow soil, the data derived from Section 5.6 were evaluated as 
detailed in Appendix L. Metals and organics were screened against the SLERA SVs. At the 
FAWP, surface soil/ash COPECs include metals (aluminum, arsenic, boron, cadmium, 
chromium, lead, manganese, mercury, nickel, selenium, silver, vanadium and zinc) and PAHs 
(benzo[a]pyrene, fluoranthene, phenanthrene, and pyrene). Soil COPECs for the Indiana bat 
include all detected metals above background concentrations calculated in the BERA and any 
detected organic compounds (e.g., explosives). Sediment/ash COPECs include metals (arsenic, 
barium, beryllium, boron, cadmium, chromium, copper, lead, manganese, mercury, nickel, 
selenium, silver, vanadium, and zinc) and one PAH (benzo[a]pyrene). Surface water COPECs 
include three total metals (aluminum, barium, and selenium) and five dissolved metals (barium, 
copper, mercury, selenium, and zinc). 
 
The ecological risk posed by COPECs in soil and surface water/sediment was evaluated using 
multiple lines of evidence, as described in the sections below.  
 
5.7.2.1 Terrestrial Environment 

Ecological risks to terrestrial receptors (white-footed mouse, short tailed shrew, and Indiana bat) at 
the FAWP were evaluated using equations from the BERA Addendum in Appendix L. HQ values 
were estimated from NOAEL-based and LOAEL-based TRVs. TRVs are used to quantitatively 
estimate the magnitude of toxicity of each COPEC. Table 5-14 provides the results of the HQ 
calculations for soil. Consistent with the MWH BERA, those COPECs with LOAEL-based HQs 
exceeding 1.0 and detected at concentrations greater than background were compared to the CCs to 
evaluate the spatial distribution of the risk drivers. The CCs are calculated analyte concentrations 
that equate to a HQ of 1.0. Per the BERA, exposure to media containing COPECs below the 
LOAEL-based CCs should not result in unacceptable levels of risk to ecological receptors. 
Therefore, the CC values corresponding to LOAEL-based HQs of 1.0 (or background) were used 
to estimate COPEC concentrations in soil that might pose an ecological concern (MWH, 2004). 
 
A summary of the NOAEL- and LOAEL-based HQ values that exceed 1.0 for the white-footed 
mouse and short-tailed shrew exposed to COPECs in soil at the FAWP is presented below. 
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COPEC 
White-Footed Mouse Short-Tailed Shrew Concentrations 

Below Background? 
Compare to 

CCs? NOAEL HQ LOAEL HQ NOAEL HQ LOAEL HQ 
Aluminum 29 2.9 409 41 Yes No 
Arsenic <1 <1 7.4 1.9 No Yes 
Manganese <1 <1 1.0 <1 Yes No 
Silver 26 2.6 306 31 No Yes 
Vanadium <1 <1 8.5 <1 Yes No 

 
The maximum concentrations were used as the EPCs, and the HQs represent the worst case and are 
not necessarily representative of concentrations across the entire site. The risk from exposure to 
manganese and vanadium is considered to be acceptable because the LOAEL-based HQs for these 
two metals are less than 1.0. Additionally, the risk from exposure to aluminum, manganese, and 
vanadium is considered to be acceptable because their concentrations at the FAWP are lower 
than background concentrations. With LOAEL-based HQs greater than 1.0 and concentrations 
above background, arsenic poses a potential risk to the short-tailed shrew, and silver poses a risk to 
both the white-footed mouse and short-tailed shrew. 
 
The arsenic CC is exceeded in four of six samples. However, all of the arsenic concentrations are 
below the maximum background, with the exception of one sample (FAP-TTSS-002), indicating 
that arsenic concentrations above background are limited at the FAWP, which would limit the 
exposure to the short-tailed shrew. Therefore, the risk to this receptor from exposure to arsenic is 
considered to be acceptable. The silver CC is exceeded in three of six samples, including the two 
MPI samples, which have concentrations an order of magnitude above the CC. Therefore, the 
white-footed mouse and the short-tailed shrew could be impacted by silver in the ash. 
 
For the Indiana bat, the cumulative NOAEL-based HI is less than 10, and no LOAEL-based HQ 
values exceed 1.0. The risk to the bat is considered to be acceptable. Consistent with the MWH 
BERA and 2008 ESD for the OU-1 ROD, because no COPECs had LOAEL-based HQs 
exceeding 1.0, the COPECs were not compared to the LOAEL-based CCs.   
 
The ecological risk to the Indiana bat from COPECs in the ash at the FAWP is considered to be 
acceptable. The shrew and the mouse may be impacted by silver in the ash, which has elevated 
concentrations in two composite samples. 
 
5.7.2.2 Aquatic Environment 

Aquatic receptors (the orangethroat darter, aquatic algae, the belted kingfisher, and the Indiana 
bat) at the FAWP were evaluated using equations from the BERA Addendum in Appendix L.  
The orangethroat darter and aquatic algae are exposed only to surface water, whereas the food 
sources for the belted kingfisher (fish) and Indiana bat (insects) are exposed to a combination of 
sediment and surface water. Table 5-15 provides the results of the HQ calculations for sediment 
and surface water.  Consistent with the MWH BERA, those COPECs with LOAEL-based HQs 
exceeding 1.0 and detected at concentrations greater than soil background (sediment) or upstream 
samples (sediment and surface water) were compared to the critical to evaluate the spatial 
distribution of the risk drivers. Similar to soil, the CC values corresponding to LOAEL-based 
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HQs of 1.0 (or background) were used to estimate COPEC concentrations in sediment and/or 
surface water that might pose an ecological concern. 
 
A summary of the water-based HQ values that exceed 1.0 for the orangethroat darter and aquatic 
algae exposed to COPECs in surface water adjacent to the FAWP is presented below.   

COPEC 
Orangethroat Darter Aquatic Algae Concentrations Below 

Upstream Values? HQ HQ 
Copper 34 14 No 

Mercury 3.2 <1 No 
Selenium 3.6 <1 Yes 

 
No COPECs were detected in fish tissue collected downstream of the FAWP; only mercury was 
detected, and its HQ was less than 1.0; thus, risk to the orangethroat darter is considered to be 
acceptable. The maximum copper concentration and only detection (dissolved fraction) was used as 
the EPC and may not be representative of the exposure to the ecological receptors. Therefore, the 
ecological risk to the algae from exposure to surface water is considered to be acceptable. 
 
A summary of the NOAEL- and LOAEL-based HQ values that exceed 1.0 for the belted kingfisher 
and Indiana bat exposed to COPECs in surface water and sediment/ash is presented below.  

COPEC 

Belted Kingfisher Indiana Bat 
Surface 

Water Values 
Below 

Upstream 
Values 

Sediment 
Values 

Below Soil 
Background 

Compare 
to 

Surface 
Water 
CCs? 

Compare 
to 

Sediment 
CCs? 

NOAEL 
HQ 

LOAEL 
HQ 

NOAEL 
HQ 

LOAEL 
HQ 

Aluminum <1 NA 1944 194 Yes Yes No No 
Arsenic <1 <1 55 5.5 NA No No Yes 
Barium NA 7.4 13 3.3 Yes Yes No No 

Beryllium NA NA 1.1 NA NA No No Yes 
Cadmium <1 <1 2.0 <1 NA No No No 

Copper 21 NA 3.1 2.0 No No Yes Yes 
Mercury 24 4.5 80 16 No No Yes Yes 
Nickel <1 <1 2.3 <1 NA Yes No No 

Selenium <1 <1 15 8.8 No No Yes Yes 
Silver NA <1 1186 119 NA No No Yes 
Zinc <1 <1 5.4 2.7 No Yes Yes No 

 
Although aluminum is not a COPEC in sediment at the FAWP, the concentration was used in the 
risk calculations for completeness. Likewise, although arsenic, beryllium, cadmium, nickel, and 
silver are not COPECs in surface water at the FAWP, the concentrations were used in the risk 
calculations for completeness.   
 
The risk from exposure to cadmium and nickel is considered to be acceptable because the LOAEL-
based HQs for these two metals are less than 1.0. The risk from exposure to aluminum and barium 
in surface water is considered to be acceptable because surface water concentrations adjacent to 
or downgradient of the site were lower than concentrations in the upstream sample. The risk 
from exposure to barium, nickel, and zinc in sediment/ash is considered to be acceptable because 
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the sediment/ash concentrations are below soil background concentrations. With LOAEL-based 
HQs greater than 1.0 and concentrations greater than the upstream sample, copper, mercury, and 
selenium in surface water may pose ecological risk to the belted kingfisher or the Indiana bat. With 
LOAEL-based HQs greater than 1.0 and concentrations greater than background or the upgradient 
sample, arsenic, beryllium, cadmium, and silver in sediment/ash may pose ecological risk to the 
Indiana bat. 
 
None of the COPECs exceed the CCs in actual sediment samples from Brush Creek; however, 
arsenic, beryllium, mercury, selenium, and silver exceed the CCs in the fly ash samples that were 
used in the risk evaluation for sediment. The fly ash samples were used because the ash on top of 
the pile at the FAWP has the potential to slough into Brush Creek in the future, as discussed in 
Section 4.2. As soil, the risk posed by the ash to the Indiana bat is acceptable. Some of the actual 
sediment samples from Brush Creek are ash that has already sloughed into the creek, and 
concentrations do not exceed CCs. In surface water, copper and mercury exceed the CC in only 
one sample (FAP-TTSW-002), the only sample in which they were detected. 
 
In the evaluation of effects from surface water and sediment, including the calculation of CCs, the 
belted kingfisher was assumed to ingest all of the fish it feeds upon from areas adjacent to the site; 
however, given the relatively small shoreline along the creek at the FAWP, the belted kingfisher 
likely consumes fish from other areas along Brush Creek. Likewise, in the evaluation of effects from 
surface water and sediment, the Indiana bat was assumed to ingest all of the insects it feeds upon 
from areas adjacent to the site; however, given its home range of 70 acres, including terrestrial areas 
and areas beyond the plant boundaries, the bat very likely consumes insects from larger areas. 
Additionally, the CC exceedances in sediment are limited to the ash samples, and the CC 
exceedances in surface water appear to be limited in extent. Therefore, the ecological risk to the 
belted kingfisher and the Indiana bat from COPECs in the surface water and sediment adjacent to the 
FAWP is considered to be acceptable.  

5.8 SUMMARY AND CONCLUSIONS 

Based on a review of historical information at the FAWP, the pile was determined to be 
comprised of fly ash and sludge that was deposited between approximately 1940 to 1976. The 
deposits are greater than 20 feet thick in some areas, with the base of the pile roughly 15 feet 
above Brush Creek.  
 
Investigations conducted between 1981 and 2005 indicate that four PAHs exceed SSLs and 
several metals exceed background in ash to 24 feet bgs; arsenic exceeds the OU-1 RG in one 
sample, and the other analytes are below applicable OU-1-RGs or RSLs. In soil underlying the 
ash, PAHs were below comparison criteria, and selenium was the only metal with concentrations 
exceeding background; however, concentrations were below the maximum background 
concentration and were below the RSL. In sediment in the vicinity of the FAWP, concentrations 
of four metals are higher than in the upstream samples, and silver exceeds soil background; 
however, all are below applicable OU-1 RGs and RSLs. In surface water in the vicinity of the 
FAWP, explosives are present above applicable comparison criteria, including in upstream 
samples; thus, the concentrations are attributable to upstream sources, such as the production 
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lines. Metals concentrations in surface water are similar to upstream samples. In groundwater, 
total metals concentrations above applicable comparison criteria are present in the groundwater 
to at least 47 feet bgs; however, dissolved metals are below detection limits or the applicable 
screening criteria; thus, total metals are considered attributable to sample turbidity and not to 
site-related contamination. 
 
Human health and ecological risk assessments were conducted for the FAWP. The results of the 
human health risk assessment indicate that there are no unacceptable cancer risks or non-cancer 
hazards identified from the chemicals detected at the FAWP for the construction worker exposed 
to soil in a trench or excavation. For the industrial/commercial worker exposed to surface soil, 
the total cancer risk exceeds 1.0E-06, with arsenic the risk driver; the non-cancer HQ is less than 
1.0. Only one of the 14 surface ash samples (FAP-TTSS-002) exceeds the OU-1 RG for arsenic 
and the maximum background concentration (both 30 mg/kg). Unacceptable risk from arsenic 
appears to be from an isolated location. For the construction worker and industrial/commercial 
worker ingesting water from a groundwater well installed though the contaminated area, the total 
cancer risk exceeds 1.0E-06 and the non-cancer HQ exceeds 1.0, with arsenic the driver for both 
the cancer and non-cancer risk. There is no model for health effects from adult exposure to lead 
in groundwater. The maximum dissolved arsenic concentration was less than one third of the 
maximum total arsenic concentration and below the MCL; dissolved lead was not detected. The 
elevated total metals concentrations are attributable to sample turbidity, which would not likely 
contribute risk to a water supply because of the lower turbidity requirements for drinking water. 
There is no unacceptable risk from sediment and surface water. The human health risk from the 
FAWP is considered to be acceptable for all chemicals and media except arsenic in surface ash. 
 
The results of the ecological risk assessment indicate that for soil COPECs detected at 
concentrations greater than background, LOAEL-based HQs exceed 1.0 for the short-tailed 
shrew exposed to arsenic and the white-footed mouse and short-tailed shrew exposed to silver. 
Arsenic exceeds the maximum background in only one sample, which would limit the exposure at 
unacceptable levels; thus, the risk to this receptor from arsenic is considered to be acceptable. Silver 
has high concentrations in composite samples collected from across the site; thus, risk to the white-
footed mouse and the short-tailed shrew is considered unacceptable. Ecological risk to the Indiana 
bat is considered to be acceptable. For surface water/sediment COPECs detected at concentrations 
greater than background (sediment) or upstream samples (surface water and sediment) 
concentrations water-based HQs exceed 1.0 for copper and mercury; however, only mercury was 
detected in fish tissue at an HQ of less than 1.0, and risk for the algae is driven by single detections; 
thus, risks are considered acceptable for the orangetail darter and aquatic algae. For the belted 
kingfisher and Indiana bat exposed to COPECs in surface water/sediment, LOAEL-based HQs 
exceed 1.0 and background/upstream concentrations for surface water concentrations of copper, 
mercury, and selenium; and sediment/ash concentrations of arsenic, beryllium, cadmium, and 
silver (Indiana bat only). Surface water risk drivers are from single detections; thus, risk from 
surface water is considered to be acceptable. None of the COPECs exceed the CCs in actual 
sediment samples from Brush Creek; however, arsenic, beryllium, mercury, selenium, and silver 
exceed the CCs in the fly ash samples that were used in the risk evaluation for sediment. 
Therefore, ecological risk to aquatic receptors is considered to be acceptable. The only 
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ecological risk posed by the FAWP is considered to be for the white-footed mouse and short-
tailed shrew exposed to silver in the ash. 
 
Soil contamination at the FAWP may present a leaching risk to groundwater. TCLP results 
indicate that leaching of some metals could occur; however, the results are not consistent in 
samples across the site. Dissolved metals concentrations (unaffected by sample turbidity) in 
groundwater and surface water indicate that leaching to water may be occurring, but at relatively 
low levels. 



 IAAAP 
Supplemental Remedial Investigation  

Operable Unit 7 
 
 

 6-1 

6.0 POSSIBLE DEMOLITION SITE (IAAP-018) 

6.1 SITE DESCRIPTION  

The PDS, IAAP-018, is an approximately 8-acre wooded area immediately east of Long Creek and 
south of Plant Road K (Lower Augusta Road) (Figure 6-1). The PDS is a wooded area 
immediately adjacent to the east bank of Long Creek. The woods consist mainly of deciduous 
trees; however, an area in the eastern portion of the site contains younger vegetation, primarily 
cedar trees. There are no structures or remains of structures currently present at the site. Additional 
details regarding a reconnaissance of the current site layout are provided in Section 6.4.1. Photos of 
the site are provided in Appendix B. 

6.1.1 Topography and Surface Water 

As illustrated on Figure 6-1, the PDS is located partly within the eastern floodplain of Long 
Creek, which is wooded. The terrain on the western portion of the site near Long Creek is 
generally flat with a slope of approximately 0.02 foot/foot toward Long Creek. The eastern 
portion of the PDS has a gentle slope of approximately 0.07 foot/foot toward the southwest. 
Ground surface elevations range from 568 feet (173 meters) amsl on the eastern side of the site 
to 535 feet (163 meters) amsl at Long Creek.  
 
Perennial, south-flowing Long Creek, which lies adjacent to the site to the west, originates 
greater than 5 miles northwest of the PDS, is dammed to form Mathes Lake approximately 
1.6 miles upstream of the site, and joins the Skunk River approximately 4,000 feet south of the 
PDS. Downstream of Mathes Lake, the gradient of Long Creek is approximately 0.0023 
foot/foot. Surface drainage at the site is anticipated to be primarily sheet flow southwest toward 
Long Creek; however, the presence of heavy vegetation would impede sheet flow in all but the 
heaviest rainfall events. A west-southwest flowing drainage is present that cuts through the site, 
which would provide drainage at the site for rain events and snowmelt; and a southwest-flowing 
intermittent stream (based on a dashed blue-line stream on the USGS topographic map) is 
present on the southeastern flank of the site, which may provide some drainage for the far 
southeastern portion of the site.  

6.1.2 Geology and Hydrogeology 

Based on soil borings and observations during soil sampling, surface and shallow subsurface 
soils at the PDS are brown silty clay, regardless of distance from Long Creek. Near Long Creek, 
the silt and clay are underlain by sand and gravel, likely alluvium, at approximately 8 feet bgs. 
Boring logs are provided in Appendix C, and sample logs are provided in Appendix D. 
 
In Fall 2005, groundwater was encountered in boring PDS-TTTW-001, located approximately 
110 feet from Long Creek (Figure 6-2), at approximately 7.9 feet bgs (approximately 534.6 feet 
amsl) in the sandy zone described above. The elevation of groundwater is similar to the elevation 
of Long Creek, indicating the potential for groundwater/surface water interaction. Based on the 
Spring 2006 site-wide shallow potentiometric surface, groundwater is anticipated to generally 
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follow the topography and flow to the west-southwest towards Long Creek, as illustrated on 
Figures 2-2 and 6-1.  

6.2 SITE BACKGROUND 

There are no definitive records regarding the demolition or disposal practices that occurred at the 
PDS. The 1994 facility-wide Preliminary Assessment (PA) indicates that the site was believed to be 
as large as 15 acres  and in use as a demolition area for ammunition items during the 1940s and 
early 1950s (JAYCOR, 1994). No detailed figure is provided in the PA. An earlier report indicates 
that explosive components were burned, detonated, and possibly lost here (M&H, 1989). Few 
interviewees from Shaw’s 2005 HRR recalled this area being used as a possible disposal site, but 
noted that they heard a lot of material being exploded and that there was potential for buried UXO. 
White phosphorous rounds were reported to have been demilitarized in the area during the mid-
1940s (USATHAMA, 1980).  
  
A scarred/disturbed area of approximately 3 acres that may be a demolition area appears on the 
circa 1957 aerial photo (Appendix E). Site reconnaissance and UXO avoidance efforts in 2004 
and 2005 encountered several craters at various locations across the PDS, particularly in the east. 
Magnetometer sweeps of the area identified several small pockets in the subsurface containing 
high metal and ferrous content (MKM, 2004b). Most of these pockets were encountered in the 
northeastern portion of the site. Based on site reconnaissance, the estimated area of the PDS is 
8 acres. Additional details regarding site reconnaissance are provided in Sections 6.3.1 and 6.4.1. 

6.3 INVESTIGATION ACTIVITIES 

MKM determined the following chemicals to be of potential concern at the PDS because they are 
representative of contaminants resulting from munitions demolition/detonation activities: 2,4,6-
TNT, RDX, HMX, tetryl, barium, chromium, cadmium, copper, lead, perchlorate, zinc, and 
white and red phosphorus (MKM, 2004b).   
 
Two types of phosphorus may have been used in incendiary devices disposed of at the site: white 
phosphorous and red phosphorus. Based on information available from the ATSDR, a 
collaborative entity between the EPA and CDC, white phosphorus is the most toxic version of 
phosphorus and is readily converted to nontoxic chemical species in the environment. Except for 
cases where buried pockets (not exposed to air or moisture) remain from pyrotechnics disposal or 
where incendiary devices remain intact, phosphorus does not pose a substantial threat to human 
health or the environment. If red or white phosphorus is released into the environment from past 
disposal or training exercises, it is readily oxidized in the presence of moisture to produce 
phosphoric acid and phosphate (ATSDR, 1997). White phosphorus has a EPA RSL; red 
phosphorus has no known regulatory limit. 
 
All known field activities, including historical activities and the facility-wide RI, are summarized 
below. Details regarding sampling methods prior to Fall 2005 may be found in the below-referenced 
reports and Section 3.0.  
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6.3.1 Site Reconnaissance 

In Fall 2004, MKM performed site reconnaissance at the PDS, determining the physical on-site 
location of features described in previous records and reports, in addition to conducting UXO 
avoidance.   
 
In Summer 2005, a paper reconnaissance was performed during the preparation of the OU-7 SRI 
Work Plan (Tetra Tech, 2005). Tetra Tech reviewed a drawing dated October 1945 (Figure 6-3), 
entitled ―Contaminated Areas Near East Boundary—South of Augusta Road and East of Yard E‖ 
(Day and Zimmerman, 1945). Several historical aerial photos were also reviewed.  The 1941 and 
1957 photos are provided on Figures 6-4 and 6-5, respectively. Using the Manifold GIS 
platform, the 1945 drawing was georeferenced to Road K, as was the circa 1957 aerial photo. 
The outline of the area shown on the 1945 drawing is included on the subsequent figures 
provided for the PDS.   
 
In Fall 2005, prior to sampling, Tetra Tech conducted field reconnaissance to determine if 
proposed soil sample locations would adequately delineate contaminants detected during the Fall 
2004 sampling event and if additional areas of potential contamination existed that had not been 
previously identified and sampled, per the OU-7 SRI Work Plan (Tetra Tech, 2005). Field 
reconnaissance was also performed to determine if the location of historical site activities indicated 
on the 1945 drawing could be confirmed. Field reconnaissance was conducted throughout the 
suspected PDS area based on previous MKM sampling results, interpretation of historical aerial 
photos and site maps, and professional judgment by the Tetra Tech technical lead.  
 
To facilitate the reconnaissance in Fall 2005, extensive brush clearing was conducted in concert 
with UXO avoidance procedures as described in Section 3.0. UXO avoidance was designed as a 
health and safety measure for field personnel.  

6.3.2 Soil Sampling 

Figure 6-2 presents the locations of all soil samples collected during investigations at the PDS. 
The sample locations have been color coded relative to each specific sampling event discussed in 
the text below. Samples whose locations are unknown are not represented in the figure. The 
number of samples collected during each sampling event and the chemical groups analyzed are 
summarized below. The specific chemicals analyzed in each chemical group during each event 
are provided in Table 6-1. 
 

Sampling Event Company Total No. of Samples Explosives Metals SVOCs 

Summer 1981 ERG 1 1 1 1 
Summer 1991 JAYCOR 3 3 3 - 

Summer/Fall 2004 MKM 45 45 45 - 
Summer/Fall 2005 Tetra Tech 6 6 6 - 

 
ERG collected one surface sample (S-6) at 0.8 feet bgs approximately 350 feet south of the 
scarred area in 1981 as specified in the Contamination Survey (ERG, 1982). The location of the 
sample is shown in white on Figure 6-2. No sample logs were provided in the ERG report. 
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During the facility-wide SI in 1991, JAYCOR collected three soil samples (18SA0101 through 
18SA0301) at 1.5 feet bgs at suspected demolition pit areas between the scarred area and Long 
Creek (JAYCOR, 1996). The locations of the samples are shown in light blue on Figure 6-2. The 
sampling methods are not specified in the facility-wide RI, which includes the SI data; and no 
sample or boring logs for these samples were provided in the facility-wide RI.  
 
In Summer/Fall 2004, MKM collected MPI surface soil samples in two stages. In the first stage, 
samples were collected from within the established grids for a total of nine samples. The site was 
divided into nine large grids (001 through 009), each slightly larger than one acre in size. Based 
on the results from the first set of MPI samples, four grids (002 through 005) were subsequently 
subdivided into four subgrids each for a total of 16 additional samples. Figure 6-2 illustrates the 
grid and places the MPI samples as individual points in dark brown centered in each grid and 
subgrid. MPI samples were collected using the methods detailed in Section 3.2.1.1. Each MPI 
sample was comprised of 30 aliquots acquired at random locations from 0 to 1 foot bgs within 
each grid (MKM, 2004b). The locations of the individual aliquots were not surveyed. Sampling 
logs are provided in Appendix D. 
 
In Summer/Fall 2004, MKM collected four discrete surface soil samples (shown in dark brown 
on Figure 6-2) at visibly impacted areas: one from a detonation crater (PDS-SS-001), one 
adjacent to where an empty gun clip was found (PDS-SS-002), one adjacent to a small pile of 
filters and small scrap metal pieces that appeared to be automotive related parts (PDS-SS-003), 
and one adjacent to where subsurface metals were detected during the magnetometer sweep of 
the area (PDS-SS-004). During the second stage of sampling, MKM collected 16 discrete surface 
soil samples (shown in dark brown on Figure 6-2). Samples were collected by hand auger using 
the methods described in Section 3.2.1.1. Sample locations were staked and surveyed. Sampling 
logs are provided in Appendix D. 
 
In Summer/Fall 2005, Tetra Tech collected soil samples (shown in green in Figure 6-2) from two 
detonation craters near PDS-SS-001 (PDS-TTSB-057 and -058) per the OU-7 SRI Work Plan 
(Tetra Tech, 2005). Samples were collected by hand auger from all locations at the surface, 1-2 
feet bgs, and 2-4 feet bgs, using the sampling methodologies detailed in Section 3.2.2.1. Sample 
locations were staked and surveyed. Boring logs are provided in Appendix C. Sampling logs are 
provided in Appendix D.  

6.3.3 Sediment Sampling 

Figure 6-6 presents the locations of all sediment samples collected during investigations at the 
PDS. All samples were analyzed for explosives and metals; one sample was also analyzed for 
PAHs, PCBs/Pesticides, SVOCs, and VOCs. The samples are summarized below. The specific 
chemicals analyzed in each chemical group during this event are provided in Table 6-1. 
 

Sampling 

Event 
Company 

Total No. of 

Samples 
Explosives Metals PAHs 

PCBs/ 

Pesticides 
SVOCs VOCs 

Summer 1992 JAYCOR 1 1 1 1 1 1 1 
Fall 2005 Tetra Tech 3 3 3 - - - - 
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During the facility-wide RI in 1992, JAYCOR collected one sediment sample (shown in blue on 
Figure 6-6) in Long Creek, north (upstream) of the PDS (RBWSD5501) (JAYCOR, 1996). The 
sampling methods are not specified in the facility-wide RI, and no sample log for this sample 
was provided in the facility-wide RI.  
 
In Fall 2005, Tetra Tech collected three sediment samples (PDS-TTSD-001 through -003) adjacent 
to upstream of, and downstream of the PDS, respectively, per the OU-7 SRI Work Plan (Tetra 
Tech, 2005). The locations of the samples are shown in light green on Figure 6-6. Samples were 
collected using similar methods to MKM, as described in Section 3.2.1.2. The sampling locations 
were surveyed. Sampling logs are provided in Appendix D.   

6.3.4 Surface Water Sampling 

Figure 6-6 presents the locations of all surface water samples acquired during investigations at 
the PDS. Four were analyzed for metals and explosives; one sample was analyzed for PAHs, 
PCBs/Pesticides, SVOCs, and VOCs; and three samples were analyzed for perchlorate. The 
samples are summarized below. The specific chemicals analyzed in each chemical group during 
each event are provided in Table 6-1. 
 
Sampling 

Event 
Company 

Total 

No. of 

Samples 

Explosives Metals PAH 
PCBs/ 

Pesticides 
SVOCs VOCs Perchlorate 

Summer 
1992 JAYCOR 1 1 1 1 1 1 1 - 

Fall 2005 Tetra Tech 3 3 3 - - - - - 
Winter 
2006 Tetra Tech 3 - - - - - - 3 

Summer 
2011 Tetra Tech 3 - 3 - - - - - 

 
In 1992, JAYCOR collected surface water sample RBSW5501 (shown in blue on Figure 6-3) in 
Long Creek adjacent to sediment sample RBWSD5501 (JAYCOR, 1996). The sampling methods 
are not specified in the facility-wide RI, and no sample log for this sample was provided in the 
facility-wide RI.  
 
In Fall 2005, Tetra Tech collected three surface water samples (PDS-TTSW-001 through -003) 
from the same locations as the Tetra Tech sediment samples, per the OU-7 SRI Work Plan 
(Tetra Tech, 2005). In Winter 2006, surface water samples were collected from these locations and 
analyzed for perchlorate. In Summer 2011, surface water samples were collected from these 
locations and analyzed for dissolved thallium due to data quality issues and potential ecological 
risk. The locations of the samples are shown in dark green in Figure 6-6. Samples were collected 
using methodologies detailed in Section 3.2.2.2. Sampling logs are provided in Appendix D.   
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6.3.5 Groundwater Sampling 

Figure 6-2 presents the location of the groundwater samples collected during the 2005/2006 
investigation at the PDS. One sample was analyzed for explosives and metals, and the second 
sample was analyzed for perchlorate, as summarized below. The specific chemicals analyzed in 
 each chemical group are provided in Table 6-1.  
 

Sampling 

Event 
Company 

Total 

No. of 

Samples 

Explosives Metals Perchlorate 

Fall 2005 Tetra Tech 1 1 1 - 
Spring 2006 Tetra Tech 1 - - 1 

 
In Fall 2005, Tetra Tech collected a groundwater sample (PDS-TTTW-01) from a DPT screen 
point sampler downgradient of the PDS per the OU-7 SRI Work Plan (Tetra Tech, 2005). 
Groundwater was encountered at a depth of 7.9 feet bgs. In Spring 2006, a groundwater sample 
was collected from this location and analyzed for perchlorate. Groundwater samples were 
collected by peristaltic pump using the methodologies discussed in Section 3.2.2.3. The sample 
location was staked and surveyed. The boring log is provided in Appendix C, and the sampling 
logs are provided in Appendix D.  

6.4 RESULTS OF INVESTIGATION 

As part of this SRI, Tetra Tech evaluated all of the historical and recent sampling data collected at 
the PDS. This includes an evaluation of every soil, sediment, surface water, and groundwater 
sample acquired at the site. All analytical data from the OU-7 sites are provided in Appendix F. 
Sampling logs for samples collected in 2004 and later are provided in Appendix D, with sampling 
logs for previous samples contained in their respective reports. Laboratory analytical reports and 
validation reports for Tetra Tech samples are provided in Appendices G and H, respectively. All 
other laboratory and validation reports are contained in their respective reports.   
 
6.4.1 Site Reconnaissance 

During site reconnaissance and UXO avoidance activities at the PDS in Fall 2004, MKM 
observed that vegetation in the eastern portion of the PDS consisted of tall grasses and young 
growth cedar trees, while the remainder of the site was vegetated with low ground cover, multi-
flora rose, and mature-growth hardwood trees. MKM observed small piles of dirt within and 
bordering the grass/cedar tree area, which typically contained ferrous anomalies, although no 
visible signs of munitions-related debris were found.  
 
Several small areas were identified with Schonstedt metal detectors to possess high metal and 
ferrous content, primarily in the eastern portion of the site. No large contiguous areas of 
magnetic anomalies were identified. No subsurface munitions-related items were identified; 
however, many subsurface anomalies were located and avoided during magnetometer sweeping 
operations. In a few locations, non-ordnance-related metal was observed at the surface, such as 
an empty gun clip located in the approximate center of the site. Two to three small areas were 
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observed with old air filters and other small pieces of non-munitions-related scrap metal 
scattered on the ground, suggesting the site may have been used for the disposal of non-
munitions related materials. Craters were observed in the eastern portion of the site, one of which 
was sampled (PDS-SS-001). The western and far southern portions of the site contained no 
observed surface munitions-related items and very few subsurface ferrous anomalies. The 
anomalies were not surveyed. 
 
As part of the paper survey conducted by Tetra Tech in 2005 during preparation of the OU-7 SRI 
Work Plan (Tetra Tech, 2005), a drawing of contaminated areas dated October 1945 including 
the PDS site was reviewed. The PDS is shown to be an irregularly shaped area approximately 
128 by 105 feet (0.31 acre), as illustrated on Figure 6-4. When georeferenced and placed in the 
GIS, it is shown located approximately 75 feet east of Long Creek and approximately 180 feet 
south-southwest of Road K (Figure 6-2). 
 
Historical aerial photos were also reviewed during the preparation of the OU-7 SRI Work Plan 
(Tetra Tech, 2005). In the 1941 aerial photo (Figure 6-5), the entire site area is cleared of trees 
from Road K to the southwest-trending stream south of the site, with fences apparent to the south 
and east. As illustrated in the circa 1957 aerial photo (Figure 6-6), the site is still clear of trees, 
the south fence line is still visible, and the east fence line appears to have become somewhat 
overgrown. A circular scarred/disturbed area of approximately 3 acres is present approximately 
275 feet east-northeast of Long Creek and 50 feet south of Road K, within the bounds of the 
fence lines. Neither the 1941 nor the circa 1957 aerial photos indicate any disturbances in the 
vicinity of the PDS area identified in the 1945 drawing. A review of subsequent aerial photos 
indicates the  scarred/disturbed area remains treeless, while trees slowly overtake the rest of the 
area after 1963. Vegetation remains sparse in the scarred/disturbed area until the 1983 aerial 
photo, when what appear to be small cedar trees first appear in any number. Additional aerial 
photos reviewed are provided in Appendix E. The estimated area covered by the PDS is 
approximately 8 acres, which encompasses the 0.31-acre area from the 1945 site drawing, the 
area assumed by JAYCOR to be the PDS, and the 3-acre scarred area identified in the circa 1957 
aerial photo. 
 
During additional field reconnaissance conducted by Tetra Tech in Fall 2005 per the OU-7 SRI 
Work Plan (Tetra Tech, 2005), no indications of the 1945 PDS area were observed. Three 
detonation craters were found grouped together in the eastern portion of the site, as illustrated in 
Figure 6-7, one of which was sampled by MKM (PDS-SS-001) (Figure 6-2). Tetra Tech 
proceeded to collect samples from the other two detonation craters (PDS-TTSB-57 and 
PDS-TTSB-58) on either side of the sampled one (Figure 6-2). Neither UXO nor metallic debris 
was visually observed. Schonstedt readings suggested small pieces of ferrous metal were present 
in the near surface soil sporadically across the site. Photos of the site are provided in Appendix B. 

6.4.2  Soil Analytical Results 

Tables 6-2a and 6-2b present summaries of all chemical data for MPI and discrete soil samples, 
respectively, at the PDS, including number of detects, minimum and maximum concentrations, 
and comparison criteria for each chemical. The comparison criteria for all chemicals include the 
OU-1 RGs (EPA, 1998) or the EPA industrial soil RSLs (EPA, 2009a) for chemicals where no 
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RGs were calculated. Other comparison criteria are specific to chemical group and are included 
with each chemical group in the sections below. The concentrations of the chemicals detected in 
MPI and discrete soil samples are presented in Tables 6-3a and 6-3b, respectively, along with the 
comparison criteria. The two types of soil samples are discussed separately because MPI sample 
results represent environmental conditions within a larger area that those represented by discrete 
sample results. The distribution of detected explosives is illustrated on Figure 6-8. Chemicals 
detected in soil at the PDS include explosives, one SVOC, metals, and phosphorus. 
 
Explosives 
Explosives concentrations at the PDS were compared to the OU-1 RGs (EPA, 1998), where 
available, or to the EPA industrial soil RSLs (EPA, 2009a) where no RGs were calculated. 
Because explosives are mobile in the environment, the concentrations were also compared to the 
SSLs presented in the RSL table (EPA, 2009a), which assumes no dilution or attenuation 
between the source and groundwater.  
 
Twenty-five composite MPI samples have been collected from surface soil at the PDS, as 
illustrated in Figure 6-2, and analyzed for explosives. Detections and exceedances of screening 
criteria are presented in Tables 6-3a and 6-4a, respectively. The results presented in Table 6-3a 
indicate that from one to six explosives were detected in 17 MPI samples at the PDS. Of these 
explosives, 2,4,6-TNT exceeded its RG in one sample. The explosives 2,4,6-TNT, 2,4-DNT), 2-
amino-4,6-DNT, 4-amino-2,6-DNT, and RDX exceeded their SSLs in all locations where they 
were detected, indicating a potential for leaching to water (Table 6-4a).  
 
As illustrated in Figure 6-8, 2,4,6-TNT exceeds its RG in the MPI sample from grid 002-0001 in 
the north central portion of the site and is elevated relative to samples in adjoining grids. This grid 
coincides with the northern portion of the scarred area observed in the 1957 aerial photo. 
Relatively low 2,4,6-TNT concentrations below the OU-1 RG occur in the subgrids of grid 002-
0001 and other nearby grids, indicating that elevated 2,4,6-TNT concentrations appear to be 
limited to this particular area. Concentrations of 2,4,6-TNT, 2,4-DNT, 2-amino-4,6-DNT, 4-
amino-2,6-DNT, and RDX were detected above SSLs in the northern 2/3 of the site (grids 002-
0001, 003-0001, 004-0001, and 005-0001), including grid 004 near Long Creek and the area near 
PDS-TTTW-01 (Table 6-4a). No explosives were detected in MPI samples collected from the three 
southern grids (007, 008, 009); the far northwest corner (001); or the far east-central grid (006), in 
which craters were identified during site reconnaissance.  
 
