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Executive Summary 
This Remedial Investigation (RI) Report for Operable Unit 11 (OU‐11) presents the results of RI activities 
for 20 environmental sites within 12 areas at the Iowa Army Ammunition Plant (IAAAP), in Middletown, 
Iowa. The RI was conducted in accordance with the Uniform Federal Policy–Quality Assurance Project 
Plan for Remedial Investigation at Iowa Army Ammunition Plant, Middletown, Iowa (UFP‐QAPP) (CH2M 
2017a). This RI was completed under Delivery Order 0006 of U.S. Army Corps of Engineers, Louisville 
District, Contract W912QR‐12‐D‐0005. 

The IAAAP consists of 19,011 acres adjacent to Middletown, in Des Moines County, Iowa (Figure 1‐1). It is 
approximately 8 miles west of Burlington, which with a population of 25,436, is the largest city in Des 
Moines County. The IAAAP is an active Joint Munitions Command facility currently operated by civilian 
contractor American Ordnance, LLC. The current mission of the IAAAP is to load, assemble, and pack 
ammunition items, including projectiles, mortar rounds, warheads, demolition charges, and munitions 
components such as fuses, primers, and boosters. 

Due to explosives‐contaminated surface water leaving the installation boundaries, the IAAAP was placed 
on the National Priorities List in August 1990. In September 1990, a Federal Facility Agreement was 
signed by the U.S. Environmental Protection Agency (USEPA) Region 7 and the U.S. Army; it became 
effective in December 1990. The IAAAP was placed under the DoD Installation Restoration Program 
(IRP), which follows the CERCLA process, as amended by the Superfund Amendments and 
Reauthorization Act. In July 2002, several areas of the IAAAP previously used by the former Atomic 
Energy Commission were designated by USACE to be under the Formerly Utilized Sites Remedial Action 
Program (FUSRAP) and therefore were subsequently removed from the DoD IRP (U.S. Army 2007). 

The IAAAP is currently divided into eight operable units (OUs) (USACE 2016). To streamline the CERCLA 
process, three new OU divisions are being proposed based on recommended remedial actions for the 
IAAAP sites. This RI report includes sites that are recommended for inclusion in the new OU‐11 grouping. 

The overall objectives of this RI were to update the conceptual site model for each IAAAP area, assess 
the potential for unacceptable human health and ecological risk, and recommend a path forward 
consistent with the Guidance for Conducting Remedial Investigations and Feasibility Studies 
under CERCLA, Interim Final (USEPA 1988a). 

IAAAP Site‐Specific Descriptions 
This report presents the results of RI activities for the 20 IAAAP sites within 12 areas at the IAAAP listed 
below. 

Boxcar Unloading Area (IAAP-014 and IAAP-014G): This RI report addresses soil media (IAAP‐014) and 
groundwater media (IAAP‐014G). The Boxcar Unloading Area (BCU) encompasses 7 acres and consists of 
two areas adjacent to the railroad tracks west of Plant Road O in Yard B, approximately 750 feet west of 
the Explosive Disposal Area. This area was used as an unloading and temporary storage area for 
dunnage lumbar in the 1940s, although the rail cars at times also transported boxes of explosives. 

Central Test Area (IAAP-047G and IAAP-001-R-01): This RI report addresses groundwater media 
associated with both IAAP‐047G and IAAP‐001‐R‐01. Although soil and munitions and explosives of 
concern (MEC) are present at the Central Test Area (CTA), they are not part of this RI report. Soil media 
(IAAP‐047) is addressed under the OU‐1 remedial action. MEC and munitions constituents in soil and 
groundwater (IAAP‐001‐R‐01) are addressed under the OU‐5 remedial action. The CTA is an 
approximately 6.4 acre area that encompasses the former Central Testing Laboratory, housed in Building 
600‐84, and two former test areas. This area was used for testing components such as fuzes, primers, 
and detonators inside the building between the 1950s and the 1970s. The field north and east of 
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Building 600‐84 was used as a test‐fire area for an unknown period of time starting between 1941 and 
1950. 

Explosive Waste Incinerator (IAAP-025 and IAAP-025G): This RI report addresses soil media (IAAP‐025) 
and groundwater media (IAAP‐025G). The Explosive Waste Incinerator (EWI) is an inactive, 2‐acre area in 
the southwest corner of the Explosive Disposal Area, southwest of the Fire Training Pit, within Building 
BG‐199‐1. This area was used to incinerate ammunition products and operated between 1981 and 1997. 

Yard L (Unassigned): This RI report addresses groundwater media associated with the unassigned Yard L 
site. Soil media was investigated under the OU‐8 (FUSRAP) RI and is not part of this RI report. Yard L is an 
approximately 12‐acre site that encompasses three long, rectangular buildings (Warehouses L‐37‐1, L‐
37‐2, and L‐37‐3) oriented east–west with railroad tracks in the northern portion of the IAAAP facility. 
This site provided storage space for Line 1 classified component parts. Yard L is currently in use by the 
U.S. Army for storage of inert parts and materials. 

Lines 4A and 4B Ammo Assembly (IAAP-005G): This RI report addresses groundwater media (IAAP‐
005G). Soil media (IAAP‐005) at the Lines 4A and 4B Ammo Assembly (Lines 4A/4B) is addressed under 
the OU‐1 remedial action and is not part of this RI report. Lines 4A/4B is a 57.8 acre site that 
encompasses two production lines (Lines 4A and 4B) in the north‐central portion of the IAAAP facility. 
Line 4A was constructed in 1941 and used to manufacture fuzes for ammunition production and was 
renovated in 1996 for a private industry. Line 4A is currently inactive and in layaway status. Line 4B was 
constructed in 1941 as an assembly facility. Line 4B is currently active and used for warhead production. 

Line 6 Ammo Production (Detonator) (IAAP-007G, IAAP-002-R-01, and IAAP-002-R-02): This RI report 
addresses groundwater media associated with IAAP‐007G, IAAP‐002‐R‐01, and IAAP‐002‐R‐02. Although 
soil and MEC are present at the Line 6 Ammo Production (Detonator) (Line 6), they are not part of this RI 
report. Soil media (IAAP‐007) is addressed under the OU‐1 remedial action. MEC and munitions 
constituents in soil and groundwater (IAAP‐002‐R‐01 and IAAP‐002‐R‐02) are addressed under the OU‐5 
remedial action. Line 6 is an approximately 95.2 acre area that encompasses the Line 6 production area 
in the north‐central portion of the IAAAP facility. This area was used for production, storage and 
shipping of detonators, delays, and relays between 1941 and 1992. Line 6 remains in extended storage, 
and most buildings have been recently demolished. 

Line 8 Ammo Load, Assemble, and Pack (LAP) (Fuse/Rocket) (IAAP-009G): This RI report addresses 
groundwater media (IAAP‐009G). Soil media (IAAP‐009) at the Line 8 Ammo LAP (Fuse/Rocket) (Line 8) is 
addressed under the OU‐1 remedial action and is not part of this RI report. Line 8 is an approximately 22 
acre area that encompasses a former production line (Line 8) in the central portion of the IAAAP facility. 
Line 8 was used for producing Amatol during World War II and operations ceased after 1950. 

Maneuver Area (IAAP-006-R-02): This RI report addresses groundwater media associated with IAAP‐
006‐R‐02. MEC and munitions constituents in soil and groundwater (IAAP‐006‐R‐02) at the Maneuver 
Area (MA) were investigated under the OU‐5 RI and are not part of this RI report. The MA encompasses 
approximately 486 acres in the southeastern portion of the IAAAP facility and was used for training 
exercises by the Iowa Air National Guard between 1969 and 2001. 

Possible Demolition Site (South Yard G) (IAAP-018G and IAAP-004-R-01): This RI report addresses 
groundwater media associated with IAAP‐018G and IAAP‐004‐R‐01. Although soil and MEC are present 
at the Possible Demolition Site (PDS), they are not part of this RI report. Soil media (IAAP‐018) is 
addressed under the OU‐1 remedial action. MEC and munitions constituents in soil and groundwater 
(IAAP‐004‐R‐01) are addressed under the OU‐5 remedial action. The PDS is a 40‐acre area that 
encompasses an inactive site near the southern IAAAP property boundary. South Yard G is an 
approximately 15‐acre area to the south of Plant Road K that was formerly used as a demolition area 
between 1940 and 1950. A former small‐arms firing range, referred to as the historical small‐arms range 
(HSAR), was in the northwestern portion of the PDS and operated from the 1960s to the 1980s. 
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Roundhouse Transformer Storage Area (IAAP-040G): This RI report addresses groundwater media 
(IAAP‐040G). Soil media (IAAP‐040) at the Roundhouse Transformer Storage Area (Roundhouse) is 
addressed under the OU‐1 remedial action and is not part of this RI report. Roundhouse is a 4.5 acre 
area in the northeast central portion of the IAAAP facility that was used for storing all unused 
transformers for the IAAAP prior to 1980. 

Unidentified Substance Waste Site (IAAP-022 and IAAP-022G): This RI report addresses soil media 
(IAAP‐022) and groundwater media (IAAP‐022G). The Unidentified Substance Waste Site (USWS) 
encompasses a spill area approximately 20 feet by 20 feet, 15 to 20 feet south of the railroad track bed, 
in the central portion of the IAAAP facility. 

Incendiary Disposal Area East Yard D (IAAP-013G and IAAP-006-R-01): This RI report addresses 
groundwater media associated with IAAP‐013G and IAAP‐006‐R‐01. Although soil and MEC are present 
at the Incendiary Disposal Area (InDA), they are not part of this RI report. Soil media (IAAP‐013) is 
addressed under the OU‐1 remedial action. MEC and munitions constituents in soil and groundwater 
(IAAP‐006‐R‐01) are addressed under the OU‐5 remedial action. The InDA encompasses East Yard D, an 
inactive area that originally occupied approximately 3.6 acres before the area was expanded to include 
approximately 34 acres in the southeastern portion of the facility. The InDA was reportedly used by a 
contractor from 1940 to 1946 as a high‐explosives demolition area and/or for burial of unknown 
materials. 

This RI document reflects certain procedural departures from the standard USEPA Human Health Risk 
Assessment (HHRA) process that the Army routinely applies at its installations (USEPA 1989). An 
example is the inclusion in the HHRA of onsite detected chemicals with concentrations that are either 
the same or less than those of their respective site‐specific background concentrations (naturally 
occurring chemicals). Background values were established for metals in groundwater, surface water, and 
sediment at IAAAP; the same background data sets were used for both the human health and ecological 
risk evaluations. This inclusion is consistent with the 2017 UFP‐QAPP (Worksheet #14) and USEPA’s 
(2002a) Role of Background in the CERCLA Cleanup Program guidance (OSWER 9285.6‐07P). Although 
inconsistent with the process the Army uses for background in the HHRA for their installations, this 
method complies with the requests from the USEPA in a memorandum from the USEPA Region 7 
Remedial Project Manager to the IAAAP Project Manager (USEPA 2019) based on the OSWER 9285.6‐
07P guidance. 

Background values were also established for soil as part of the 2004 Baseline Ecological Risk Assessment 
(BERA) (MWH 2004), as documented in the final UFP‐QAPP (CH2M 2017a). However, the 2004 BERA 
background values were not developed using the same statistical approach that was used for the 
groundwater, surface water, and sediment BTVs. Per the USEPA (2021c, 2021d), the soil background 
values for metals (that is, the 2004 BERA values) that were presented in the final UFP‐QAPP (CH2M 
2017a) must be recalculated using a different statistical approach. Therefore, the 2004 BERA soil 
background values were not used during the risk assessment or risk management process in the OU‐11 
report. However, the 2004 BERA soil background values are included in the nature and extent discussion 
of the OU‐11 RI report for informational purposes only. 

Based on the conceptual site models and results of human health risk assessments and ecological risk 
assessments, either there is no evidence of a site release, or site‐related chemicals in media evaluated in 
this RI do not pose potentially unacceptable noncarcinogenic hazards or carcinogenic risks at any of the 
20 sites, with the exception of Line 6. The HHRA identified potentially unacceptable risks for future 
hypothetical residential receptors exposed to manganese in groundwater at Line 6. Nevertheless, there 
is uncertainty as to whether manganese may be naturally occurring in groundwater at Line 6. There are 
no records of manganese being used as part of line operations. In addition, the distribution of 
manganese concentrations at Line 6 is not indicative of a release at the site, as elevated concentrations 
were observed in an upgradient monitoring well. However, there is no recent data to verify that 
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manganese is not site‐related. Therefore, further investigation is recommended to evaluate these 
elevated manganese concentrations. A No Further Action (NFA) decision is warranted for the remaining 
sites and corresponding media. 