Thirty discrete soil samples have been collected at the PDS and analyzed for explosives. 
Detections and exceedances of screening criteria are presented in Tables 6-3b and 6-4b, 
respectively. The results presented in Tables 6-3b and 6-4b indicate that one to five explosives 
were detected in nine discrete samples at the PDS. Of these, none exceeded the OU-1 RGs or 
RSLs, and concentrations in the discrete samples were typically lower than those in the MPI 
samples. Four explosives, 2,4,6-TNT, 2-amino-4,6-DNT, 4-amino-2,6-DNT, and 4-nitrotoluene, 
exceeded their SSLs in all locations where they were detected, indicating a potential for leaching to 
groundwater. As illustrated in Figure 6-8, these SSL exceedances were in discrete samples from 
grids 002, 005, and 004. Detected concentrations are surrounded by samples without detected 
explosives or by geographical features (Road K, Long Creek). 
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SVOCs 
The SVOC 1,4-benzoquinone was detected at 4 mg/kg in sample S-6, located south of the PDS. 
There is no OU-1 RG or RSL for this compound. It is considered to be a tentatively identified 
compound (TIC) or non-target compound. Sample location S-6 is approximately 300 feet south of 
the potentially contaminated areas, so the concentration is not considered to be from site activities.  
 
Metals  

Metals concentrations were compared to the OU-1 RGs (EPA, 1998) or to the EPA industrial soil 
RSLs (EPA, 2009a) for metals where no RGs were calculated. Metals concentrations were also 
compared to background levels (Tables 6-2a and 6-2b). The distribution of metals for which there 
was at least one exceedance of the maximum background concentration is illustrated on Figure 6-9. 
Concentrations for all detected metals are shown in Tables 6-3a and 6-3b. 
 
Twenty-five composite MPI samples have been collected from surface soil at the PDS, as 
illustrated in Figure 6-2, and analyzed for metals. Detections and exceedances of screening criteria 
are presented in Tables 6-3a and 6-4a, respectively. As shown in Table 6-4a, barium, chromium, 
lead, mercury, and selenium concentrations exceeded background in at least one MPI sample. 
The results presented in Table 6-3a indicate that the MPI samples contain generally similar 
metals concentrations below screening criteria, with the exception of barium, lead and mercury. 
Of those three metals, lead and mercury exceed their respective RGs/RSLs in one sample each. 
Barium exceeded its background concentration and maximum background concentration, but did 
not exceed its RSL. 
 
As illustrated in Figure 6-9, lead exceeds the OU-1 RG in grid 002-0001. The lead concentration 
is higher in grid 005-0041 relative to other MPI samples, yet still less than the RG. Mercury 
exceeds its RSL in grid 005-0041. Grids 002 and 005 coincide with the scarred area identified in 
the 1957 aerial photo. Elevated concentrations, including those above the RG and RSL, are  
adjacent to grids and subgrids with lower concentrations, indicating that the extent of elevated 
concentrations appears to be limited. 
 
Thirty discrete samples have been collected at the PDS, as illustrated in Figure 6-2, and analyzed 
for metals. Detections and exceedances of screening criteria are presented in Tables 6-3b and 
6-4b, respectively. As shown in Table 6-4b, barium, chromium, copper, lead, mercury, and 
selenium concentrations exceeded background in at least one sample. The results presented in 
Table 6-3b indicate that the discrete samples contain generally similar metals concentrations 
below screening criteria, with the exception of barium, chromium, copper, lead, mercury, and 
selenium. Of these six constituents, only mercury exceeds its RSL in one sample.  
 
As illustrated in Figure 6-9, an elevated mercury concentration above the RSL occurs in one 
sample (PDS-TTSB-057 at 2 to 4 feet bgs) located in a crater in the eastern portion of the site (grid 
006); the elevated mercury does not coincide with the MPI sample grid with the highest mercury 
concentration (grid 005-0041), although it is adjacent. The location with the elevated mercury 
concentration is surrounded by discrete samples with lower concentrations; thus, it appears that the 
extent of elevated mercury is limited.  
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Phosphorus 

All of the MPI samples at the PDS, and all but 10 of the discrete soil samples, were analyzed for 
phosphorus. It was detected in 23 of 25 MPI samples and in 17 of the 20 discrete samples that 
were analyzed for phosphorus. There are no comparison criteria for phosphorus, and no figure 
was prepared to depict the distribution of phosphorus in soil at the PDS. Although no comparison 
criteria exist for phosphorus, it is considered naturally occurring in the environment and essential 
to plant life. 

6.4.3 Sediment Analytical Results 

Table 6-5 presents a summary of all chemical data for sediment samples collected in the vicinity of 
the PDS, including the number of detects, minimum and maximum concentrations, and 
comparison criteria for each chemical. The concentrations of the chemicals detected in sediment 
samples are presented in Table 6-6. Chemicals detected in sediment samples collected in the 
vicinity of the PDS include metals. Explosives, PAHs, PCBs/pesticides, SVOCs, and VOCs were 
not detected in any of the sediment samples.  
 
Metals 

Metals concentrations for sediment samples collected in the vicinity of the PDS were compared 
to the OU-1 RGs (EPA, 1998) or to the EPA industrial soil RSLs (EPA, 2009a) where no RGs 
were calculated. Soil background concentrations (Appendix I) were also used for evaluation in 
addition to concentrations in upstream samples RBWSD5501 and PDS-TTSD-003. 
 
Four sediment samples have been collected in Long Creek at locations upstream of, adjacent to, 
and downstream of the PDS and analyzed for metals. Of those four sediment samples, two 
(RBWSD5501 and PDS-TTSD-003) were collected upstream of the site. The results presented in 
Tables 6-6 and 6-7 indicate that none of the metals exceed RSLs or OU-1 RGs. Samples adjacent 
to and downstream of the site contain concentrations that are generally similar to or lower than 
the upstream samples, indicating naturally occurring concentrations or the influence of upstream 
sources. Selenium exceeds the soil background of 0.715 mg/kg in all three 2005 samples 
(Table 6-7), with the highest concentration in the upstream sample PDS-TTSD-003; however, all 
three are within the range of soil background concentrations. 

6.4.4 Surface Water Analytical Results 

Table 6-8 presents a summary of all chemical data for surface water samples collected in the 
vicinity of the PDS, including the number of detects, minimum and maximum concentrations, 
and comparison criteria for each chemical. The concentrations of the chemicals detected in 
surface water samples are presented in Table 6-9. Chemicals detected in surface water samples 
collected in the vicinity of the PDS include total and dissolved metals. Explosives, PAHs, 
perchlorate, PCBs/pesticides, SVOCs, and VOCs were not detected in surface water samples 
collected at the PDS. 
 
Metals 

Concentrations of detected constituents were compared to EPA MCLs (EPA, 2009b), where 
available. For constituents without MCLs, the greater of the HALs (EPA, 2009b) or RSLs (EPA, 
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2009a) were used. Concentrations in two upstream samples (RBWSW5501 and PDS-TTSW-
003) were also used to compare with samples collected at or downstream of the site. 
 
Four surface water samples have been collected from four locations in Long Creek in the vicinity 
of the PDS and analyzed for total metals; three of those samples have been analyzed for 
dissolved metals. Surface water samples from two locations (RBWSW5501 and PDS-TTSW-
003) were collected upstream of the site. The results presented in Table 6-9 indicate that none of 
the sample results for total metals exceed comparison criteria. Samples adjacent to and 
downstream of the site contain total and dissolved concentrations that are generally similar to the 
upstream samples. Although dissolved thallium exceeded comparison criteria in the two samples 
collected adjacent to and downstream of the site, total thallium was not detected in any of the 
samples, and a data quality review indicated that the detections may have been caused by data 
quality issues as discussed in Appendix J. Dissolved thallium data collected in June 2011 were 
below detection limits. Because no metals exceeded comparison criteria, no figure is presented.   

6.4.5 Groundwater Analytical Results 

Table 6-10 presents a summary of all chemical data for groundwater at the PDS, including the 
number of detects, minimum and maximum concentrations, and comparison criteria for each 
chemical. The concentrations of the chemicals detected in surface water samples are presented in 
Table 6-11. Chemicals detected in groundwater at the PDS include total and dissolved metals 
and explosives; perchlorate was not detected. 
 
Explosives 

Concentrations of detected constituents were compared to EPA MCLs (EPA, 2009b), where 
available. For constituents without MCLs, the greater of the HALs (EPA, 2009b) or RSLs (EPA, 
2009a) were used. 
 
One groundwater sample was collected at the PDS and analyzed for explosives. The results 
presented in Table 6-11 indicate that four explosives were detected at low concentrations below 
comparison criteria. Given the low concentrations at this location downgradient of the site (based 
on site-wide potentiometric contours, which included data at well G-21, south of the site), it is 
likely that any explosives groundwater contamination does not extend far downgradient from the 
former demolition area.  
 

Metals 

Concentrations of detected constituents were compared to EPA MCLs (EPA, 2009b), where 
available. For constituents without MCLs, the greater of the HALs (EPA, 2009b) or RSLs 
(EPA, 2009a) were used. 
 
One groundwater sample was collected at the PDS and analyzed for total and dissolved metals. 
The results presented in Tables 6-11 and 6-12 indicate that six metals exceed their comparison 
criteria in the total metals sample: arsenic, cobalt, iron, lead, manganese, and mercury. The 
dissolved fraction of metals is lower than the total fraction for the total metals that exceed 
comparison criteria. None of the dissolved fraction samples exceeds comparison criteria. This 
difference is considered to be caused by the turbidity in the sample (no quantitative turbidity data 
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collected) because a grab sample was collected from a DPT screen point sampler with no filter 
pack to reduce suspended solids. Because little to no water was purged from the DPT screen 
point sampler prior to collecting the sample (due to very limited recharge), little of the suspended 
solids naturally present in the till and alluvium groundwater would have been removed. Because 
of the limited nature of metals above comparison criteria, no figure is presented.  

6.5 REMEDIAL ACTIONS COMPLETE OR IN PROGRESS 

Between October 6, 2006, and January 11, 2007, a total of 3,952 cy of contaminated soil was 
removed from three excavations at the PDS, as detailed in the Final RA Completion Report for 
OU-1 Soils (Tetra Tech, 2010). Excavations are shown in Figures 6-8, 6-9, and 6-10, and 
confirmation soil sampling results are provided in Table 6-13. The northernmost excavation 
(PDS-E03) was substantially larger (200 by 200 feet) than the other two and was located in 
MKM’s grid 002; it was excavated to 2 feet bgs. It required two phases of excavation (second 
phase samples identified with a P2) to remove all 2,4,6-TNT contamination above the RG. 
Following phase 2 excavations, all confirmation samples were below the RG. Confirmation 
samples from excavation PDS-E03 were also analyzed for lead. All concentrations were below 
the RG. The easternmost excavation (PDS-E02) was located at one of the craters in which 
elevated mercury concentrations (above the RSL) were detected; it was excavated to 8 feet bgs. 
Following phase 2 excavations, all confirmation samples were below the RSL. The centrally 
located excavation (PDS-E01) was approximately 100 by 100 feet; it was excavated to 2 feet 
bgs. It required two phases of excavation (second phase samples identified with a P2) to remove 
all contamination above the RSL for mercury. All confirmation samples were below the RSL.  
Based on confirmation sampling, no soil above appicalble screening criteria remains in the 
excavated areas. All excavations were backfilled with clean fill, as detailed in the Final RA 
Completion Report (Tetra Tech, 2010). 

6.6 CONTAMINANT FATE AND TRANSPORT 

As illustrated in Figure 6-4, the PDS as of 1945 consisted of a small, roughly rectangular area near 
Long Creek; however, upon further study, the PDS was believed to be in a disturbed area evident 
in the 1957 aerial photo (Figure 6-6) that does not include the 1945 site area. Within the disturbed 
area, three shallow detonation craters were identified. Releases from such craters and shallow 
disturbances where ordnance demolition/detonation occurred would have been confined to surface 
and near surface soil. The shallow (to approximately 3 or 4 feet bgs) nature of the craters and 
surface disturbances was confirmed through observations during soil sampling and the results of 
sampling. The extent of soil contamination and the likelihood for sediment, surface water, and 
groundwater contamination would have been controlled by the following: 

 The violence of the detonations, which would have ejected soil and debris from the 
detonation craters and onto the ground surface. Based on sampling results from outside of the 
three craters observed, some surface soil areas outside of the craters were contaminated by 
former site activities, particularly in the formerly disturbed area, but have been removed. 
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 The topography and vegetation of the area. The topography is comprised of relatively gentle 
slopes, and dense vegetation would hinder the movement of surface contamination, which 
does not appear to have occurred based on the results of samples collected between 
contaminated areas and Long Creek, and in Long Creek itself. 

 The properties of the chemicals in detonated materials. Explosives, the most mobile of the 
possible chemicals released in detonations, were detected in surface soil samples. According 
to the Material Safety Data Sheet of the chemicals detected, the explosives detected in soil 
and groundwater are generally soluble, with relatively low octanol/water partitioning 
coefficients (meaning that they leach to water readily, rather than staying sorbed onto soil 
particles). The 2,4,6-TNT leaching-based RG was exceeded, and low concentrations of 
degradation products of 2,4,6-TNT (amino-DNTs) are present in groundwater downgradient 
of the 2,4,6-TNT leaching-based RG exceedance, indicating that explosives have been 
transported to groundwater. Metals mobility from soil to water (groundwater or surface 
water) is controlled by both the soil and water geochemistry (i.e., ORP and pH) (Dragun, 
1988), although metals can be transported as suspended solids to both surface water and 
groundwater regardless of geochemistry.   

 
Based on the distribution of soil contamination and groundwater plumes that have been studied 
across IAAAP, a contaminant plume would migrate a relatively short distance and very slowly 
from its source, given the low vertical and horizontal hydraulic conductivities encountered in the 
clayey till at the facility. In addition, many contaminants would have attenuated over time in 
both soil and groundwater given that the site ceased being used more than 50 years ago. The 
removal of contaminated soil will aid in further attenuation of any remaining groundwater 
contamination because the source of such contamination has been removed. Based on the 
analytical results at the site, it appears that contamination at the PDS was confined to soil within 
the disturbed area evident in the 1957 aerial photo (contaminated soil removed in 2007), and has 
not migrated horizontally in more than 50 years.  It is unlikely to migrate any farther.  

6.7 DATA EVALUATION 

All of the sample data for the PDS have been assessed for their overall data quality and usability 
for risk assessments as discussed in Appendix J.  

6.7.1 Data Quality 

All sample data were considered of acceptable quality, with the exception of the dissolved 
thallium data collected in Fall 2005, which had data quality issues. Samples collected in Summer 
2011 for analysis of  dissolved thallium were below detection limits. The Summer 2011 data for 
dissolved thallium are used in place of the Fall 2005 data; however, because there were no data 
quality issues with the total fraction, the total thallium data from Fall 2005 are still used. 

6.7.2 Sample Locations 

JAYCOR soil, sediment, and surface water sample locations are estimated from maps from the 
1996 RI, as there are no reliable survey data for these locations. These locations are considered 
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acceptable for use in the risk assessment; however, the lack of accurate and reliable sampling 
locations provides some uncertainty in the risk assessment. 
 
RBWSW5501 and RBWSD5501 are located upstream of the site. While the data may be useful 
for potential background values for this particular site, they do not reflect site uses, and will not 
be used in the risk assessment. 

6.8 RISK ASSESSMENT RESULTS 

6.8.1 Human Health Risk Assessment 

The BHHRA is provided in Appendix K, including methodologies, tables for the human health 
risk assessment, and a discussion of the results. The data used were derived from Section 6.7 and 
Appendix J. The results of the BHHRA are detailed in Tables 6-14 through 6-16, and 
summarized in Sections 6.8.1.1 and 6.8.1.2. 
 
6.8.1.1 Chemicals of Potential Concern 

To determine soil COPCs at the PDS, the data derived from Section 6.7 and Appendix J were 
evaluated against the OU-1 RGs. For chemicals with no RG, the EPA industrial RSLs were used 
(EPA, 2009a). Conservatively, screening levels for noncarcinogens are one-tenth these RSLs 
(based on a HI of 0.1) to account for potential additivity of noncarcinogenic effects. If screening 
levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the lower of the 
two values was used for screening. Soil COPC selection was a two-fold process depending on 
the availability of an RG value for a given chemical. When an RG value was available, the 
COPC selection depended on whether the maximum detected concentration for that chemical 
exceeded the RG. When an RG value was not available, the COPC selection depended on 
whether the maximum detected concentration for that chemical exceeded the industrial RSL. 
Residential RSLs were not used in COPC screening. COPCs in surface soil are 2,4,6-TNT, lead, 
and mercury, with respective maximum concentrations of 78, 1,700, and 350 mg/kg. COPCs in 
subsurface soil are 2,4,6-TNT, copper, lead, and mercury, with respective maximum 
concentrations of 78, 5,230, 1,700, and 409 mg/kg. 
 
To determine sediment COPCs at the PDS, the data derived from Section 6.7 and Appendix J 
were evaluated against the EPA residential RSLs (EPA, 2009a). Conservatively, screening levels 
for noncarcinogens are one-tenth these RSLs (based on a HI of 0.1) to account for potential 
additivity of noncarcinogenic effects. If screening levels existed for a chemical for both 
carcinogenic and non-carcinogenic effects, the lower of the two values was used for screening. 
The maximum detected concentration for each detected chemical in sediment was screened 
against the residential RSL. Chemicals that exceeded toxicity screening levels were retained as 
COPCs. Conversely, chemicals that were not detected, or were not detected at maximum 
concentrations exceeding toxicity screening levels, were not retained as COPCs. Arsenic, cobalt, 
iron, and manganese were identified as COPCs in sediment, with respective maximum 
concentrations of 2.9, 4.8, 8,680, and 449 mg/kg. 
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To determine surface water COPCs at the PDS, the data derived from Section 6.7 and Appendix J 
were evaluated against EPA tap water RSLs (EPA, 2009a) and federal SDWA MCLs and HALs 
(EPA, 2009b) (HALs were used for screening only when there was no RSL or MCL for a given 
chemical). Conservatively, screening levels for noncarcinogens based on RSLs are one-tenth these 
RSLs (based on a HI of 0.1) to account for potential additivity of noncarcinogenic effects. If 
screening levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the lower 
of the two values was used for screening. The maximum detected concentration for each detected 
chemical in surface water was screened against the greater of the screening levels based on the EPA 
tap water RSLs or MCLs. Chemicals that exceeded toxicity screening levels were retained as 
COPCs. Conversely, chemicals that were not detected or were not detected at maximum 
concentrations exceeding toxicity screening levels were not retained as COPCs. No COPC was 
identified in unfiltered or filtered surface water. 
 
To determine groundwater COPCs at the PDS, the data derived from Section 6.7 and Appendix J 
were evaluated against EPA tap water RSLs (EPA, 2009a) and federal SDWA MCLs and HALs 
(EPA, 2009b) (HALs were used for screening only when there was no RSL or MCL for a given 
chemical). Conservatively, screening levels for noncarcinogens based on RSLs are one-tenth 
these RSLs (based on a HI of 0.1) to account for potential additivity of noncarcinogenic effects. 
If screening levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the 
lower of the two values was used for screening. In the case of metals, the total fraction was used 
in determining COPCs to be conservative. The maximum detected concentration for each 
detected chemical in groundwater was screened against the greater of the screening levels based 
on the EPA tap water RSLs or MCLs. Chemicals that exceeded toxicity screening levels were 
retained as COPCs. Conversely, chemicals that were not detected or were not detected at 
maximum concentrations exceeding toxicity screening levels were not retained as COPCs. The 
following metals were identified as groundwater COPCs: 
 

Chemical 

Maximum Concentration 

(µg/L) Chemical 

Maximum Concentration 

(µg/L) 

aluminum 32700 manganese 1290 
arsenic 12 mercury 8 
cobalt 32.1 nickel 73 
iron 53700 vanadium 83 
lead 32   

 
6.8.1.2 Chemicals of Concern 

Because IAAAP is an active site and no change to the current land use is expected, potential 
current and future receptors include agricultural workers, construction workers, industrial workers, 
trespassers, and wading visitors.  
 
The following receptors are expected to be exposed to the following media at the PDS: 

 Construction worker: incidental ingestion, dermal contact, and inhalation of soil; dermal 
contact, and inhalation of groundwater in a trench or excavation (20 feet deep or less); 
ingestion of groundwater from a water supply well. 
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 Industrial/commercial worker: incidental ingestion, dermal contact, and inhalation of soil; 
ingestion of groundwater from a water supply well.  

 Wading visitor: incidental ingestion, dermal contact, and inhalation of sediment and surface 
water. 

 
The PDS does not include any agricultural use areas, so exposure to agricultural workers would not 
be a complete pathway. Trespassers are unlikely as the facility is restricted access, so are not 
considered likely receptors.  
 
As with the COPC selection in Section 6.8.1.1, the total fraction of metals in groundwater was 
used in calculating risk to be conservative during the calculations, and a comparison to dissolved 
metals results was conducted if necessary. The results of the risk calculations and metals 
comparison are presented below. 
 
For the construction worker, 2,4,6-TNT, copper, lead, and mercury are the chemicals considered 
soil COPCs. Exposure to 2,4,6-TNT, copper, and mercury in soil by a construction worker 
indicates a cancer risk of 2.9E-09 and a non-cancer HQ of 0.1. Table 6-14 provides the risk for 
each of the COPCs in soil. Exposure to lead in soil was evaluated using the EPA’s adult lead 
model, as described in Appendix K. Results indicate no unacceptable risk is posed by lead in soil 
at the PDS. Because the cancer risk for the construction worker does not exceed 1.0E-06, no 
figure of cancer risk in soil is presented.  
 
Exposure to groundwater by a construction worker in a trench or excavation (20 feet deep or 
less) and by ingestion of water from a groundwater well within the evaluated groundwater area 
indicates a total cancer risk of 2.5E-06 and a non-cancer HQ of 4.0. Table 6-16 provides the risk 
for each of the COPCs in groundwater. Ingestion of groundwater contributes the most to the risk 
from groundwater; exposure to groundwater in a trench indicates a cancer risk of less than 
1.0E-06 and a HQ of less than 1.0. The cancer risk driver is total arsenic with a value of 2.5E-06. 
The non-cancer risk driver is total iron with a HQ of 1.8. Although lead is a groundwater COPC, 
there is no model for health effects from adult exposure to groundwater. Dissolved arsenic was 
not detected, dissolved lead was detected an order of magnitude lower than the total fraction and 
below the MCL, and dissolved iron was detected nearly two orders of magnitude lower than total 
iron and below the RSL. The risk from these three metals is likely from sample turbidity as 
discussed in Section 6.4.5 and would likely not have an actual adverse effect on drinking water, 
which is required by EPA to have low turbidity. Therefore, risk from these metals in groundwater 
would be considered acceptable. 
 
For the industrial/commercial worker, 2,4,6-TNT, lead, and mercury are the chemicals 
considered soil COPCs. Exposure to 2,4,6-TNT and mercury in soil by an industrial/commercial 
worker indicates a cancer risk of 1.0E-07 and a non-cancer HQ of 0.07. Table 6-14 provides the 
risk for each of the COPCs in soil. Exposure to lead in soil was evaluated using the EPA’s lead 
model. Results indicate no unacceptable risk is posed by lead in soil at PDS. Because the cancer 
risk for the industrial/commercial worker does not exceed 1.0E-06, no figure of cancer risk in 
soil is presented.  
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For the industrial/commercial worker, exposure to groundwater by ingestion of water from a 
groundwater well within the contaminated groundwater area indicates a total cancer risk of 
6.2E-05 and a non-cancer HQ of 4.0. Table 6-16 provides the risk for each of the COPCs in 
groundwater. The cancer risk driver is total arsenic with a value of 6.2E-05. The non-cancer risk 
driver is total iron with an HQ of 1.8. Although lead is a groundwater COPC, there is no model 
for health effects from adult exposure to groundwater. Because there is only one groundwater 
sample location at the site, no figure was prepared to illustrate the risk from groundwater 
exposure. Dissolved arsenic was not detected,  dissolved lead was detected an order of magnitude 
lower than the total fraction and below the MCL, and dissolved iron was detected nearly two 
orders of magnitude lower than total iron and below the RSL. The risk from total metals is likely 
from sample turbidity as discussed in Section 6.4.5 and would likely not have an actual adverse 
effect on drinking water, which is required by EPA to have low turbidity. Therefore, risk from 
these metals in groundwater would be considered acceptable.  
 
For the wading visitor, exposure to sediment indicates a total cancer risk of 3.1E-08 and a non-
cancer HQ of 0.001. Because no COPCs were identified in surface water, no further evaluation to 
assess risk was warranted. Table 6-15 presents the risks for each of the sediment COPCs. Since 
total cancer risk and non-cancer HQ did not exceed their respective threshold values of 1.0E-06 
and 1.0, no figure representing cancer risk in either sediment or surface water is presented. 

6.8.2 Ecological Risk Assessment 

The BERA Addendum is provided in Appendix L, including methodologies, tables for the ecological 
risk assessment, and a discussion of the results. The data used were derived from Section 6.7 and 
Appendix J. Shallow soil (2 feet bgs or shallower), sediment, and surface water data were evaluated; 
groundwater is not considered a potential pathway for the ecological receptors.  
 
The PDS consists of a dense to moderately wooded area, with no development, making the area 
likely inhabited by wildlife (including the rodents used as representative species in the BERA); 
and potentially used as a forage area by the Indiana bat. The PDS is adjacent to Long Creek, 
which is the only perennial water body that would contain aquatic receptors. 
 
To determine COPECs for shallow soil, the data derived from Section 6.7 were evaluated as 
detailed in Appendix L. Metals and organics were screened against the SLERA SVs. At the PDS, 
soil COPECs include metals (aluminum, barium, boron, chromium, copper, lead, manganese, 
mercury, selenium, vanadium, and zinc), explosives (1,3,5-trinitrobenzene [TNB], 2,4,6-TNT, 
2-amino-4,6-DNT, 4-amino-2,6-DNT, 4-nitrotoluene, and RDX), and two organics 
(4,4-difluorobenzophenone and 1,4-benzoquinone). Soil COPECs for the Indiana bat include all 
detected metals above background concentrations calculated in the BERA and any detected 
organic compounds (e.g., explosives). Sediment COPECs include four metals (barium, 
beryllium, selenium, and vanadium). Surface water COPECs include four total metals 
(aluminum, arsenic, barium, and lead) and two dissolved metals (barium and selenium). 
 
The ecological risk posed by COPECs in soil and surface water/sediment was evaluated using 
multiple lines of evidence, as described in the sections below. 
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6.8.2.1 Terrestrial Environment 

Ecological risks to terrestrial receptors (the white-footed mouse and the short tailed shrew) at the 
PDS were evaluated using equations from the BERA Addendum in Appendix L. HQ values were 
estimated from NOAEL-based and LOAEL-based TRVs. TRVs are used to quantitatively 
estimate the magnitude of toxicity of each COPEC. Table 6-14 provides the results of the HQ 
calculations for soil. Consistent with the MWH BERA, those COPECs with LOAEL-based HQs 
exceeding 1.0 and detected at concentrations greater than background were compared to the CCs to 
evaluate the spatial distribution of the risk drivers. The CCs are calculated analyte concentrations 
that equate to a HQ of 1.0. Per the BERA, exposure to media containing COPECs below the 
LOAEL-based CCs should not result in unacceptable levels of risk to ecological receptors. 
Therefore, the CC values corresponding to LOAEL-based HQs of 1.0 (or background) were used 
to estimate COPEC concentrations in soil that might pose an ecological concern (MWH, 2004). 
 
A summary of the NOAEL- and LOAEL-based HQ values that exceed 1.0 for the white-footed 
mouse and short-tailed shrew exposed to COPECs in soil at the PDS is presented below. 

COPEC 
White-Footed Mouse Short-Tailed Shrew Concentrations 

Below Background? 
Compare to 

CCs? NOAEL HQ LOAEL HQ NOAEL HQ LOAEL HQ 
Aluminum 33 3.3 458 46 Yes No 
Barium <1 <1 12 3.0 No Yes 
Copper <1 <1 1.4 <1 No No 
Mercury <1 <1 1.6 <1 No No 
Vanadium <1 <1 7.9 <1 Yes No 

 
The risk from exposure to copper, mercury, and vanadium is considered to be acceptable because 
the LOAEL-based HQs for these three metals are less than 1.0. Additionally, the risk from 
exposure to aluminum and vanadium is considered to be acceptable because their concentrations 
at the PDS are lower than background concentrations. With LOAEL-based HQs greater than 1.0 
and concentrations above background, barium poses a potential risk to the short-tailed shrew. 
 
Barium exceeds the CC in 15 samples from across the site. Barium concentrations exceed the 
maximum background concentration of 649 mg/kg in eight of the 15 samples. The locations of 
three of the highest concentrations were removed during the RA. For the remaining five 
locations above the maximum background there is no apparent spatial pattern; a review of the 
data does not indicate any one area with elevated barium. It appears to be naturally occurring at 
concentrations above background. Therefore, the risk to the shrew from barium is considered to 
be acceptable. 
 
For the Indiana bat, the cumulative NOAEL-based HI is less than 10, and no LOAEL-based HQ 
values exceed 1.0. The risk to the bat is considered to be acceptable. When risks to the bat were 
re-evaluated using only the post-removal data, the cumulative NOAEL HI was less than 10, and 
no LOAEL-based HQ values were greater than 1.0. Consistent with the MWH BERA and 2008 
ESD for the OU-1 ROD, because no COPECs had LOAEL-based HQs exceeding 1.0, the 
COPECs were not compared to the LOAEL-based CCs.  
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The ecological risk to all three terrestrial receptors from COPECs in the soil at the PDS is 
considered to be acceptable. 
 
6.8.2.2 Aquatic Environment 

Aquatic receptors (the orangethroat darter, aquatic algae, the belted kingfisher, and the Indiana 
bat) at the PDS were evaluated using equations from the BERA Addendum in Appendix L. The 
orangethroat darter and aquatic algae are exposed only to surface water, whereas the food sources 
for the belted kingfisher (fish) and Indiana bat (insects) are exposed to a combination of sediment 
and surface water. Table 6-15 provides the results of the HQ calculations for sediment and surface 
water. Consistent with the MWH BERA, those COPECs with LOAEL-based HQs exceeding 1.0 
and detected at concentrations greater than soil background (sediment) or upstream samples 
(sediment and surface water) were compared to the critical to evaluate the spatial distribution of the 
risk drivers. Similar to soil, the CC values corresponding to LOAEL-based HQs of 1.0 (or 
background) were used to estimate COPEC concentrations in sediment and/or surface water that 
might pose an ecological concern. 
 
A summary of the water-based HQ values that exceed 1.0 for the orangethroat darter and aquatic 
algae exposed to COPECs in surface water adjacent to the PDS is presented below.   
 

COPEC 
Orangethroat Darter Aquatic Algae Concentrations Below 

Upstream Values? HQ HQ 
Barium 21 <1 Yes 

 
For the orangethroat darter, the measured tissue reside was not detected, indicating that the risk to the 
darter is acceptable.  Additionally, the maximum barium concentration is in the sample collected 
upstream of the site. The ecological risk to the darter is considered to be acceptable. 
 
A summary of the NOAEL- and LOAEL-based HQ values that exceed 1.0 for the belted kingfisher 
and Indiana bat exposed to COPECs in surface water and sediment is presented below.  
 

COPEC 

Belted Kingfisher Indiana Bat 
Surface Water 
Values Below 

Upstream 
Values? 

Sediment 
Values 

Below Soil 
Background? 

Compare 
to 

Surface 
Water 
CCs? 

Compare 
to 

Sediment 
CCs? 

NOAEL 
HQ 

LOAEL 
HQ 

NOAEL 
HQ 

LOAEL 
HQ 

Aluminum <1 NA 922 92 No Yes Yes No 
Arsenic <1 <1 8.4 <1 No Yes No No 
Barium NA 6.4 5.8 1.5 Yes Yes No No 

Selenium <1 <1 12 7.5 No No Yes No 
 
Although aluminum and arsenic are not COPECs in sediment at the PDS, their concentrations were 
used for completeness.   
 
The risk from exposure to arsenic in surface water is considered to be acceptable because the 
LOAEL-based HQ for this metal is than 1.0. The risk from exposure to barium in surface water 
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and sediment is considered to be acceptable because concentrations are below upstream 
concentrations and soil background, respectively. The risk from exposure to selenium in sediment 
is considered to be acceptable because the highest concentration is in the upstream sample. With 
LOAEL-based HQs greater than 1.0 and concentrations greater than the upstream sample, 
aluminum and selenium in surface water may pose ecological risk to the Indiana bat. Aluminum 
slightly exceeds the CC of 209 ug/L in only one surface water sample at 222 ug/L. Selenium in 
surface water slightly exceeds its CC in two samples only in the dissolved fraction; the total 
fraction of selenium was not detected.  
 
As stated previously, in the evaluation of effects from surface water and sediment, including the 
calculation of CCs, the belted kingfisher was assumed to ingest all of the fish it feeds upon from 
areas adjacent to the site; however, given the relatively small shoreline along the creek at the 
PDS (approximately 500 linear feet of creek), the belted kingfisher likely consumes fish from 
other areas along Long Creek. Likewise, the Indiana bat was assumed to ingest all of the insects 
it feeds upon from areas adjacent to the site, which is not realistic. Rather, the bat very likely 
consumes insects from larger areas, including terrestrial areas and areas beyond the plant 
boundaries. The ecological risk to the belted kingfisher and the Indiana bat from COPECs in the 
surface water and sediment adjacent to the PDS is considered to be acceptable. 

6.9 SUMMARY AND CONCLUSIONS 

Based on a review of historical information at the PDS, the site was determined to be used as a 
demolition area for ammunition items during the 1940s and early 1950s. A scarred/disturbed area 
of approximately 3 acres that may be the likely demolition area appears on the circa 1957 aerial 
photo.  
 
Investigations conducted between 1981 and 2006 indicate that explosives above SSLs and metals 
above background are present in the shallow soil to approximately 4 feet bgs. Of the seven 
explosives detected, 2,4,6-TNT exceeds the OU-1 RG in one sample, and six others exceed 
SSLs. Of the six metals detected above background, mercury exceeds the RSL in two samples, 
and lead exceeds the OU-1 RG in one sample. Between October 6, 2006, and January 11, 2007, 
the areas with the exceedances were removed during the soil RA; based on confirmation 
sampling, no soil above applicable OU-1 RGs or RSLs remains in the excavated areas. In 
sediment in the vicinity of the PDS, metals concentrations are similar in upstream and 
downstream samples and are below applicable OU-1 RGs and RSLs. In surface water, metals 
concentrations are similar in upstream and downstream samples, and all are below applicable 
comparison criteria. In the groundwater, explosives and metals are present in the groundwater to 
approximately 8 feet bgs. Explosives are below applicable comparison criteria. Six total metals 
exceed applicable comparison criteria; however, dissolved metals are below detection limits or 
the applicable screening criteria; thus, total metals are considered attributable to sample turbidity 
and not to site-related contamination. 
 
Human health and ecological risk assessments were conducted for the PDS. The results of the 
human health risk assessment indicate that there are no unacceptable cancer or non-cancer risks 
identified from the chemicals detected at PDS for the construction worker exposed to soil in a 



 IAAAP 
Supplemental Remedial Investigation  

Operable Unit 7 
 
 

 6-21 

trench or excavation, or for the industrial/commercial worker exposed to surface soil. However, 
for the construction worker or industrial/commercial worker ingesting water from a groundwater 
well installed though the contaminated area, the total cancer risk exceeds 1.0E-06, with total 
arsenic the risk driver; and the non-cancer HQ exceeds 1.0, with total iron the risk driver. There 
is no model for health effects from adult exposure to lead in groundwater. Dissolved arsenic was 
not detected, dissolved iron was detected nearly two orders of magnitude lower than total iron, 
and dissolved lead was detected an order of magnitude lower than the total fraction and below the 
MCL. The elevated total metals concentrations are attributable to sample turbidity, which would 
not likely contribute risk to a water supply because of the lower turbidity requirements for 
drinking water. Therefore, the human health risk from the PDS is considered to be acceptable. 
 
The results of the ecological risk assessment indicate that for soil COPECs detected at 
concentrations greater than background, LOAEL-based HQs exceed 1.0 for the short-tailed 
shrew exposed to barium. Barium appears to be naturally occurring at concentrations above 
background; thus, the risk to the shrew is considered to be acceptable. Ecological risk to the 
white-footed mouse and Indiana bat is considered to be acceptable. For surface water/sediment 
COPECs detected at concentrations greater than background (sediment) or upstream samples 
(surface water and sediment) the risk is acceptable for the orangetail darter and aquatic algae. For 
the belted kingfisher and Indiana bat exposed to COPECs in surface water/sediment, LOAEL-based 
HQs exceed 1.0 and background/upstream concentrations for aluminum and selenium in surface 
water. Given the limited exposure to these two receptors, ecological risks are considered 
acceptable. Ecological risk from the PDS is considered to be acceptable. 
 
Based on the exceedance of the 2,4,6-TNT leaching-based RG prior to the soil RA, leaching may 
be a risk to groundwater, which has low concentrations of the degradation products of 2,4,6-
TNT. No other chemicals appear to present a leaching risk. The soil location with the elevated 
2,4,6-TNT concentration was removed during the RA, so no leaching risk is considered to 
remain at the site. 
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7.0 EXPLOSIVE WASTE INCINERATOR (IAAP-025)  

7.1 SITE DESCRIPTION 

The EWI is located within the Spring Creek watershed in the northeast quadrant of IAAAP. The 
site is in the southwest corner of the Explosives Disposal Area, southwest of the FTA (IAAP-039) 
(Figure 7-1). The EWI is 28 by 100 feet in size, and the adjoining air pollution control system 
measures 32 by 27 feet. The entire system is enclosed by Building BG-199-1, which is surrounded 
by asphalt. Where there is no asphalt, the site is grassed. 

7.1.1 Topography and Surface Water 

As illustrated in Figure 7-1, the terrain at the EWI is generally flat, with a gentle slope (0.023 
foot/foot) to the east. Ground surface elevations range from 676 feet (206 meters) amsl at 
Building BG-199-1 to 666 feet (203 meters) amsl where one of the east-trending ditches joins a 
south-trending ditch from the FTA.  
 
An intermittent (dashed blue-line stream on the USGS topographic map), east-flowing tributary 
of Spring Creek is present approximately 430 feet southeast of the EWI. The tributary starts 
approximately 2,225 feet southwest of the site and discharges to Spring Creek approximately 
1,600 feet northeast of the site. Drainage at the site is routed through east-flowing ditches on the 
north and south of the access road east of the site, which join a south-flowing ditch from the FTA 
approximately 400 feet east of Building BG-199-1. The ditches join the Spring Creek tributary 
approximately 430 feet southeast of the site. 

7.1.2 Geology and Hydrogeology 

Based upon the well log information obtained from the FTA immediately north of the EWI, the 
site is underlain by a heterogeneous mix of silty clay to sandy clay with fine- to medium-grained 
sand and localized sand seams. The overburden ranges in thickness from 34 feet near the FTA to 
6 feet near the Spring Creek tributary (URS, 2004b), and is 21 feet thick at the two wells east-
southeast of the EWI. The locations of the two wells are provided on Figure 7-2. 
 
Based on borings in the vicinity of the EWI/FTA, the bedrock can be described as interbedded 
shaley limestone and limey shale. At monitoring well FTP-MW8, located east-southeast of the 
EWI, the upper bedrock thickness measures approximately 10 to 12 feet, is moderately to highly 
weathered, and contains isolated voids. Below the weathered and fractured zone, the bedrock 
appears to be more competent (URS, 2004b). 
 
Based on studies conducted for the FTA immediately to the north, groundwater flow in the till is 
connected to the upper bedrock because bedrock is near the surface across the area. These two 
units comprise the shallow groundwater unit. Well FTP-MW7 is located in the vicinity of the EWI; 
the depth to shallow groundwater in this well has ranged from 7.5 feet btoc in Spring 2003 to 
13 feet btoc in Fall 2005 (Appendix A). Although bedrock well FTP-MW8 is also located in the 
vicinity of the EWI, it is screened deeper than the shallow bedrock that would comprise the shallow 
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groundwater unit. Potentiometric surface contour maps have been prepared for shallow groundwater 
as part of investigation and monitoring events for the FTA, which included well FTP-MW7. Based 
on these potentiometric maps, groundwater flow directions have ranged to the south-southeast in 
Spring 2006 (Figures 2-2 and 7-1) to the east-southeast in Fall 2005. Depths to groundwater 
measured from 1993 to 2007 used to construct potentiometric maps are tabulated in Appendix A.   

7.2 SITE BACKGROUND 

The EWI was operated on a trial basis from November 1981 to April 1982 under RCRA 
guidance until it began to be operated more frequently after passing the Iowa Department of 
Environmental Quality air quality compliance test in 1982 (JAYCOR, 1994). It was reportedly 
shut down in September 1990 to allow for the installation of an afterburner and other related 
equipment as required by EPA incinerator standards. Three months later, the EWI was allowed 
to operate on a short-term basis by EPA. When a subsequent trial burn was conducted in October 
1991, the EWI failed to pass EPA incinerator standards (JAYCOR, 1996). The EWI officially 
ceased operations in June 1997 (Shaw, 2005). In February/March 1998, PDC Technical Services 
(PDC) removed residual waste materials from the EWI; filter bags from the baghouse; and pressure 
washed the conveyor feed line, rotary kiln, flue, building interior, concrete pad, and deluge sumps 
(PDC, 1998). The EWI underwent RCRA closure in 1998. Building BG-199-1 has been 
unoccupied since 2004 (Shaw, 2005).  
 
All process operations at the EWI were conducted inside Building BG-199-1. The rotary kiln 
incinerator was completely contained within the building. All materials to be treated were 
weighed in the feed area, placed in metal feed boats, and the feed boats were moved through the 
rotary kiln incinerator one at a time. The EWI was reportedly utilized to incinerate ammunition 
products that were out of date or failed to meet specifications. It also treated materials listed as 
hazardous wastes (PDC, 1998). The facility-wide RI summarized that explosive wastes, 
explosives-contaminated carbon, sump scrap, and explosives-contaminated waste solvents were 
all treated at the EWI (JAYCOR, 1996). However, although the EWI was permitted to treat spent 
carbon and explosives-contaminated solvent, it was not used for either of these purposes 
(Shaw, 2005). Spent carbon was sent off-site for regeneration (JAYCOR, 1996).  
 
Residue from the cleanout, located inside Building BG-199-1, was containerized in drums. Ash 
from the cyclone system was also containerized directly into 55-gallon drums via a hose. 
Whenever a drum became full, it was labeled and transferred to the RCRA accumulation area at 
the Contaminated Waste Processor and managed as D003 waste. If the waste was not manifested 
off-site through an approved vendor within the 90-day holding limit at Building BG-199-02, the 
drums were transferred to the RCRA-permitted storage unit at Building E18 in Yard E. 
 
The floor of the feed area was washed down at the end of each shift. The resulting wastewater 
was pumped into a 1500-gallon sump located on the south side of Building BG-199-1. The 
contents of the sump were then pumped into a liquid waste dumpster and transported to Line 2 
for treatment through the settling tanks/carbon filter treatment system at Building 2-70-1. 
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7.3 INVESTIGATION ACTIVITIES 

The following chemicals are considered representative of contaminants resulting from activities 
at the EWI: explosive compounds, SVOCs, VOCs, and metals.  
 
All known field activities, including historical activities and the facility-wide RI, are summarized 
below. Details regarding sampling methods may be found in the below-referenced reports and 
Section 3.  

7.3.1 Soil Sampling 

Figure 7-2 presents the locations of all soil samples collected during the site investigations at the 
EWI. The sample locations have been color coded relative to each specific sampling event 
discussed in the text below. Samples whose locations are unknown are not represented in the 
figure. The number of samples collected during each sampling event and the chemical groups 
analyzed are summarized below. The specific chemicals analyzed in each chemical group during 
each event are provided in Table 7-1. 

 
Sampling 

Event 
Company 

Total 

No. of 

Samples 

Explosives Metals PAHs 

Herbicides/ 

PCBs/ 

Pesticides 

SVOCs VOCs Organics 

Summer 
1991 JAYCOR 3 3 3 3 3 3 3 - 

Summer 
1992 JAYCOR 1 1 1 - - - 1 - 

Spring 1995 JAYCOR 4 4 4 4 4 4 4 1 
Spring 1998 PDC 35 35 35 - - - - - 

Fall 2004 MKM 10 10 10 10 - 10 10 - 
 
In Summer 1991, during the facility-wide SI, JAYCOR collected three surface soil samples 
(shown in light blue in Figure 7-2), one southwest of the EWI (25SS0101), another from a ditch 
east of the EWI (25SS0201), and a third in the same ditch downgradient from 25SS0201 
(25SD0301). In Summer 1992, during the facility wide RI, JAYCOR collected one surface soil 
sample (shown in blue in Figure 7-2) from the same location as sample 25SS0201 (R17SS0101). 
In Spring 1995, JAYCOR collected two surface soil samples (R17SS601 and R17SS602) and two 
subsurface soil samples (R17SA601 and R17SA602) in the vicinity of the sump on the south side 
of Building BG-199-1 (JAYCOR, 1996). The locations of the 1995 samples are shown in dark blue 
in Figure 7-2. The sampling methods are not specified in the facility-wide RI, which includes the 
SI data; and no sample or boring logs for these samples were provided in the facility-wide RI.  
 
In Spring 1998, PDC collected 31 soil samples from 19 locations (EWI-S1 through EWI-S19) 
around the building and deluge sumps, and four background samples at three locations north of the 
building (EWI-BGS-1 and EWI-BGS-2a and b). The locations of the samples are shown in yellow 
in Figure 7-2. Samples were collected from the surface and 2 feet bgs by hand auger, as described 
in the RCRA Closure Report (PDC, 1998). No sampling logs are provided in the closure report. 
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In Fall 2004, MKM collected three MPI surface soil samples from within the established grids to 
assess potential impact to surface soils surrounding the EWI. A circular area surrounding the 
paved area around Building 199-1 was divided into three grids, making a doughnut shape with 
the paved area at its center, as depicted on Figure 7-2, which places these MPI samples, 
EWI-SSI-001 through EWI-SSI-003, as individual points in dark brown centered in each grid. 
Because of the odd shape of each grid, no dimensions are given. MPI samples were collected 
using the methods detailed in Section 3.2.1.1. Each MPI sample was comprised of 30 aliquots 
acquired at random from 0 to 1 feet bgs from within each grid. The locations of the individual 
aliquots were not surveyed. Sampling logs are provided in Appendix D.  
 
In Fall 2004, MKM collected seven additional shallow samples (shown in dark brown in Figure 7-2) 
from the grassed ditches east of the EWI (EWI-SD-001-0001-SD through EWI-SD-007-0001-SD), 
including one near the approximate location of soil samples 25SS0201 and R17SS0101 (EWI-SD-
001-0001-SD) to assess potential impact of previous site operations to surrounding drainage ditches 
(MKM, 2005a). Although MKM classified the samples as sediment, the ditches at the EWI are 
vegetated and dry except in times of heavy rainfall, and samples from within them would be classed 
as soil rather than sediment. These samples were collected by hand auger using the methodologies 
discussed in Section 3.2.1.1. Sample locations were staked and surveyed.  

7.3.2 Sediment Sampling 

Sediment samples collected at the EWI by JAYCOR and MKM are classed as soil, as discussed in 
Section 7.3.1. 

7.3.3 Surface Water Sampling 

Figure 7-3 presents the locations of all surface water samples collected during the site 
investigations at the EWI. The sample locations have been color coded relative to each specific 
sampling event discussed in the text below. Samples whose locations are unknown are not 
represented in the figure. The number of samples collected during each sampling event and the 
chemical groups analyzed are summarized below. The specific chemicals analyzed in each 
chemical group during each event are provided in Table 7-1. 
 

Sampling Event Company 
Total No. 

of Samples 
Explosives Metals PAHs SVOCs VOCs 

Spring 2001 URS 1 1 1 - 1 1 
Spring 2002 HGL 1 1 1 - - 1 
Spring 2003 HGL 1 1 1 - 1 1 

Fall 2003 HGL 1 1 1 1 1 1 
Summer 2004 HGL 1 1 1 - - 1 

 
In Spring 2001, URS collected surface water samples at one location (SCT3) in the Spring Creek 
tributary southeast of the EWI. Between Spring 2002 and 2004, HGL collected four surface 
water samples from the same location. Sampling methods are provided in the associated periodic 
monitoring reports and the Facility-Wide Work Plan (URS, 2002). Sampling logs are provided in 
the associated periodic monitoring reports. 
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7.3.4 Groundwater Sampling 

Figure 7-2 presents the locations of the two groundwater samples acquired during investigations 
at the EWI. Boring logs are provided in Appendix C, and sampling logs are provided in 
Appendix D. The sample locations have been color coded relative to each specific sampling 
event discussed in the text below. Sample locations that are unknown are not represented in the 
figure. The number of samples collected during each sampling event and the chemical groups 
analyzed are summarized below. The specific chemicals analyzed in each chemical group during 
each event are provided in Table 7-1.  
 

Sampling Event Company Total No. of Samples Explosives Metals VOCs 

Spring 2003 URS 2 2 2 2 
Spring 2007 Tetra Tech 1 - 1 1 

 
In Spring 2003, URS installed and sampled one shallow groundwater monitoring well (FTP-MW7) 
and one deep groundwater (bedrock) monitoring well (FTP-MW8) southeast of the EWI, during the 
Groundwater Remedial Alternatives Assessment (RAA) for the FTA (URS, 2004b), which is located 
north of the EWI. These wells are downgradient of the site as discussed in Section 7.1.2 and as 
shown in Figures 2-2 and 7-1. Sampling methodologies are detailed in the RAA. Boring logs are 
provided in Appendix C, and sampling logs are provided in Appendix D. 
 
In Spring 2007, as part of the treatability study at the FTA, Tetra Tech sampled shallow well 
FTP-MW7 using a peristaltic pump, as discussed in Section 3.2.2.3. The sampling log is 
provided in Appendix D. 

7.4 RESULTS OF INVESTIGATION 

As part of this SRI, Tetra Tech evaluated all of the historical and recent sampling data collected at 
the EWI. This includes an evaluation of every soil, surface water, and groundwater sample 
collected at the site, as summarized on Table 7-1. A summary of the analytical data is provided in 
Appendix F. Sampling logs are provided in Appendix D or in previous reports (all sample logs for 
GW are included in Appendix D). Laboratory analytical reports and validation reports for Tetra 
Tech samples are provided in Appendices G and H, respectively. All other laboratory and 
validation reports are contained in their respective reports.   

7.4.1 Soil Analytical Results 

Tables 7-2a and 7-2b present a summary of all chemical data for MPI and discrete soil samples, 
respectively, at the EWI, including number of detects, minimum and maximum concentrations, 
and comparison criteria for each chemical. The comparison criteria for all chemicals include the 
OU-1 RGs (EPA, 1998) or the EPA industrial soil RSLs (EPA, 2009a) for chemicals where no 
RGs were calculated. Because some organic chemicals are mobile in the environment, detected 
organic constituents were also compared to the SSLs presented in the RSL table (EPA, 2009a). 
Soil background concentrations were also used for evaluation of metals. Other comparison 
criteria are specific to chemical group and are included with each chemical group in the sections 
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below. Chemicals detected in soil at the EWI include explosives, one SVOC, PAHs, VOCs, 
organics and metals. Herbicides, pesticides, and PCBs were not detected in any of the soil 
samples.  
 

Explosives 

Because explosives are mobile in the environment, the concentrations were compared to the 
SSLs presented in the RSL table (EPA, 2009a), which assumes no dilution or attenuation 
between the source and water. Table 7-3 presents the detected data and the distribution of 
explosives is illustrated on Figure 7-4.  
 
Three composite MPI samples (indicated by SSI in the sample name) have been collected from 
surface soil at the EWI, as illustrated in Figure 7-4, and analyzed for explosives. The results 
presented in Tables 7-2a and 7-3 indicate that no explosives were detected in the MPI samples. 
 
Fifty discrete soil samples have been collected at the EWI and analyzed for explosives. The 
results presented in Tables 7-2b and 7-3 indicate that three explosives were detected in the same 
discrete sample at the EWI. Of these detections, RDX exceeds the OU-1 RG and also exceeds 
the SSL, indicating a potential for leaching to water (Table 7-4). As illustrated on Figure 7-4, the 
three explosives (1,3,5-TNB, HMX, and RDX) were detected in sample R17SS0101 (collected in 
July 1992), located in the ditch east of Building 134-2. Samples collected immediately adjacent to 
this sample during previous and subsequent investigations did not contain detectable explosives. It 
is concluded, therefore, that explosives contamination (above RGs) is not present at the EWI. 
 

SVOCs 

Because some SVOCs are mobile in the environment, the concentrations were compared to the 
SSLs presented in the RSL table (EPA, 2009a), which assumes no dilution or attenuation 
between the source and water. Table 7-3 presents the detected data and the distribution of 
SVOCs is illustrated on Figure 7-5.  
 
Three composite MPI samples have been collected of surface soil at the EWI, as illustrated in 
Figure 7-5, and analyzed for SVOCs. No SVOCs were detected in the MPI samples (Tables 7-2a 
and 7-3).  
 
Fourteen discrete soil samples have been collected at the EWI and analyzed for SVOCs. The 
results presented in Table 7-3 indicate that di-n-butyl phthalate was the only SVOC detected. The 
concentration of this SVOC does not exceed the RSL or the SSL. As illustrated in Figure 7-5, it 
was detected in a surface soil sample, located in the perimeter ditch east of Building 134-2. 
 
PAHs 
Because some PAHs are mobile in the environment, the concentrations were compared to the 
SSLs presented in the RSL table (EPA, 2009a), which assumes no dilution or attenuation 
between the source and water. Table 7-3 presents the detected data and the distribution of PAHs 
is illustrated on Figure 7-5.  
 
Three composite MPI samples of surface soil have been collected at the EWI, as illustrated in 
Figure 7-5, and analyzed for PAHs. No PAHs were detected in the MPI samples (Table 7-2a). 
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Fourteen discrete soil samples have been collected at the EWI and analyzed for PAHs. The 
results presented in Tables 7-2b and 7-3 indicate that up to 12 PAHs were detected in four 
discrete soil samples at the EWI. Of these, none exceeds RGs or RSLs. Naphthalene exceeds the 
SSL, indicating a potential for leaching to water. As illustrated on Figure 7-5, the PAHs were 
detected at generally low concentrations in three samples collected in the ditch east of the EWI 
buildings and in one sample collected south of Building 199-1 (R17SS602). Naphthalene above the 
SSL was detected in the samples from R17SS602 and EWI-SD-001-0001-SD; it is surrounded by 
samples with non-detect naphthalene concentrations, indicating that the extent of naphthalene in 
the soil is apparently limited.  Furthermore, no PAHs were detected in groundwater or in the 
deeper soil sample south of Building 199-1 (R17SA602), indicating that vertical movement of 
PAHs is apparently not occurring.  
 
VOCs 
Because VOCs are mobile in the environment, the concentrations were compared to the SSLs 
presented in the RSL table (EPA, 2009a), which assumes no dilution or attenuation between the 
source and water. Table 7-3 presents the detected data and the distribution of VOCs is illustrated 
on Figure 7-6.  
 
Three composite MPI samples have been collected of surface soil at the EWI, as illustrated in 
Figure 7-5, and analyzed for VOCs. No VOCs were detected in the MPI samples (Table 7-2a).  
 
Fifteen discrete soil samples have been collected at the EWI and analyzed for VOCs. The results 
presented in Tables 7-2b and 7-3 indicate that six VOCs were detected. Three VOCs (1,1,2,2-
tetrachloroethane [PCA], toluene, and trichlorofluoromethane [TCFM]) were detected below their 
respective RSLs. The other three do not have RSLs or OU-1 RGs. The concentration of 1,1,2,2-
PCA exceeds the SSL, indicating a potential for leaching to water. 
 
As illustrated in Figure 7-6, the VOCs were detected in four surface soil samples and one subsurface 
soil sample. Three samples are located south of Building 199-1 (R17SS601, R17SS602, and 
R17SA602), and two are located in the ditch east of Building 134-2 (R17SS0101 and 25SS0201.  
Subsequent sampling adjacent to and downstream of the single SSL exceedance at 25SS0201 did 
not have 1,1,2,2-PCA detections. The extent of 1,1,2,2-PCA appears to be limited. 
 
Organics 
Only one sample, R17SS602 which is a discrete soil sample, has been analyzed for organics 
(Table 7-2b). Twelve organics were detected and are considered TICs or non-target chemicals 
(Table 7-3). These chemicals do not have comparison criteria.  
 
Metals 

Table 7-2 presents the detected data from the soil samples. The distribution of metals detected at 
least once at concentrations exceeding maximum background is illustrated on Figure 7-7.  
 
Three composite MPI samples have been collected of surface soil at the EWI, as illustrated in 
Figure 7-2, and analyzed for metals (Table 7-2a). The results presented in Table 7-3 indicate that 
the MPI samples contain generally similar concentrations below screening criteria.  
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Fifty discrete samples have been collected at the EWI and analyzed for metals (Table 7-2b). The 
results presented in Table 7-3 indicate that no metals were detected at levels exceeding 
comparison criteria. The discrete samples contain generally similar concentrations of other 
metals below screening criteria, with the exception of aluminum, barium, iron, lead, and 
vanadium. Of those five, aluminum, iron, and vanadium are below background, and barium and 
lead are within the range of background concentrations (Table 7-2b).  

7.4.2 Surface Water Analytical Results 

Table 7-5 presents a summary of all chemical data for surface water samples collected in the 
vicinity of the EWI, including number of detects, minimum and maximum concentrations, and 
comparison criteria for each chemical. Concentrations of detected constituents were compared to 
EPA MCLs (EPA, 2009b) where available. For constituents without MCLs, the greater of the HALs 
(EPA, 2009b) or RSLs (EPA, 2009a) were used. There are no upstream samples to use for further 
evaluation. Constituents detected in surface water in the vicinity of the EWI include total metals. 
Explosives, PAHs, SVOCs, and VOCs were not detected in any of the surface water samples.  
 
Metals 

Five surface water samples have been collected from one location (SCT3) in a tributary to Spring 
Creek southeast of the site and analyzed for total metals. No samples have been analyzed for 
dissolved metals. The results presented in Tables 7-5 and 7-6 indicate that none of the sample 
results for total metals exceed comparison criteria. Samples collected between Spring 2001 and 
Spring 2004 contain total concentrations that are generally similar over time.  

7.4.3 Groundwater Analytical Results 

Table 7-7 presents a summary of all chemical data for groundwater samples collected at the 
EWI, including number of detects, minimum and maximum concentrations, and comparison 
criteria for each chemical. Concentrations of detected constituents were compared to EPA MCLs 
(EPA, 2009b), where available. For constituents without MCLs, the greater of the HALs (EPA, 
2009b) or RSLs (EPA, 2009a) were used. Chemicals detected in groundwater at the EWI include 
one explosives compound, one VOC, total metals, and general chemistry parameters. Dissolved 
gases were analyzed but not detected.  
 
Explosives 

Two groundwater samples have been collected at two locations (one shallow, one deep) at the EWI 
and analyzed for explosives (Table 7-7). The results presented in Tables 7-7 and Table 7-8 
indicate that RDX was detected in one sample, and the concentration at that location was below 
the comparison criterion. As shown in Table 7-8, RDX was detected in shallow groundwater at 
0.35 µg/L in May 2003 (only time analyzed) in FTP-MW7, located southeast of Building 134-2. 
It was not detected in the nearby deep groundwater sample, indicating that the detection is 
apparently confined to shallow groundwater. Because the RDX concentration did not exceed 
comparison criteria and it was only detected at one location, no figure is presented. 
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VOCs 

Three groundwater samples have been collected at two locations (one shallow, one deep) at the 
EWI and analyzed for VOCs (Table 7-7). The results presented in Table 7-8 indicate that 1,1,2-
trichloro-1,2,2-trifluoroethane (Freon 113) was detected in one sample, and the concentration at 
that location was below the comparison criterion. As shown in Table 7-8, Freon 113 was detected 
in shallow groundwater in FTP-MW7 at 1.8 µg/L in April 2007. It was not detected in the previous 
sample in this well, nor was it detected in deep groundwater, indicating that the detection is 
apparently confined to shallow groundwater. Because the Freon 113 concentration did not exceed 
comparison criteria and was only detected at one location, no figure is presented.   
 
Metals 

Two groundwater samples have been collected at two locations (one shallow, one deep) at the EWI 
and analyzed for total metals. The results presented in Tables 7-7 and 7-8 indicate that no total 
metals concentrations exceed their respective comparison criteria.  
 
General Chemistry Parameters 

Three groundwater samples were collected and analyzed for general chemistry parameters (Table 7-7).  
All concentrations were below screening criteria (Table 7-8). General chemistry parameters were 
collected in order to aid in the process, if appropriate, of evaluating options for groundwater 
remediation.  

7.5 CONTAMINANT FATE AND TRANSPORT 

All activities at the EWI occurred within Building BG-199-1. Potential sources include spills. 
Spills would have occurred during operations, which ceased in 1997. The likelihood for soil and 
groundwater contamination would have been controlled by the following: 

 The volume of any releases. Although no releases were reported, minor spills could have 
occurred during the transport of drummed ash or containerized wastewater, contaminated ash 
could have been released to the air during incineration, or the contaminated liquids could 
have been released via overflow or leaking of the sump south of the building. 

 The topography and vegetation of the area. The area immediately surrounding the EWI is 
paved, which would prevent the downward movement of any surface releases. The 
surrounding area is generally flat and well grassed, including the ditches surrounding the 
EWI, which would hinder the movement of any surface contamination. Based on sampling 
results, no extensive surface contamination is present.  

 The properties of the chemicals detected. According to the Material Safety Data Sheet of the 
chemicals detected, the explosives detected in soil and groundwater are generally soluble, with 
relatively low octanol/water partitioning coefficients (meaning that they leach to water readily, 
rather than staying sorbed onto soil particles). Based on the exceedance of the OU-1 leaching RG 
for RDX in one surface soil sample, this chemical may leach to groundwater; however, it was not 
detected in adjacent subsequent samples, and was detected in shallow groundwater at a low 
concentration below applicable comparison criteria. Leaching from RDX is considered minimal. 
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Metals mobility from soil to water (groundwater or surface water) is controlled by both the soil 
and water geochemistry (i.e., ORP and pH) (Dragun, 1988), although metals can be transported 
as suspended solids to both surface water and groundwater regardless of geochemistry.   

 
Transport of spilled or released ash would have been from the building or parking lot and into 
ditches or from the air and onto the ground surface, both of which would have likely resulted in 
shallow soil contamination, and potentially surface water contamination in short bursts during 
rainfall events large enough to induce sheet flow or flow in the grassed ditches. Based on 
groundwater and soil contamination plumes that have been studied across IAAAP, a contaminant 
plume would migrate very slowly, given the low vertical and horizontal hydraulic conductivities 
encountered in the clayey till at the facility. Based on the analytical results at the site, a 
significant source of groundwater contamination is not considered to be present at this site. 

7.6 DATA EVALUATION 

All of the sample data from the EWI have been assessed for their overall data quality and usability 
for risk assessments as discussed in Appendix J.  

7.6.1 Data Quality 

In the JAYCOR RI dataset, there are occasional discrepancies between the analytical summary in 
the appendix of the RI and in the Environmental Restoration Information System (ERIS) 
database. The detection limit and/or detected chemical concentrations do not match in some 
instances, particularly in the metals, SVOCs, and VOCs datasets. There is no laboratory 
documentation provided in the RI to verify which dataset is correct, or why such a discrepancy 
might be present (such as wet weight vs. dry weight analyses). Because the actual values of these 
data cannot be determined, they will not be used in the risk assessment. This affects the 
following EWI samples: Naphthalene in 25SD0301, 25SS0101, 25SS0201, and R17SS602; 
metals in R17SA601, R17SA602, R17SS601, and R17SS602.   
 
Two chemicals present in the analytical summary in the JAYCOR RI are not present in the ERIS 
database, even after synonyms were accounted for: 2-methylnaphthalene, and 4-nitroaniline 
(analyzed in the SVOC group; no data are present in either the SVOC or explosives groups in the 
ERIS database for the JAYCOR samples). Only 2-methylnaphthalene was detected in R17SS602 
from the EWI. The explosive compound 4-nitroaniline was not detected in this sample. Neither of 
these two chemicals was detected in any other sample. 
 
All other data were considered to be of acceptable quality.  

7.6.2 Sample Locations 

Surface water sample SCT3 is also downgradient of the FTA, which has considerable contamination. 
Because of this influence, data from this location will not be used in the risk assessment. 
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7.7 RISK ASSESSMENT RESULTS 

7.7.1 Human Health Risk Assessment 

The BHHRA is provided in Appendix K, including methodologies, tables for the human health risk 
assessment, and a discussion of the results. The data used were derived from Section 7.6 and 
Appendix J. The results of the BHHRA are summarized in Sections 7.7.1.1 and 7.7.1.2. 
 
7.7.1.1 Chemicals of Potential Concern 

To determine soil COPCs at the EWI, the data derived from Section 7.6 and Appendix J were 
evaluated against the OU-1 RGs. For chemicals with no RG, the EPA industrial RSLs were used 
(EPA, 2009a). Conservatively, screening levels for noncarcinogens are one-tenth these RSLs 
(based on a HI of 0.1) to account for potential additivity of noncarcinogenic effects. If screening 
levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the lower of the 
two values was used for screening. Soil COPC selection was a two-fold process depending on 
the availability of an RG value for a given chemical. When an RG value was available, the 
COPC selection depended on whether the maximum detected concentration for that chemical 
exceeded the RG. When an RG value was not available, the COPC selection depended on 
whether the maximum detected concentration for that chemical exceeded the industrial RSL. 
Residential RSLs were not used in COPC screening.  RDX with a maximum concentration of 
7.07 mg/kg was the only identified COPC in soil. 
 
Since sediment was not encountered at the EWI, no COPC was identified for this medium.   
 
To determine surface water COPCs at the EWI, the data derived from Section 7.6 and Appendix J 
were evaluated against the greater of the screening levels based on the EPA RSLs (EPA, 2009a) and 
federal SDWA MCLs or HALs (EPA, 2009b). Conservatively, screening levels for noncarcinogens 
are one-tenth the RSLs (based on an HI of 0.1) to account for potential additivity of noncarcinogenic 
effects. If screening levels exist for a chemical for both carcinogenic and non-carcinogenic effects, 
the lower of the two values was used for screening. No COPC was identified in surface water. 
 
To determine groundwater COPCs at the EWI, the data derived from Section 7.6 and Appendix J 
were evaluated against EPA tap water RSLs (EPA, 2009a) and federal SDWA MCLs and HALs 
(EPA, 209b) (HALs were used for screening only when there was no RSL or MCL for a given 
chemical). Conservatively, screening levels for noncarcinogens based on RSLs are one-tenth these 
RSLs (based on a HI of 0.1) to account for potential additivity of noncarcinogenic effects. If 
screening levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the lower 
of the two values was used for screening. In the case of metals, the total fraction was used in 
determining COPCs to be conservative. The maximum detected concentration for each detected 
chemical in groundwater was screened against the greater of the screening levels based on the EPA 
tap water RSLs or MCLs. Chemicals that exceeded toxicity screening levels were retained as 
COPCs. Conversely, chemicals that were not detected or were not detected at maximum 
concentrations exceeding toxicity screening levels were not retained as COPCs. No COPC was 
identified in groundwater. 
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7.7.1.2 Chemicals of Concern 

Because IAAAP is an active site and no change is expected, potential current and future 
receptors may include agricultural workers, construction workers, industrial workers, trespassers, 
and wading visitors.  
 
The following receptors are expected to be exposed to the following media at the EWI: 

 Construction worker: incidental ingestion, dermal contact, and inhalation of surface and 
subsurface soil; dermal contact, and inhalation of groundwater in a trench or excavation 
(20 feet deep or less); ingestion of groundwater from a water supply well 

 Industrial/commercial worker: incidental ingestion, dermal contact, and inhalation of surface 
soil; ingestion of groundwater from a water supply well. 

 
The EWI does not include any agricultural use areas, so exposure to agricultural workers would not 
be a complete pathway. Trespassers are unlikely as the facility has restricted access, so they are not 
considered likely receptors. Sediment was not encountered, and no COPC was identified in surface 
water; thus, risk was not determined for the wading visitor. 
 
For the construction worker, RDX is the only chemical considered a soil COPC. Exposure to 
RDX in soil by a construction worker in a trench or excavation indicates a cancer risk of 2.4E-09 
and a non-cancer HQ of 0.001 (Table 7-9). Because the cancer risk for the construction worker 
does not exceed 1.0E-06, no figure of cancer risk in soil is presented. Because no groundwater 
COPCs were identified, no further evaluation to assess risk was warranted. 
 
For the industrial/commercial worker, RDX is the only chemical considered a soil COPC. 
Exposure to RDX in soil by a industrial/commercial worker indicates a cancer risk of 1.1E-07 
and a non-cancer HQ of 0.001 (Table 7-9). Because the cancer risk for the industrial/commercial 
worker does not exceed 1.0E-06, no figure of cancer risk in soil is presented. Because no 
groundwater COPCs were identified, no further evaluation to assess risk was warranted. 

7.7.2 Ecological Risk Assessment 

The BERA Addendum is provided in Appendix L, including methodologies, tables for the 
ecological risk assessment, and a discussion of the results. The data used were derived from 
Section 7.6 and Appendix J. Shallow soil (2 feet bgs or shallower) was the only medium 
evaluated. There are no sediment samples, and surface water samples are outside the relevant site 
area. Groundwater is not considered a potential pathway for ecological receptors. The results of 
the BERA Addendum are summarized below. 
 
The EWI area is grassed, with some development, making the area around the paved areas likely 
inhabited by wildlife (including the rodents used as representative species in the BERA); and 
potentially used as forage area by the Indiana bat.  
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To determine COPECs for shallow soil, the data derived from Section 7.6 were evaluated as 
detailed in Appendix L. Metals and organics were screened against the SLERA SVs. At the EWI, 
soil COPECs include metals (aluminum, barium, boron, cadmium, chromium, lead, manganese, 
mercury, selenium, vanadium, and zinc). Soil COPECs for the Indiana bat include all detected 
metals above background concentrations calculated in the BERA and any detected organic 
compounds (e.g., explosives). Sediment samples collected from drainage ditches at the site are 
considered soil samples for this BERA Addendum. The one surface water sample near the EWI is 
also downgradient of the FTA, which has considerable contamination relative to the EWI; thus, 
surface water COPECs were not selected.  
 
The ecological risk posed by COPECs in soil and surface water/sediment was evaluated using 
multiple lines of evidence, as described in the sections below. 
 
Terrestrial receptors at the EWI (the white footed mouse, short tailed shrew, and Indiana bat) 
were evaluated using equations from the BERA as detailed in Appendix L. HQ values were 
estimated from NOAEL-based and LOAEL-based TRVs. TRVs are used to quantitatively 
estimate the magnitude of toxicity of each COPEC. Table 7-9 provides the results of the HQ 
calculations for each of the COPECs in soil. Consistent with the MWH BERA, those COPECs 
with LOAEL-based HQs exceeding 1.0 and detected at concentrations greater than background 
were compared to the CCs to evaluate the spatial distribution of the risk drivers. The CCs are 
calculated analyte concentrations that equate to a HQ of 1.0. Per the BERA, exposure to media 
containing COPECs below the LOAEL-based CCs should not result in unacceptable levels of 
risk to ecological receptors. Therefore, the CC values corresponding to LOAEL-based HQs of 
1.0 (or background) were used to estimate COPEC concentrations in soil that might pose an 
ecological concern (MWH, 2004). 
 
A summary of the NOAEL- and LOAEL-based HQ values that exceed 1.0 for the white-footed 
mouse and short-tailed shrew exposed to COPECs in soil at the EWI is presented below. 

COPEC 

White-Footed Mouse Short-Tailed Shrew Concentrations 
Below 

Background? 
Compare to 

CCs? NOAEL HQ LOAEL HQ NOAEL HQ LOAEL HQ 
Aluminum 16 1.6 222 22 Yes No 
Barium <1 <1 2 <1 No No 
Selenium <1 <1 4.3 2.6 No Yes 
Vanadium <1 <1 3.8 <1 Yes No 

 
The risk from exposure to barium and vanadium is considered to be acceptable because the 
LOAEL-based HQs for these two metals are less than 1.0. Additionally, the risk from exposure to 
aluminum and vanadium is considered to be acceptable because their concentrations at the EWI 
are lower than background concentrations. With a LOAEL-based HQ greater than 1.0 and 
concentrations above background, selenium poses a potential risk to the short-tailed shrew. 

The selenium CC of 2.09 mg/kg was exceeded in 19 of 46 samples, where it was detected with a 
maximum concentration of 18 mg/kg. Selenium appears to be naturally occurring at 
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concentrations above background. The risk to the shrew from selenium in soil at the EWI is 
considered to be acceptable. 
 
For the Indiana bat, the cumulative NOAEL-based HI is below 10, and no LOAEL-based HQs 
exceed 1.0.  
 
The ecological risk to all three terrestrial receptors from COPECs in the soil at the EWI is 
considered to be acceptable. 

7.8 SUMMARY AND CONCLUSIONS 

Based on a review of historical information at the EWI, the site underwent RCRA closure in 
1998. Investigations conducted between 1991 and 2007 indicate that explosives, PAHs, SVOCs, 
VOCs, and metals above background are present in surface soil. Of the three explosives detected, 
RDX exceeded the OU-1 RG in one ditch sample in 1991, but not in subsequent adjacent 
samples, indicating it may have been anomalous. Of the 12 PAHs detected, naphthalene exceeds 
its SSL, but it and the other PAHs are below applicable OU-1 RGs or RSLs. Of the six VOCs 
detected, one exceeds its SSL, but it and the other VOCs are below applicable RSLs. Of the two 
metals above background, both are within the range of background and are below applicable 
OU-1 RGs or RSL. No other chemicals exceed comparison criteria. In surface water, five total 
metals were detected below applicable comparison criteria. In shallow groundwater one 
explosive, one VOC, and metals were detected below applicable comparison criteria.   
 
A review of the data collected at the EWI indicates that sample locations classed as sediment are 
from grassed ditches that would pose a more likely soil exposure pathway; thus, are treated as 
soil. The one surface water sample also receives runoff from the FTA to the north, which has 
historically been more contaminated than the EWI.  
 
Human health and ecological risk assessments were conducted for the EWI. The results of the 
human health risk assessment indicate that there are no unacceptable cancer risks or non-cancer 
hazards identified from the chemicals detected at EWI for any of the receptors or exposure 
pathways. The results of the ecological risk assessment indicate that for soil COPCs detected at 
concentrations greater than background, LOAEL-based HQs exceed 1.0 for the short-tailed 
shrew exposed to selenium. Selenium appears to be naturally occurring at concentrations above 
background; thus, the risk to the shrew is considered to be acceptable. Ecological risk to the 
white-footed mouse and Indiana bat is considered to be acceptable. There are no aquatic receptors. 
Ecological risk from the EWI is considered to be acceptable. 
 