Recommendations 
It is recommended that 13 IAAAP sites (IAAP‐014/IAAP‐014G, IAAP‐047G, IAAP‐025/IAAP‐025G, Yard L 
groundwater, IAAP‐005G, IAAP‐009G, IAAP‐018G, IAAP‐040G, IAAP‐022/IAAP‐022G, and IAAP‐013G) be 
transferred to a new OU (OU‐11), and NFA be presented as the preferred remedy in a Proposed Plan. 
Further investigation is recommended at one IAAAP site (IAAP‐007G [Line 6]) to verify that manganese 
in groundwater is naturally occurring, and not site‐related. The IAAAP sites can be subsequently closed 
under an NFA Record of Decision (ROD) for OU‐11, as summarized below: 

RI Recommendations 
Army Environmental  

Database Site Number 
Army Environmental  
Database Site Name 

NFA for soil under OU‐11 IAAP‐014 Boxcar Unloading Area 

IAAP‐025 Explosive Waste Incinerator 

IAAP‐022 Unidentified Substance Waste Site 

NFA for groundwater under OU‐11 IAAP‐014G Boxcar Unloading Area—Groundwater 

IAAP‐047G Central Test Area Groundwater 

IAAP‐025G Explosive Waste Incinerator Groundwater 

IAAP‐005G Line 4A/4B Ammo Assembly Groundwater 

IAAP‐009G Line 8 Ammo LAP (Fuze/Rocket) Groundwater 

IAAP‐018G Possible Demolition Site (South Yard G) Groundwater 

IAAP‐040G Roundhouse Transformer Storage Area Groundwater 

IAAP‐022G Unidentified Substance (Oil) Waste Site Groundwater 

IAAP‐013G Incendiary Disposal Area East Yard D—Groundwater 

Unassigned Yard L Groundwater 

NFA for groundwater under OU‐5, 
continue to manage MEC under OU‐5 

IAAP‐001‐R‐01 Central Test Area 

IAAP‐002‐R‐01  Line 6 Ammo Production (Inside Blast Radii) 

IAAP‐004‐R‐01 Possible Demolition Site 

IAAP‐006‐R‐01 Incendiary Disposal Area 

NFA under OU‐5a IAAP‐002‐R‐02 Line 6 Ammo Production (Outside Blast Radii) 

IAAP‐006‐R‐02 Maneuver Area 

Further Investigation Recommended IAAP‐007G Line 6 Ammo Production (Detonator) Groundwater 

a NFA is already documented in the OU‐5 ROD. 

MEC = munitions and explosives of concern 

 

This RI report supports the previous conclusions for groundwater under OU‐5. It is recommended that 
four of the MMRP sites included in this RI report (IAAP‐001‐R‐01, IAAP‐002‐R‐01, IAAP‐004‐R‐01, and 
IAAP‐006‐R‐01) continue to be managed under OU‐5; the OU‐5 remedy does not need to be revised to 
address groundwater. Per the ROD for OU‐5 (CB&I 2014), LUCs have also been established as the 
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remedy for these MMRP areas. The LUCs for OU‐5 consist of access restrictions (such as fencing and 
signage). Two of the MMRP sites included in this RI report (IAAP‐002‐R‐02 [Line 6 Ammo Production 
(Outside Blast Radii)] and IAAP‐006‐R‐02 [MA] have already been closed as NFA under the OU‐5 ROD 
(CB&I 2014); therefore, no additional action is needed for these site and they can remain closed. These 
recommendations for the OU‐5 sites can be documented in the next five‐year review report for IAAAP, 
which includes the IRP OUs with remedies in place (OU‐1, OU‐3, OU‐4, and OU‐5). 
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Introduction 
This Remedial Investigation (RI) report presents the results of RI activities for 20 environmental sites 
within 12 areas at the Iowa Army Ammunition Plant (IAAAP), in Middletown, Iowa. The 12 areas, shown 
on Figure 1‐1, are the following: 

• Boxcar Unloading Area (BCU) 

• Central Test Area Groundwater (CTA) 

• Explosive Waste Incinerator (EWI) 

• Yard L 

• Lines 4A and 4B Ammo Assembly Groundwater (Lines 4A/4B) 

• Line 6 Ammo Production (Detonator) Groundwater (Line 6) 

• Line 8 Ammo LAP (Fuze/Rocket) Groundwater (Line 8) 

• Maneuver Area (MA) 

• Possible Demolition Site (South Yard G) Groundwater (PDS) 

• Roundhouse Transformer Storage Area Groundwater (Roundhouse) 

• Unidentified Substance Waste Site (USWS) 

• Incendiary Disposal Area (InDA) 

IAAAP is an active Joint Munitions Command facility currently operated by civilian contractor American 
Ordnance, LLC (AO). The RI was conducted in accordance with the Uniform Federal Policy–Quality 
Assurance Project Plan for Remedial Investigation at Iowa Army Ammunition Plant, Middletown, Iowa 
(UFP‐QAPP) (CH2M 2017a). This work was completed under Delivery Order 0006 of U.S. Army Corps of 
Engineers, Louisville District (USACE), Contract W912QR‐12‐D‐0005. 

1.1 RI Objectives 
Several investigations have been conducted at the IAAAP since the 1980s to evaluate the nature and 
extent of chemicals in site media. The overall objectives of this RI are to update the conceptual site 
model (CSM) for each site, assess the potential for unacceptable human health and ecological risk, and 
recommend a path forward consistent with the Guidance for Conducting Remedial Investigations and 
Feasibility Studies under CERCLA, Interim Final (USEPA 1988a). To meet the objectives, new and 
previously collected data (as appropriate) were evaluated to assess the potential for a contaminant 
release. If warranted, data was used to define the nature and extent of contamination, evaluate 
chemical fate and transport, and estimate potential risks and hazards posed by site‐related 
contamination to human health and the environment. The Human Health Risk Assessment approach is 
discussed in Section 4.3, and a detailed assessment is included in Appendix A. The updated CSM was 
used to identify whether a Feasibility Study or No Further Action (NFA) is warranted at each site. 
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1.2 Installation Background 
1.2.1 IAAAP Description 
The IAAAP consists of 19,011 acres adjacent to Middletown, in Des Moines County, Iowa. It is 
approximately 8 miles west of Burlington, which with a population of 25,436, is the largest city in Des 
Moines County. The installation is bordered by Highway 34 to the north, upland agricultural farms to the 
east and west, and the Skunk River Valley to the south. The installation layout is shown on Figure 1‐1. 

The IAAAP is an active Joint Munitions Command facility currently operated by civilian contractor AO. The 
current mission of the IAAAP is to load, assemble, and pack ammunition items, including projectiles, 
mortar rounds, warheads, demolition charges, and munitions components such as fuses, primers, and 
boosters. Approximately one third of the IAAAP property is occupied by active or formerly active 
production or storage facilities. The IAAAP consists of production lines, landfills, disposal areas, burn 
areas, a demolition area, and a fire training area. The remaining land is either woodlands or property 
leased for agricultural usage. The locations of the IAAAP sites are shown on Figure 1‐1. 