Soil contamination does not pose unacceptable human health or ecological risks; however, some 
chemicals may present a leaching risk. RDX may leach to groundwater based on the exceedance 
of the OU-1 leaching-based RG; however, RDX was detected in shallow groundwater at a low 
concentration below applicable comparison criteria. Selenium may leach to groundwater based 
on SSL exceedances; however, it was detected in groundwater at a low concentration below 
applicable comparison criteria. The risk from leaching is considered minimal. 
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8.0 CONSTRUCTION DEBRIS LANDFILL (IAAP-028) 

8.1 SITE DESCRIPTION 

The CDL, IAAP-028, is an approximately 5.7-acre area located within the Long Creek watershed in 
the central portion of IAAAP, north of Yard G, and between Plant Road I and the South-Running 
Track (Figure 8-1). The CDL is a grassy area with woodlands at the edges. There are no structures or 
remains of structures currently present at the site. Additional details regarding a reconnaissance of the 
current site layout are provided in Section 8.4.1. Photos of the site are provided in Appendix B. 

8.1.1 Topography and Surface Water 

As illustrated in Figure 8-1, the CDL is located on the edge of an upland plateau. The terrain on 
the plateau is generally flat, with a slight rise in the western portion that slopes gently (gradient 
of 0.032 foot/foot southeast to 0.065 foot/foot southwest) to the edges of the plateau. The terrain 
drops off steeply (gradient of 0.48 foot/foot southeast to 0.39 foot/foot southwest) at the edges of 
the plateau into two steeply cut ravines to the west and south. Ground surface elevations on the 
plateau range between approximately 680 and 699 feet (210 and 213 meters) amsl, with the 
conjunction of the two ravines at 650 feet (198 meters) amsl. The plateau within the site has an 
undulating/hummocky terrain presumed to be the result of disposal practices. Vegetation in the 
disposal area is mostly grass, with woodlands present in the ravines.  
 
Drainage-ways/ravines (no blue lines on the USGS topographic map) are adjacent south and 
west of the site. The south drainage-way begins east of the disposal area and flows southwest at 
elevations ranging from 689 feet (210 meters) amsl at the access road to 650 feet (198 meters) 
amsl where the two drainage-ways meet. The west drainage-way begins west and northwest of 
the disposal area and flows southeast at elevations ranging from 689 feet (210 meters) amsl south 
of the railroad tracks to 650 feet (198 meters) amsl where the two drainage-ways meet. The two 
drainage-ways converge into another drainage south-southwest of the plateau, then merge with 
another drainage-way approximately 1,500 feet southwest of the site. The entire drainage joins 
Long Creek downstream of Mathes Lake approximately 2,300 feet southwest of the site. Surface 
drainage at the site is sheet flow semi-radially toward the drainage-ways, although the presence 
of heavy vegetation would impede sheet flow in all but the heaviest rainfall events.  

8.1.2 Geology and Hydrogeology 

Based on borings and trenching at the CDL, the majority of surface soils at the CDL are fill 
material comprised of silt/sand/clay soils. The native surface soils are comprised of silt and clay. 
Where fill is present in the subsurface (up to 18 feet bgs), it consists of silt/sand/clay soils mixed 
with construction debris (concrete debris, rebar, wood, clay pipe, brick), coal, and ash as 
identified during investigative trenching in Fall 2004 (MKM, 2005a). 
 
Cross sections were prepared to illustrate the subsurface at the CDL, particularly the presence of 
debris and ash. The locations of cross sections are provided in Figure 8-2, with the cross sections 
presented in Figure 8-3. As illustrated in the cross sections, the depth to the top of the ash ranges 
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from 6 feet bgs to 11 feet bgs. A mix of soil and ash was observed at depths ranging from 0.5 foot 
bgs to 11 feet bgs. Beneath the fill material is till consisting of clayey to sandy silt. At the 
monitoring wells, the fill material is generally shallow based on available boring logs: to 
approximately 5 feet bgs in JAW-08, to approximately 6 feet bgs in JAW-09, and to 
approximately 4.5 feet in JAW-10. Bedrock has not been encountered at the site, where the 
deepest boring is 28 feet bgs, but it is assumed to be approximately 50 feet bgs based on boring 
logs for Line 800 to the east-southeast.  
 
Depth to shallow groundwater in the eastern portion of the CDL has ranged from approximately 
7 feet bgs to greater than 19 feet bgs (Appendix A), with an average depth of approximately 14 
feet bgs, generally 8 to 9 feet below the bottom of the fill in these wells. In the western portion of 
the site, depth to groundwater has ranged from approximately 18 feet bgs to 23 feet bgs 
(Appendix A), with an average depth of approximately 20 feet bgs, generally 15 feet below the 
bottom of the fill. Groundwater flow has ranged from the west-southwest in Spring 1993 (Figure 8-
4) to the west in Spring 2001 (Figure 8-5), which is the predominant flow direction. The Spring 
2006 facility-wide potentiometric surface (Figures 2-2 and 8-1) shows the direction of shallow 
groundwater flow is to the southwest; however the groundwater elevations at the CDL in Spring 
2006 indicate that groundwater flow would have been more westerly. 
 
Surface water/groundwater interactions are unlikely because the two drainage-ways flanking the 
CDL are dry except during heavy rainfall events (or snowmelt). At JAW-10, located 
approximately 100 feet northeast of the west stream, the maximum recorded groundwater 
elevation is 672.52 feet amsl, whereas the elevation of the drainage-way is approximately 673 
feet amsl, indicating that the potentiometric surface likely stays below the drainage-way. At 
JAW-09, located approximately 130 feet northwest of the south stream, the groundwater 
elevations are typically at least 10 feet above the drainage-way elevation. No groundwater seeps 
have been observed in this area, indicating that the potentiometric surface likely follows the 
topography and is below the drainage-ways.    

8.2 SITE BACKGROUND 

The facility-wide PA performed by JAYCOR in 1994 indicates that the CDL operated from the 
early 1940s until at least 1990. An interview with a former IAAAP employee indicated that he 
had buried construction debris throughout the facility in several ravines, especially in the areas of 
Yard O (JAYCOR, 1994), located east of the CDL. This is supported by USATHAMA’s 1980 
Installation Assessment, which indicated that burial sites on the installation included a portion of 
Yard O that was used for industrial rubble and non-putrescible wastes. At the time when soil 
samples were collected for the facility-wide SI in 1991, piles of debris, such as concrete, wire 
fencing, brick, and stone rubble, were present on the ground surface, and there was no cover 
(JAYCOR, 1996). 
 
Shaw’s 2005 HRR mentions that the CDL stored a considerable amount of debris associated with 
the demolition/renovation of Line 4A in the 1960s. One HRR interviewee described the area 
being used for the disposal of non-flammable and non-biodegradable items. It was also mentioned 
by the interviewee that contaminated construction materials were taken to the site for flashing and 
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disposal. This was later refuted during a subsequent interview, which asserted that flashing never 
occurred at the CDL but at the IDA Burning Grounds nearby (Shaw, 2005). It is unclear if the 
interviewee had the CDL confused with the IDA. 
 
Discussions among Tetra Tech, AO, and the Army indicated that debris arrived at the CDL from 
all over the IAAAP, and logs were not maintained. Concrete rubble piles from various parts of the 
plant were placed there, and end-loaders would be used to sort the material into piles for reuse. 
According to AO personnel, the time-frame for disposal practices at the CDL was similar to that at 
the IDA, where records were kept. In 1989, IAAAP ceased using the IDA for the disposal of 
residential household and cafeteria garbage because, by ceasing the disposal of sanitary wastes in 
the IDA, a permit as a sanitary landfill was not required (Miller, 2007). The Army notified the 
IDNR in February 1991 that they would operate the IDA as a construction and debris landfill. 
The Army ceased accepting waste at the IDA, and it was closed on September 30, 1992 (Army, 
1993). After the IDA was closed, uncontaminated construction and demolition materials placed 
in the IDA were sent to the Des Moines County Landfill (Miller, 2007). The CDL stopped 
receiving debris sometime between 1989 and September 1992. In 1996, the concrete, brick, and 
stone were leveled off, and clean fill soil was brought in to allow a cover of vegetation to be 
established (Miller, 2007).  
 
According to Daniel Cook of the IDNR, if it can be demonstrated that disposal activities ceased 
prior to July 1, 1992 (or thereabouts) this site can be grandfathered without any sort of state 
closure paperwork/post closure monitoring. Mr. Cook is aware of the lack of records kept at the 
CDL, and an approximate date around the July 1992 grandfather deadline is sufficient to 
grandfather the site (Cook, 2007).  
 
Shaw’s 2005 HRR notes that the landfill does not possess a liner and that the landfill cover itself 
consists of an earth cap ranging in thickness from 1 to 3 feet. Debris currently protrudes from the 
ground surface throughout the CDL, supporting AO’s statement that the fill was used to allow a 
cover for vegetation. The source for this cover material is unknown. It has been surmised by AO 
that a stockpile of road embankment soil located across the road to the east may have been used. 
The soil cover may have also come from various locations around the plant from construction or 
localized borrow sites such as old berms. 

8.3 INVESTIGATION ACTIVITIES 

All known field activities, including historical activities and the facility-wide RI, are summarized 
below. Details regarding sampling methods may be found in the below-referenced reports and 
Section 3.  
 
The following chemicals were considered representative of contaminants resulting from disposal 
activities at the CDL, in part based on detections during previous investigations: 1,3,5-TNB, 
HMX, 1,3-dinitrobenzene (DNB), arsenic, cadmium, chromium, lead, mercury, selenium, silver, 
pesticides, and PCBs. 
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8.3.1 Site Reconnaissance 

In Fall 2004, MKM conducted site reconnaissance at the CDL as part of the SDC activities.  
A paper site reconnaissance was conducted by Tetra Tech in Spring 2005 as part of the OU-7 SRI 
Work Plan (Tetra Tech, 2005), which consisted of reviewing historical aerial photos to determine the 
areal extent of activities at the CDL. In Summer 2005, Tetra Tech also performed site reconnaissance 
per the OU-7 SRI Work Plan (Tetra Tech, 2005) by walking across the debris piles evident 
throughout the landfill and in the ravines to the west and south. No mapping of the debris was 
conducted due to the poor quality of the GPS signal at the edges of the landfill, which are wooded. 

8.3.2 Soil Sampling 

Figure 8-6 presents the locations of all soil samples collected during the site investigations at the 
CDL. The sample locations have been color coded relative to each specific sampling event 
discussed in the text below. Samples whose locations are unknown are not represented on the 
figure. The number of samples collected during each sampling event and the chemical groups 
analyzed are summarized below. The specific chemicals analyzed in each chemical group during 
each event are provided in Table 8-1. 
 

Sampling 

Event 
Company 

Total  

No.  

of Samples 

Explosives Metals PAHs 
PCBs/ 

Pesticides 
SVOCs VOCs 

Summer 
1991 JAYCOR 3 3 3 - 3 3 3 

Summer/Fall 
1992 JAYCOR 33 20 - 1 14 1 1 

Spring 1993 JAYCOR 3 3 3 3 3 3 3 
Fall 2004 MKM 10 10 10 - 10 - - 
Fall 2005 Tetra Tech 16 16 16 11 - - - 

 
In Summer 1991, during the facility-wide SI, JAYCOR collected three soil surface samples 
(shown in light blue in Figure 8-6) from the suspected area of disposal (28SS0101 and 
28SS0201) and from the ravine southwest of the site (28SS0301). In Summer and Fall 1992 
during the facility-wide RI, JAYCOR collected 19 soil screening samples from 10 locations 
across the site (R20-0001E through -0005E and R20-0101E through -0105E) at the surface and 
0.5 to 1 foot bgs, and they collected 14 soil samples (R20 series) for PCB/pesticide analysis from 
depths ranging from the surface to 6 feet bgs. The locations of the samples are shown in blue on 
Figure 8-6. In Spring 1993, JAYCOR collected three soil samples (shown in dark blue on 
Figure 8-6) from the installation of the three monitoring wells (JAW-08 through -10) from 
depths ranging from 5 to 8 feet bgs (JAYCOR, 1996). The sampling methods are not specified in 
the facility-wide RI, which includes the SI data; and no sample or boring logs for these samples 
were provided in the facility-wide RI.  
 
In Fall 2004, MKM excavated six investigative trenches in the western portion of the CDL. Two 
soil samples were collected at varying depths from within five of the trenches (CDL-TS-001 and 
CDL-TS-003 through -006). The locations of the samples are shown in dark brown on Figure 8-6 
and placed at the center of the trench location because the actual location within the trench is 
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unknown. Each trench was excavated using a track-mounted excavator and was approximately 
15.0 feet long, 3.0 feet wide, and a maximum of 18.0 feet deep. The samples were collected with a 
stainless steel scoop from the excavator bucket at points within the trench where staining of the soil 
or any abnormal soil conditions were encountered (MKM, 2005a). Two of the samples were 
collected in buried ash at 14 and 18 ft bgs (CDL-TS-001-0002 and CDL-TS-006-0002, 
respectively). The soil samples were collected using the methodologies discussed in Section 3.2.1.1. 
Sample locations were staked and surveyed. Sampling logs are provided in Appendix D. 
 
In Fall 2005, Tetra Tech installed 16 soil borings (shown in green on Figure 8-6) to determine the 
vertical and horizontal extent of the buried ash per the OU-7 SRI Work Plan (Tetra Tech, 2005). 
The location of the soil borings were based on the circa 1957 aerial photo, which shows an area 
that may correspond with the location of the ash observed in trenches 1 and 6 (Tetra Tech, 2005). 
Subsurface soil samples were collected by DPT sampling at 10 to 12 feet bgs from 11 of the soil 
borings (CDL-TTSB-001, -003 through -008, and -11 through -14). Two of the subsurface samples 
were collected in ash (CDL-TTSB-007 and CDL-TTSB-011), and two were collected in a mix of soil 
and ash (CDL-TTSB-006 and CDL-TTSB-008). Tetra Tech also collected five surface soil samples 
(shown in green in Figure 8-6) by hand auger to characterize surface debris disposal areas (CDL-
TTSS-001 through -005). DPT and hand auger sampling methodologies are detailed in 
Section 3.2.2.1. A GPS unit with submeter accuracy was used to locate sample locations in the 
field. Boring logs are provided in Appendix C, and sampling logs are provided in Appendix D. 

8.3.3 Sediment Sampling 

Figure 8-7 presents the locations of all sediment samples collected during the site investigations 
at the CDL. The sample locations have been color coded relative to each specific sampling event 
discussed in the text below. Samples whose locations are unknown are not represented on the 
figure. The number of samples collected during each sampling event and the chemical groups 
analyzed are summarized below. The specific chemicals analyzed in each chemical group during 
each event are provided in Table 8-1. 
 

Sampling Event Company 
Total No. of 

Samples 
Explosives Metals 

PCBs/ 

Pesticides 

Summer 1992 JAYCOR 2 1 - 2 
Summer 2004 MKM 5 5 5 5 

 
In Summer 1992, during the facility-wide RI, JAYCOR collected two sediment samples from the 
drainage-ways (shown in blue on Figure 8-7), one in the conjoined drainage-way (R20SS0901) and 
one at the southwestern edge of the site (R20SD1001), approximately 1,300 feet south-southwest of 
the debris area (JAYCOR, 1996). The sampling methods are not specified in the facility-wide RI, 
and no sample or boring logs for these samples were provided in the facility-wide RI.  
 
In Summer 2004, MKM collected five sediment samples (shown in dark brown on Figure 8-7) 
from the drainage-ways (CDL-SD-001-0001-SD through CDL-SD-005-0001-SD) (MKM, 2005a). 
The sediment samples were collected by scooping using the methodologies discussed in Section 
3.2.1.2. Sample locations were staked and surveyed. Sampling logs are provided in Appendix D. 
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8.3.4 Surface Water Sampling 

Figure 8-7 presents the locations of all surface water samples collected during the site 
investigations at the CDL. The sample locations have been color coded relative to each specific 
sampling event discussed in the text below. Samples whose locations are unknown are not 
represented on the figure. The number of samples collected during each sampling event and the 
chemical groups analyzed are summarized below. The specific chemicals analyzed in each 
chemical group during each event are provided in Table 8-1. 
 

Sampling 

Event 
Company 

Total 

No. of 

Samples 

Explosives Metals PAHs 
PCBs/ 

Pesticides 
SVOCs VOCs Perchlorate 

Summer 
1992 JAYCOR 1 1 1 1 1 1 1 - 

Spring 
2006 

Tetra 
Tech 4 4 4 4 4 

- - 1 

 
In Summer 1992, during the facility-wide RI, JAYCOR collected one surface water sample 
(R20SW1001) at the same location as the 1991 sediment sample (R20SD1001) (JAYCOR, 
1996). The location of the sample is shown in blue on Figure 8-7. The sampling methods are not 
specified in the facility-wide RI, and no sample or boring logs for these samples were provided 
in the facility-wide RI.  
 
In Fall 2005, Tetra Tech attempted to collect surface water samples  per the OU-7 SRI Work Plan 
(Tetra Tech, 2005), but the drainages were dry during field activities. In March 2006, four 
surface water samples (shown in green on Figure 8-7) were collected from the drainage-ways 
(CDL-TTSW-001, -002, -004, and -005) after a period of heavy rainfall using the sampling 
methodologies detailed in Section 3.2.2.2. Three of the surface water samples were located at the 
same locations as three of MKM’s sediment samples: CDL-SD-001-0001-SD, CDL-SD-004-
0001-SD, and CDL-SD-005-0001-SD (CDL-TTSW-001, -004, and -005, respectively). Sample 
CDL-TTSW-005 was also analyzed for perchlorate. A GPS unit with submeter accuracy was 
used to locate sample locations in the field. Sampling logs are provided in Appendix D. 

8.3.5 Groundwater Sampling 

Figure 8-8 presents the locations of all groundwater samples acquired during the site 
investigations at the CDL. Boring logs are provided in Appendix C, and sampling logs are 
provided in Appendix D. The sample locations have been color coded relative to each specific 
sampling event discussed in the text below. Sample locations that are unknown are not 
represented on the figure. The number of samples collected during each sampling event and the 
chemical groups analyzed are summarized below. The specific chemicals analyzed in each 
chemical group during each event are provided in Table 8-1.  
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Sampling 

Event 
Company 

Total No. 

of 

Samples 

Explosives Metals PAHs 
PCBs/ 

Pesticides 
Organics SVOCs VOCs 

Winter 
1992 JAYCOR 2 2 2 2 2 1 2 2 

Spring 
1993 JAYCOR 3 3 3 3 3 - 3 3 

Summer 
1996 MHC 3 - 3 - - - - - 

Summer 
1997 MHC 3 - 3 - - - - - 

Winter 
1999 Harza 3 3 3 3 3 - 3 3 

Spring 
2000 Harza 3 3 3 3 3 - 3 3 

Fall 2005 Tetra 
Tech 3 3 3 3 3 - 3 3 

Spring 
2007 

Tetra 
Tech 1 1 1 1 - - 1 1 

 
In 1992 and 1993, during the facility-wide RI, JAYCOR installed two piezometers (R20PZ0901 
and R20PZ1201) and three monitoring wells (JAW-08, -09, and -10) (JAYCOR, 1996) into the 
shallow groundwater unit. Boring and construction logs for the wells are provided in 
Appendix C; no logs are available for the piezometers. 
 
In Winter 1992, the piezometers (shown in light blue on Figure 8-8) were sampled, and the 
monitoring wells were sampled in Spring 1993. The sampling methods are not specified in the 
facility-wide RI, and no sample logs for these samples were provided in the facility-wide RI.  
 
The three monitoring wells have been sampled periodically as part of facility-wide 
groundwater/surface water monitoring events (in Summer 1996 and 1997 by M&H, and in 
Winter 1999 and Spring 2000 by Harza). The sampling methods and logs for periodic monitoring 
are presented in the respective monitoring reports. 
 
In Fall 2005, Tetra Tech collected groundwater samples from the three monitoring wells (JAW-
08, -09, and -10) per the OU-7 SRI Work Plan (Tetra Tech, 2005). Samples were collected 
utilizing dedicated bladder pumps in the wells, as detailed in Section 3.2.2.3. The locations of the 
wells are shown in light green on Figure 8-8. Sampling logs are provided in Appendix D 
 
In 2006, Tetra Tech installed a temporary well (CDL-TTTW-001) to 25 feet bgs southwest of the 
debris area to characterize shallow groundwater in this direction (downgradient) per the OU-7 SRI 
Work Plan (Tetra Tech, 2005). The location of the well is shown in dark green on Figure 8-8. In 
Spring 2007, Tetra Tech collected groundwater from this temporary well via a peristaltic pump, 
using sampling methodologies detailed in Section 3.2.2.3. The temporary well location was 
surveyed. Boring logs are provided in Appendix C; sampling logs are provided in Appendix D. 
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8.4 RESULTS OF INVESTIGATION 

As part of this SRI, Tetra Tech evaluated all of the historical and recent sampling data collected at 
the CDL. This includes an evaluation of every soil, sediment, surface water, and groundwater 
sample collected at the site. Chemicals analyzed for each medium for each sampling event are 
presented in Table 8-1; and a summary of all analytical data at the OU-7 sites is provided in 
Appendix F. Sampling logs for samples collected in 2004 and later are provided in Appendix D, 
with sampling logs for previous samples contained in their respective reports. Laboratory 
analytical reports and validation reports for Tetra Tech samples are provided in Appendices G and 
H, respectively. All other laboratory and validation reports are contained in their respective reports. 

8.4.1 Site Reconnaissance 

In Fall 2004, MKM observed large pieces of concrete, rebar, brick, and other pieces of 
construction debris on the surface and down embankments on the west and south sides of the 
site, although MKM does not specify how far down the embankments debris was observed. 
Large pieces of concrete and various pieces of construction debris were found on the surface 
(MKM, 2005a). The presence of debris on the surface may be due to erosion of the soil cover 
that was placed over the debris to establish vegetation at the site, lack of full coverage of the soil 
cover, or mixing of the soil cover with the debris. 
 
Tetra Tech reviewed historical and more recent (circa 1941 to 1998) aerial photos as part of the 
OU-7 SRI Work Plan (Tetra Tech, 2005) for indications of disposal practices at the site, including 
a circa 1957 aerial photo that was not reviewed in the HRR. The 1941 aerial photo is provided as 
Figure 8-9, and indicates agricultural uses of the site, with structures at the corner of Road I and the 
driveway going into the CDL. The 1941 photo shows three drainages at the site: the two current 
drainages to the west and south, and a drainage between the two. The center and south drainages 
are more pronounced than the west drainage. The headwaters of the center drainage were located 
approximately 810 feet west of Road I, just north of where the railroad tracks would be 
constructed. The approximate location of this center drainage is illustrated on the most recent aerial 
photo in Figure 8-10. Figure 8-11 presents the 1957 aerial photo, in which the center drainage 
appears to be partially covered, though still somewhat evident in the northern part of the site. The 
circa 1957 aerial photo indicates that the bulk of the driveway present in 1941 had been removed 
(likely due to the construction of the railroad tracks), and the entrance to Road I is part of the 
current driveway. Three disturbed areas are present on the 1957 photo that may indicate disposal 
activities as illustrated on Figure 8-11.  

 South of the CDL driveway is a dark disturbed area approximately 250 feet 
(northeast/southwest) by approximately 125 feet, with the center located approximately 
470 feet west of Road I.  

 Southwest of the CDL driveway is a lighter colored disturbed area approximately 220 feet 
(northeast/southwest) by 120 feet (southeast/northwest), with the center located approximately 
577 feet west of Road I. The far west side of this area appears to cover a portion of the central 
drainage evident in the 1941 aerial photo. 
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 West of the CDL driveway is a relatively smooth area that is lighter in the northeast and 
darkens to the southwest, approximately 250 feet (northeast/southwest) by 100 feet 
(southeast/northwest) in size, with the center located approximately 750 feet west of Road I. 
This area appears to cover a portion of the central drainage evident in the 1941 photo. 

 
In Summer 2005 during site reconnaissance per the OU-7 SRI Work Plan (Tetra Tech, 2005), 
Tetra Tech observed numerous grass-covered hummocks, presumed to be covered disposal piles, 
along the eastern and northeastern parts of the landfill north of the gravel access road. These piles 
were distinct from the more typical construction debris (bricks, asphalt, rebar, concrete) scattered 
throughout the surface of the site. The piles are elongated and approximately 1 to 2 feet high. The 
piles extend north from the gravel access road approximately 150 feet and do not extend to the 
prominent tree line north of the landfill area. South of the gravel access road typical construction 
debris was observed at the surface, consisting of piles of brick, concrete, asphalt, rebar, and 
associated soil. A distinct boundary of surface construction debris and disposal hummocks was 
observed. The western and southern boundaries of the landfill area coincide with steep slopes 
terminating in drainages; construction debris was observed widely scattered along these slopes. 
The northern and eastern boundaries of the landfill area appear to be the limits of the hummock 
piles. The extent of debris based on field reconnaissance, observations in boring logs, and a review 
of historical aerials is illustrated on Figure 8-12. 

8.4.2 Soil Analytical Results 

Table 8-2 presents a summary of all chemical data for soil at the CDL, including number of 
detects, minimum and maximum concentrations, and comparison criteria for each chemical. The 
comparison criteria for all chemicals include the OU-1 RGs (EPA, 1998) or the EPA industrial 
soil RSLs (EPA, 2009a) for chemicals where no RGs were calculated. Some chemicals (e.g., 
explosives, PAHs, pesticides, and PCBs) are mobile in the environment, therefore their 
concentrations were compared to the SSLs presented in the RSL table (EPA, 2009a), which 
assumes no dilution or attenuation between the source and water. Soil background concentrations 
were also used for evaluation of metals. The concentrations of the chemicals detected in soil 
samples are discussed below for each chemical group in relation to the comparison criteria.  
 
Chemicals detected in soil at the CDL include explosives, PAHs, pesticides, PCBs, and metals. 
There were no SVOCs or VOCs detected in any of the soil samples. 
 
Explosives 

Fifty-one soil samples have been collected at the CDL and analyzed for explosives. The results 
presented in Tables 8-3 and 8-4 indicate that four explosives were detected at the CDL: 1,3,5-
TNB, 1,3-DNB, 4-amino-2,6-DNT, and HMX. None of these explosives exceed their OU-1 RG 
or RSL; however, 1,3-DNB and 4-amino-2,6-DNT exceed their SSLs, indicating a potential for 
leaching to surface water.  
 
As illustrated in Figure 8-13, the four explosives were each detected in four shallow soil samples 
in apparently unrelated locations and separated by locations without detectable explosives, 
indicating that the detections are apparently isolated and limited in extent. No samples collected 
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from the subsurface contain detectable explosives, indicating that explosives contamination is 
apparently confined to the surface or shallow soils. 
 
PAHs 

Fifteen soil and ash samples have been collected at the CDL and analyzed for PAHs. The results 
presented in Tables 8-3 and 8-4 indicate that 14 PAHs were detected at the CDL. Of these, only 
benzo[a]pyrene exceeds the OU-1 RG in two samples (Table 8-4); six PAHs, including 
benzo[a]pyrene, exceed their respective SSLs, indicating a potential for leaching to groundwater.  
 
As illustrated in Figure 8-14, PAHs were detected in six soil samples in the vicinity of Trench 6 
and Trench 1. Benzo[a]pyrene above the OU-1 RG was detected in two soil samples collected at 
10 to 12 feet bgs in the immediate vicinity of Trench 6. The six PAHs exceeding their respective 
SSLs were detected primarily in three samples collected in the immediate vicinity of Trench 6 
(CDL-TTSB-001, -005, and -006). Benzo[b]fluoranthene was also detected above its SSL in the 
vicinity of Trench 1. 
 

Pesticides and PCBs  

Thirty soil and ash samples have been collected at the CDL and analyzed for pesticides. The 
results presented in Table 8-3 indicate that eight pesticides were detected. Of these, none exceed 
the OU-1 RGs or RSLs; only dieldrin exceeds its SSL in all five samples in which it was 
detected, indicating a potential for leaching to surface water. As illustrated in Figure 8-15, 
dieldrin exceeding its SSL was detected primarily in surface samples with no apparent pattern. 
 
Thirty soil and ash samples were collected at the CDL and analyzed for PCBs. The results 
presented in Table 8-3 indicate that total PCBs were detected in 12 samples, consisting of 
Aroclor 1254 and/or 1260. None of the samples exceeds the OU-1 RG for total PCBs, although 
Aroclor 1254 exceeds the RSL in one sample (Table 8-4). As illustrated in Figure 8-15, Aroclor 
1254 above the RSL was detected only in a sample collected Trench 5. As illustrated in 
Table 8-4 and Figure 8-15, Aroclors 1254 and 1260 were detected at concentrations exceeding 
their SSLs in eight and seven samples, respectively, indicating that these two compounds may 
leach to water. 
 
Metals 

Twenty-six soil and ash samples have been collected at the CDL and analyzed for metals. For 
evaluation purposes, soil background concentrations (Appendix I) were also used if needed. The 
results presented in Table 8-3 indicate that the samples contain generally similar concentrations 
of metals below screening criteria, with the exception of beryllium, boron, lead, selenium, and 
zinc. Of those five metals, only beryllium exceeds comparison criteria in two ash/soil samples. 
Boron has no background value. Table 8-4 shows that the higher beryllium, cadmium, lead, 
mercury, and selenium concentrations exceed background. Zinc is below background. 
 
As illustrated on Figure 8-16, beryllium concentrations above the OU-1 RG were observed in 
two samples: the 10 to 12 ft interval of CDL-TTSB-007, located adjacent to Trench 1, and at 
18 feet bgs at CDL-TS-006-0002-SO in Trench 6. These samples were collected in the ash layer 
present in the CDL. Lower concentrations of beryllium are present at the surface and subsurface 
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in nearby soil and ash samples, indicating that the extent of elevated beryllium concentrations is 
apparently limited.  
 
The higher lead and selenium concentrations are found in surface and subsurface soil at different 
locations separated by lower concentrations. The higher boron and zinc concentrations are found 
in the ash layer in the same samples that beryllium exceeded the RG.   

8.4.3 Sediment Analytical Results 

Table 8-5 presents a summary of all chemical data for sediment in the vicinity of the CDL, 
including number of detects, minimum and maximum concentrations, and comparison criteria 
for each chemical. The comparison criteria for all chemicals include the OU-1 RGs (EPA, 1998) 
or the EPA industrial soil RSLs (EPA, 2009a) for chemicals where no RGs were calculated. 
Other comparison criteria are specific to chemical group and are included with each chemical 
group in the sections below. Some chemicals (e.g., explosives, pesticides, and PCBs) are mobile 
in the environment; therefore their concentrations were compared to the SSLs presented in the 
RSL table (EPA, 2009a), which assume no dilution or attenuation between the source and water. 
Soil background concentrations were also used for evaluation of metals. The concentrations of 
the chemicals detected in sediment samples are discussed below for each chemical group in 
relation to the comparison criteria. Chemicals detected in sediment samples collected in the 
vicinity of the CDL include explosives, pesticides, PCBs, and metals. No PAHs, herbicides, 
SVOCs, or VOCs were detected.  
 
Explosives 

Six sediment samples have been collected at locations adjacent to and downstream of the CDL and 
analyzed for explosives. No upstream samples have been collected because the site is upstream of 
any sample that might be collected. The results presented in Tables 8-6 and 8-7 indicate that two 
explosives were detected in sediment: 1,3,5-TNB and 2,4,6-TNT. Neither explosive exceeds the 
OU-1 RGs; however, 2,4,6-TNT exceeds its SSL in one sample, indicating a potential for leaching 
to water.  
 
As illustrated in Figure 8-17, the two explosives were detected in one sample located in the 
southern portion of the western drainage-way. These explosives are surrounded by other 
sediment samples from the tributary without detectable concentrations. Except for 1,3,5-TNB, 
which was detected only in soil in the far eastern portion of the site, none of the explosives 
detected in soil were detected in sediment.  
 

Pesticides and PCBs 

Seven sediment samples have been collected at locations adjacent to and downstream of the CDL 
and analyzed for pesticides. The results presented in Tables 8-6 and 8-7 indicate that three 
pesticides were detected in sediment samples at low concentrations: beta-BHC, DDE, and DDT. 
None of these pesticides exceeded their RSLs; beta-BHC exceeds its SSL in two samples. As 
illustrated in Figure 8-18, beta-BHC exceeding the SSL was detected in two samples separated 
by samples with undetected beta-BHC.  
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The same seven sediment samples that were analyzed for pesticides were also analyzed for 
PCBs. The results presented in Table 8-6 indicate that total PCBs were detected in four samples, 
consisting of Aroclor 1254 and/or 1260. None of the samples exceeds the OU-1 RG for total 
PCBs, nor do the individual cogeners exceed their RSLs. As illustrated in Figure 8-18, PCBs 
were detected in downstream locations. 
 
Table 8-7 shows that Aroclor 1254, Aroclor 1260, and total PCB concentrations exceeded the 
SSL in at least one sample, indicating that those chemicals may leach to water. However, no 
PCBs were detected in any of the surface water samples at the site (Section 8.4.4), indicating that 
leaching is not occurring. 
 
Metals 

Five sediment samples have been collected at locations adjacent to and downstream of the CDL 
and analyzed for metals. No upstream samples have been collected because the site is upstream 
of any sample that might be collected. The results presented in Table 8-6 indicate that the samples 
contain generally similar concentrations below screening criteria. Concentrations in the western and 
conjoined drainage-ways are typically somewhat higher than those in the southern drainage-way. 
Because there were no metal concentrations that exceeded maximum background for soil, no 
figure is presented. 

8.4.4 Surface Water Analytical Results 

Table 8-8 presents a summary of all chemical data for surface water in the vicinity of the CDL, 
including number of detects, minimum and maximum concentrations, and comparison criteria 
for each chemical. Concentrations of detected constituents were compared to EPA MCLs (EPA, 
2009b), where available. For constituents without MCLs, the greater of the HALs (EPA, 2009b) 
or RSLs (EPA, 2009a) were used. There are no upstream samples to use for further evaluation 
because the site is upstream of any sample that might be collected. The concentrations of the 
chemicals detected in surface water samples are discussed below for each chemical group in 
relation to the comparison criteria. Chemicals detected in surface water samples collected in the 
vicinity of the CDL include one explosive, one VOC, and metals. No SVOCs, PAHs, herbicides, 
pesticides, PCBs, or perchlorate were detected in any of the surface water samples. 
 
Explosives 
Five surface water samples have been collected at locations adjacent to and downstream of the 
CDL and analyzed for explosives. The results presented in Table 8-9 indicate that 1,3,5-TNB 
was detected in one sample in July 1992 at a concentration below the RSL. The sample was far 
downstream, and 1,3,5-TNB was not detected in any upstream samples closer to the site or 
during more recent sampling events. Because only one explosive was detected in one sample, no 
figure is presented. 
 
VOCs 
Only one surface water sample (R20SW1001) has been analyzed for VOCs. The results 
presented in Table 8-9 indicate that chloroform was detected below the MCL. Because no VOCs 
exceed the comparison criteria, no figure is presented.  
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Metals 

Five surface water samples have been collected at locations adjacent to and downstream of the 
CDL and analyzed for total metals; of those, four were analyzed for dissolved metals. The results 
presented in Table 8-9 indicate that none of the sample results for total and dissolved metals 
exceed comparison criteria. Samples collected in July 1992 and March 2006 contain total 
concentrations that are generally similar with the exception of iron, lead, manganese, vanadium, 
and zinc, all of which are highest in CDL-TTSW-005, which is located in the conjoined 
drainage-way. Dissolved concentrations for the 2006 samples are generally similar and are 
typically one order of magnitude less than the total concentrations. This difference is considered to be 
caused by the turbidity in the sample, as documented on the sampling log (Appendix D). Because 
no metals exceed comparison criteria, no figure is presented.  

8.4.5 Groundwater Analytical Results 

Table 8-10 presents a summary of all chemical data for groundwater at the CDL, including 
number of detects, minimum and maximum concentrations, and comparison criteria for each 
chemical. Concentrations of detected constituents were compared to EPA MCLs (EPA, 2009b), 
where available. For constituents without MCLs, the greater of the HALs (EPA, 2009b) or RSLs 
(EPA, 2009a) were used. The concentrations of the chemicals detected in groundwater samples 
are discussed below for each chemical group in relation to the comparison criteria. Chemicals 
detected in groundwater at the CDL include one explosive compound, SVOCs, VOCs, 
pesticides, and metals. No PAHs, herbicides, PCBs, or perchlorate were detected in any of the 
groundwater samples. 
 
Explosives 

Seventeen groundwater samples have been collected from six locations at the CDL (between 
1992 and 2007) and analyzed for explosives. The results presented in Table 8-11 indicate that 
HMX was detected at low concentrations below comparison criteria in JAW-09 in December 
1999. The sample was collected at 15.13 feet btoc, approximately 11 feet below the bottom of 
the fill material at this well. The detection appears to be an isolated occurrence, as no other 
explosives were detected at this or any other location during previous or subsequent sampling 
events. Explosives appear to have been limited to the area of JAW-09, but are no longer present. 
Due to the lack of recent detections, no figure is presented. 
 
SVOCs 

Fifteen groundwater samples have been collected from six locations at the CDL (between 1992 
and 2007) and analyzed for SVOCs. The results presented in Table 8-11 indicate that four 
SVOCs were detected, two of which exceed comparison criteria (Table 8-12): bis(2-chloroethyl) 
ether and bis(2-ethylhexyl)phthalate (BEHP). Figure 8-19 illustrates the extent of the detected 
SVOCs from the most recent sampling event at each location. 
 
Bis(2-chloroethyl)ether was detected above the RSL in JAW-09 in December 1999. The sample 
was collected at 15.13 feet btoc, approximately 11 feet below the bottom of the fill material at 
this well. Bis(2-chloroethyl)ether was not detected in previous or subsequent samples in this or 
other locations, indicating an isolated occurrence.  
 



 IAAAP 
Supplemental Remedial Investigation  

Operable Unit 7 
 
 

 8-14 

BEHP was detected above the MCL in two piezometers (R20PZ09 and R20PZ12) in 1992 and in 
temporary well CTA-TTTW-001 in March 2007, with the highest concentration in R20PZ09, 
located in the far upgradient end of the debris area. Samples were collected at 17 feet bgs in 
R20PZ09 (the debris is approximately 6 feet deep here based on the JAW-09 boring log), and 
from an unknown depth from CTA-TTTW-001. None of the monitoring wells have contained 
detectable BEHP, indicating potentially isolated occurrences. The extent of BEHP downgradient 
of CTA-TTTW-001 is not known. No wells are present downgradient of this well, nor could a 
well be installed downgradient due to the steep terrain west and south of the site. Any wells 
installed farther west and south would be in separate sub-watersheds, and would not likely 
intercept any constituents from the CDL.  
 
The other two SVOCs, 4-methylphenol and diethyl phthalate, were detected only in the 
piezometers in 1992 and in no other samples in which SVOCs were analyzed, indicating isolated 
occurrences. 
 
VOCs 

Fifteen groundwater samples have been collected from six locations at the CDL (between 1992 
and 2007) and analyzed for VOCs. The results presented in Tables 8-11 and 8-12 indicate that 
five VOCs were detected below comparison criteria. Trichloroethene was detected only in 
October 2005 in samples from JAW-09 and JAW-10. Samples were collected from 17 feet btoc 
in JAW-09, approximately 11 feet below the debris/fill at this well, and from 21.10 feet btoc in 
JAW-10, approximately 18 feet below the bottom of the debris/fill at this well. It was not 
detected in any of the previous sampling events, indicating a potentially isolated occurrence.  
 
Methylene bromide and toluene were detected in JAW-10 only once in December 1999 and May 
1993, respectively. Water levels on those dates were 19.74 and 16.75 feet btoc, respectively, at 
least 14 feet below the bottom of the debris/fill at this well. The two VOCs were not detected in 
previous or subsequent sampling events in this or any other well, indicating isolated occurrences. 
Acetone and chloroform were detected only in temporary well CDL-TTTW-001. These VOCs 
were not detected in any groundwater samples during any other sampling event. Figure 8-20 
illustrates the extent of the detected VOCs from the most recent sampling event at each location.  
Although VOCs are not delineated downgradient of JAW-10 and CDL-TTTW-001 due to the 
steep terrain, they are below comparison criteria. 
 

Pesticides 
Fifteen groundwater samples have been collected from six locations at the CDL (between 1992 and 
2007) and analyzed for pesticides. The results presented in Table 8-11 indicate that two pesticides 
were detected. Aldrin was detected below comparison criteria in a sample collected in December 
1999 from JAW-09. The sample was collected at 15.13 feet btoc, approximately 11 feet below the 
bottom of the fill material at this well. Aldrin was not detected in previous or subsequent samples 
from this or any other location and appears to be an isolated occurrence. Triphenyl phosphate was 
detected in piezometer R20PZ12 in December 1992, the only time/location this chemical was 
analyzed. The sample was collected from 20 feet bgs in R20PZ12, located cross-gradient and 
outside of the debris area. Triphenyl phosphate does not have comparison criteria. Because of the 
limited nature of pesticide detections, no figure is presented. 
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Metals 

Twenty-two groundwater samples have been collected from six locations at the CDL (between 
1992 and 2007) and analyzed for total metals; four samples have been analyzed for dissolved 
metals. The results presented in Tables 8-11 and 8-12 indicate that concentrations of 12 total 
metals and two dissolved metals have exceeded their respective comparison criteria. Total metals 
concentrations above the comparison criteria occur primarily in samples collected in December 
1992 from two piezometers (R20PZ09 and R20PZ12), which are located in generally 
upgradient/cross-gradient locations relative to the debris areas (using the site-specific 
potentiometric surfaces as described in Section 8.1.2), with the higher concentrations typically in 
R20PZ12. Samples collected from the piezometers were not analyzed for dissolved metals. The 
sample collected in March 2007 from temporary well CDL-TTTW-001, which is located 
downgradient of the southern portion of the debris areas (using the site-specific potentiometric 
surfaces as described in Section 8.1.2), contained total cadmium, total and dissolved cobalt, total 
lead, and total and dissolved manganese above the comparison criteria. Dissolved cadmium was 
below detection limits. These were the only times these locations were sampled.  
 
The results presented in Table 8-11 also indicate that lead above the comparison criteria has been 
detected at all locations and is the only metal to exceed comparison criteria in the monitoring 
wells. The highest lead concentration was detected in piezometer R20PZ12. The highest lead 
concentrations in the monitoring wells were from the June 1997 sampling, which was 
demonstrated to contain elevated lead concentrations due to laboratory issues as described in 
Appendix J. Other lead results from the monitoring wells indicate that concentrations are below 
the MCL in all samples collected after 1993.  
 
The elevated nature of the metals concentrations in groundwater samples collected from the 
piezometers is considered attributable to turbidity. The piezometers were installed without a 
filter-pack that would aid in reducing the amount of fines in the well. It is unknown if they were 
developed or purged prior to sampling (no available sampling logs). Samples were collected at 
17 feet bgs in R20PZ09, located at the far upgradient end of the debris (approximately 6 feet 
deep here based on the JAW-09 boring log); and from 20 feet in R20PZ12, located cross-
gradient and outside of the debris area. The concentrations in the piezometers are not considered 
reflective of metals contamination from the debris, but more reflective of naturally occurring 
concentrations of suspended particles. Additionally, more recent data is present at locations 
downgradient of the debris area that would be more reflective of any metals contamination from 
the site. 
 
The elevated nature of the total metals concentrations in groundwater collected from temporary 
well CDL-TTTW-001 is considered attributable to turbidity. The temporary well was undeveloped, 
had little water in it at the time of sampling, and was not apparently purged prior to sampling 
(similar to a sample collected from a screen point sampler). The well, which is 25 feet deep, is at 
the downgradient end of the debris, the depth of which is assumed to be approximately 5 feet bgs 
based on cross sections A-A’ and C-C’ (Figure 8-3); the depth to groundwater was not recorded at 
the time of sampling. The presence of dissolved cobalt and manganese above comparison criteria 
potentially indicates metals contamination, although metals are not typically mobile; geochemical 
conditions (i.e., low pH) could cause mobilization of metals. However, no field parameters were 



 IAAAP 
Supplemental Remedial Investigation  

Operable Unit 7 
 
 

 8-16 

collected at the time of sampling due to the low volume of water in the well. No total or dissolved 
metals (excluding the June 1997 lead concentrations) exceed comparison criteria in JAW-10, 
located downgradient of the northern portion of the debris area (using the site-specific 
potentiometric surfaces as described in Section 8.1.2). The potential metals contamination may be 
confined to the area of CDL-TTTW-001, but no wells are present downgradient of this well, nor 
could a well be installed farther downgradient due to the steep terrain west and south of the site. 
Any wells installed farther west and south would be in separate sub-watersheds, and would not 
likely intercept any constituents from the CDL. 
 
Because there were only two locations with metals exceedances and both are temporary 
groundwater sampling points (no filter pack), no figure is presented. 
 
Other Compounds 

As illustrated in Table 8-11, butyl stearate was detected in shallow groundwater in R20PZ09 in 
December 1992. This was analyzed/detected only in this piezometer on this date and appears to 
be a TIC or non-target compound. It does not have comparison criteria. The sample was 
collected at 17 feet bgs in R20PZ09, located at the far upgradient end of the debris/fill and 
approximately 11 feet below the debris/fill. No figure is presented. 
 
Summary 

Explosives, some metals, VOCs, and some SVOCs have been detected below comparison 
criteria in apparently isolated occurrences. Bis(2-chloroethyl)ether was detected above 
comparison criteria also in an apparently isolated occurrence. Metals and BEHP above 
comparison criteria and acetone and chloroform below comparison criteria were detected in 
downgradient well CTA-TTTW-001 in March 2007. Their extent downgradient of this well is 
not known due to the steep terrain to the south and west; however, any wells installed farther 
west and south would be in separate sub-watersheds, and would not likely intercept any 
constituents from the CDL. 

8.5 CONTAMINANT FATE AND TRANSPORT 

As illustrated in Figure 8-12, debris, including ash, was pushed into ravines over a period of 
approximately 50 years, extending the plateau over the two drainage-ways that flank the site to 
the west and south. The likelihood for soil, sediment, surface water, and groundwater 
contamination would have been controlled by the following: 

 The volume and type of debris. No records were kept of what or how much was disposed of 
at the CDL. However, based on observations during the investigation, none of the surface 
debris and little of the buried debris is anticipated to cause contamination, as it is concrete, 
rebar, lumber, etc. Some of the debris, including observed coal and fly ash, may be a 
potential contaminant source.  

 The topography and vegetation. The surface of the CDL is relatively flat and is well vegetated, 
which would hinder runoff. Additionally, debris and ash that may be a potential source of 
contamination is buried; thus, runoff over potentially contaminated surface material is not 
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considered a complete pathway at this time, though it may have occurred prior to the covering 
of the debris in 1996. The areas of the CDL that slope down into the two drainage-ways are also 
well vegetated. Although demolition-type debris (e.g., concrete, rebar) has been identified on 
the slopes of the CDL, no debris has been observed that would be considered a source of 
contamination to surface water and sediment in the drainage-ways. 

 The properties of the chemicals within the debris and ash. The PAHs benzo[a]pyrene,  
benzo[b]fluoranthene, and dibenz[ah]anthracene may leach to groundwater from deep ash 
and/or soil samples close to groundwater because concentrations of these PAHs in at least 
one sample exceed the SSLs. However, no PAHs have been detected in any of the 
groundwater samples, including those where metals appear to leach, indicating little leaching 
and transport of PAHs. Metals mobility from soil to water (groundwater or surface water) is 
controlled by both the soil and water geochemistry (i.e., ORP and pH) (Dragun, 1988), 
although metals can be transported as suspended solids to both surface water and groundwater 
regardless of geochemistry.  

 
Based on groundwater and soil contamination plumes that have been studied across IAAAP, a 
contaminant plume would migrate very slowly, given the low vertical and horizontal hydraulic 
conductivities encountered in the clayey till at the facility. In addition, many contaminants would 
have attenuated over time in both soil and groundwater given the long period of time since 
disposal. Based on the analytical results at the site, it appears that the current extent of 
contamination at the CDL is confined to the area of the landfill itself. No contaminants detected 
in soil (including metals above background) have been detected at concentrations exceeding 
comparison criteria in groundwater at the downgradient well (JAW-10) located approximately 25 
feet off the edge of the debris (and an estimated 200 feet west of the buried fly ash) since 
monitoring began in 1993. 

8.6 DATA EVALUATION 

All of the sample data from the CDL have been assessed for their overall data quality and usability 
for risk assessments as discussed in Appendix J.  

8.6.1 Data Quality 

Groundwater data have the following data quality issues: 

 Analytical data for the GW SRI for samples collected in July 1997 by Harza are not present 
in the ERIS database. All data were added to Tetra Tech’s database from the laboratory 
reports provided in the appendices of the SRI. Because the data were entered directly from 
laboratory reports, they are considered valid and usable for all purposes. No validation report 
is available, consequently data quality could not be determined. However, no obvious 
problems with the data are apparent. 

 Analytical data for the samples collected in December 1999 and May 2000 by Harza are not 
present in the ERIS database. All data were added to Tetra Tech’s database from the 
summary tables provided in the appendices of the Fall 1999 Groundwater Monitoring Report. 
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The laboratory reports are not available. The data are considered valid and usable for all 
purposes, with some reservations based on the possibility of transcription errors from the 
laboratory reports to the tables. No validation reports are available, consequently data quality 
could not be determined. However, no obvious problems with the data are apparent. 

8.6.2 Sample Locations 

The following soil samples are well outside of the debris area (approximately 800 feet) and on 
the far side of another upland/plateau: R20SS0601, R20SS0801, and R20SA0801. Surface water 
sample R20SW1001 and sediment sample R20SD1001 are far downstream in the drainage, and 
more recent data upstream have been collected; thus, data from these locations will not be used 
in the risk assessment. 
 
Because there are more recent groundwater data present at the site from monitoring wells and the 
temporary well, the data from the piezometers will not be used in the risk assessment. 
 
Because of the shifting nature of sediment with time (12 years between sampling events), 
particularly during storm events, only the most recent data will be used in the risk assessment to 
give a more accurate assessment of current conditions. Although sediment sample R20SS0901 is 
near the CDL, it was collected in July 1992, and more recent data (August 2004) are present 
upstream and approximately 60 feet downstream of this sample location. Because much more 
recent data are present, R20SS0901 will not be used in the risk assessment. 

8.7 RISK ASSESSMENT RESULTS 

8.7.1 Human Health Risk Assessment 

The BHHRA is provided in Appendix K, including methodologies, tables for the human health 
risk assessment, and a discussion of the results. The data used were derived from Section 8.6 and 
Appendix J. The results of the BHHRA are summarized in Sections 8.7.1.1 and 8.7.1.2. 
 
8.7.1.1 Chemicals of Potential Concern 

To determine soil COPCs at the CDL, the data derived from Section 8.6 and Appendix J were 
evaluated against the OU-1 RGs (EPA, 1998). For chemicals with no RG, the EPA industrial 
RSLs were used (EPA, 2009a). Conservatively, screening levels for noncarcinogens are one-
tenth these RSLs (based on an HI of 0.1) to account for potential additivity of noncarcinogenic 
effects. If screening levels existed for a chemical for both carcinogenic and non-carcinogenic 
effects, the lower of the two values was used for screening. Soil COPC selection was a two-fold 
process depending on the availability of an RG value for a given chemical. When an RG value 
was available, the COPC selection depended on whether the maximum detected concentration 
for that chemical exceeded the RG. When an RG value was not available, the COPC selection 
depended on whether the maximum detected concentration for that chemical exceeded the 
industrial RSL. Residential RSLs were not used in COPC screening. Beryllium and 
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benzo[a]pyrene, with respective maximum concentrations of 7.3 and 0.972 mg/kg, were the only 
two identified COPCs in subsurface soil. No COPC was identified in surface soil. 
 
To determine sediment COPCs at the CDL, the data derived from Section 8.6 and Appendix J 
were evaluated against the EPA residential RSLs (EPA, 2009a). Conservatively, screening levels 
for noncarcinogens are one-tenth these RSLs (based on a HI of 0.1) to account for potential 
additivity of noncarcinogenic effects. If screening levels existed for a chemical for both 
carcinogenic and non-carcinogenic effects, the lower of the two values was used for screening. 
The maximum detected concentration for each detected chemical in sediment was screened 
against the residential RSL. Chemicals that exceeded toxicity screening levels were retained as 
COPCs. Conversely, chemicals that were not detected or were not detected at maximum 
concentrations exceeding toxicity screening levels were not retained as COPCs. Arsenic and 
Aroclor 1254, with respective maximum concentrations of 11 and 0.17 mg/kg, were the only two 
identified COPCs in sediment. While total PCBs was identified as a COPC in sediment, it is not 
discussed further, since its inclusion in the risk evaluation would yield to an unwanted 
redundancy with Aroclor 1254. 
 
To determine surface water COPCs at the CDL, the data derived from Section 8.6 and Appendix J 
were evaluated against EPA tap water RSLs (EPA, 2009a) and federal SDWA MCLs and HALs 
(EPA, 2009b) (HALs were used for screening only when there was no RSL or MCL for a given 
chemical). Conservatively, screening levels for noncarcinogens based on RSLs are one-tenth these 
RSLs (based on a HI of 0.1) to account for potential additivity of noncarcinogenic effects. 
If screening levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the 
lower of the two values was used for screening. The maximum detected concentration for each 
detected chemical in surface water was screened against the greater of the screening levels based 
on the EPA tap water RSLs, MCLs or HALs. Chemicals that exceeded toxicity screening levels 
were retained as COPCs. Conversely, chemicals that were not detected or were not detected at 
maximum concentrations exceeding toxicity screening levels were not retained as COPCs. The 
following total (unfiltered) metals were identified as COPCs in surface water:  

Chemical Maximum Concentration (µg/L) 

aluminum 9700 
cobalt 9.8 
iron 13800 

manganese 734 
vanadium 26.9 

 
Dissolved manganese and vanadium were identified as COPCs in filtered surface water. 
 
To determine groundwater COPCs at the CDL, the data derived from Section 8.6 and Appendix J 
were evaluated against EPA tap water RSLs (EPA, 2009a) and federal SDWA MCLs and HALs 
(EPA, 2009b) (HALs were used for screening only when there was no RSL or MCL for a given 
chemical). Conservatively, screening levels for noncarcinogens based on RSLs are one-tenth 
these RSLs (based on a HI of 0.1) to account for potential additivity of noncarcinogenic effects. 
If screening levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the 
lower of the two values was used for screening. In the case of metals, the total fraction was used 
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in determining COPCs to be conservative. The maximum detected concentration for each 
detected chemical in groundwater was screened against the greater of the screening levels based 
on the EPA tap water RSLs or MCLs. Chemicals that exceeded toxicity screening levels were 
retained as COPCs. Conversely, chemicals that were not detected or were not detected at 
maximum concentrations exceeding toxicity screening levels were not retained as COPCs. All 
detected VOCs in groundwater at the CDL were considered COPCs (for industrial worker only). 
The following compounds were identified as COPCs for shallow groundwater and all 
groundwater (all depths) (compounds in italic are involved only in vapor intrusion risk): 
 

Chemical 

Maximum Concentration (µg/L) 

Shallow Groundwater All Groundwater 

aluminum Not a COPC 9810 
cadmium Not a COPC 15.8 

cobalt 1.3 23.9 
iron Not a COPC 19800 
lead 15.8 17.5 

manganese 195 4290 
bis(2-chloroethyl)ether 11 11 

bis(2-ethylhexyl)phthalate Not a COPC 11.7 
Acetone Not a COPC 13.7 

Chloroform Not a COPC 5.2 
methylene bromide Not a COPC 0.39 

TCE Not a COPC 0.84 
 
8.7.1.2 Chemicals of Concern 

Because IAAAP is an active site and no change is expected, potential current and future receptors 
may include agricultural workers, construction workers, industrial workers, trespassers, and 
wading visitors.  
 
The following receptors are expected to be exposed to the following media at CDL: 

 Construction worker: dermal contact, and inhalation of surface and subsurface soil; incidental 
ingestion, dermal contact, and inhalation of groundwater in a trench or excavation (20 feet 
deep or less); ingestion of groundwater from a water supply well 

 Industrial/commercial worker: incidental ingestion, dermal contact, and inhalation of surface 
soil; ingestion of groundwater from a water supply well; inhalation of volatiles from 
groundwater through vapor intrusion into a building. 

 Wading visitor: incidental ingestion, dermal contact, and inhalation of sediment and surface 
water. 

 
The CDL does not include any agricultural use areas, so exposure to agricultural workers would 
not be a complete pathway. Trespassers are unlikely as the facility is restricted access, so are not 
considered likely receptors.  
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As with the COPC selection in Section 8.7.1.1, the total fraction of metals in groundwater was 
used in calculating risk to be conservative during the calculations, and a comparison to dissolved 
metals results was conducted if necessary. The results of the risk calculations and metals 
comparison are presented below. 
 
For the construction worker, beryllium and benzo[a]pyrene are the only chemicals considered 
soil COPCs. Exposure to beryllium and benzo[a]pyrene in soil by a construction worker in a 
trench or excavation indicates a cancer risk of 3.3E-07 and a non-cancer HQ of 0.579 
(Table 8-14). Because the cancer risk for the construction worker does not exceed 1.0E-06, no 
figure of cancer risk in soil is presented.  
 
Exposure to groundwater by a construction worker in a trench or excavation (20 feet deep or less—
includes concentrations from the three most recent sampling events at the three monitoring wells) 
and by ingestion of water from a groundwater well within the contaminated groundwater area (all 
depths) indicates a total cancer risk of 1.1E-06 and a non-cancer HQ of 2.0. Table 8-16 provides 
the risk for each of the COPCs in groundwater. Ingestion of groundwater contributes the most to 
the risk from groundwater; exposure to groundwater in a trench indicates a cancer risk of less 
than 1.0E-06 and a HQ of less than 1.0. The cancer risk driver is bis(2-chloroethyl)ether with a 
value of 1.1E-06; there are no non-cancer risk drivers. Although lead is a groundwater COPC, 
there is no model for health effects from adult exposure to groundwater. The EPC for lead is 
below the MCL for both routes evaluated for the construction worker, and dissolved lead 
concentrations are below the MCL or detection limits. Risk from these metals in groundwater 
would be considered acceptable. 
 
For the industrial/commercial worker, there is no chemical considered a soil COPC (surface 
soil). For the industrial/commercial worker, exposure to groundwater by ingestion of water from 
a groundwater well within the contaminated groundwater area indicates a total cancer risk of 
2.6E-05 and a non-cancer HQ of 1.8. Table 8-16 provides the risk for each of the COPCs in 
groundwater. The cancer risk driver is bis(2-chloroethyl)ether with a value of 2.6E-05. There are 
no non-cancer risk drivers. Although lead is a groundwater COPC, there is no model for health 
effects from adult exposure to groundwater. Figure 8-21 illustrates the cumulative risk in 
groundwater from ingestion at each sampling point for the industrial/commercial worker (more 
conservative than the construction worker). Bis(2-chloroethyl)ether was detected once only in 
JAW-09 and not in previous or subsequent samples, and as such is considered anomalous and not 
indicative of actual risk. The EPC for lead is below the MCL, and dissolved lead concentrations 
are below the MCL or detection limits. Therefore, risk from lead in groundwater would be 
considered acceptable.  
 
Because some chemicals in the groundwater are volatile, exposure of the industrial/commercial 
worker to chemicals in groundwater due to vapor intrusion into a potential building constructed over 
the CDL was modeled using the EPA vapor intrusion modeling. The results indicate a total cancer 
risk of 2.4E-07 and a non-cancer HQ of 0.000085. No buildings are currently present at the CDL. 
Because the cancer risk for exposure to vapor intrusion by the industrial/commercial worker does 
not exceed 1.0E-06, no figure of cancer risk in groundwater vapor intrusion is presented. 
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For the wading visitor, exposure to sediment indicates a total cancer risk of 1.3E-07 and a non-
cancer HQ of 0.0035, while exposure to surface water indicates a non-cancer HQ of 0.012. 
Table 8-15 presents the risks for each of the sediment and surface water COPCs. Since total 
cancer risk and non-cancer HQ did not exceed their respective threshold values of 1.0E-06 and 
1.0, no figure representing cancer risk in either sediment or surface water is presented. 

8.7.2 Ecological Risk Assessment 

The BERA Addendum is provided in Appendix L, including methodologies, tables for the 
ecological risk assessment, and a discussion of the results. The data used were derived from 
Section 8.6 and Appendix J. Shallow soil (2 feet bgs or shallower), sediment, and surface water 
were evaluated; groundwater is not considered a potential pathway for ecological receptors.  
 
The CDL area is sparsely wooded, although some areas in the ravines are more densely wooded, 
with no development, making the area likely inhabited by wildlife (including the rodents used as 
representative species in the BERA); and potentially used as forage area by the Indiana bat. 
 
To determine COPECs for shallow soil, the data derived from Section 8.6 and Appendix J were 
evaluated as detailed in Appendix L. Metals and organics were screened against the SLERA 
SVs. At the CDL, soil COPECs include metals (aluminum, arsenic, boron, chromium, lead, 
manganese, selenium, thallium, vanadium, and zinc), explosives (1,3-DNB, 4-amino-2,6-DNT, 
and HMX), PCBs (Aroclor 1254 and Aroclor 1260), and pesticides (DDD, DDE, DDT, dieldrin, 
and endrin). Soil COPECs for the Indiana bat include all detected metals above background 
concentrations calculated in the BERA and any detected organic compounds (e.g., explosives).  
Sediment samples collected from the intermittent tributaries at the site are considered soil 
samples for this BERA Addendum.  
 
The ecological risk posed by COPECs in soil and surface water/sediment was evaluated using 
multiple lines of evidence, as described in the sections below. 
 
Terrestrial receptors at the CDL (white footed mouse, short tailed shrew, and Indiana bat) were 
evaluated using equations from the BERA as detailed in Appendix L. HQ values were estimated 
from NOAEL-based and LOAEL-based TRVs. TRVs are used to quantitatively estimate the 
magnitude of toxicity of each COPEC. Table 8-13 provides the results of the HQ calculations for 
each of the COPECs in soil. Consistent with the MWH BERA, those COPECs with LOAEL-
based HQs exceeding 1.0 and detected at concentrations greater than background were compared 
to the CCs to evaluate the spatial distribution of the risk drivers. The CCs are calculated analyte 
concentrations that equate to a HQ of 1.0. Per the BERA, exposure to media containing COPECs 
below the LOAEL-based CCs should not result in unacceptable levels of risk to ecological 
receptors. Therefore, the CC values corresponding to LOAEL-based HQs of 1.0 (or background) 
were used to estimate COPEC concentrations in soil that might pose an ecological concern 
(MWH, 2004). 
 
A summary of the NOAEL- and LOAEL-based HQ values that exceed 1.0 for the white-footed 
mouse and short-tailed shrew exposed to COPECs in soil at the CDL is presented below. 
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COPEC 

White-Footed Mouse Short-Tailed Shrew Concentrations 
Below 

Background? 
Compare to 

CCs? NOAEL HQ LOAEL HQ NOAEL HQ LOAEL HQ 
1,3-DNB <1 <1 3.2 <1 NA No 
Aluminum 30 3.0 424 42 Yes No 
Arsenic <1 <1 1.6 <1 Yes No 
Selenium <1 <1 1.4 <1 No No 
Thallium <1 <1 11.0 1.1 Yes No 
Vanadium <1 <1 7.6 <1 Yes No 

The risk from exposure to 1,3-DNB, arsenic, selenium, and vanadium is considered to be 
acceptable because the LOAEL-based HQs for these four COPECs are less than 1.0. Additionally, 
the risk from exposure to aluminum, arsenic, thallium, and vanadium is considered to be 
acceptable because their concentrations at the CDL are lower than background concentrations. 
Risk to these receptors is considered to be acceptable.  
 
For the Indiana bat, the cumulative NOAEL-based HI is greater than 10, and LOAEL-based HQs 
exceed 1.0 for 1,3-DNB (1.2) and selenium (1.8). The maximum concentrations for 1,3-DNB  
and selenium were used as the EPC; thus, the HQs for these two COPECs represent the worst 
case and are not necessarily representative of the entire site.    
 
Consistent with the 2008 ESD for the OU-1 ROD, those COPECs with LOAEL-based HQs 
exceeding 1.0 and detected at concentrations greater than background (1,3-DNB and selenium) 
were compared to the CCs. The 1,3-DNB CC for the bat of 0.83 mg/kg is slightly exceeded by 
only one sample (28SS0201) and the only detection of this compound; it was not detected in an 
adjacent sample that was collected approximately 14 years later. Therefore, the risk to the bat 
from exposure to 1,3-DNB is considered to be acceptable. The selenium CC of 2.32 mg/kg is 
exceeded by only one sample (CDL-TTSS-001) located outside of the debris area. Selenium 
appears to be naturally occurring at concentrations above background. The risk to the bat from 
exposure to selenium is considered to be acceptable.  
 
The ecological risk to all three terrestrial receptors from COPECs in the soil at the CDL is 
considered to be acceptable.  

8.8 SUMMARY AND CONCLUSIONS 

Based on a review of historical information at the CDL, the site was in use from the early 1940s 
to sometime between 1989 and 1992, when debris was no longer received. A soil cover was 
placed on the debris in 1996. Construction debris (and ash) was apparently disposed of on the 
surface and in ravines.  
 
Investigations conducted between 1991 and 2007 indicate that explosives, PAHs, pesticides and 
PCBs, and metals above background are present in the soil/buried ash to at least 18 feet bgs. Two 
of the four explosives exceed SSLs, but these and the rest are below applicable OU-1 RGs or 
RSLs. Six of the 14 PAHs detected exceed SSLs, but only one (benzo[a]pyrene) exceeds the 
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OU-1 RG, primarily in the vicinity of trench 6. Dieldrin and PCBs exceed SSLs, but are below 
applicable OU-1 RGs or RSLs. Five metals exceed background, but only beryllium exceed the 
OU-1 RG, primarily in the vicinity of trench 6. None of the other chemicals detected in soil 
exceed applicable OU-1 RGs or RSLs. In sediment, explosives, pesticides and PCBs, and metals 
below soil background are present. Of these, one explosive, one pesticide, and PCBs exceed 
SSLs; these and the other detected chemicals are below applicable OU-1 RGs or RSLs. In 
surface water, explosives, VOCs, and metals have been present below applicable comparison 
criteria.. In groundwater, SVOCs, and VOCs, and metals are currently present in the 
groundwater to at least 24 feet bgs. BEHP exceeds its MCL, and VOCs are below applicable 
comparison criteria. Several total metals exceed applicable comparison criteria, and dissolved 
cobalt and manganese exceed comparison criteria in one DPT sample, possibly from 
geochemical conditions in the subsurface. The other dissolved metals are below detection limits 
or comparison criteria. 
 
A review of the data collected at the CDL indicates that some sample locations are outside of the 
relevant site area: R20SS0601, R20SS0801, R20SA0801, R20SW1001 and R20SD1001. These 
locations will not be used in the risk assessment  
 
Human health and ecological risk assessments were conducted for the CDL. The results of the 
human health risk assessment indicate that there are no unacceptable cancer or non-cancer risks 
identified from the chemicals detected at CDL for the construction worker exposed to soil in a 
trench or excavation, or for the industrial/commercial worker exposed to surface soil or to vapors 
in a building. For the construction worker or industrial/commercial worker ingesting water from 
a groundwater well installed through the contaminated area, the total cancer risk is exceeds 1.0E-
06, with bis(2-chloroethyl)ether the risk driver; the non-cancer HQ exceeds 1.0, with no risk 
drivers. There is no model for health effects from adult exposure to lead groundwater. Bis(2-
chloroethyl)ether was detected only once in JAW-09 and not in previous or subsequent samples; 
as such, this exceedance is considered anomalous and not indicative of site contamination. The 
EPC for lead is below the MCL, and dissolved lead concentrations are below the MCL or detection 
limits. The human health risk from the CDL is considered to be acceptable. 
 
The results of the ecological risk assessment indicate that for soil COPECs detected at 
concentrations greater than background, LOAEL-based HQs exceed 1.0 for the Indiana bat from 
exposure to 1,3-DNB and selenium. Given the limited detections and thus limited exposure, the 
ecological risk to the bat is considered acceptable. The ecological risk to the white-footed mouse 
and short-tailed shrew are also considered acceptable. There are no aquatic receptors. Ecological 
risk from the CDL is considered to be acceptable. 
 
Soil contamination poses moderate human health risk and acceptable ecological risk. Additionally, 
some chemicals may present a leaching risk. The PAHs benzo[a]pyrene, benzo[a]anthracene, 
benzo[b]fluoranthene, and dibenz[a,h]anthracene may leach to groundwater from buried ash and/or 
soil samples close to groundwater because all concentrations exceed the DAF 1 SSLs. However, 
no PAHs have been detected in any of the groundwater samples, indicating little leaching and 
transport of PAHs. All PAH concentrations are below the DAF 20 SSL. 
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9.0 LINE 3A POND (IAAP-041) 

9.1 SITE DESCRIPTION 

The Line 3A Pond, IAAP-041, is located within the Skunk River watershed in the southwestern 
quadrant of IAAAP, immediately south of Plant Road I, to the south of the eastern portion of 
Line 3A (Figure 9-1). Although called a ―pond,‖ the site is actually a former leach field with an 
adjacent raw chemical disposal pit, as described in Section 9.4.1. The combined size of these two 
features is less than one-half acre. According to a site drawing dated 1951, the leach field was 
associated with a floor drain in the western section of Building 3A-01, and the raw chemical 
disposal pit was apparently not connected to the leach field.  
 
As illustrated in the 1998 aerial photo on Figure 9-1, the site area is currently grassed, with a few 
young cedar trees and no surface indication of the former leach field and raw chemical disposal 
pit. A wooded area is located south of the site. 

9.1.1 Topography and Surface Water 

As illustrated in Figure 9-1, the terrain at the site is relatively flat, sloping gently to the southeast 
(0.068 feet/foot) toward a drainage swale. Ground surface elevations at the leach field/chemical 
pit area range from approximately 699 feet (213 meters) amsl along Plant Road I to 694 feet 
(211.5 meters) amsl in the southern portion of the site.  
 
A drainage swale is present approximately 15 feet east of the leach field/chemical pit area. Surface 
drainage from the leach field/chemical pit area is into the drainage swale, which intercepts 
drainages/ditches in the far eastern portion of Line 3A. A drainage-way (no blue line stream on 
USGS topographic map) is present approximately 200 feet west of the leach field/chemical pit area 
in a separate sub-watershed; it starts at the southern portion of Line 3A to the northwest and 
includes runoff from ditches south of Line 3A. The drainage swale joins the western drainage-way 
approximately 750 feet south of the site, where it forms an intermittent stream (based on the USGS 
topographic map). The intermittent stream joins the Skunk River approximately 0.8 mile southwest 
of the site and approximately 200 feet south of the IAAAP southern boundary.  

9.1.2 Geology and Hydrogeology 

According to the well logs at Line 3A, the surface soil in the area is composed of loess. 
Underlying the loess, which at the Line 3A Pond area is a brown to yellow-brown clayey soil 
approximately four feet thick, is till composed of brown to gray clay with varying amounts of silt 
and sand. At Line 3A, the till extends to approximately 655 to 660 feet amsl (50 to 55 feet bgs). 
At the pond area, DPT refusal was approximately 658.5 to 661 feet amsl, indicating a till 
thickness of approximately 36 to 38.5 feet. The Warsaw Formation is the uppermost bedrock unit 
in the area. In the Line 3A area it is characterized as shale and limestone, and is anticipated to be 
the same in the Line 3A Pond area. It appears to slope generally to the south. 
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Groundwater was encountered in DPT borings at the Line 3A Pond between 28 and 36 feet bgs 
(approximately 661 to 669 feet amsl) in Fall 2005. The locations of the Summer/Fall 2005 
borings are provided in Figure 9-2. Groundwater was typically encountered at the till/bedrock 
interface, except in boring 3AP-TTTW-001, where groundwater was encountered in a sand lens 
at 28 feet bgs. The water table surface in Line 3A till monitoring wells was measured between 
696 to 703 feet amsl. Because groundwater depths were estimated and the elevation of the 
ground surface was not surveyed, no site-specific potentiometric figure was prepared. Based on 
the Spring 2006 facility-wide shallow potentiometric surface (Figures 2-2 and 9-1), shallow 
groundwater is anticipated to generally follow the topography and flow to the south toward the 
Skunk River. 

9.2 SITE BACKGROUND 

The facility-wide PA states that the Line 3A Pond was used for a continuous 6-month time 
period during the early 1950s. According to interviews in March of 1995 and 1996 with a former 
member of the IAAAP environmental division, the Line 3A Pond was constructed in 1956 and 
reportedly closed in either 1958 or 1959. During the interviews, the location of the Line 3A Pond 
was identified in the field (JAYCOR, 1996). 
 
Plant personnel interviewed during the PA described a metal cleaning system housed entirely 
within an unidentified building (JAYCOR, 1996). A 1989 Summary of Plant Safety History 
indicated that metal cleaning operations were conducted in Building 3A-01, which was believed to 
house a bomb renovation line. The bomb renovation operations would have included a stratified 
solvent paint stripper, rinse tanks, hydrochloric acid pickling tank, and phosphatizing (phosphoric 
acid and zinc phosphate) and chromic acid rinse tanks. Neutralized acids from these operations 
were pumped across the road to the south into evaporating pans or an acid pond (M&H, 1989). The 
volume of acids pumped from the building is unknown. 
 
The phosphoric and pickling acids were neutralized by using spent alkaline material from the paint 
stripping operations (M&H, 1989). Interviews during the facility-wide RI indicated that 
approximately 15,000 gallons of spent sulfuric and hydrochloric acid were disposed of in the 
Line 3A Pond, which were neutralized with sodium hydroxide (JAYCOR, 1996). Interviews 
during the facility-wide RI indicated that wastewater from other operations at Line 3A was not 
disposed in the pond, and there was no knowledge of either pesticides or explosives being 
disposed. However, interviews during the HRR indicated that 2,4,6-TNT-contaminated water 
was believed to have been disposed of in the Line 3A Pond (Shaw, 2005).  
 
According to the interviews conducted by JAYCOR, during ―closure‖ of the Line 3A Pond in the 
late 1950s, soil samples were collected until a dark blue-gray soil was encountered, to determine 
the extent of contaminated soils. The pit was then excavated, and the pH of the soils was tested. 
The excavated soils were neutralized using sodium hydroxide until a neutral state was achieved. 
These soils were then disposed of in the base landfill, and the pit was backfilled using clean fill 
(JACYOR, 1996). No documentation is available regarding these ―closure‖ activities. 
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During a 1990 visual site inspection by JAYCOR, no remains or evidence of the pond could be 
located, and the suspected location was presumed to be covered with natural vegetation 
(JAYCOR, 1994). Geophysical surveying conducted in 2004 also failed to identify conclusive 
evidence of the pond’s location. Tetra Tech reviewed historical drawings and aerial photos of the 
site in 2005. Based on a drawing dated July 1951 and the circa 1957 aerial photo, the Line 3A 
pond was determined to be a leach field associated with a floor drain from the western section of 
Building 3A-01 and a raw chemical disposal pit apparently unconnected to the leach field. The 
investigations into the pond’s location are discussed in more detail in Sections 9.3.1 and 9.4.1. 