1.2.2 IAAAP Operational History 
The principal mission of IAAAP over time has been to load, assemble, and pack operations for a variety 
of conventional ammunition and fusing systems. IAAAP was constructed in November 1940, as the Iowa 
Ordnance Plant and started production in 1941. Production was stopped in 1945, when World War II 
ended. The plant resumed its ammunition manufacturing mission in 1949, prior to the Korean War. In 
1950, in response to the Korean conflict, production increased dramatically. From 1947 through mid‐
1975, the former Atomic Energy Commission occupied facilities on the site for nuclear weapons and 
non‐nuclear additional weapon‐assembly operations; those facilities then reverted to Army control in 
1975 (H&S Environmental 2016). 

The IAAAP has a National Pollutant Discharge Elimination System (NPDES) permit in place (Permit 
2900900) as part of its operations. In 1995, permitted outfalls were reported at Lines 1, 2, 3, 5, and 800, 
which discharged to Brush Creek, and at Line 3A, which discharged to the Skunk River. At that time, 
combined Royal Demolition Explosive (RDX) plus hot melt explosive (HMX) discharge concentrations 
were as high as 1,410 micrograms per liter (µg/L), and 2,4,6‐trinitrotoluene (TNT) discharge 
concentrations were as high as 2,540 µg/L (JAYCOR 1996). 

The 2001 permit allowed discharge of effluent with explosives (TNT and RDX + HMX) from 11 outfalls at 
the facility. The permit was updated in 2020 and currently allows for seven outfalls to discharge effluent 
with explosives with a 30‐day average of 0.75 milligrams per liter (mg/L) and daily maximum discharge 
of 2.25 mg/L for RDX + HMX, and with a 30‐day average of 0.33 mg/L and daily maximum discharge of 
1.00 mg/L for TNT (Figure 1‐2). Five outfalls included on the updated permit do not include explosives. 

1.2.3 IAAAP Regulatory Setting 
Due to explosives‐contaminated surface water leaving the installation boundaries, the IAAAP was added 
to the National Priorities List in August 1990. In September 1990, a Federal Facility Agreement (FFA) was 
signed by USEPA Region 7 and the U.S. Army; it became effective in December 1990. The 1990 FFA 
identified 30 Resource Conservation and Recovery Act (RCRA) Solid Waste Management Units (SWMUs) 
at the facility. The 2018 RCRA Permit (USEPA 2018a) stated that the SWMUs listed in the 1990 FFA are 
being integrated into the Comprehensive Environmental Response, Compensation, and Liability Act of 
1980 (CERCLA) sites; the integration plan is currently being developed. Through the FFA, the U.S. Army 
works with USEPA, with support provided by IDNR. The IAAAP was placed under the DoD Installation 
Restoration Program (IRP), which follows the CERCLA process, as amended by the Superfund 
Amendments and Reauthorization Act. In July 2002, several areas of the IAAAP previously used by the 
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former Atomic Energy Commission were designated by USACE to be under the Formerly Utilized Sites 
Remedial Action Program (FUSRAP) and therefore were subsequently removed from the DoD IRP (U.S. 
Army 2007). Investigations continued at the FUSRAP areas, and an additional FFA was finalized in August 
2006 (USACE 2011). 

The IAAAP is currently divided into eight operable units (OUs) (USACE 2016): 

• OU‐1 (soils): soil on the IAAAP other than those contaminated by use or testing of military munitions 
or by radiological constituents 

• OU‐3 (offsite groundwater): groundwater outside of the IAAAP boundary 

• OU‐4 (Inert Disposal Area): the Inert Disposal Area and its associated landfills, trenches, and 
sedimentation ponds 

• OU‐5 (Military Munitions Response Program [MMRP]): MMRP sites 

• OU‐6 (Onsite Groundwater): groundwater within the IAAAP boundary 

• OU‐7 (Installation‐wide): Miscellaneous IAAAP sites not included in the other OUs 

• OU‐8 (FUSRAP): sites contaminated by radiological and other contaminants by former Atomic 
Energy Commission activities and now being addressed by FUSRAP 

• OU‐9 (construction debris): construction debris disposal sites 

OU‐2 was also established originally for soil removal actions but was subsequently merged into OU‐1. 
OU‐4 was originally considered the installation‐wide OU; however, in October 2009, the previously 
unaddressed areas of soil contamination were placed in OU‐7, and the Inert Disposal Area remained in 
OU‐4 (Tetra Tech 2011). 

Several of the sites at the IAAAP have been investigated under more than one OU and/or FUSRAP. Some 
sites at the IAAAP were also previously managed under the RCRA Compliance Cleanup program. To 
streamline the CERCLA process, three new OU divisions are being proposed based on recommended 
remedial actions for the IAAAP sites. This RI report includes sites that are recommended for inclusion in 
the new OU‐11 grouping, which are IAAAP sites that warrant NFA. 

1.2.4 IAAAP Sites Included in This Report 
The Headquarters Army Environmental System (HQAES) includes 75 IRP sites at the IAAAP. Originally, 
only the 30 SWMUs that were identified in the FFA were included (IAAP‐001 through IAAP‐030). The U.S. 
Army Toxic and Hazardous Material Agency’s 1991 draft final Potential Areas of Concern (USATHAMA 
1991) identified IAAAP sites IAAP‐031 through IAAP‐043. Between 1999 and 2003, IAAAP sites IAAP‐044 
through IAAP‐047 were added to address Pinkwater Lagoon, the former fuel station underground 
storage tanks, off‐post groundwater, and the CTA. In addition, in 2002, nine groundwater‐designated 
sites, or “G” sites, were created to facilitate management of groundwater at areas known to have 
groundwater contamination (such as Line 2). To further separate and manage IAAAP areas by OU, 24 
additional IRP sites with a “G” designation were created in the Army database in 2012. 

There are 20 sites within 12 IAAAP areas included in this RI report. The sites are listed below with a 
summary of their AEDB or Compliance Cleanup site name and number, a brief description, the OU that 
the IAAAP site is currently associated with, and the RI report section where the IAAAP site is discussed in 
more detail. 
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IAAAP Area 
(Abbreviation 
 for RI Report) 

HQAES/ 
Compliance 
Cleanup Site 

Number 

Current 
Operable 

Unit 

Media 
Addressed in 

RI Report Brief Site Description 
RI Report 
Section 

Boxcar Unloading 
Area (BCU) 

IAAP‐014 

IAAP‐014G 

Unassigned/
OU‐6 

Soil 

Groundwater 

Consists of two areas adjacent to 
the railroad tracks west of Plant 
Road O in Yard B, approximately 
750 feet west of the Explosive 
Disposal Area. 