9.3 INVESTIGATION ACTIVITIES 

The following chemicals are considered representative of contaminants resulting from metal 
cleaning activities: arsenic, barium, chromium, lead, and zinc. Additionally, because acids were 
reportedly disposed of in the Line 3A Pond, pH may be of potential concern, particularly in its 
ability to mobilize metals. Based on information received subsequent to the initial sampling 
efforts, explosives, SVOCs/PAHs, and VOCs may also be present. 
 
All known field activities, including historical activities and the facility-wide RI, are summarized 
below. Details regarding the sampling methods used during the field investigations at the 
Line 3A Pond prior to Fall 2005 are found in the below-referenced reports. The investigation 
methodologies employed by Tetra Tech during the Fall 2005 sampling events are summarized in 
Section 3 and further described in the OU-7 SRI Work Plan (Tetra Tech, 2005).  

9.3.1 Site Reconnaissance 

A visual site inspection was conducted at the Line 3A Pond in August 1990 during the PA. The 
PA recommended that historical aerial photographs and topographical maps be reviewed to 
determine possible locations of the pond, followed by additional visual inspection (JAYCOR, 
1994). It is unclear if the recommended activities were conducted prior to SI/RI sampling. 
 
In Fall 2004, MKM attempted to refine the location of the pond through geophysical means. The 
primary purpose for conducting the geophysical investigation was to attempt to identify the 
boundaries between disturbed backfill soils and undisturbed native soil. A grid was set up at the site 
marking lanes for the geophysicist to follow during the data collection process. The entire grid 
measured 180 feet by 180 feet with lanes spaced five feet apart in east-west and north-south 
directions. The equipment used during this investigation consisted of electromagnetic (EM) and 
ground penetrating radar (GPR) instruments. The EM equipment consisted of the Geonics EM31 
MK2 terrain conductivity meter. The GPR equipment consisted of a Geophysical Survey Systems, 
Inc., Model Sir-3000 equipped with 200 and 400 megahertz monostatic antennae. EM31 data were 
collected every five feet along east-west survey lines and were processed by downloading data from 
the data logger to a field laptop then processing with DAT31 software. All data files were checked 
for correctness and completeness. Data were imported into Geosoft’s Oasis montaj© mapping 
software for analysis. After EM31 data collection, GPR data were collected along the east-west 
survey lines and along north-south survey lines, with an emphasis placed on areas containing EM31 
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anomalies. The GPR data were analyzed in real-time; no data processing was applied. Anomalous 
areas were marked in the field with pin flags (MKM, 2005a). 
 
In Fall 2005, limited field reconnaissance was performed per the OU-7 SRI Work Plan 
(Tetra Tech, 2005). Tetra Tech obtained for review a circa 1957 aerial photo and a drawing dated 
July 15, 1951, entitled ―Chemical Disposal Layout for Building 3A-01, 500 and 1000# Bomb 
Maintenance‖ (Silas Mason, 1951). Using the Manifold GIS platform, the drawing was 
georeferenced to Building 3A-01 and Plant Road I and overlain on the 1957 aerial photo to see if 
it matched the disturbed area observed on the photo. It was subsequently used to determine 
sample locations in the field. 
 
In late 2005/early 2006 as part of this SRI, all available boring logs were reviewed and geologic 
cross sections constructed to identify any changes in lithology that might confirm the location of 
the pond. 

9.3.2 Soil Sampling 

Figure 9-2 presents the locations of all soil samples collected during the site investigations at the 
Line 3A Pond. The sample locations have been color coded relative to each specific sampling 
event discussed in the text below. Samples whose locations are unknown are not represented in 
the figure. The number of samples collected during each sampling event and the chemical groups 
analyzed are as follows (the specific chemicals analyzed in each chemical group during each 
event are provided in Table 9-1): 
 

Sampling Event Company 
Total No. 

of Samples 
Explosives Metals PAHs 

PCBs/ 

Pesticides 
SVOCs VOCs 

Summer 1991 JAYCOR 3 3 3 - - - - 
Spring 1995 JAYCOR 2 2 2 2 2 2 2 

Fall 2004 MKM 18 - 18 - - - - 

Summer/Fall 2005 Tetra Tech 16 5 5 2 - 2 8 

 
During the Line 3A pond ―closure‖ in 1958 or 1959, soil samples were reportedly collected until 
a dark blue-gray soil was encountered at approximately 8 feet bgs (Shaw, 2005). Because the 
locations of the samples are unknown, they are not presented on Figure 9-2.  
 
During the facility-wide SI in 1991, JAYCOR collected one soil sample (41SA03) at 
approximately 7 feet bgs in the presumed (at the time) area of the pond and two soil samples 
(41SA01 and 40SA02) at approximately 3 feet bgs in the western drainage-way. The sample 
locations are shown in light blue in Figure 9-2. During the facility-wide RI in 1995, two soil 
samples (R29SB601 and R29SB602) were collected at approximately 9 feet bgs north and south 
of SI sample 41SA03 (JAYCOR, 1996). The location of the samples is shown in dark blue in 
Figure 9-2. The sampling methods are not specified in the facility-wide RI, which includes the SI 
data; and no sample or boring logs for these samples were provided in the facility-wide RI.  
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In Fall 2004, due to the initial uncertainty in the results of the geophysical investigation, the 
second sampling scenario from the work plan, involving the collection of four MPI shallow soil 
samples and fourteen soil borings, was selected to continue the investigation. MKM collected 
four MPI surface soil samples from within the established grids to assess potential impact to 
surface soils in the presumed vicinity of the Line 3A Pond. The site was divided into four grids, 
approximately 100 by 100 feet, as depicted on Figure 9-2, which places these MPI samples, 
3AP-SSI-001-0001-SO through 3AP-SSI-004-0001-SO, as individual points in dark brown 
centered in each grid. MPI samples were collected using the methods detailed in Section 3.2.1.1. 
Each MPI sample was comprised of 30 aliquots acquired at random from 0 to 1 foot bgs from 
within each grid (MKM, 2004). The locations of the individual aliquots were not surveyed.  
 
In Fall 2004, MKM also collected 14 discrete subsurface soil samples (shown in dark brown in 
Figure 9-2) in the site area to ensure coverage of the entire site and to address two anomalies located 
during the geophysical investigation. Four borings were placed within the boundary of anomaly 1 
(MKM, 2005a). One was collected adjacent to the leach field location (L3AP-SB-011). Samples 
were collected at 7 to 9 feet bgs from DPT borings using the methods described in Section 
3.2.1.1. Sample locations were staked and surveyed. Boring logs are provided in Appendix C. 
Sampling logs are provided in Appendix D.  
 
In Fall 2005, Tetra Tech collected ten subsurface soil samples between 2 and 8 feet bgs 
(depending on the boring location) from five soil borings per the OU-7 SRI Work Plan 
(Tetra Tech, 2005). Three of the soil borings were installed at the location of the former leach 
field (3AP-TTSB-001 through -003), one was installed at the former chemical pit (3AP-TTSB-
004), and one was installed in the approximate location of the pipeline to the former leach field 
(3AP-TTSB-005). The sample locations are shown as light green in Figure 9-2. No variances 
between the proposed samples and actual samples occurred, with the exception of slight 
adjustments of location in the field. A GPS unit with submeter accuracy was used to locate these 
sample locations in the field. Boring logs are provided in Appendix C, and sampling logs are 
provided in Appendix D. 
 
In late Fall 2005, Tetra Tech collected six additional subsurface soil samples (light green in 
Figure 9-2) at depths ranging from 6 to 20 feet bgs per a letter work plan submitted to the EPA in 
November, 2005 (Baxter, 2005). The samples were collected in the area of the former leach field 
to characterize potential contamination identified during the installation of boring 3AP-TTTW-
002, in which a strong chemical odor was encountered below 8 feet bgs (further discussed in Section 
9.3.5). Three soil borings (3AP-TTSB-201 through -203) were installed in the former leach field 
adjacent to the previously installed borings (3AP-TTSB-001 through -003, respectively). Three soil 
borings (3AP-TTSB-204 through -206) were installed to the west, east, and south, respectively, of 
the former leach field. No variances between the proposed samples and actual samples occurred, 
with the exception of slight adjustments of location in the field. A GPS unit with submeter 
accuracy was used to locate sample locations in the field. Boring logs are provided in 
Appendix C, and sampling logs are provided in Appendix D. 
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9.3.3 Sediment Sampling 

Figure 9-3 presents the locations of all sediment samples acquired during the site investigations 
at the Line 3A Pond. All four samples were analyzed for explosives, metals, pesticides, PCBs, 
and VOCs; three samples were analyzed for SVOCs/PAHs (the specific chemicals analyzed in 
each chemical group during this event are provided in Table 9-1). 
 

Sampling 

Event 
Company 

Total No.  

Of 

Samples 

Explosives Metals PAHs 

PCBs/ 

Pesticides SVOCs VOCs 

Spring/ 
Summer 1992 JAYCOR 4 4 4 3 4 3 4 

 
During the facility-wide RI in 1992, JAYCOR collected four sediment samples (R29SD01, 
R29SD02, R29SD03, and RBWSD11) from the intermittent stream west of the former pond area 
(JAYCOR, 1996). The sampling methods are not specified in the facility-wide RI, and no sample 
logs for these samples were provided in the facility-wide RI.  

9.3.4 Surface Water Sampling 

Figure 9-3 presents the locations of all surface water samples collected during the site 
investigations at the Line 3A Pond. All three samples were analyzed for metals and VOCs; two 
samples were analyzed for explosives, pesticides, PCBs, and SVOCs/PAHs (the specific 
chemicals analyzed in each chemical group during this event are provided in Table 9-1). 
 

Sampling 

Event 
Company 

Total No.  

Of 

Samples 

Explosives Metals PAHs 

PCBs/ 

Pesticides SVOCs VOCs 

Spring/ 
Summer 1992 JAYCOR 3 2 3 2 2 2 3 

 
During the facility-wide RI in 1992, JAYCOR collected three surface water samples from the 
intermittent stream at the same locations as sediment samples R29SD01, R29SD02, and 
R29SD03 (R29SW01, R29SW02, and R29SW03) (JAYCOR, 1996). The sampling methods are 
not specified in the facility-wide RI, and no sample logs for these samples were provided in the 
facility-wide RI.  

9.3.5 Groundwater Sampling 

Figure 9-4 presents the locations of all groundwater samples collected during the site 
investigations at the Line 3A Pond. Boring logs are provided in Appendix C, and sampling logs 
are provided in Appendix D. 
 
Two groundwater samples were initially proposed in the OU-7 SRI Work Plan (Tetra Tech, 
2005) for collection in Fall 2005 utilizing DPT screen point samplers, one in the leach field and 
one at the chemical pit. In the work plan, 3AP-TTTW-001 was to be collected in the leach field 
at SB002 and 3AP-TTTW-002 was to be collected in the chemical pit at 3AP-TTSB-004 (Table 
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3-2). Due to a miscommunication in the field, 3AP-TTTW-001 was installed in the chemical pit 
at 3AP-TTSB-004, and 3A-TTTW-002 was installed in the leach field at 3AP-TTSB-002. 
Despite the miscommunication in the sample names, the sample collected in the chemical pit at 
3AP-TTSB-004 (3A-TTTW-001) was still analyzed for explosives, metals, SVOCs/PAHs, and 
VOCs as planned (the specific chemicals analyzed in each chemical group during this event are 
provided in Table 9-1).  
 
At the groundwater sample location installed in the former leach field (3AP-TTTW-002), a 
strong chemical odor was observed beginning at 8 feet bgs to the bottom of the boring at 20 feet 
and prompted a halt to the boring, and it was abandoned. This depth interval is immediately 
below the excavation depth (8 feet bgs) during the reported closure of the pond in the 1950s. 
Following this event, Tetra Tech, EPA, and the Army halted the field program at this site; thus, 
no groundwater sample was collected.  
 

Sampling 

Event 
Company 

Total No.  

Of 

Samples 

Explosives Metals PAHs SVOCs VOCs 

Fall 2005 Tetra Tech 6 4 1 1 1 6 
 
In late Fall 2005, seven additional samples (3AP-TTTW-201 through -207) were proposed in a 
letter work plan (Baxter, 2005) to be collected in the vicinity of the leach field to further 
characterize groundwater (Table 3-2). One sample (3AP-TTTW-201) was located in the leach field 
adjacent to 3AP-TTTW-002, with two others (3AP-TTTW-202 and -203) collected in the leach 
field. Two groundwater samples (3AP-TTTW-206 and -207) were collected from locations 
downgradient of the leach field. Three samples were analyzed for explosives, and five samples 
were analyzed for VOCs (the specific chemicals analyzed during this event are provided in Table 
9-1). Two locations outside of the leach field (3AP-TTTW-204 and -205) were not sampled 
because no groundwater accumulated in the sampler. No other variances between the proposed 
samples and actual samples occurred, with the exception of slight adjustments of location in the 
field. A GPS unit with submeter accuracy was used to locate the sample locations in the field.  

9.4 RESULTS OF INVESTIGATION 

As part of this SRI, Tetra Tech evaluated all of the available sampling data collected at the Line 
3A Pond. This includes an evaluation of every soil, sediment, surface water, and groundwater 
sample acquired at the site. Chemicals analyzed for each medium for each sampling event are 
presented in Table 9-1; and a summary of all analytical data at the OU-7 sites is provided in 
Appendix F. Sampling logs for samples collected in 2004 and later are provided in Appendix D, 
with sampling logs for previous samples contained in their respective reports. Laboratory analytical 
reports and validation reports for Tetra Tech samples are provided in Appendices G and H, 
respectively. All other laboratory and validation reports are contained in their respective reports. 
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9.4.1 Site Reconnaissance 

The August 1990 visual site inspection indicated no remains or evidence of the pond; the 
suspected site location was presumed to be covered in natural vegetation (JAYCOR, 1994). 
During interviews in March 1995 and 1996 with a former member of the IAAAP environmental 
division, the location of the Line 3A Pond, which had been used and ―closed‖ in the 1950s, was 
identified in the field, and SI/RI sampling locations were based on this location. It is unclear if 
any historical documents were reviewed and/or additional visual inspection conducted prior to 
sampling during the SI/RI phase.  
 
During the 2004 geophysical survey at the Line 3A Pond, which was conducted in an attempt to 
more accurately identify the location of the pond, the EM31 identified two anomalous areas 
(Figure 9-5). Anomaly 1, approximately 75 feet by 80 feet in the western half of the survey area, 
is characterized by conductivity readings approximately 10 to 20 milliSiemens per meter (mS/m) 
higher than the surrounding materials. The change in conductivity may be the result of differing 
soils or a change in moisture content. Anomaly 2, approximately 20 feet by 15 feet in the 
northeastern portion of the survey area near a surface depression, is characterized by 
conductivity readings approximately 10 mS/m above the surrounding materials. Because of the 
higher conductivity of the anomalies, it is unclear if the anomalies represent backfill material or 
outcroppings within the native soil. It was expected that backfill material would be identified by 
conductivity readings lower than the surrounding materials. GPR proved ineffective at mapping 
the interface between the backfill materials and surrounding materials, possibly due to the 
limited penetration depth of the GPR resulting from highly conductive soils; or possibly, since 
the pond was backfilled nearly 50 years ago, the backfill soils no longer provide a contrast from 
surrounding soils (MKM, 2005a). The geophysical survey was deemed inconclusive in 
identifying the true location of the Line 3A Pond due to the location of the anomalies and the 
higher conductivity of the anomalies 
 
During the 2005 paper reconnaissance performed per the OU-7 SRI Work Plan (Tetra Tech, 
2005), the circa 1957 aerial photo (Figure 9-6) and the July 1951 drawing (Figure 9-7) were vital 
to accurately locating the former pond. The circa 1957 black and white aerial photo shows two 
lighter areas (apparently disturbed or devegetated) south of Building 3A-01 and Plant Road I. 
The U-shaped area to the west is identified in site drawings as a parking area. The rectangular 
area to the east is not identified in any of the available site layouts. However, the 1951 drawing 
of the proposed filter field for disposal of contaminated water from Building 3A-01 shows a 
leach field (40 x 60 feet) composed of a four-foot high walled structure containing a sand filter 
bed apparently two feet above ground and a sheathed raw chemical disposal pit (10 x 20 x 6 feet 
deep) to the north of the leach field. When the 1951 drawing is overlain on the historical aerial 
photo (Figure 9-8), the leach field appears to be located in the area of the eastern disturbed area. 
This locates the leach field and raw chemical disposal pit east of both where the RI showed the 
pond and where pre-2005 samples were collected (Figures 9-2 and 9-3).  
 
When the MKM geophysical survey was evaluated after these documents were reviewed, 
anomalies on the east edge of the surveyed area coincide with the edges of the leach field and 
former raw chemical disposal pit. The surface depression adjacent to Anomaly 2 may be from 
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the pond. Additionally, a 1989 Summary of Plant Safety History indicated that metal cleaning 
operations were conducted in Building 3A-01, and neutralized acids from these operations were 
pumped across the road to the south into evaporating pans or an acid pond (M&H, 1989). 
Therefore, the true location of the Line 3A Pond is believed to be east of where JAYCOR 
investigated, and east of where MKM conducted their geophysical survey. 
 
A review of the boring logs (Appendix C) and construction of geologic cross sections (Figures 9-9 
through 9-11) indicate that the pond may have been intercepted. The descriptions of soil in the 
borings outside of the leach field were generally consistent, and showed little change in 
coloration or grain size from the surface to depth. The descriptions of soil in the borings installed 
in the area of the leach field indicate a brown soil above a gray-brown soil at approximately 5 feet 
bgs. This brown soil was not observed in the shallow subsurface to the west. Boring L3AP-SB-011, 
located approximately 10 to 15 feet from the leach field, contained nodules of metal oxides at 
2.8 feet bgs, which might be expected from the disposal of acidic water in the leach field. Photos 
of the soil in one of the borings are provided in Appendix B. 

9.4.2 Soil Analytical Results 

Tables 9-2a and 9-2b present summaries of all chemical data for MPI and discrete soil samples, 
respectively, at the Line 3A Pond, including number of detects, minimum and maximum 
concentrations, and comparison criteria for each chemical. The comparison criteria for all 
chemicals include the OU-1 RGs (EPA, 1998) or the EPA industrial soil RSLs (EPA, 2009a) for 
chemicals where no RGs were calculated. Some chemicals are mobile in the environment; 
therefore, their concentrations were compared to the SSLs presented in the RSL table (EPA, 
2009a), which assumes no dilution or attenuation between the source and water. For evaluation 
purposes, soil background concentrations (Appendix I) were also used if needed for evaluation of 
metals. The concentrations of the chemicals detected in MPI and discrete soil samples are 
discussed below for each chemical group in relation to the comparison criteria. The two types of 
soil samples are discussed separately because MPI sample results represent environmental 
conditions within a larger area that those represented by discrete sample results.  
 
Chemicals detected in soil at the Line 3A Pond include one SVOC, VOCs, and metals. No 
explosives or PAHs were detected in any of the Line 3A Pond soil samples.   

SVOCs 

Six discrete samples have been collected at the Line 3A Pond and analyzed for SVOCs. The 
results presented in Table 9-3 indicate that BEHP was detected below the RSL and SSL in one 
sample, R29SB601, located approximately 60 feet west of the leach field. This appears to be an 
isolated occurrence, likely unrelated to the leach field given the distance. Because only one 
SVOC was detected below comparison criteria, no figure was prepared.  

VOCs 

Twelve discrete samples have been collected at the Line 3A Pond and analyzed for VOCs. The 
results presented in Table 9-3 indicate that seven VOCs were detected at concentrations below 
RSLs. Of those, three were detected above their SSLs: 1,2-dichloropropane (DCP), chloroform, and 
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methylene chloride. Table 9-4a presents the exceedances above their SSL for all discrete soil 
samples collected. 
 

As illustrated in Figure 9-12, no VOCs were detected in borings south and east of the former 
leach field. Low concentrations of chlorobenzene, toluene, and TCFM were detected only at 
locations at least 50 feet west of the former leach field and chemical pit and are not considered to 
be a result of releases from the site. Low concentrations of acetone were detected in the two 
sampling locations at the former chemical pit, but not in deeper samples at these locations; the 
extent of detected acetone is considered limited to these two locations.  
 
Concentrations of 1,2-DCP and chloroform exceed their SSLs in the same three samples in 
which they were detected: at 6 to 12 feet bgs in the former chemical pit (not detected in the 
shallower samples), and in the northern and southern portions of the former leach field. The 
highest concentrations of both chemicals are in the southern half of the former leach field. 
Samples with detected 1,2-DCP and chloroform are near samples with no detected 
concentrations of these two VOCs; thus, the extent of these is apparently limited. 
 
Concentrations of methylene chloride exceed the SSL in the four samples in which it was 
detected: in all three samples collected within the former leach field and in one sample collected 
approximately 50 feet west of the former leach field (possibly not site related). The highest 
concentration is in the southern half of the former leach field. Samples with detected methylene 
chloride are near samples with no detected concentrations; thus, the extent of methylene chloride 
is apparently limited.  
 
Although soil below the intervals with VOCs exceeding SSLs was not analyzed by the laboratory 
for VOCs, photoionization detector (PID) concentrations were collected at depth in 3AP-TTSB-
201, which is located in the southern half of the former leach field and which contained the 
highest VOC concentrations. PID concentrations in the 8- to 12-foot interval of 3AP-TTSB-201 
ranged from 22.3 to 5.1 parts per million; by 16 feet bgs, the PID did not detect any VOCs, 
indicating that VOC concentrations in the soil decrease with depth. 

Metals 

Four composite MPI samples were collected from surface soil at the Line 3A Pond, as illustrated 
in Figure 9-2, and analyzed for metals. The results presented in Table 9-3 indicate that all four 
MPI samples (indicated by SSI in the sample name) contain generally similar concentrations, 
which were all below screening criteria. Only selenium exceeded the background concentration 
(Table 9-4b), and the detected concentration was within the background range. 
 
Twenty-nine discrete samples have been collected at the Line 3A Pond and analyzed for metals. The 
results presented in Table 9-3 indicate that the discrete samples contain generally similar 
concentrations, all of which were below screening criteria. Chromium and mercury were elevated in 
3AP-TTSB-001 (4 to 6 feet bgs), located in the southern half of the former leach field (Figure 9-2); 
chromium and zinc concentrations are an order of magnitude lower in the 2- to 4-foot bgs interval. 
Chromium exceeded the (maximum) background concentration in this boring (Table 9-4a). 
Selenium was detected above maximum background in samples collected within the leach field and 
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chemical pit, but were still three orders of magnitude below the RSL. The distribution of metals 
detected at least once above maximum background is illustrated on Figure 9-13. 

9.4.3 Sediment Analytical Results 

Table 9-5 presents a summary of all chemical data for sediment samples collected in the vicinity of 
the Line 3A Pond, including number of detects, minimum and maximum concentrations, and 
comparison criteria for each chemical. The comparison criteria for all chemicals include the OU-1 
RGs (EPA, 1998) or the EPA industrial soil RSLs (EPA, 2009a) for chemicals where no RGs were 
calculated. Other comparison criteria are specific to chemical group and are included with each 
chemical group in the sections below. Some chemicals (e.g., VOCs) are mobile in the environment, 
therefore their concentrations were compared to the SSLs presented in the RSL table (EPA, 
2009a), which assumes no dilution or attenuation between the source and water. The 
concentrations of the chemicals detected in sediment samples are discussed below for each 
chemical group in relation to the comparison criteria. Chemicals detected in sediment in the 
vicinity of the Line 3A Pond include metals and VOCs; no other chemicals were detected.   
 
VOCs 

Four sediment samples were collected in the vicinity of the Line 3A Pond and analyzed for 
VOCs. The results presented in Table 9-6 and Figure 9-14 indicate that two VOCs were detected 
at low concentrations in sediment in the vicinity of the Line 3A Pond. TCFM was detected below 
the RSL and SSL only in RBWSD11; it is considered delineated (no upstream or downstream 
detections). Tert-butyl alcohol was detected at low concentrations in all three of the samples 
analyzed for this chemical: R29SD0101, R29SD0201, and R29SD0301 (it was not included in 
the VOC analyses for the other sample); it has no comparison criteria. Contamination in these 
samples would be more likely from Line 3A, upgradient of the samples, than from Line 3A 
Pond, which is located in a different sub-watershed.  
 
Metals 

Four sediment samples were collected in the vicinity of the Line 3A Pond and analyzed for 
metals. The results presented in Table 9-6 indicate that the sediment samples contain generally 
similar concentrations below screening criteria, with the exception of cobalt and manganese in 
R29SD0101 (Table 9-7). This sample is located approximately 90 feet south of Plant Road I, 
approximately 275 feet west of the leach field and upstream of the leach field (Figure 9-3). 
Because no metals exceeded comparison criteria, no figure was prepared to depict the extent of 
metals in the sediment.  

9.4.4 Surface Water Analytical Results 

Table 9-8 presents a summary of all chemical data for surface water samples collected in the 
vicinity of the Line 3A Pond, including number of detects, minimum and maximum 
concentrations, and comparison criteria for each chemical. The concentrations of the chemicals 
detected in surface water samples are discussed below for each chemical group in relation to the 
comparison criteria. Chemicals detected in surface water in the vicinity of the Line 3A Pond 
include metals. No other chemicals were detected.  
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Metals 

Concentrations of detected constituents were compared to EPA MCLs (EPA, 2009b), where 
available. For constituents without MCLs, the greater of the HALs (EPA, 2009b) or RSLs (EPA, 
2009a) were used. There are no upstream samples to use for further evaluation. 
 
Three surface water samples were collected in the vicinity of the Line 3A Pond and analyzed for 
total metals. The results presented in Table 9-9 indicate that metals were detected in surface 
water samples at generally similar concentrations below comparison criteria. Because of the lack 
of metals above comparison criteria, no figure was prepared to depicting the extent of metals in 
the surface water samples. 

9.4.5 Groundwater Analytical Results 

Table 9-10 presents a summary of all chemical data for groundwater samples collected at the 
Line 3A Pond, including number of detects, minimum and maximum concentrations, and 
comparison criteria for each chemical. The concentrations of the chemicals detected in 
groundwater samples are discussed below for each chemical group in relation to the comparison 
criteria. Concentrations were compared to EPA SDWA MCLs and HALs (EPA, 2009b) where 
available, and to EPA tap water RSLs (EPA, 2009a) where no MCLs or HALs were available. 
Chemicals detected in groundwater at the Line 3A Pond include explosives, SVOCs, VOCs, and 
total and dissolved metals. 
 
Explosives 

The results presented in Table 9-11 and Figure 9-15 indicate that four explosives were detected 
in groundwater at the Line 3A Pond. Of those four, 2,4,6-TNT exceeds the RSL in two of the 
three samples in which it was detected (Table 9-12): 3AP-TTTW-201 and 3AP-TTTW-203. The 
highest concentration (62.9 µg/L) is in 3AP-TTTW-203, located in the northern half of the 
former leach field; the concentration in 3AP-TTTW-201, located in the southern half of the 
former leach field, is slightly above the RSL. Because 2,4,6-TNT concentrations decrease 
downgradient, the extent of explosives contamination is considered limited to the immediate area 
of the leach field. The other three explosives were detected at low concentrations in the same two 
borings, but without any pattern. They are considered confined to those locations. 
 
SVOCs 

One groundwater sample was collected at the Line 3A Pond and analyzed for SVOCs. The results 
presented in Table 9-11 indicate that diethyl phthalate was detected at a low concentration in 
3AP-TTTW-001, located in the former chemical pit. The concentration does not exceed 
comparison criteria. Diethyl phthalate was not detected in soil and is likely an isolated 
occurrence. 
 
VOCs 

Six groundwater samples were collected at the Line 3A Pond and analyzed for VOCs. The results 
presented in Table 9-11 indicate that 11 VOCs were detected in groundwater. Of those 11, 1,2-DCP 
and methylene chloride exceed comparison criteria in one sample each (Table 9-12).  
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As illustrated in Figure 9-16, 1,2-DCP was detected only in 3AP-TTW-203, located in the 
northern half of the former leach field. A low concentration of 1,2-DCP above the SSL was 
detected in soil at this location as discussed in Section 9.4.2. This chemical is considered limited 
in extent because it occurs in only one location and not in surrounding locations. Methylene 
chloride was detected above the MCL only in 3AP-TTTW-201, located in the south half of the 
former leach field, the same boring in which the highest methylene chloride concentration 
occurred in soil. Methylene chloride was also detected in 3AP-TTTW-202, but it was also 
detected in the laboratory blank in this sample as discussed in Appendix J; thus, is considered to 
be from laboratory contamination and not from site contamination. Methylene chloride occurs 
only in one location and not in surrounding locations.  
 
Two VOCs detected in groundwater below comparison criteria were also detected in soil in the 
area of the former chemical pit and leach field: acetone and chloroform. Acetone detections in 
groundwater are widespread, occurring in all locations except the one in the center of the leach 
field. The highest concentration was detected in 3AP-TTW-206, south of the leach field. It was 
detected in soil only in the former chemical pit. Chloroform was detected in two groundwater 
samples, located in the northern and southern halves of the former leach field; the two locations 
where it was detected in soil. The higher concentration was in 3AP-TTTW-203, located in the 
northern half of the former leach field. Chloroform is apparently limited in extent.  
 
The other VOCs detected below comparison criteria have been detected across the site. 
Concentrations of 1,1-dichloroethane (DCA) and 1,2-DCA were detected only in 3AP-TTW-
203, located in the north half of the leach field. Methyl ethyl ketone (2-butanone) was detected 
only at 3AP-TTW-206, located south of the leach field. Benzene and toluene were detected in 
3AP-TTTW-001, located in the former chemical pit, and in 3AP-TTTW-206. Total xylenes was 
also detected in 3AP-TTTW-001. These six VOCs are apparently limited to just these few 
locations. Chloromethane was detected in 3AP-TTTW-201, 3AP-TTTW-206, and 3AP-TTTW-
207, all located in the southern portion of the site, with the highest concentration in 3AP-TTTW-
207, southwest of the former leach field. Like acetone, chloromethane is somewhat widespread 
across the site, but both are below their respective comparison criteria. 
 
Metals 

One groundwater sample was collected at the Line 3A Pond and analyzed for total and dissolved 
metals. The results presented in Tables 9-11 and 9-12 indicate that seven total metals and one 
dissolved metal exceed comparison criteria. Of the total metals above comparison criteria, 
manganese is the only metal in which the dissolved fraction also exceeds the comparison criteria. 
Where detected, the dissolved metals concentrations are lower than the total metals concentrations, 
frequently by an order of magnitude. This difference is considered to be caused by the turbidity in 
the sample (no quantitative turbidity data collected). The DPT screen point sampler was purged dry 
after only ¼ gallon of water was removed prior to collecting the sample; thus, little of the 
suspended solids naturally present in the till and groundwater would have been removed. Because 
of the limited nature of metals above comparison criteria, no figure is presented. 
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9.5 CONTAMINANT FATE AND TRANSPORT 

Groundwater and soil contamination has been delineated at Line 3A proper, north and upgradient 
of Line 3A Pond, and none of the Line 3A contamination is associated or commingled with 
contamination from the Line 3A Pond.  
 
As illustrated in Figures 9-7 and 9-8, the 1951 proposed leach field was apparently a shallow 
structure, filled with sand to disperse ―lightly contaminated‖ water from operations at Building 
3A-01. Such a structure would have resulted in contamination of soil in the immediate area, 
unless large overflows occurred, in which case the contamination would have most likely flowed 
downhill to the east and south. The extent of soil contamination and the likelihood for 
groundwater contamination would have been controlled by the following: 

 The volume of wastewater processed through the leach field. It is unknown how frequently 
discharges occurred and at what volume or if overflows occurred. A relatively small volume 
of contaminated water (10s of gallons per day) constantly discharged in a relatively small 
area over the course of time could have the potential to contaminate groundwater to a depth 
of approximately 28 feet or greater. Based on concentrations in soil surrounding the leach 
field, there is no evidence of overflows that could have contaminated surrounding areas. 
However, the soil surrounding the leach field and chemical pit could have been removed 
during the pond ―closure‖ in the late 1950s. 

 The properties of the chemicals within the wastewater. According to the Material Safety Data 
Sheet of the chemicals detected, the explosives and VOCs detected in soil and groundwater 
are generally soluble, with relatively low octanol/water partitioning coefficients (meaning 
that they leach to water readily, rather than staying sorbed onto soil particles). Additionally, 
the VOCs are mobile and may exist as a non-aqueous phase liquid (NAPL), although no 
concentrations indicate the presence of a NAPL and no NAPL has been observed in soil 
borings or groundwater samples. No explosives were detected in soil, indicating that, where 
present, these compounds have already leached to groundwater. Many of the VOCs that were 
detected in soil were also detected in groundwater. Most of the SVOCs are not considered 
very mobile or soluble, and very few are detected at the site. Metals mobility from soil to 
groundwater is controlled by both the soil and water geochemistry (i.e., ORP and pH) 
(Dragun, 1988), although metals can be transported as suspended solids to both surface water 
and groundwater regardless of geochemistry. The pH in the soil (average of 6.95) and 
groundwater (7.10) is in the neutral range; thus, metals are not considered mobile. 

 The effects of percolating rainwater after the leach field was removed. This is related to the 
properties of the chemicals released; more soluble chemicals would more likely be 
transported to groundwater and flushed out of the soil. Additionally, rainwater would tend to 
aid in returning the hydrologic system to a natural state. 

 
Based on groundwater and soil contamination plumes that have been studied across IAAAP, a 
contaminant plume would migrate very slowly, given the low vertical and horizontal hydraulic 
conductivities encountered in the clayey till at the facility. In addition, many contaminants would 



 IAAAP 
Supplemental Remedial Investigation  

Operable Unit 7 
 
 

 9-15 

have attenuated over time in both soil and groundwater given that the site ceased being used 
more than 50 years ago and contaminated soil was reportedly removed. Based on the analytical 
results at the site, it appears that the contamination at the Line 3A pond is confined to the area of 
the leach field and chemical pit, and has not migrated horizontally in more than 50 years. It is 
unlikely to migrate any farther. However, because groundwater contamination is not vertically 
defined, it is unknown how deep the contamination has migrated. 

9.6 DATA EVALUATION 

All of the sample data from the Line 3A Pond have been assessed for their overall data quality and 
usability for risk assessments as discussed in Appendix J.  

9.6.1 Data Quality 

All sample analytical data were considered of acceptable quality, with the exception of soil 
samples R29SB601 and R29SB602. Data for these samples are presented in the facility-wide RI 
and the ERIS database. While the detection limits appear to match between the two datasets, many 
detections do not match, particularly in the metals, SVOCs, and VOCs datasets (explosives were 
all non-detect). There was no laboratory documentation provided in the RI to verify which dataset 
is correct. Therefore, the data for these two samples will not be used in further analysis. The data in 
the other two JAYCOR soil samples, 41SA201 and 41SA301, did not have any discrepancies 
between the RI and database and are considered acceptable. 
 
It is unclear from the RI if any of the JAYCOR data were validated. A total of 10 percent of MKM 
data were validated, with no major issues; however, none of the data were from the Line 3A Pond. 
A total of 10 percent of Tetra Tech data were validated with no major issues, including explosives 
and VOCs data for 3AP-TTTW-201 and VOCs data for 3AP-TTSB-205. 
 
One chemical, methylene chloride, was detected in one of the blanks for groundwater, and it was 
detected only in the sample batch containing 3AP-TTTW-202. This sample contained 1 µg/L of 
methylene chloride (J qualified), and the blank contained 1.9 µg/L. The methylene chloride 
detection in sample 3AP-TTTW-202 is considered to be from laboratory contamination.  

9.6.2 Sample Locations 

Because the actual location of the Line 3A Pond was not confirmed until approximately 2004, 
some samples were collected well away from the leach field and chemical pit. Such samples are 
considered irrelevant to contamination present at the Line 3A Pond. 
 
All samples that were included in MKM grids 001 and 003 and samples to the west of these two 
grids are not considered relevant to the Line 3A Pond. Samples in these two grids are far from 
the source area, and there are samples between these two grids and the source area which can 
provide sufficient delineation. Samples within these grids include the following: 
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 L3AP-SSI-001 
 L3AP-SSI-003 
 L3AP-SB-002 
 L3AP-SB-001 
 L3AP-SB-005 
 L3AP-SB-008 
 L3AP-SB-009 
 L3AP-SB-012 

 
Surface water and sediment samples west of the two grids are in a different sub-watershed than 
the source area and are not considered relevant to the Line 3A Pond. Runoff from the pond area 
flows to the east and south. These samples include the following: 
 RBWSD11 
 R29SW0101 
 R29SD0101 
 R29SW0201 
 R29SD0201 
 R29SW0301 
 R29SD0301 

 
All other sampling points are considered relevant and were used in the risk assessments presented in 
Appendices K and L and Section 9.7. Therefore, only soil and groundwater data were used in the 
human health risk assessment and only soil data were used in the ecological risk assessment. 
 
It should be noted that the locations of JAYCOR samples cannot be accurately reproduced due to the 
lack of survey data and lack of identifiable landmarks in the vicinity of the pond as presented on the 
figures in the RI. The JAYCOR sample locations, therefore, are considered approximate. 

9.7 RISK ASSESSMENT RESULTS 

9.7.1 Human Health Risk Assessment 

The BHHRA is provided in Appendix K, including methodologies, tables for the human health 
risk assessment, and a discussion of the results. The data used were derived from Section 9.6 and 
Appendix J. The results of the BHHRA are summarized in Sections 9.7.1.1 and 9.7.1.2. 
 
9.7.1.1 Chemicals of Potential Concern 

To determine soil COPCs at the Line 3A Pond, the data derived from Section 9.6 and Appendix J 
were evaluated against the OU-1 RGs. For chemicals with no RG, the EPA industrial RSLs were 
used (EPA, 2009a). Conservatively, screening levels for noncarcinogens are one-tenth these RSLs 
based on an HI of 0.1 to account for potential additivity of noncarcinogenic effects. If screening 
levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the lower of the two 
values was used for screening. Soil COPC selection was a two-fold process depending on the 
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availability of an RG value for a given chemical. When an RG value was available, the COPC 
selection depended on whether the maximum detected concentration for that chemical exceeded the 
RG. When an RG value was not available, the COPC selection depended on whether the maximum 
detected concentration for that chemical exceeded the industrial RSL. Residential RSLs were not 
used in COPC screening.  In addition, all detected VOCs in soil at the Line 3A Pond were considered 
COPCs for vapor intrusion risk from contaminated soil. Hence, all the following soil COPCs are 
VOCs and shown in italic. No soil COPC was identified for scenarios of direct exposure. 
 

Chemical Maximum Concentration (mg/kg) 

1,2-DCP 0.286 
Acetone 0.365 

Chlorobenzene 0.0011 
Chloroform 0.446 

Methylene Chloride 42.8 
Toluene 0.00099 
TCFM 0.0074 

 
Because sediment and surface water samples were collected outside of the relevant site area, as 
discussed in Section 9.6.2 and Appendix J, no COPC was identified for these two media. Surface 
water and sediment human health risk were addressed in the risk assessment in the 1996 RI for 
Line 3A. 
 
To determine groundwater COPCs at the Line 3A Pond, the data derived from Section 4.7 and 
Appendix J were evaluated against EPA tap water RSLs (EPA, 2009a) and federal SDWA MCLs 
and HALs (EPA, 2009b) (HALs were used for screening only when there was no RSL or MCL 
for a given chemical). Conservatively, screening levels for noncarcinogens based on RSLs are 
one-tenth these RSLs (based on a HI of 0.1) to account for potential additivity of 
noncarcinogenic effects. If screening levels existed for a chemical for both carcinogenic and non-
carcinogenic effects, the lower of the two values was used for screening. In the case of metals, 
the total fraction was used in determining COPCs to be conservative. The maximum detected 
concentration for each detected chemical in groundwater was screened against the greater of the 
screening levels based on the EPA tap water RSLs or MCLs. Chemicals that exceeded toxicity 
screening levels were retained as COPCs. Conversely, chemicals that were not detected or were 
not detected at maximum concentrations exceeding toxicity screening levels were not retained as 
COPCs. In addition, all detected VOCs in groundwater at the Line 3A Pond were considered 
COPCs for vapor intrusion risk from contaminated groundwater. The following compounds were 
identified as groundwater COPCs (compounds in italic are COPCs only for potential vapor 
intrusion risk): 
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Chemical 
Maximum  

Concentration (µg/L) 
Chemical 

Maximum  

Concentration (µg/L) 

2,4,6-TNT 62.9 1,2-DCA 0.6 
aluminum 37,900 1,2-DCPA 29.1 

arsenic 13.7 MEK 6.6 
chromium 242 Acetone 25.8 

cobalt 42.3 Benzene 0.71 
iron 95,700 Chloroform 4.9 
lead 28.3 Chloromethane 2 

manganese 3930 Methylene Chloride 68.9 
nickel 137 Toluene 2.8 

vanadium 104 Total Xylenes 1.3 
1,1-DCA 0.56   

 

9.7.1.2 Chemicals of Concern 

Because IAAAP is an active site and no change in mission is expected, potential current and future 
receptors may include agricultural workers, construction workers, industrial workers, trespassers, 
and wading visitors.  
 
The following receptors are expected to be exposed to the following media at the Line 3A Pond: 

 Construction worker: incidental ingestion, dermal contact, and inhalation of soil; ingestion of 
groundwater from a water supply well 

 Industrial/commercial worker: incidental ingestion, dermal contact, and inhalation of soil; 
ingestion of groundwater from a water supply well; inhalation of volatiles from groundwater 
through vapor intrusion into a building. 

 
Line 3A Pond does not include any agricultural use areas, so exposure to agricultural workers 
would not be a complete pathway. Trespassers are unlikely as the facility has restricted access, so 
are not considered likely receptors. The wading visitor is exposed only to sediment and surface 
water; since the sediment and surface water data are outside the relevant site area, wading visitors 
are not considered receptors for the Line 3A Pond. Table 9-13 provides the risk for each of the 
vapor intrusion COPCs detected in soil, and Table 9-14 provides the risk for each of the COPCs 
detected in groundwater. 
 
As with the COPC selection in Section 9.7.1.1, the total fraction of metals in groundwater was 
used in calculating risk to be conservative during the calculations, and a comparison to dissolved 
metals results was conducted if necessary. The results of the risk calculations and metals 
comparison are presented below. 
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For the construction worker, no soil direct-contact COPC was identified. Exposure to groundwater 
by ingestion of water from a groundwater well within the contaminated groundwater area indicates a 
total cancer risk of 8.7E-05 and a non-cancer HQ of 8.1. The cancer risk drivers are total arsenic, 
1,2-DCP, 2,4,6-TNT, and methylene chloride with respective values of 7.2E-05, 6.9E-06, 6.6E-06, 
and 1.8E-06. The non-cancer risk drivers are total iron, total cobalt, and 2,4,6-TNT with respective 
HQs of 3.1, 1.4, and 1.2. Although lead is a groundwater COPC, there is no model for health 
effects from adult exposure to groundwater. Dissolved arsenic was below detection limits,  
dissolved iron was nearly two orders of magnitude lower than total iron and below the RSL, 
dissolved cobalt was an order of magnitude lower than total cobalt and below the RSL, and 
dissolved lead was an order of magnitude lower than total lead and below the MCL. The risk 
from these metals is likely from sample turbidity as discussed in Section 9.4.5 and would likely 
not have an adverse effect on drinking water, which is required by EPA to have low turbidity. 
Risk from these metals in groundwater would be considered acceptable. 
 
For the industrial/commercial worker, no soil direct-contact COPC was identified. Exposure to 
vapor intrusion into a potential building constructed over the Line 3A Pond from chemicals in soil 
indicates a total cancer risk of 1.3E-04 and a non-cancer HQ of 1.2. The drivers for soil vapor 
cancer risk are methylene chloride, 1,2-DCP, and chloroform with respective values of 5.8E-05, 
3.7E-05, and 3.5E-05. The non-cancer risk driver is 1,2-DCP with a HQ of 1.1. Locations that 
exceed a 1.0E-06 cancer risk include 3AP-TTSB-201 (all three chemicals) and 3AP-TTSB-201 
(1,2-DCP only). The risk exceedances are localized, the nearest existing building (3A-01) is 
approximately 450 feet from Line 3A Pond; thus, vapor risk to that building is considered very 
unlikely from the soil and groundwater contamination present at Line 3A Pond.  
 
For the industrial/commercial worker, exposure to groundwater by ingestion of water from a 
groundwater well within the contaminated groundwater area indicates a total cancer risk of 8.7E-
05 and a non-cancer HQ of 8.1. The cancer risk drivers are total arsenic with a value of 7.2E-05, 
2,4,6-TNT with a value of 6.6E-06, 1,2-DCP with a value of 6.9E-06, and methylene chloride with 
a value of 1.8E-06. The non cancer risk drivers are 2,4,6-TNT with a HQ of 1.2, and total iron with 
a HQ of 3.1. Exposure to vapor intrusion into a potential building constructed over the Line 3A 
Pond from chemicals in groundwater indicates a total cancer risk of 2.7E-07 and a non-cancer HQ 
of 0.0058. Although lead is a groundwater COPC, there is no model for health effects from adult 
exposure to groundwater. Figure 9-17 illustrates the cumulative risk in groundwater at each 
sampling point for the industrial/commercial worker (more conservative than the construction 
worker). Three samples exceed a 1.0E-06 cancer risk: 3AP-TTSB-201, with the risk drivers of 
methylene chloride and chloroform; 3AP-TTTW-001, with the risk driver of total arsenic; and 
3AP-TTSB-203, with the risk driver of 1,2-DCP.  
 
Dissolved arsenic was below detection limits, dissolved iron was nearly two orders of magnitude 
lower than total iron and below the RSL, and dissolved lead was an order of magnitude lower than 
total lead and below the MCL. The risk from these metals is likely from sample turbidity (common 
in DPT samples) and would likely not have an adverse effect on drinking water, which is required 
by EPA to have low turbidity. Therefore, risk from these metals in groundwater would be 
considered acceptable.   
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9.7.2 Ecological Risk Assessment 

The BERA Addendum is provided in Appendix L, including methodologies, tables for the 
ecological risk assessment, and a discussion of the results. The data used were derived from 
Section 9.6 and Appendix J. Shallow soil (2 feet bgs or shallower) was the only medium 
evaluated because the sediment and surface water data are outside the relevant site area, and 
groundwater is not considered a potential pathway for the ecological receptors. Ecological risk for 
surface water and sediment were addressed in the BERA. 
 
The Line 3A Pond area is sparsely wooded, although areas south of the site are more densely 
wooded, with no development, making the area likely inhabited by wildlife (including the 
rodents used as representative species in the BERA); and potentially used as forage area by the 
Indiana bat. The Line 3A Pond is adjacent to a drainage swale that discharges during heavy 
rainfall and snowmelt into an intermittent stream approximately 750 feet south of the site. 
Approximately 0.8 mile from the site, the intermittent stream discharges into the Skunk River, 
which is the only perennial water body that would contain aquatic receptors. 
 
To determine COPECs for shallow soil, the data derived from Section 9.6 were evaluated as 
detailed in Appendix L. Metals and organics were screened against the SLERA SVs. At the Line 
3A Pond, soil COPECs include two metals (boron and chromium). Soil COPECs for the Indiana 
bat include all detected metals above background concentrations calculated in the BERA. No 
sediment or surface water samples at the Line 3A Pond were evaluated because they were collected 
well away from the leach field and chemical pit in a separate sub-watershed. 
 
The ecological risk posed by COPECs in soil and surface water/sediment was evaluated using 
multiple lines of evidence, as described in the sections below. 
 
Terrestrial receptors at the CDL (white footed mouse, short tailed shrew, and Indiana bat) were 
evaluated using equations from the BERA as detailed in Appendix L. Table 8-13 provides the 
results of the HQ calculations for each of the COPECs in soil. Consistent with the MWH BERA, 
those COPECs with LOAEL-based HQs exceeding 1.0 and detected at concentrations greater than 
background were compared to the CCs to evaluate the spatial distribution of the risk drivers. The 
CCs are calculated analyte concentrations that equate to a HQ of 1.0. Per the BERA, exposure to 
media containing COPECs below the LOAEL-based CCs should not result in unacceptable 
levels of risk to ecological receptors. Therefore, the CC values corresponding to LOAEL-based 
HQs of 1.0 (or background) were used to estimate COPEC concentrations in soil that might pose 
an ecological concern (MWH, 2004). 
 
Terrestrial receptors at the Line 3A Pond (white footed mouse, short tailed shrew, and Indiana 
bat) were evaluated using equations from the BERA as detailed in Appendix L. HQ values were 
estimated from NOAEL-based and LOAEL-based TRVs. TRVs are used to quantitatively 
estimate the magnitude of toxicity of each COPEC. Table 9-13 provides the results of the HQ 
calculations for each of the COPECs in soil.  
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For the white-footed mouse and the short-tailed shrew exposed to COPECs in soil at the Line 3A 
Pond, no NOAEL- or LOAEL-based HQ values exceed 1.0; thus, ecological risk is considered to 
be acceptable. For the Indiana bat, the cumulative NOAEL-based HI is below 10, and no 
LOAEL-based HQs exceed 1.0. 
The ecological risk to all three terrestrial receptors from COPECs in the soil at the Line 3A Pond is 
considered to be acceptable. 

9.8 SUMMARY AND CONCLUSIONS 

Based on a review of historical information at the Line 3A Pond, the pond was determined to be a 
former leach field associated with Building 3A-01 for disposal of ―lightly contaminated water‖ and 
a raw chemical disposal pit that were used for a short time in the mid- to late-1950s. A review of 
the data collected at the Line 3A Pond indicates that several sample locations are outside of the 
relevant site area, including all the sediment and surface water sample locations, because the nature 
and location of the pond was not accurately identified until approximately 2004. 
 
Investigations conducted at the location of the leach field and chemical disposal pit indicate that, 
seven VOCs and two metals above background are present in the soil. Of the VOCs three are 
above the SSLs but below applicable RSLs, and all metals are below applicable OU-1 RGs or 
RSLs. Soil and sediment samples were collected away from the former leach field area and 
chemical disposal pit. In the groundwater, four explosives, one SVOC, 11 VOCs, and several 
metals are present in the groundwater to at least 38 feet bgs (soil/bedrock interface). Of the 
organic chemicals, 2,4,6-TNT, methylene chloride, and 1,2-DCP exceed applicable comparison 
criteria. Of the metals, seven total metals exceed comparison criteria, but only dissolved 
manganese exceeds comparison criteria, likely from geochemical conditions in the subsurface.  
All other dissolved metals are below comparison criteria or detection limits, indicating that 
turbidity is the cause of these elevated metals concentrations.  
 
At 3AP-TTTW-202, located in the center of the leach field, the methylene chloride detection in this 
sample is considered to be from laboratory contamination due to detections in laboratory method 
blanks. Other chemicals in that and other samples (soil and groundwater) may be from laboratory 
contamination, but the lack of detection in method blanks indicate that the detections may also be 
from Line 3A Pond practices, with the exception of phthalates, which are not known to have been 
used at the site. 
 
Human health and ecological risk assessments were conducted for the Line 3A Pond. The results 
of the human health risk assessment indicate that there are no unacceptable cancer risks or non-
cancer hazards identified from the chemicals detected at the Line 3A Pond for the construction 
worker exposed to soil in a trench or excavation, for the industrial/commercial worker exposed 
to surface soil, or for the industrial/commercial worker exposed in a building to vapors from the 
groundwater. However, for the industrial/commercial worker exposed in a building to vapors 
from the soil, the total cancer risk exceeds 1.0E-06, with methylene chloride, 1,2-DCP, and 
chloroform the risk drivers; the HQ exceeds 1.0, with 1,2-DCP the risk driver. For the 
construction worker or industrial/commercial worker ingesting water from a groundwater well 
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installed through the contaminated area, the total cancer risk exceeds 1.0E-06, with 2,4,6-TNT, 
arsenic, 1,2-DCP, and methylene chloride the risk drivers; the non-cancer HQ exceeds 1.0, with 
2,4,6-TNT, total iron, and total cobalt the risk drivers. There is no model for health effects from 
adult exposure to lead in groundwater. Dissolved arsenic was below detection limits, dissolved 
iron was nearly two orders of magnitude lower than total iron and below the RSL, dissolved 
cobalt was an order of magnitude lower than total cobalt and below the RSL, and dissolved lead 
was an order of magnitude lower than total lead and below the MCL. The elevated total metals 
concentrations are attributable to sample turbidity, which would not likely contribute risk to a water 
supply because of the lower turbidity requirements for drinking water. The human health risk from 
the Line 3A Pond is considered to be unacceptable for methylene chloride, 1,2-DCP, and 
chloroform in soil; and for 2,4,6-TNT, 1,2-DCP, and methylene chloride in groundwater. 
 
The results of the ecological risk assessment indicate that for soil COPECs detected above 
background no LOAEL-based HQs exceed 1.0 for any of the three terrestrial receptors. 
Ecological risk to the three receptors is considered to be acceptable. 
 
Soil contamination poses acceptable human health and ecological risk; however, some chemicals 
may present a leaching risk, particularly those VOCs present in soil that show elevated risk in 
groundwater. 1,2-DCP, chloroform, and methylene chloride in soil exceed their SSLs. All three 
chemicals were also detected in groundwater. Although 2,4,6-TNT was detected in groundwater, it 
was not detected in soil, indicating that this chemical may have already leached through the soil.  
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10.0   CENTRAL TEST AREA (IAAP-047) 

10.1 SITE DESCRIPTION 

The CTA is an approximately 6.4 acre area located within the Brush Creek watershed in the north-
central portion of the IAAAP between Lines 4A and 5A (Figure 10-1). The CTA is comprised of 
the Central Testing Laboratory (CTL) (Building 600-84) and a former test-fire area northeast of the 
CTL, which consisted of a firing pit and surrounding fencing. The CTL is southwest of a large 
open field vegetated with hay and a few stands of trees, where the main test-fire area was located.    

10.1.1 Topography and Surface Water 

As illustrated in Figure 10-1, the terrain at the CTA is generally flat lying with a gentle slope 
(0.02) to the east and southeast. Ground surface elevations at the site range from approximately 
731 feet (223 meters) amsl between the former firing pit and Building 600-84 to 725 feet 
(221 meters) amsl east of the former test-fire area.  
 
A drainage-way is located approximately 1,650 feet east of Building 600-84 and approximately 
950 feet east of the former firing pit. The drainage starts in the southern portion of Line 5A and 
flows south-southeasterly east of the CTA, where it becomes an intermittent stream (according to 
the USGS topographic map) northeast of Line 4A, and then flows to the east-southeast of 
Line 4A. The elevation of the drainage as it passes east of the CTA ranges from approximately 
715 to 712 feet amsl, with a gradient of 0.009. The intermittent stream discharges into a pond 
(former borrow area) approximately 4,000 feet southeast of the former firing pit. The pond 
periodically discharges to Brush Creek, which is an intermittent stream in this part of the facility 
(according to the USGS topographic map that shows Brush Creek as an intermittent stream north 
of the Sewage Treatment Plant). Surface drainage at Building 600-84 is channeled into ditches to 
the west and south, which ultimately discharge into the intermittent stream to the east. Surface 
drainage from the former test-fire area is likely to be sheet flow to the east and southeast toward 
the drainage and intermittent stream. However, given the grassed nature of the site and slight 
slope, sheet flow would occur only during the heaviest rainfall (or snowmelt) events. 

10.1.2 Geology and Hydrogeology 

The geology at the CTA is assumed to be similar to that at nearby Line 5A (IAAP-006) which 
consists of till approximately 80 feet thick. Line 5A is located immediately northeast of the CTA, 
with approximately 600 feet separating Building 5455 and the northern portion of the fence 
surrounding the former firing pit at the CTA. Soil borings at the CTA, presented on Figures 10-2 
and 10-3, indicate that the soils are generally clayey with varying amounts and lenses of sand. 
Available boring logs for the CTA are provided in Appendix C. 
 
In August 2005, a relatively moist zone was encountered in CTA-TTTW-001, located 
approximately 300 feet southeast of the former firing pit, between 7 and 13 feet bgs, with a dry 
zone from 13 to 16 feet, then increasing moisture below 16 feet bgs until saturated from 32 to 
34 feet bgs, below which the soil was dry again. When the boring was sampled, groundwater was 
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measured at 10 feet bgs with the screen point sampler open from 30 to 32 feet bgs. In April 2006, 
groundwater was measured at approximately 18 feet bgs in CTA-TTTW-003, located immediately 
adjacent to CTA-TTTW-001, with the screen point sampler open from 19 to 23 feet bgs, which was 
within the moist zone encountered below 16 feet in CTA-TTTW-001. In CTA-TTTW-002, 
located at the former firing pit, a saturated zone was present at 20-22 feet bgs. When the boring 
was sampled, groundwater was measured at 13.87 feet bgs, with the screen point sampler open 
from 19 to 23 feet bgs. Groundwater was measured at 2.93 feet bgs in CTA-TTTW-004, located 
approximately 200 feet southeast of CTA-TTTW-001, with the screen point sampler open from 19 
to 23 feet bgs.  
 
Because the groundwater measured was in screen point samplers and not in properly developed 
monitoring wells, and because the elevations of the borings were not surveyed, no site-specific 
potentiometric surface was prepared. Based on facility-wide potentiometric surfaces, the shallow 
groundwater flow direction has ranged from the southeast to the east. In Fall 2005, it was to the 
southeast. In Spring 2006 (Figures 2-2 and 10-1), shallow groundwater flow was to the east. An 
evaluation of groundwater elevation data and potentiometric surfaces was conducted for those 
gauging events in the vicinity of the CTA with adequate data. Supplemental potentiometric 
surface maps were constructed from measurements collected from 1995 to 2004. These maps are 
presented in Appendix A. The average groundwater flow direction was 132 degrees (north = 0 
degrees), which is southeast. A weighted average that takes into account the number of control 
points from each yields an average of 130 degrees. A summary of groundwater flow directions 
for each event is provided in Appendix A. Horizontal conductivities in the nearest slug tested 
wells at Line 3 to the southeast range from 0.00183 to 0.685 foot/day (URS, 2004a).   

10.2 SITE BACKGROUND 

There are few definitive records regarding the testing of munitions at the CTA, and previous 
investigations and reports have provided limited information on its history. The HRR reported 
that Building 600-84 and the walled-in area south of the building, jointly known as the CTL, were 
constructed in 1941 and operated until 1963. Operations at the CTL consisted of testing 
components such as fuzes, primers, and detonators inside the building and testing the inside charge 
of grenades in the walled-in area (TN & Associates, 2003). The Summary of Plant Safety History 
mentions that Line 6 quality inspection personnel sent sample components from each completed lot 
to Building 600-84 for jumble and jolt tests, and that the area to the immediate south of the 
Building 600-84 was being used to test fire hand grenades, adapter boosters, and aerial mines 
(M&H, 1989). JAYCOR also reported that the walled-in area south of Building 600-84 was used as 
a test site for the inside charge of grenades composed of lead styphnate, black powder, and a tetryl 
booster with the outer charge being a combination of 2,4,6-TNT and RDX (JAYCOR, 1996).   
 
The field to the north and east of Building 600-84, known as the test-fire area, was constructed 
between 1941 and 1950 and operated for an unknown period of time. The test-fire area was used 
to test-fire hand grenades, adaptor boosters, and aerial mines (TN & Associates, 2003). The 
Summary of Plant Safety History indicates that detonations were conducted to the north and east of 
the CTL (M&H, 1989).   
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The HRR included a site drawing dated 1941/1950 showing the original layout of the test-fire area. 
A fence completely encircled the firing pit, which was approximately 9 feet by 14 feet and 
constructed of wooden walls covered by steel plates, an earthen floor, and a concrete walkway. 
A concrete pedestal capped by a steel plate was anchored in the floor of the pit with soil sloping up 
the walls to a height of approximately 5 feet. An operator’s building was located approximately 
105 feet southwest of the firing pit. A small area northwest of the test-fire area (outside of the 
fenced area) contained a metal stand (tripod) on a concrete pad used to hold components to be test 
detonated. Additional detail of the historical layout of the site is included in Section 10.4.1. 

10.3 INVESTIGATION ACTIVITIES 

The following chemicals are considered representative of contaminants resulting from munitions 
tested at the CTA: explosive compounds, propellants, and metals. The Summary of Plant Safety 
History mentions 2,4,6-TNT, lead azide, RDX, and tetryl residue could be of possible concern 
(M&H, 1989). 
 
All known field activities, including historical activities and the facility-wide RI, are summarized 
below. Details regarding sampling methods may be found in the below-referenced reports and 
Section 3.  

10.3.1 Site Reconnaissance 

In Fall 2004, MKM conducted a geophysical survey to determine densities of potential metallic 
objects in the subsurface at the CTA to identify potential UXO. Minimal other site 
reconnaissance was conducted.    
 
A paper site reconnaissance was conducted by Tetra Tech in Summer 2005 per the OU-7 SRI Work 
Plan (Tetra Tech, 2005), which consisted of a review of the historical drawing in the HRR and 
historical aerial photos. Site reconnaissance performed by Tetra Tech per the OU-7 SRI Work Plan 
(Tetra Tech, 2005) in Fall 2005 was minimal, primarily consisting of UXO avoidance in support of 
the sampling efforts.  

10.3.2 Soil Sampling 

Figure 10-2 presents the locations of all soil samples collected during the site investigations at 
the CTA. The sample locations have been color coded relative to each specific sampling event 
discussed in the text below. Samples whose locations are unknown are not represented in the 
figure. The number of samples collected during each sampling event and the chemical groups 
analyzed are summarized below. The specific chemicals analyzed in each chemical group during 
each event are provided in Table 10-1. 

Sampling Event Company 
Total No. of 

Samples 
Explosives Metals 

Spring 1995 JAYCOR 8 8 8 
Fall 2000 AET 5 5 5 
Fall 2004 MKM 10 10 - 
Fall 2005 Tetra Tech 63 63 63 
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In Spring 1995, during the facility-wide RI, JAYCOR collected eight soil samples (shown in blue in 
Figure 10-2): two soil samples from one location in the drainage-way south of Building 600-84 
(R06SS608 and R06SA608) and six samples from three locations west of the eastern wall 
southeast of Building 600-84 (R06SS605 through R06SS607 and R06SA605 through 
R06SA607). Samples were collected from depths ranging from 0.5 to 3 feet bgs (JAYCOR, 
1996). The sampling methods are not specified in the facility-wide RI, and no sample or boring 
logs for these samples were provided in the facility-wide RI.  
 
In October 2000, Advanced Environmental Technology (AET) conducted an Environmental 
Baseline Study at the areas east and south of Building 600-84. Composite surface soil samples 
(S-1-CTA through S-5-CTA) were collected in previously used areas around the site east of 
Building 600-84 and northeast of the barricade wall, at the east edge of the parking lot and the west 
edge of the septic field, at the access area immediately east of Building 600-84, at the north end of 
the construction site for the AET treatment facility, and at the south end of the construction site for 
the AET treatment facility. The locations of the samples are shown in orange in Figure 10-2. 
Three samples comprised each composite sample. The sampling methods are specified in the 
Environmental Baseline Study (AET, 2001). No sampling logs are provided in the AET report. 
 
In Fall 2004, MKM collected 10 surface soil samples (CTA-001-ES through CTA-010-ES) to 
screen for soils exhibiting explosive hazards (concentrations of equal to or greater than 10 
percent explosives by weight) at locations with a high probability for explosive hazards such as 
in the vicinity of the former firing pit, near the tripod, and in ditches (MKM, 2005b). The 
locations of the samples are shown in dark brown in Figure 10-2. Samples were collected by 
hand auger using the methodologies discussed in Section 3.2.1.1. The sample locations were 
staked and surveyed. 
 
In Fall 2005, Tetra Tech collected 63 samples from 30 locations across the CTA site (CTA-TTSB-
001 through -025, -027, -028, -029, -031, and -032) per the OU-7 SRI Work Plan (Tetra Tech, 
2005). The locations of the samples are shown in green in Figure 10-2. Geophysical anomalies and 
the former firing pit were selected as primary areas for investigation.  Secondary sample locations 
were also placed within bare spots observed in the circa 1957 aerial photo, along the former 
sidewalk between the CTL and firing pit, and from the tripod area. Samples were collected by hand 
auger at the surface and at 1 to 2 feet bgs (with the exception of boring location CTA-TTSB-020, 
for which no surface sample was collected). Samples were also collected at 2 to 4 and 4 to 6 feet 
bgs (by hand auger and DPT sampling, respectively) at boring locations CTA-TTSB-010 and 
CTA-TTSB-020. Hand auger and DPT sampling methodologies are detailed in Section 3.2.2.1. A 
GPS unit with submeter accuracy was used to locate sample locations in the field. Boring logs are 
provided in Appendix C, and sampling logs are provided in Appendix D.  

10.3.3 Sediment Sampling 

No sediment samples have been collected at the CTA.   

10.3.4 Surface Water Sampling 

No surface water samples have been collected at the CTA.   
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10.3.5 Groundwater Sampling 

Figure 10-3 presents the locations of all groundwater samples collected during the site 
investigations at the CTA. Boring logs are provided in Appendix C, and sampling logs are 
provided in Appendix D. The sample locations have been color coded relative to each specific 
sampling event discussed in the text below. Samples locations that are unknown are not 
represented in the figure. The number of samples collected during each sampling event and the 
chemical groups analyzed are summarized below. The specific chemicals analyzed in each 
chemical group during each event are provided in Table 10-1. 
 

Sampling Event Company 
Total No. of 

Samples 
Explosives Metals Perchlorate 

Fall 2005 Tetra Tech 2 2 2 - 
Spring 2006 Tetra Tech 2 2 - 2 

 
In Fall 2005, Tetra Tech collected two groundwater samples from DPT screen point samplers 
from the former firing pit (CTA-TTTW-002) and approximately 285 feet southeast of the former 
firing pit (CTA-TTTW-001) per the OU-7 SRI Work Plan (Tetra Tech, 2005). The locations of the 
samples are shown in green in Figure 10-3. Samples were collected using a peristaltic pump as 
described in Section 3.2.2.3. A GPS unit with submeter accuracy was used to locate sample 
locations in the field. Sampling logs are provided in Appendix D.   
 
In Spring 2006, Tetra Tech collected one groundwater sample from a DPT screen point sampler, 
nearly collocated with CTA-TTTW-001 (CTA-TTTW-003) and one approximately 200 feet 
southeast of CTA-TTTW-001 (CTA-TTTW-004) in order to confirm and delineate explosives 
detections. The locations of the samples are shown in green in Figure 10-3. The samples were 
collected using a peristaltic pump as described in Section 3.2.2.3. A GPS unit with submeter 
accuracy was used to locate sample locations in the field. Sampling logs are provided in 
Appendix D.   

10.4 RESULTS OF INVESTIGATION 

As part of this SRI, Tetra Tech evaluated all of the historical and recent sampling data collected at 
the CTA.  This includes an evaluation of every soil and groundwater sample collected at the site. 
Chemicals analyzed for each medium for each sampling event are presented in Table 10-1, and a 
summary of the analytical data is provided in Appendix F. Sampling logs for samples collected in 
2004 and beyond are provided in Appendix D, with sampling logs for previous samples contained 
in their respective reports. Laboratory analytical reports and validation reports for Tetra Tech 
samples are provided in Appendices G and H, respectively. All other laboratory and validation 
reports are contained in their respective reports.   
 
10.4.1 Site Reconnaissance 

The results of the geophysical survey conducted by MKM at the CTA indicate two large areas of 
heavy anomaly saturation, as illustrated in Figure 10-4, which overlays the geophysical survey 
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on the pertinent site features. The first area is located centrally along the northwestern edge of 
the site, measuring approximately 265 feet north-south by 200 feet east-west and bounded by the 
western edge of the survey area. It is likely that the anomaly extends beyond the boundaries of 
the surveyed area. The second saturated area is approximately 90 feet by 90 feet located near the 
northeast corner of the CTA, south of a linear shaped anomaly interpreted to be a buried pipe or 
utility line (MKM, 2005b). A smaller area of anomaly saturation is present between the two larger 
anomalies, and another linear feature is present on the north end of the survey area. Remains of the 
portions of the circular fence shown in the site drawing dated 1941/1950 are evident in the 
geophysical anomalies. The anomalous area near the northeast corner of the CTA surrounds the 
former firing pit.  
 
Tetra Tech reviewed historical aerial photos per the OU-7 SRI Work Plan (Tetra Tech, 2005), 
observing that the circa 1957 aerial photo showed many of the site features from the HRR site 
drawing, which is overlain on the 1957 aerial photo in Figure 10-5. Figure 10-6 presents the 1957 
aerial photo without the drawing. The concrete base of the tripod area is visible approximately 275 
feet northwest of the former firing pit, and an area bare of vegetation is observed in the 
northwestern half of the fenced-in area. Parts of this same bare area appear to be present in 1963 
and 1969 aerial photos, but not in the 1978 or later photos (Appendix E). The bare area coincides 
with one of the geophysical anomalies inside the fenced test-fire area (Figure 10-4). The linear 
anomaly interpreted by MKM to be a buried pipe or utility line appears faintly in the 1957 photo 
(Appendix E). The review of aerial photos does not give an indication of the potential causes of the 
other anomalies. 

10.4.2 Soil Analytical Results 

Table 10-2 presents a summary of all chemical data for soil at the CTA, including number of 
detects, minimum and maximum concentrations, and comparison criteria for each chemical. The 
comparison criteria for all chemicals include the OU-1 RGs (EPA, 1998) or the EPA industrial 
soil RSLs (EPA, 2009a) for chemicals where no RGs were calculated. Other comparison criteria 
are specific to chemical group and are included with each chemical group in the sections below. 
The concentrations of the chemicals detected in soil samples are discussed below for each 
chemical group in relation to the comparison criteria. Chemicals detected in soil at the CTA 
include explosives and metals. 
 
Explosives 

Table 10-3 presents the detected data. Because explosives are mobile in the environment, the 
concentrations were also compared to the SSLs presented in the RSL table (EPA, 2009a), which 
assumes no dilution or attenuation between the source and water.  
 
Eighty-six soil samples have been collected at the CTA and analyzed for explosives, and ten of 
those also have been analyzed for propellants. The results presented in Table 10-3 and 10-4 
indicate that 10 explosives and one propellant were detected at the CTA. Of those, 2,4,6-TNT 
exceeds its RG in only one sample (CTA-006-ES). Eight explosives, including 2,4,6-TNT, 
exceed their SSLs in all samples where they were detected, indicating a potential for leaching to 
water. It should be noted that the OU-1 RG for 2,4,6-TNT reflects the potential to affect 
groundwater. The propellant nitrocellulose does not have comparison criteria. 
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As illustrated in Figure 10-7, 2,4,6-TNT was detected in 14 samples across the site, with the highest 
concentration (110 mg/kg) in surface soil sample CTA-006-ES, located in the northwest portion of 
the former fenced area, coincident with a bare/disturbed area in the 1957 aerial photo. Additionally, 
the highest concentrations of 2,4-DNT, 2,6-DNT, and 2,4,6-TNT degradation products 2-amino-4,6-
DNT, 4-amino-2,6-DNT were detected at this location above their SSLs. Detected 2,4,6-TNT 
concentrations are located primarily within the northwest portion of the former fenced area, with low 
concentrations detected in the southeast portion of the former fenced area and south of Building 600-
84, and are apparently limited to these areas. Concentrations of 2,4-DNT, 2,6-DNT, 2-amino-4,6-
DNT, and 4-amino-2,6-DNT were detected only in and near the northwest portion of the former 
fenced area, and are apparently limited to this area. 
 
Three other explosives exceed their SSLs. Nitrobenzene was detected in three samples at low 
concentrations above the SSL. The samples are separated by locations without detectable 
nitrobenzene. The explosives 1,3-DNB and 2-nitrotoluene were detected only in surface soil 
sample CTA-006-ES and are apparently limited to this one location.    
 
Two explosives were detected below their SSLs. Tetryl was detected in three locations, two 
located on the west side of the site and one within the former fenced area. The explosive 1,3,5-
TNB was detected in one sample in the former fence area. The propellant nitrocellulose was 
detected in one surface soil sample (CTA-007-ES). These explosives are apparently limited to 
these locations.  
 

Metals 

Seventy-six samples have been collected at the CTA and analyzed for metals. The results 
presented in Table 10-3 indicate that the samples contain generally similar concentrations below 
comparison criteria, with the exception of aluminum, arsenic, cadmium, chromium, copper, iron, 
lead, and zinc. Of those eight metals, only arsenic and cadmium exceed the comparison criteria 
in one sample each (Table 10-4).  
 
As illustrated in Figure 10-8, an arsenic concentration above the OU-1 RG was detected in surface 
sample CTA-TTSB-022, located along the former walkway between Building 600-84 and the fenced 
area. Surrounding samples and deeper samples contain lower concentrations of arsenic below 
background; thus, it is apparently limited in extent. A cadmium concentration above the OU-1 RG 
was detected in surface sample R06SS605, located south of Building 600-84. This sample location is 
surrounded by other sample locations and a deeper sample where cadmium concentrations were 
detected below the RG but outside of the range of background concentrations, which are in turn 
surrounded by locations with lower to non-detected concentrations.  
 
Several metals were detected at concentrations exceeding background levels. Concentrations of 
aluminum, beryllium, chromium, iron, lead, and selenium were detected above maximum 
background in at least one sample (Tables 10-2 through 10-4). All concentrations of these metals 
were below OU-1 RGs. Figure 10-8 presents the distribution of metals that were detected above 
maximum background in at least one sample. 
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10.4.3 Groundwater Analytical Results 

Table 10-5 presents a summary of all chemical data for groundwater at the CTA, including 
number of detects, minimum and maximum concentrations, and comparison criteria for each 
chemical. The concentrations of the chemicals detected in groundwater samples are discussed 
below for each chemical group in relation to the comparison criteria. Concentrations of detected 
constituents were compared to EPA MCLs (EPA, 2009b), where available. For constituents 
without MCLs, the greater of the HALs (EPA, 2009b) or RSLs (EPA, 2009a) were used. Other 
comparison criteria are specific to chemical group and are included with each chemical group in 
the sections below. Chemicals detected in groundwater at the CTA include explosives and total 
and dissolved metals; perchlorate was not detected. 
 
Explosives 

Four groundwater samples were collected at the CTA and analyzed for explosives. The results 
presented in Table 10-6 indicate that three explosives were detected. Of those three, 2,4,6-TNT 
was detected above the comparison criterion in one sample (CTA-TTTW-001) in August 2005 
(Table 10-7). The other two explosives were also detected in the same sample. 
 
As illustrated in Figure 10-9, 2,4,6-TNT exceeded the RSL in CTA-TTTW-001, located 
approximately 250 feet southeast (downgradient as discussed in Section 10.1.2) of the former 
firing pit. This concentration was not confirmed upon sampling immediately adjacent to CTA-
TTTW-001 in April 2006; CTA-TTTW-003 did not contain detectable 2,4,6-TNT. A low 
concentration of 2,4,6-TNT was detected at CTA-TTTW-002, located adjacent to the former 
firing pit that is southeast of the area with the most prevalent occurrences of 2,4,6-TNT in soil. 
 