5.1 

Central Test Area 
Groundwater (CTA) 

IAAP‐047G 

IAAP‐001‐R‐01 

OU‐6/OU–5 Groundwater Encompasses the former Central 
Testing Laboratory, housed in 
Building 600‐84, and two former 
test areas. 

This CTA (IAAP‐047G) overlaps 
with another IAAAP site 
designated Central Test Area 
(IAAP‐001‐R‐01). CTA IAAP‐001‐R‐
01 is associated with OU‐5, and 
groundwater was addressed in 
the final Remedial Investigation 
Report Military Munitions 
Response Program, Iowa Army 
Ammunition Plant, Middletown, 
Iowa (URS 2011a). CTA IAAP‐001‐
R‐01 is included in this RI report 
to document the OU‐5 MMRP RI 
conclusions under the IRP. 

5.2 

Explosive Waste 
Incinerator (EWI) 

IAAP‐025 

IAAP‐025G 

OU‐7 Soil 

Groundwater 

Inactive site in the southwest 
corner of the Explosive Disposal 
Area, southwest of the Fire 
Training Pit, within Building BG‐
199‐1.  

5.3 

Yard L Unassigned Unassigned Groundwater Encompasses three long, 
rectangular buildings oriented 
east–west with railroad tracks; 
covers approximately 12 acres in 
the northern portion of the 
IAAAP facility. 

5.4 

Lines 4A and 4B 
Ammo Assembly 
Groundwater  
(Lines 4A/4B) 

IAAP‐005G OU‐6 Groundwater Encompasses two production 
lines (Lines 4A and 4B) in the 
north‐central portion of the 
IAAAP facility.  

5.5 
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IAAAP Area 
(Abbreviation 
 for RI Report) 

HQAES/ 
Compliance 
Cleanup Site 

Number 

Current 
Operable 

Unit 

Media 
Addressed in 

RI Report Brief Site Description 
RI Report 
Section 

Line 6 Ammo 
Production 
(Detonator) 
Groundwater (Line 
6) 

IAAP‐007G 

IAAP‐002‐R‐01 

IAAP‐002‐R‐02 

OU‐6/OU‐5 Groundwater Encompasses the Line 6 
production area in the north‐
central portion of the IAAAP 
facility. 

Two additional IAAAP sites in 
which groundwater was also 
evaluated are within the larger 
Line 6 production area: Line 6 
Ammo Production (inside blast 
radius) site (IAAP‐002‐R‐01) and 
the Line 6 Ammo Production 
(outside blast radius) site (IAAP‐
002‐R‐02). These IAAAP sites are 
associated with OU‐5 and were 
addressed in the final Remedial 
Investigation Report Military 
Munitions Response Program, 
Iowa Army Ammunition Plant, 
Middletown, Iowa (URS 2011a). 
They are included in this RI report 
to document the OU‐5 MMRP RI 
conclusions under the IRP.  

5.6 

Line 8 Ammo Load, 
Assemble, and Pack 
(LAP) (Fuse/Rocket) 
Groundwater (Line 
8) 

IAAP‐009G OU‐6 Groundwater Encompasses a former 
production line (Line 8) in the 
central portion of the IAAAP 
facility.  

5.7 

Maneuver Area 
(MA) 

IAAP‐006‐R‐02 OU‐5 Groundwater Encompasses approximately 486 
acres in the southeastern portion 
of the IAAAP facility and was 
used for training exercises by the 
Iowa Air National Guard. 

This site was addressed in the 
final Remedial Investigation 
Report Military Munitions 
Response Program, Iowa Army 
Ammunition Plant, Middletown, 
Iowa (URS 2011a). It is included 
in this RI report to document the 
OU‐5 MMRP RI conclusions under 
the IRP.  

5.8 
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IAAAP Area 
(Abbreviation 
 for RI Report) 

HQAES/ 
Compliance 
Cleanup Site 

Number 

Current 
Operable 

Unit 

Media 
Addressed in 

RI Report Brief Site Description 
RI Report 
Section 

Possible Demolition 
Site (South Yard G) 
Groundwater (PDS) 

IAAP‐018G 

IAAP‐004‐R‐01 

OU‐6/OU‐5 Groundwater Encompasses an inactive site 
near the southern IAAAP 
property boundary that was 
formerly used as a demolition 
area. 

PDS (South Yard G) Groundwater 
(IAAP‐018G) overlaps with 
another IAAAP site designated 
PDS (IAAP‐004‐R‐01). PDS IAAP‐
004‐R‐01 is associated with OU‐5 
and groundwater was addressed 
in the final Remedial 
Investigation Report Military 
Munitions Response Program, 
Iowa Army Ammunition Plant, 
Middletown, Iowa (URS 2011a). It 
is included in this RI report to 
document the OU‐5 MMRP RI 
conclusions under the IRP. 

5.9 

Roundhouse 
Transformer 
Storage Area 
Groundwater  
(Roundhouse) 

IAAP‐040G OU‐6 Groundwater Encompasses an area in the 
northeast central portion of the 
IAAAP facility that was used for 
storing all unused transformers 
for the IAAAP.  

5.10 

Unidentified 
Substance Waste 
Site (USWS) 

IAAP‐022 

IAAP‐022G 

Unassigned/
Unassigned 

Soil 

Groundwater 

Encompasses a spill area 
approximately 20 feet by 20 feet, 
15 to 20 feet south of the railroad 
track bed, in the central portion 
of the IAAAP facility.  

5.11 

Incendiary Disposal 
Area (InDA) East 
Yard D—
Groundwater 

IAAP‐013G 

IAAP‐006‐R‐01 

OU‐6/OU‐5 Groundwater Encompasses East Yard D, an 
inactive site that originally 
occupied approximately 3.6 acres 
before the site was expanded to 
include approximately 34 acres in 
the southeastern portion of the 
facility.  

5.12 

 

The above sites have been included in this RI report because previous investigations have indicated 
limited or no environmental impacts to groundwater or other applicable site media. Most of these 
IAAAP sites are included in the IRP. Five sites (IAAP‐014, IAAP‐022, IAAP‐031, IAAP‐002‐R‐02, and IAAP‐
006‐R‐02) are identified as achieving site closeout in the HQAES; however, they are included in this RI 
report to fulfill the CERCLA process. One site (Yard L) is also not assigned to the IRP in the HQAES since 
soil media in this area falls under FUSRAP. 



SECTION 2 

 2‐1 

IAAAP Environmental Setting 
2.1 Climate 
Des Moines County has a typical Midwestern climate of hot/humid summers and cold/wet winters. 
According to the National Weather Service (2020), between 1981 and 2010, the mean annual 
temperature in this area was 53°F. The average annual precipitation in this area is 38.48 inches. During 
winter, precipitation frequently occurs as snow, and during the rest of the year it is mainly rain, often 
heavy. The highest rainfall amounts tend to occur between May and August. Snowmelt during spring, 
combined with frozen or saturated soil conditions that reduce infiltration, can result in high runoff and 
substantial erosion. In addition, severe thunderstorms in summer can also result in a high volume of 
precipitation over a short period of time and create high runoff volumes (H&S Environmental 2016). 

2.2 Topography 
IAAAP is in the Southern Iowa Drift Plain. The highest elevation in the county, 862 feet above mean sea 
level (amsl), is located about 13 miles north of IAAAP, near the town of Yarmouth, Iowa. The lowest 
elevation, about 520 feet amsl, is located where the Skunk River enters the Mississippi River at the 
southeastern boundary of the county. Vertical reliefs between lowlands and adjoining uplands generally 
range from 50 to 120 feet. 

Where it is not dissected by drainages, the topography at IAAAP is generally flat in the uplands and 
slopes gently toward the south. Elevations at IAAAP range from 732 feet amsl along the northern extent 
of the installation to about 544 feet amsl throughout the extensive southern area of Long Creek and 
Skunk River. 

2.3 Surface Water Hydrology 
The IAAAP contains five different hydrologic watersheds: Brush Creek, Little Flint Creek, Long Creek, 
Skunk River, and Spring Creek (Figure 2‐1). A watershed is an area of land that drains to a common 
water outlet, such as a creek or ocean. These four creeks and Skunk River are the common water 
outlets, or water features to which a watershed drains, present at IAAAP. A watershed includes all the 
surface water (that is, lakes, reservoirs, and wetlands) within the defined land area. Surface water does 
not cross watershed boundaries. That is, surface water in drainages in the Brush Creek watershed will 
not flow into the Long Creek watershed (Figure 2‐1). Groundwater in the overburden aquifer (Figure 2‐2) 
and bedrock aquifer (Figure 2‐3) are also influenced by the watershed boundaries; however, where the 
aquifer is deeply confined, groundwater is likely to ultimately discharge to a larger watershed, such as a 
large river, rather than to a small tributary. At the IAAAP, the Brush Creek and the Long Creek 
watersheds drain most of the installation. 

The five watersheds are summarized as follows: 

• The Brush Creek watershed is in the east‐central portion of the IAAAP and is fed by intermittent 
tributaries. Water that drains into Brush Creek flows generally south and exits at the southeastern 
boundary of the IAAAP. Approximately 3 miles beyond the IAAAP, the creek flows into the Skunk 
River (Tetra Tech 2006). 

• The Little Flint Creek watershed comprises a very small area in the north‐central portion of the 
facility. Water that drains into this watershed flows northward, away from the installation, before 
turning south again and joining the Spring Creek watershed (Tetra Tech 2006). 
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• The Long Creek watershed is in the west‐central portion of the IAAAP and is fed by unnamed 
perennial tributaries from the north and many small intermittent tributaries (Tetra Tech 2006). Long 
Creek has been dammed to form George H. Mathes Lake, within the central area of the IAAAP. 
Water that drains into Long Creek generally flows east‐southeast and south and exits at the 
southeastern boundary of the installation. Approximately half a mile beyond the IAAAP, the creek 
flows into the Skunk River (Tetra Tech 2006). 

• The Spring Creek watershed is in the eastern portion of the IAAAP and is fed by perennial tributaries 
from the north and east and several smaller intermittent tributaries (Tetra Tech 2006). Water that 
drains into Spring Creek generally flows south and exits at the southeastern boundary of the IAAAP. 
The creek eventually discharges into the Mississippi River. 

• The Skunk River watershed is in the southwest corner of the IAAAP and is primarily fed by small 
intermittent tributaries (Tetra Tech 2006). This watershed drains to Skunk River, which is just 
outside the southwest boundary of the IAAAP. The river then flows generally east‐southeast. 

Streamflow can fluctuate over any given year due to many factors. The amount of precipitation varies 
seasonally, as described in Subsection 2.1. Snow typically stays where it falls, and therefore streamflow 
may decrease during this period. However, if the ground is frozen when the snow melts, then runoff to 
the streams may increase temporarily because water cannot infiltrate into the ground. When 
evapotranspiration is high, as in the early spring or summer, streamflow can decrease because more 
water is being taken up by plants and released to the atmosphere. Streamflow is also impacted by 
seasonal fluctuations in the water table elevation of the surficial groundwater aquifer. 

The creeks at the IAAAP have been observed to be “gaining” and “losing” streams. A gaining stream is 
one that gains water from groundwater, typically because the stream channel bottom is lower than the 
groundwater table. Therefore, groundwater will discharge to the water body. In contrast, a losing 
stream is one that loses water to groundwater. It is common for a creek to be a gaining stream in one 
area and a losing stream in another area. Also, creeks and rivers may be gaining at one time of the year 
and losing in another time of the year. 

2.4 Soil 
With exception of developing soil associated with rivers and drainages, soil on IAAAP belongs to either 
the Mollisols or Alfilsols soil orders. Mollisols are a relatively fertile soil and are characterized by a soft 
surface character, a high base saturation (generally indicative of fertile soil), and a dark color due to 
abundant humus. Alfilsols are also a relatively fertile soil with moderate to high base saturation. 
Agriculture plays a major role in Des Moines County, with almost 56 percent of the county designated as 
prime farmland. 

2.5 Geology 
IAAAP is in the Dissected Till Plain section of the Central Lowland Physiographic Province of the Southern 
Iowa Drift Plain Landform Region. The facility is underlain by a sequence of unconsolidated glacial 
deposits of Pleistocene age (collectively known as overburden) overlying sedimentary bedrock units. 

The overburden deposits near IAAAP include alluvium, loess, and glacial drift (including glacial till). The 
alluvium is composed of alluvial sediment (medium‐to‐fine‐grained sandy silt with varying proportions 
of gravel) that was deposited in the stream valleys via water flow. Within the IAAAP, alluvium is typically 
present only near creeks, the Skunk River, and associated tributaries. 