Metals 

Two groundwater samples were collected at the CTA and analyzed for total and dissolved metals. 
The results presented in Tables 10-6 and 10-7 indicate that ten total metals exceed comparison 
criteria, primarily in CTA-TTTW-001. All total metals concentrations are higher in CTA-TTTW-
001. No dissolved metals exceed comparison criteria in either sample, and where detected, are 
lower than the total metals concentrations (with the exception of boron), frequently by an order of 
magnitude. This difference is considered to be caused by the turbidity in the samples. The 
turbidity of CTA-TTTW-001 was 800 NTUs at the time of sampling and increasing (Appendix 
D). Because little water was purged from CTA-TTTW-001 prior to collecting the sample, little of 
the suspended solids naturally present in groundwater in the till would have been removed. The 
turbidity in sample CTA-TTTW-002 was 190 NTUs at the time of sampling, with more water 
removed (at least one gallon), which reduced the turbidity level from 1100 to 190 NTUs. The 
majority of dissolved metals were not detected in either sample, further indicating that the 
elevated total metals concentrations are attributable to suspended solids in the samples.   

10.5 REMEDIAL ACTIONS COMPLETE OR IN PROGRESS 

Between October 9 and November 6, 2006, a total of 239 cy of contaminated soil was removed 
from three excavations at the CTA, as detailed in the Final RA Completion Report for OU-1 Soils 
(Tetra Tech, 2010). Excavations are shown in Figure 10-10, and the results of confirmation 
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sampling are provided in Table 10-8. In the formerly fenced area northwest of the former firing pit 
(excavation CTA-E01), where 2,4,6-TNT exceeded the OU-1 RG, soils were removed to 1 foot 
bgs. Along the former walkway (excavation CTA-E02), where arsenic exceeded the OU-1 RG, 
contaminated soils were removed to 1 foot bgs; this area required a second phase of excavation to 
remove all contamination above the RG (phase 2 sample names end in P2). In the vicinity of 
Building 600-84 (excavation CTA-E03) where cadmium exceeded the OU-1 RG, soils were 
removed to 1.25 feet bgs. Based on confirmation sampling, no soil containing chemicals above 
OU-1 RGs remains in the excavated areas. All excavations were backfilled with clean fill as 
detailed in the Final RA Completion Report (Tetra Tech, 2010). 

10.6 CONTAMINANT FATE AND TRANSPORT 

As illustrated in Figures 10-5 and 10-6, the CTA consisted of a firing pit, located in a circular 
fenced area northwest of the CTL, and a tripod on a concrete base northeast of the former firing 
pit and outside of the fenced area. Practices at the CTA and south of the CTL (presumably 
detonations of ordnance) would have resulted in surface contamination from the detonations. The 
extent of soil contamination and the likelihood for groundwater contamination would have been 
controlled by the following: 

 The violence of the detonations. South of the CTL, such detonations would have ejected soil 
and debris onto the surrounding ground surface and into the earthen portions of the blast walls. 
Based on sampling results, this appears to have been the case in this area. At the former firing 
pit, detonations would have potentially ejected debris onto the gravel floor. In the vicinity of 
the tripod, the detonations would have ejected debris onto the surrounding ground surface. 
Based on sampling results in the vicinity of the tripod, this appears to have been the case, 
particularly southeast of the tripod in a disturbed area apparent in the 1957 aerial photo.  

 The topography and vegetation of the area. The topography is generally flat and sown in hay, 
both of which would hinder the movement of surface contamination, which appears to be 
mostly confined to the areas within the blast walls and the former fenced area. One explosive 
compound detected in the walled area south of the CTL was detected at a low concentration 
in a soil sample collected in a ditch southeast of the CTL. Overland transport of 
contamination does not appear to be a significant pathway. 

 The properties of the chemicals in detonated materials. Explosives, the most mobile of the 
possible chemicals released in detonations, were detected in surface soil samples. According to 
the Material Safety Data Sheets of the chemicals detected, the explosives detected in soil and 
groundwater are generally soluble, with relatively low octanol/water partitioning coefficients 
(meaning that they leach to water readily, rather than staying sorbed onto soil particles). The 
2,4,6-TNT leaching RG is exceeded, and a low concentration of 2,4,6-TNT is present in 
groundwater downgradient of the exceedance, indicating that 2,4,6-TNT has been transported 
to groundwater. The explosives 2,4-DNT, 2,6-DNT, 2-amino-4,6-DNT, 4-amino-2,6-DNT, 
and nitrobenzene may leach to groundwater because they exceed their SSLs. None of these 
chemicals were detected in groundwater except 2-amino-4,6-DNT and 4-amino-2,6-DNT in 
highly turbid groundwater (800 NTUs) at concentrations two orders of magnitude below 
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RSLs, indicating limited leaching and/or transport. Metals mobility from soil to water 
(groundwater or surface water) is controlled by both the soil and water geochemistry (i.e., 
ORP and pH) (Dragun, 1988), although metals can be transported as suspended solids to both 
surface water and groundwater regardless of geochemistry. Total metals have been detected 
above comparison criteria in highly turbid groundwater, but the dissolved fraction of these 
metals was not detected, indicating that the elevated concentrations in groundwater are more 
likely from high sample turbidity.  

 
Based on groundwater and soil contamination plumes that have been studied across IAAAP, 
a contaminant plume would migrate very slowly, given the low vertical and horizontal hydraulic 
conductivities encountered in the clayey till at the facility. In addition, many contaminants would 
have attenuated over time in both soil and groundwater given that the site ceased being used 
more than 50 years ago. The removal of contaminated soil will aid in further attenuation of any 
remaining groundwater contamination because the source to such contamination has been 
removed. Based on the analytical results at the site, it appears that the contamination at the CTA 
is confined mostly to the walled area south of the CTL and the disturbed area evident in the 1957 
aerial photo. The contamination does not appear to have migrated horizontally to a significant 
degree, or has attenuated to the current extent.  

10.7 DATA EVALUATION 

All of the sample data for the CTA have been assessed for their overall data quality and usability 
for risk assessments as discussed in Appendix J.  

10.7.1 Data Quality 

In the JAYCOR RI dataset, there are occasional discrepancies between the analytical summary in 
the appendix of the RI and in the ERIS database. The detection limits and/or detected chemical 
concentrations do not match in some instances, particularly in the metals, SVOCs, and VOCs 
datasets. There is no laboratory documentation provided in the RI to verify which dataset is 
correct, or why such a discrepancy might be present (such as wet weight vs. dry weight analyses). 
This affects metals data in all 1995 samples. Because the quality of the data is in question, these 
data will not be used in the risk assessment. 

10.7.2 Sample Locations 

All associated samples are within the study area 

10.8 RISK ASSESSMENT RESULTS 

10.8.1 Human Health Risk Assessment 

The BHHRA is provided in Appendix K, including methodologies, tables for the human health 
risk assessment, and a discussion of the results. The data used were derived from Section 10.7 
and Appendix J. The results of the BHHRA are summarized in Sections 10.8.1.1 and 10.8.1.2. 
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10.8.1.1 Chemicals of Potential Concern 

To determine soil COPCs at the CTA, the data derived from Section 10.7 and Appendix J were 
evaluated against the OU-1 RGs. For chemicals with no RG, the EPA industrial RSLs were used 
(EPA, 2009a). Conservatively, screening levels for noncarcinogens are one-tenth these RSLs 
based on an HI of 0.1 to account for potential additivity of noncarcinogenic effects. If screening 
levels existed for a chemical for both carcinogenic and non-carcinogenic effects, the lower of the 
two values was used for screening. Soil COPC selection was a two-fold process depending on 
the availability of an RG value for a given chemical. When an RG value was available, the 
COPC selection depended on whether the maximum detected concentration for that chemical 
exceeded the RG. When an RG value was not available, the COPC selection depended on 
whether the maximum detected concentration for that chemical exceeded the industrial RSL. 
Residential RSLs were not used in COPC screening. Arsenic and 2,4,6-TNT with respective 
maximum concentrations of 54.5 and 110 mg/kg were the only COPCs in soil. 
 
Since sediment and surface water are not encountered at the CTA, no COPC was identified for 
these two media. 
 
To determine groundwater COPCs at the CTA, the data derived from Section 10.7 and Appendix 
J were evaluated against EPA tap water RSLs (EPA, 2009a) and federal SDWA MCLs and 
HALs (EPA, 2009b) (HALs were used for screening only when there was no RSL or MCL for a 
given chemical). Conservatively, screening levels for noncarcinogens based on RSLs are one-
tenth these RSLs (based on a HI of 0.1) to account for potential additivity of noncarcinogenic 
effects. If screening levels existed for a chemical for both carcinogenic and non-carcinogenic 
effects, the lower of the two values was used for screening. In the case of metals, the total 
fraction was used in determining COPCs to be conservative. The maximum detected 
concentration for each detected chemical in groundwater was screened against the greater of the 
screening levels based on the EPA tap water RSLs or MCLs. Chemicals that exceeded toxicity 
screening levels were retained as COPCs. Conversely, chemicals that were not detected or were 
not detected at maximum concentrations exceeding toxicity screening levels were not retained as 
COPCs. One explosive compound and several metals were identified as COPCs, as follows: 

Chemical 

Maximum 

Concentration (µg/L) Chemical 

Maximum 

Concentration (µg/L) Chemical 

Maximum 

Concentration (µg/L) 

2,4,6-TNT 12.4 beryllium 8.6 lead 113 
aluminum 166000 chromium 345 manganese 12000 
antimony 6.8 cobalt 215 nickel 437 
arsenic 71.8 iron 339000 vanadium 291 

 

10.8.1.2 Chemicals of Concern 

Because IAAAP is an active site and no change is expected, potential current and future receptors 
may include agricultural workers, construction workers, industrial workers, trespassers, and 
wading visitors.  
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The following receptors are expected to be exposed to the following media at the CTA: 

 Construction worker: dermal contact, and inhalation of soil; incidental ingestion, dermal 
contact, and inhalation of groundwater in a trench or excavation (20 feet deep or less); 
ingestion of groundwater from a water supply well 

 Industrial/commercial worker: incidental ingestion, dermal contact, and inhalation of soil; 
ingestion of groundwater from a water supply well. 

 
The CTA does not include any agricultural use areas, so exposure to agricultural workers would 
not be a complete pathway. Trespassers are unlikely as the facility has restricted access, so are not 
considered likely receptors. The wading visitor is exposed only to sediment and surface water; 
since sediment and surface water were not encountered at the site, wading visitors are not 
considered receptors for the CTA. Table 10-9 provides the risk for each of the COPCs detected in 
soil, and Table 10-10 provides the risk for each of the COPCs detected in groundwater. 
 
As with the COPC selection in Section 10.8.1.1, the total fraction of metals in groundwater was 
used in calculating risk to be conservative during the calculations, and a comparison to dissolved 
metals results was conducted if necessary. The results of the risk calculations and metals 
comparison are presented below. 
 
For the construction worker, 2,4,6-TNT and arsenic are considered soil COPCs. Exposure to 
2,4,6-TNT and arsenic in soil by a construction worker indicates a cancer risk of 1.5E-07 and a 
non-cancer HQ of 0.03. Because the cancer risk for the construction worker does not exceed 
1.0E-06, no figure of cancer risk for this receptor in soil is presented.  
 
Exposure to groundwater by a construction worker in a trench or excavation (20 feet deep or less—
includes groundwater concentrations in all four DPT samples) and by ingestion of water from a 
groundwater well within the contaminated groundwater area indicates a total cancer risk of 1.5E-
05 and a non-cancer HQ of 18.4. Ingestion of groundwater contributes the most to the risk from 
groundwater; exposure to groundwater in a trench indicates a cancer risk of less than 1.0E-06 and a 
HQ of less than 1.0. The cancer risk driver is total arsenic with a value of 1.5E-05. The non-cancer 
risk drivers are total iron, total arsenic, total aluminum and total chromium with respective HQs of 
11, 2.3, 1.6, and 1.2. Although lead is a groundwater COPC, there is no model for health effects 
from adult exposure to groundwater. Dissolved arsenic, chromium, iron, and lead were below 
detection limits; and dissolved aluminum was three orders of magnitude lower than total 
aluminum. The risk from these metals is likely from sample turbidity (common in DPT samples) 
and would likely not have an actual adverse effect on drinking water, which is required by EPA to 
have low turbidity. Risk from these metals in groundwater would be considered acceptable. 

For the industrial/commercial worker, 2,4,6-TNT and arsenic are considered industrial soil COPCs. 
Exposure to 2,4,6-TNT and arsenic in soil by an industrial/commercial worker indicates a cancer 
risk of 4.8E-06 and a non-cancer HQ of 0.04. The cancer risk driver is arsenic, with a value of 
4.7E-06. Figure 10-11 illustrates the cumulative cancer risk in soil at each sampling point for the 
industrial/commercial worker. Thirty-three samples exceed a 1.0E-06 cancer risk with values 
ranging from 1.13E-06 to 4.53E-06, and one sample (CTA-TTSB-022) exceeds a 1.0E-05 risk at 
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3.43E-05; arsenic is the risk driver for all 34 samples. CTA-006-ES slightly exceeds a 1.0E-06 
cancer risk at 1.93E-06, with 2,4,6-TNT as the risk driver. Arsenic exceeds the maximum 
background concentration and the OU-1 RG (both 30 mg/kg) in only CTA-TTSB-022.  

For the industrial/commercial worker, exposure to groundwater by ingestion of water from a 
groundwater well within the contaminated groundwater area indicates a total cancer risk of 3.8E-
04 and a non-cancer HQ of 18.2. The cancer risk drivers are total arsenic and 2,4,6-TNT with 
respective values of 3.8E-04 and 1.3E-06. The non-cancer risk drivers are total iron, total 
arsenic, total aluminum and total chromium, with respective HQs of 11, 2.3, 1.6, and 1.1. 
Although lead is a groundwater COPC, there is no model for health effects from adult exposure 
to groundwater. Figure 10-12 illustrates the cumulative risk in groundwater at each sampling 
point for the industrial/commercial worker (more conservative than the construction worker). 
Two samples exceed a 1.0E-06 cancer risk: CTA-TTTW-002, with the risk driver of arsenic; and 
CTA-TTTW-001, with the risk drivers of arsenic and 2,4,6-TNT. The dissolved fractions of 
arsenic, chromium, iron, and lead were below detection limits; and dissolved aluminum was 
three orders of magnitude lower than total aluminum. The risk from these metals is likely from 
sample turbidity as discussed in Section 10.4.3.2 and would likely not have an adverse effect on 
drinking water, which is required by the EPA to have low turbidity. Risk from these metals in 
groundwater would be considered acceptable.  

10.8.2 Ecological Risk Assessment 

The BERA Addendum is provided in Appendix L, including methodologies, tables for the 
ecological risk assessment, and a discussion of the results. The data used were derived from 
Section 10.7 and Appendix J. Shallow soil (2 feet bgs or shallower) was the only medium 
evaluated because the sediment and surface water data are outside the relevant site area, and 
groundwater is not considered a potential pathway for the ecological receptors.  
 
The CTA is a hay field with no development, making the area likely inhabited by wildlife 
(including the rodents used as representative species in the BERA); and potentially used as forage 
area by the Indiana bat. The CTA is located approximately 950 feet from the nearest drainage, 
which becomes an intermittent stream approximately 1,200 feet southeast of the former firing pit. 
The intermittent stream discharges into a pond (former borrow area) approximately 4,000 feet 
southeast of the former firing pit, and includes drainage from other sites (Line 5A and Line 4A). 
 
To determine COPECs for shallow soil, the data derived from Section 10.7 were evaluated as 
detailed in Appendix L. Metals and organics were screened against the SLERA SVs. At the CTA, 
soil COPECs include metals (aluminum, arsenic, cadmium, chromium, cobalt, lead, manganese, 
mercury, nickel, selenium, vanadium, and zinc), explosives (1,3,5-TNB, 2,4,6-TNT, 2,6-DNT, 2-
amino-4,6-DNT, 2-nitrotoluene, 4-amino-2,6-DNT, and tetryl), and one propellant 
(nitrocellulose). Soil COPECs for the Indiana bat include all detected metals above background 
concentrations calculated in the BERA and any detected organic compounds (e.g., explosives).  
No sediment or surface water samples have been collected at the CTA because these media are 
not present. 
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The ecological risk posed by COPECs in soil and surface water/sediment was evaluated using 
multiple lines of evidence, as described in the sections below. 
 
Terrestrial receptors at the CDL (white footed mouse, short tailed shrew, and Indiana bat) were 
evaluated using equations from the BERA as detailed in Appendix L. HQ values were estimated 
from NOAEL-based and LOAEL-based TRVs. TRVs are used to quantitatively estimate the 
magnitude of toxicity of each COPEC. Table 8-13 provides the results of the HQ calculations for 
each of the COPECs in soil. Consistent with the MWH BERA, those COPECs with LOAEL-
based HQs exceeding 1.0 and detected at concentrations greater than background were compared 
to the CCs to evaluate the spatial distribution of the risk drivers. The CCs are calculated analyte 
concentrations that equate to a HQ of 1.0. Per the BERA, exposure to media containing COPECs 
below the LOAEL-based CCs should not result in unacceptable levels of risk to ecological 
receptors. Therefore, the CC values corresponding to LOAEL-based HQs of 1.0 (or background) 
were used to estimate COPEC concentrations in soil that might pose an ecological concern 
(MWH, 2004). 
 
Risks to terrestrial receptors at the CTA (white footed mouse, short tailed shrew, and Indiana 
bat) were evaluated using equations from the BERA as detailed in Appendix L. HQ values were 
estimated from NOAEL-based and LOAEL-based TRVs. TRVs are used to quantitatively 
estimate the magnitude of toxicity of each COPEC. Table 10-9 provides the results of the HQ 
calculations for each of the COPECs in soil. Consistent with the MWH BERA, those COPECs 
with LOAEL-based HQs exceeding 1.0 and detected at concentrations greater than background 
were compared to the CCs to evaluate the spatial distribution of the risk drivers. The CCs are 
calculated analyte concentrations that equate to a HQ of 1.0. Per the BERA, exposure to media 
containing COPECs below the LOAEL-based CCs should not result in unacceptable levels of 
risk to ecological receptors. Therefore, the CC values corresponding to LOAEL-based HQs of 
1.0 (or background) were used to estimate COPEC concentrations in soil that might pose an 
ecological concern (MWH, 2004). 
 
A summary of the NOAEL- and LOAEL-based HQ values that exceed 1.0 for the white-footed 
mouse and short-tailed shrew exposed to COPECs in soil at the CTA is presented below. 

COPEC 

White-Footed Mouse Short-Tailed Shrew Concentrations 
Below 

Background? 
Compare to 

CCs? NOAEL HQ LOAEL HQ NOAEL HQ LOAEL HQ 
Aluminum 35 3.5 485 48 Yes No 
Arsenic <1 <1 1.2 <1 No No 
Cobalt <1 <1 3.8 <1 No No 
Selenium <1 <1 1.2 <1 No No 
Vanadium <1 <1 7.9 <1 Yes No 

The risk from exposure to arsenic, cobalt, selenium, and vanadium is considered to be acceptable 
because the LOAEL-based HQs for these four COPECs are less than 1.0. Additionally, the risk 
from exposure to aluminum and vanadium is considered to be acceptable because their 
concentrations at the CTA are lower than background concentrations. Risk to these receptors is 
considered to be acceptable.   
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For the Indiana bat, the cumulative NOAEL-based HI is greater than 10 due to 2,4,6-TNT (13), 
and LOAEL-based HQs exceed 1.0 only for selenium at 1.4. When risks to the bat were re-
evaluated using only the post-removal data, the cumulative NOAEL-based HI was less than 10, 
and the LOAEL-based HQ value for selenium remained 1.4. The selenium CC for the bat of 2.02 
mg/kg is exceeded by 53 samples; however, selenium appears to be naturally occurring at 
concentrations above background. The risk to the bat from exposure to selenium is considered to 
be acceptable.   
 
The ecological risk to all three terrestrial receptors from COPECs in the soil at the CTA is 
considered to be acceptable.    

10.9 SUMMARY AND CONCLUSIONS 

Based on a review of historical information at the CTA, the CTL was constructed in 1941 and 
operated until 1963, and the test-fire area was constructed between 1941 and 1950, and operated 
for an unknown period of time. Investigations conducted between 1995 and 2006 indicate that 
explosives and metals above background are present in the soil to at least 6 feet bgs. The 
explosive 2,4,6-TNT, arsenic, and cadmium exceed OU-1 RGs. Explosives and metals are 
present in the groundwater to at least 32 feet bgs. The 2,4,6-TNT concentration exceeds the 
applicable comparison criterion. All dissolved metal concentrations are below applicable 
comparison criteria or detection limits; thus, the elevated total metals concentrations are 
attributable to the turbidity of the samples.  
 
A review of the data collected at the CTA indicates that the metals analytical data for soils 
collected in 1995 have data quality issues; thus,were not used in the risk assessments. 
 
Human health and ecological risk assessments were conducted for the CTA. The results of the 
human health risk assessment indicate that there are no unacceptable cancer risks or non-cancer 
hazards identified from the chemicals detected at the CTA for the construction worker exposed 
to soil in a trench or excavation. For the industrial/commercial worker exposed to surface soil the 
cancer risk exceeds 1.0E-06, with arsenic the risk driver; the non-cancer HQ less than 1.0. 
Arsenic exceeds the OU-1 RG only in sample CTA-TTSB-022, the location of which was 
removed during the RA. Therefore, the human health risk from the remaining soil contamination 
is acceptable. For the construction worker or industrial/commercial worker ingesting water from 
a groundwater well installed though the contaminated area, the total cancer risk exceeds 1.0E-06, 
with 2,4,6-TNT and arsenic the risk driver; the non-cancer HQ exceeds 1.0, with total iron, total 
arsenic, total aluminum, and total chromium the risk drivers. There is no model for health effects 
from adult exposure to lead in groundwater. Dissolved arsenic, chromium, iron, and lead were 
not detected, and dissolved aluminum was nearly three orders of magnitude lower than total 
aluminum. The elevated total metals concentrations are attributable to sample turbidity, which 
would not likely contribute risk to a water supply because of the lower turbidity requirements for 
drinking water. The human health risk from the CTA is considered to be acceptable for all 
chemicals and media except 2,4,6-TNT in groundwater. 
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The results of the ecological risk assessment indicate that for soil COPCs detected at 
concentrations greater than background after soil removal activities, LOAEL-based HQs exceed 
1.0 for the Indiana bat exposed to selenium. Selenium appears to be naturally occurring above 
background; thus, the ecological risk to the bat is considered acceptable. The ecological risk to 
the white-footed mouse and short-tailed shrew are also considered acceptable. There are no 
aquatic receptors. Ecological risk from the CTA is considered to be acceptable. 
 
Soil contamination at the CTA poses acceptable human health risk and acceptable ecological 
risk. Some chemicals may present a leaching risk. The explosive 2,4,6-TNT may leach to 
groundwater because it exceeds the OU-1 leaching-based RG in subsurface soil. Low 
concentrations of 2,4,6-TNT were detected in groundwater southeast (downgradient) of the 
location of the elevated 2,4,6-TNT in soil, indicating leaching has occurred. However, the 
location of the 2,4,6-TNT soil exceedance was removed during the soil RA, so it no longer 
presents a leaching risk to groundwater. The explosives 2,4-DNT, 2,6-DNT, and nitrobenzene 
may leach to groundwater because they exceed DAF20 SSLs; however, none of these chemicals 
were detected in groundwater, indicating limited leaching and/or transport has occurred. 
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11.0   CONCLUSIONS AND RECOMMENDATIONS  

 
 
Because of the media-based nature of OU-1 (soil) and OU-6 (groundwater) at IAAAP, some 
soils and all groundwater are being addressed under the media-specific OUs. The soil component 
of three of the OU-7 sites (InDA, PDS, and the CTA) was transferred to OU-1 as part of the 
Final ESD for the OU-1 IROD (Tetra Tech, 2008b). These three sites have contamination similar 
to that at the sites covered under the OU-1 ROD, and some chemicals exceeded OU-1 RGs; thus, 
the soil at these three sites was remediated under OU-1. Three other sites (the FAWP, the CDL, 
and the Line 3A Pond) do not have soil contamination similar to that at the sites covered under 
the OU-1 ROD or have other elements that set them apart; thus, those human health and/or 
ecological risks will continue to be addressed in OU-7. Surface water and sediment that pose 
human health and/or ecological risks will also continue to be addressed in OU-7. All 
groundwater that poses human health risks is being addressed within the OU-6 FS currently in 
preparation. The conclusions and recommendations specific to each site are presented in the 
sections below. 

11.1 INCENDIARY DISPOSAL AREA 

The InDA is considered adequately investigated. Soil contamination exceeding the OU-1 RG for 
lead was excavated in 2007 as part of the OU-1 RA. Additional investigation/remediation is 
being conducted under OU-5. 
 
The results of the human health risk assessment indicate that for the construction worker or 
industrial/commercial worker exposed to chemicals detected in the soil at the InDA there are no 
unacceptable cancer or non-cancer risks. Therefore, human health risks from soil were 
considered minimal prior to the RA. For the construction worker or industrial/commercial 
worker ingesting water from a groundwater well installed though the contaminated area, the total 
cancer risk is greater than 1.0E-06, with total arsenic as the risk driver. The non-cancer HQ is 
greater than 1.0, with total iron, total manganese, total arsenic, total aluminum, and total 
chromium the hazard drivers. There is no model for health effects from adult exposure to lead in 
groundwater. The elevated total metals concentrations driving the risk are attributable to sample 
turbidity, which would not likely contribute risk to a water supply because of the lower turbidity 
requirements for drinking water. Therefore, risks from ingestion of groundwater are considered 
acceptable. There is no unacceptable human health risk from sediment or surface water. Human 
health risks from chemicals at the InDA are considered acceptable. 
 
The results of the ecological risk assessment indicate that ecological risk is acceptable for 
terrestrial and aquatic receptors. 
 
The InDA will not be carried forward into the FS phase of OU-7 because the soil component has 
been transferred to OU-1 (and remediated), and human health and ecological risk from exposure 
to surface water and sediment is acceptable. The groundwater component is being evaluated in 
the OU-6 FS for site-wide groundwater and will not be evaluated further in OU-7.  
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11.2 OLD FLY ASH WASTE PILE 

The FAWP is considered adequately investigated. Arsenic exceeds the OU-1 RG in one soil/ash 
sample.  
 
The results of the human health risk assessment indicate that for the construction worker exposed 
to chemicals detected in soil at the FAWP there are no unacceptable cancer or non-cancer risks. 
For the industrial/commercial worker exposed to surface soil/ash, the total cancer risk exceeds 1.0E-
06, with arsenic as the risk driver; the non-cancer HQ is less than 1.0. Arsenic exceeds the 
maximum background (and the OU-1 RG) in only one sample. For the construction worker or 
industrial/commercial worker ingesting water from a groundwater well installed though the 
contaminated area, the total cancer risk is greater than 1.05E-06, and the non-cancer HQ is 
greater than 1.0; total arsenic is the risk driver for cancer and non-cancer risks. There is no model 
for health effects from adult exposure to lead in groundwater. The elevated total metals 
concentrations are attributable to sample turbidity, which would not likely contribute risk to a 
water supply because of the lower turbidity requirements for drinking water. Therefore, risks from 
ingestion of groundwater are considered acceptable. There is no unacceptable risk to the 
construction worker from groundwater in an excavation up to 20 feet deep. There is no 
unacceptable human health risk from sediment or surface water. Except for arsenic in surface ash, 
human health risks from chemicals at the FAWP are considered acceptable. 
 
The results of the ecological risk assessment indicate that ecological risk is acceptable for 
terrestrial receptors, except for the white-footed mouse and short-tailed shrew exposed to silver 
in surface ash. Silver in surface ash does not pose an ecological risk to the Indiana bat, a 
threatened species. Ecological risk is acceptable for aquatic receptors exposed to sediment, but is 
not acceptable when the ash sample data from the waste pile are included as sediment, with 
arsenic, beryllium, mercury, selenium, and silver the risk drivers. Ecological risk is acceptable 
for aquatic receptors exposed to surface water. 
 
Because there is potentially unacceptable ecological and human health risk from exposure to ash 
at the FAWP, the ash component will be carried forward into the FS phase of OU-7. The 
groundwater component is being evaluated in the OU-6 FS for site-wide groundwater and will 
not be evaluated further in OU-7.  

11.3 POSSIBLE DEMOLITION SITE 

The PDS is considered adequately investigated. Soil contamination exceeding the OU-1 RGs for 
2,4,6-TNT and mercury was excavated in 2007 as part of the OU-1 RA, and based on 
confirmation sampling, no soil above RGs remains in the excavated areas. Additional 
investigation/remediation is being conducted under OU-5. 
 
The results of the human health risk assessment indicate that for the construction worker or 
industrial/commercial worker exposed to chemicals detected in the soil at the PDS there are no 
unacceptable cancer or non-cancer risks. Therefore, human health risks from soil are considered 
acceptable. For the construction worker or industrial/commercial worker ingesting water from a 
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groundwater well installed though the contaminated area, the total cancer risk is greater than 
1.0E-06, with total arsenic as the risk driver; and the non-cancer HQ is greater than 1.0, with 
total iron as the risk driver. There is no model for health effects from adult exposure to lead in 
groundwater. The elevated total metals concentrations are attributable to sample turbidity, which 
would not likely contribute risk to a water supply because of the lower turbidity requirements for 
drinking water. Therefore, risks from ingestion of groundwater are considered acceptable. There 
is no unacceptable risk to the construction worker from groundwater in an excavation up to 20 feet 
deep. There is no unacceptable human health risk from sediment or surface water. Human health 
risks from chemicals at the PDS are considered acceptable. 
 
The results of the ecological risk assessment indicate that ecological risk is acceptable for 
terrestrial and aquatic receptors. 
 
Because the exceedance of the 2,4,6-TNT leaching-based RG was prior to the soil RA, and the 
location with the elevated 2,4,6-TNT soil concentration was removed during the RA, no leaching 
risk is considered to remain at the site. 
 
The PDS will not be carried forward into the FS phase of OU-7 because the soil component has 
been transferred to OU-1 (and remediated), and human health and ecological risk from exposure 
to surface water and sediment is acceptable. The groundwater component is being evaluated in 
the OU-6 FS for site-wide groundwater and will not be evaluated further in OU-7.  

11.4 EXPLOSIVE WASTE INCINERATOR 

The EWI is considered adequately investigated. RDX exceeds the OU-1 RG in one ditch sample 
collected in 1991, but not in subsequent adjacent samples, indicating it may have been 
anomalous.  
 
The results of the human health risk assessment indicate that for the construction worker or the 
industrial/commercial worker there are no cancer or non-cancer risks from chemicals at the EWI. 
The results of the ecological risk assessment indicate that ecological risk is acceptable for 
terrestrial receptors. There are no aquatic receptors.  
 
RDX in soil may leach to groundwater; however, it was detected in shallow groundwater at a 
low concentration below applicable comparison criteria. Therefore, the risk from leaching is 
considered minimal. 
 
The EWI will not be carried forward into the FS phase of OU-7 because human health and 
ecological risks from exposure to soil are acceptable, and the one exceedance of the OU-1 RG 
was not confirmed in subsequent sampling. The groundwater component is being evaluated in 
the OU-6 FS for site-wide groundwater and will not be evaluated further in OU-7.  
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11.5 CONSTRUCTION DEBRIS LANDFILL 

The CDL is considered adequately investigated. Although the extent of buried ash that may 
present a source of contamination has not been determined, no groundwater contamination (e.g., 
metals, PAHs) is present in downgradient areas that would be indicative of contamination 
leached from fly ash. Benzo[a]pyrene in soil exceeds the OU-1 RG.  
 
The results of the human health risk assessment indicate that for the construction worker or 
industrial/commercial worker exposed to chemicals detected in the soil at the CDL there are no 
unacceptable cancer or non-cancer risks. Therefore, risks from exposure to soil are considered 
minimal. For the construction worker or industrial/commercial worker ingesting water from a 
groundwater well installed though the contaminated area, the total cancer risk is greater than 
1.0E-06, with bis(2-chloroethyl)ether as the risk driver; and the non-cancer HQ is greater than 
1.0, with no chemicals with HQs above 1.0. There is no model for health effects from adult 
exposure to lead in groundwater. The bis(2-chloroethyl)ether is considered anomalous and not 
indicative of site contamination. Elevated total lead concentrations are attributable to sample 
turbidity, which would not likely contribute risk to a water supply because of the lower turbidity 
requirements for drinking water. Therefore, risks from ingestion of groundwater are considered 
acceptable. There is no unacceptable risk to the construction worker from exposure to groundwater 
in an excavation up to 20 feet deep or for the industrial/commercial worker exposed to vapors in a 
building. There is no unacceptable human health risk from sediment or surface water. Human 
health risks from chemicals at the CDL are considered acceptable. 
 
The results of the ecological risk assessment indicate that ecological risk is acceptable for 
terrestrial receptors. There are no aquatic receptors.  
 
Some chemicals may present a leaching risk. The PAHs benzo[a]pyrene, benzo[a]anthracene, 
benzo[b]fluoranthene, and dibenz[a,h]anthracene may leach to groundwater from buried ash 
and/or soil samples close to groundwater based on a comparison to SSLs. However, no PAHs 
have been detected in any of the groundwater samples, indicating little leaching and transport of 
PAHs; thus, such risk is considered low. 
 
The CDL will not be carried forward into the FS phase of OU-7 because human health and 
ecological risks from exposure to soil, sediment, and surface water are acceptable. The 
groundwater component is being evaluated in the OU-6 FS for site-wide groundwater and will 
not be evaluated further in OU-7.   

11.6 LINE 3A POND 

The Line 3A Pond is considered adequately investigated, and the actual ―pond‖ has been located. 
 
The results of the human health risk assessment indicate that for the construction worker or 
industrial/commercial worker directly exposed to chemicals in the soil at the Line 3A Pond there 
are no unacceptable cancer or non-cancer risks. The risk from exposure of the industrial/ 
commercial worker to vapors in a potential building from soil contaminants is greater than 
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1.0E-06, with methylene chloride, 1,2-DCP, and chloroform the risk drivers; and the HQ is 
greater than 1.0, with 1,2-DCP the risk driver. For the construction worker or 
industrial/commercial worker ingesting water from a groundwater well installed through the 
contaminated area, the total cancer risk is greater than 1.0E-06, with total arsenic, 1,2-DCP, 
2,4,6-TNT, and methylene chloride the risk drivers. The non-cancer HQ is greater than 1.0, with 
2,4,6-TNT, and total iron and total cobalt the risk drivers. There is no model for health effects 
from adult exposure to lead in groundwater. The elevated total metals concentrations are 
attributable to sample turbidity, which would not likely contribute risk to a water supply because 
of the lower turbidity requirements for drinking water. There are no unacceptable cancer or non-
cancer risks identified for the industrial/commercial worker exposed to vapors from groundwater 
under a building.  
 
The results of the ecological risk assessment indicate that ecological risk is acceptable for 
terrestrial receptors. There are no aquatic receptors. 
 
Some chemicals may present a leaching risk, particularly those VOCs present in soil that show 
elevated risk in groundwater.  
 
Because there is potentially unacceptable human health risk from vapor intrusion from 
subsurface soil at the Line 3A Pond, it will be carried forward into the FS phase of OU-7. The 
groundwater component is being evaluated in the OU-6 FS for site-wide groundwater and will 
not be evaluated further in OU-7.     

11.7 CENTRAL TEST AREA 

The CTA is considered adequately investigated. Soil contamination exceeding the OU-1 RGs for 
arsenic, chromium, and 2,4,6-TNT (including the approximate location of the JAYCOR samples 
with data issues) was excavated in 2007 as part of the OU-1 RA. The 2,4,6-TNT concentration 
exceeds applicable groundwater comparison criteria. Additional investigation/remediation is 
being conducted under OU-5. 
 
The results of the human health risk assessment indicate that for the construction worker exposed 
to chemicals in the soil at the CTA there are no unacceptable cancer or non-cancer risks.  For the 
industrial/commercial worker exposed to surface soil the cancer risk exceeds 1.0E-06, with 
arsenic the risk driver; the non-cancer HQ less than 1.0. Arsenic exceeds the OU-1 RG only in 
one sample, the location of which was removed during the RA. Therefore, the human health risk 
from the remaining soil contamination is acceptable. For the construction worker or the 
industrial/commercial worker ingesting water from a groundwater well installed though the 
contaminated area, the total cancer risk is greater than 1.0E-06, with 2,4,6-TNT and total arsenic 
the risk drivers; and the non-cancer HQ is greater than 1.0, with total iron, total arsenic, total 
aluminum, and total chromium the risk drivers There is no model for health effects from adult 
exposure to lead in groundwater. The elevated total metals concentrations are attributable to 
sample turbidity, which would not likely contribute risk to a water supply because of the lower 
turbidity requirements for drinking water. Except for 2,4,6-TNT in groundwater, human health 
risks from chemicals at the CTA are considered acceptable. 



 IAAAP 
Supplemental Remedial Investigation  

Operable Unit 7 
 
 

 11-6 

The results of the ecological risk assessment indicate that ecological risk is acceptable for 
terrestrial receptors. There are no aquatic receptors.  
 
The explosives 1,3-DNB, 2,4,6-TNT, 2,4-DNT, 2,6-DNT, 2-amino-4,6-DNT, 4-amino-2,6-DNT, 
2-nitrotoluene, and nitrobenzene may leach to groundwater based on a comparison to SSLs. Low 
concentrations of 2,4,6-TNT were detected in a groundwater well southeast (downgradient) of the 
location of the elevated 2,4,6-TNT concentration in soil, indicating leaching has occurred. However, 
the location of the 2,4,6-TNT soil exceedance was removed during the soil RA, so it no longer 
presents a leaching risk to groundwater.  
 
The CTA will not be carried forward into the FS phase for OU-7 because the soil component has 
been transferred to OU-1 (and remediated). The groundwater component is being evaluated in the 
OU-6 FS for site-wide groundwater and will not be evaluated further in OU-7.  
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