Loess, identified as the Peoria Loess near IAAAP, is windblown material composed principally of silt with 
small amounts of sand and clay and is the basis for the development of fertile soil. The loess was 
deposited during interglacial periods over the glacial drift. It is found throughout the state, including the 
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plant. The glacial drift consists primarily of silty clay and clayey silt with thin sand seams and lenses and 
are assigned to the Kellersville Till Member (Illinoian Age) of the Glasford Formation of southeastern 
Iowa. Figure 2‐4 presents a conceptual stratigraphic column for Iowa. 

The glacial till extends to depths more than 100 feet below ground surface (bgs) in portions of the 
northern half of IAAAP, but it is thin or absent locally in deeper stream valleys in the south around 
Mathes Lake and in the northeast. In general, the glacial till is thicker in the upper reaches, especially in 
the Brush Creek watershed, and thins to the middle reaches. The till remains relatively constant in 
thickness in the Long Creek and Spring Creek watersheds. 

The bedrock underlying IAAAP consists of a sequence of limestones interbedded with varying 
thicknesses of shales and sandstones ranging in age from Cambrian to Mississippian. The uppermost 
rock units within the area are the Warsaw Shale, the Keokuk Limestone, and the Burlington Limestone. 
There are two basic formations of importance at the facility, which are the uppermost rock units within 
the area, the Keokuk Limestone and Burlington Limestone of the Osage Series (Mississippian). 

Geologic information collected at the individual IAAAP sites is summarized in Section 5. Conceptual cross 
sections were developed using soil boring log information across the facility. Figures 2‐5, 2‐6, and 2‐7 
are simplified geologic cross sections showing the distribution of the geologic layers at IAAAP. 

2.6 Hydrogeology and Aquifer Properties 
Des Moines County has four principal aquifers: the surficial (overburden) aquifer and the bedrock 
aquifers of Mississippian, Devonian, and Cambro‐Ordovician units. The aquifers of concern for this RI at 
the IAAAP are the overburden aquifer and the youngest bedrock (Mississippian) aquifer. Figure 2‐8 
summarizes the hydrogeologic units in Des Moines Iowa. Site‐specific discussions of the hydrogeologic 
aquifers, including depths to groundwater and localized flow patterns, are summarized in Section 5. 

Consistent with regional hydrogeologic maps (Coble 1971), the overburden aquifer is composed 
predominantly of the unconsolidated glacial drift (Kellersville Till) in the upland, northern portion of the 
IAAAP and of the alluvium within the lower creek and river valleys in the southern portion of the IAAAP 
(Figure 2‐9). The overburden aquifer typically does not include the loess; however, groundwater may 
exist at the loess–till geologic contact. In these cases, water migrates vertically through the loess. Upon 
reaching the till, it may “spread” out horizontally within the loess layer, because the permeability of the 
till is typically much lower than that of the loess. Therefore, vertical flow into the glacial till is restricted. 
This may also create perched water conditions. Because of the general low permeability of the glacial 
till, it may act like a confining layer within the surficial aquifer (Iowa Department of Natural Resources 
2003). However, because the till includes beds of sand and gravel, more‐permeable zones can be found 
within the aquifer. These sand beds, which are the result of episodes of meltwater during the glacial 
periods, are generally thin and discontinuous lenses. In contrast, in areas where the overburden aquifer 
exists primarily within the alluvium, the aquifer may yield moderate or high volumes of water. These 
aquifers are generally confined to stream valleys. Groundwater flow direction in the overburden aquifer 
typically mimics surface topography, with flow in southeasterly or southwesterly toward Brush Creek, 
Long Creek, Spring Creek, and the Skunk River (Figure 2‐2). 

Groundwater flow within the bedrock aquifers occurs primarily within secondary permeability zones, 
including fractures, joints, and bedding planes. Overall flow direction is to the south and east toward the 
Skunk and Mississippi Rivers, when not intercepted by incised surface drainages (Figure 2‐3). The 
bedrock aquifers are separated by aquicludes, which are low‐permeability geologic units that act as 
confining units and restrict groundwater flow between the aquifers. The Devonian and Cambro‐
Ordovician bedrock aquifers formations form the principal water‐bearing zone near the IAAAP and occur 
at a depth of approximately 1,500 feet bgs (JAYCOR 1996). Water in these aquifers is reported to be 
highly mineralized and objectionably hard and contains high amounts of total dissolved solids. 
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Aquifer hydraulic conductivity (slug) testing has been performed at over 100 wells at the IAAAP, as part 
of previous investigations conducted between 1981 and 2003. Previous investigations at the individual 
IAAAP sites are summarized in Section 5. For wells screened in till and till combinations (such as fill and 
till, loess and till, or alluvium and till), hydraulic conductivity values ranged from 0.00035 foot/day to 4.3 
feet/day, with an average of 0.64 foot/day. The higher range of values is indicative of wells screened 
within sandier layers whereas the lower range of value is indicative of wells screened predominantly 
within clay. For wells screened in bedrock and bedrock combinations (bedrock and till and bedrock and 
till/glacial outwash), hydraulic conductivity values ranged from 0.00015 foot/day to 51 feet/day, with an 
average of 2.3 feet/day. Slug test results are generally considered to represent an order‐of‐magnitude 
level of precision and accuracy in estimating horizontal hydraulic conductivity. 

In areas where the overburden aquifer exists primarily within the glacial till, the aquifer typically has a 
very low yield (less than 10 gallons per minute; Figure 2‐8). In comparison, aquifer yields within alluvium 
aquifers may yield 25 to 100 gallons per minute. 

2.7 Ecology 
Wildlife found in available habitats at IAAAP includes a large white‐tail deer population, fox, gray 
squirrel, raccoon, woodchuck, coyote, eastern cottontail rabbit, mouse, mole, pocket gopher, beaver, 
muskrat, badger, opossum, and mink. To effectively manage the overpopulation of deer, limited 
recreational hunting has been allowed onsite. Recreational trapping of fur‐bearing mammals is also 
allowed during limited times of the year (USACE 2019). 

Numerous bird species inhabit or migrate through the IAAAP. 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. The red‐headed woodpecker is protected under the Migratory Bird Treaty Act of 
1918 (16 U.S. Code 703‐712), which is administered by the U.S. Fish and Wildlife Service. Red‐tailed 
hawks are the most common raptor species present, but bald eagles have been observed flying over the 
IAAAP or feeding on the fish they catch in Mathes Lake (H&S Environmental 2016). 

The U.S. Fish and Wildlife Service provided maintenance stocking of walleye and striped bass hybrids in 
Mathes Lake to predate on the abundant gizzard shad (Dorosoma cepedianum). Channel catfish are 
generally stocked in new impoundments or to supplement natural reproduction. Some natural channel 
catfish reproduction in Mathes Lake has been noted (H&S Environmental 2016). 

Federally listed threatened or endangered species that have been recorded on the IAAAP property 
include the Indiana bat (Myotis sodalis). The Indiana bat has been recorded as feeding on the property 
and may have maternal roosts in the floodplain forests. The northern long‐eared bat, another listed 
species, has also been found on the IAAAP property. 

In 1999, a National Wetlands Inventory was conducted on the installation by the U.S. Fish and Wildlife 
Service. Based on the inventory, IAAAP contains 113.2 acres of wetland. Forested wetlands are the 
dominant type, representing about 50 percent of the installation’s wetlands. The next most common 
type is unconsolidated bottoms (“ponds”), which comprise about 24 percent of the wetlands. IAAAP 
contains 57.3 miles of linear wetlands including rivers and streams (3.1 miles of wetlands and 54.2 miles 
of rivers and streams). Wetland acreages are as follows: Emergent Wetland—14.7 acres; Scrub/Shrub 
Wetland (Broadleaved Deciduous)—10.8 acres; Forested Wetland—60.2 acres (Temporarily Flooded—
56.5 acres and Seasonally Flooded—3.7 acres); and Unconsolidated Bottom—27.5 acres (H&S 
Environmental 2016). 
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2.8 Land and Resource Use 
The current mission of the IAAAP is to load, assemble, and pack ammunition items. Public access to the 
installation is restricted by perimeter fencing and the IAAAP installation security staff. Approximately 
8,000 acres of the IAAAP are leased for agricultural use, 7,500 acres are forested, and the remaining 
areas are used for administrative and industrial operations (USACE 2016). Recreational facilities are 
located on the IAAAP property and in the area immediately surrounding the IAAAP. Hunting and fishing 
are regulated at the IAAAP using permits. There is also a boat ramp on the eastern shore of Mathes 
Lake. Currently, portions of Mathes Lake are used for recreational purposes by employees and the 
public. 

The anticipated future land use at the IAAAP is commercial, industrial, agricultural, and recreational 
(USACE 2020). The final Explanation of Significant Differences for the Records of Decision Soils Operable 
Unit 1 (OU-1) (Leidos 2018) establishes the requirements for land use controls (LUCs) for OU‐1 areas and 
the excavation areas associated with the non‐time‐critical sump removal actions. LUCs will include 
(Leidos 2018): 

prohibitions on land use (e.g., through incorporation of a formal institutional control) to maintain 
commercial/industrial (i.e., nonresidential), to prohibit residential land use, and to prohibit the 
development and use of the property for elementary and secondary schools, child care facilities and 
playgrounds. 

Per the Record of Decision (ROD) for OU‐5 (CB&I 2014), LUCs have also been established as the remedy 
for MMRP areas. The LUCs for OU‐5 consist of access restrictions (such as fencing and signage). 

The land surrounding the IAAAP is characterized as rural and is expected to remain rural (USACE‐
Baltimore 2016). The largest population centers are the towns of Burlington, West Burlington, 
Middletown, and Danville (U.S. Census Bureau 2010). Near OU‐3, the land use is predominantly rural, 
residential, and agricultural, and used mostly for corn and soybean production (USACE 2016). Some of 
the farmland is reclaimed floodplain, meaning it has been elevated with drain tiles to control the water 
table. Some of the floodplain is owned by a commercial sand and gravel quarry which has recently 
expanded their land holdings into the contaminant plume extent. Other than the extension westward of 
the quarry, no significant change in future land use is known or anticipated (USACE 2016). In 1994, all 
residences south of the IAAAP, east of an unnamed tributary of Skunk River that flows from the Line 3A 
area, and west of Spring Creek were offered connection to the Rathbun public water supply. Most of the 
residences were connected to the Rathbun public water supply as authorized by the 1993 Action 
Memorandum (Department of the Army 1993); however, some residences declined or did not respond 
to the Army’s 1993 offer. Groundwater is used for residential potable supply except where connections 
to the Rathbun Regional Water Supply have been made. Groundwater in this off‐facility area is 
addressed under the OU‐3 remedy. 

Since 1977, IAAAP has received potable drinking water on a fee basis from the Burlington Regional 
Water Works in the town of Burlington. Burlington’s water source is the Mississippi River. The 
Burlington Regional Water Works pumps water from their treatment plant to the City of Burlington’s 
distribution center. Groundwater use on the installation has been discontinued, and known production 
wells have been closed, including four deep groundwater wells that were closed in the early to mid‐
1990s. There are two exceptions, F‐Yard Well #500‐165‐6, where groundwater from the IAAAP is used in 
cyclic heating of poured ammunition rounds, and D‐Yard Well #500‐165‐5, where groundwater supplies 
restroom usage at Yard D (Busard, pers. comm. 2019). 
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FIGURE 2-4
Stratigraphic Column of Iowa, 2004
Iowa Army Ammunition Plant
Middletown, Iowa
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Age Rock Unit Description Thickness 
Range 

Hydrogeo1ogic 
Unit Water-Bearing Characteristics 

Quaternary 

Alluvium Sand, gravel, silt, and 
clay 

Surficial aquifer 

Fair to large yields (25 to 100 
gpm) 

Glacial drift 
(undifferentiated) 

Predominantly till 
containing scattered 
irregular bodies of 
sand and grave1 

0-300 (feet) Low yields 
(less than 10 gpm) 

Burled channel 
deposits 

Sand, gravel, silt 
and clay Small to large yields 

Pennsylvanian Cherokee Series Shale 0-30 Aquiclude Low yields only from 
limestone and sandstone 

Mississippian 

Meramec Series Limestone, sandy 

0-300 Mississippian 
aquifer Fair to low yields 

Osage Series Limestone and 
dolomite, cherty 

Kinderhook 
Series 

Limestone, oolitic, 
and dolomite, cherty 

Devonian 

Maple Mill 
Shale; Sheffield 
Formation; Lime 
Creek Formation 

Shale; limestone in 
lower part 200-350 Devonian 

aquiclude Does not yield water 

Cedar Valley 
Limestone; 

Wapsipinicon 
Formation 

Limestone and 
dolomite; contains 

evaporites in southern 
half of Iowa 

125-350 Devonian aquifer Fair to low yields 

Silurian Undifferentiated Dolomite 0-30 Silurian aquifer Low yields 

Ordovician 

Maquoketa 
Formation Shale and dolomite 

900-1000

Maquoketa 
aquiclude Don not yield water 

Galena Formation Limestone and 
dolomite Minor aquifer Low yields 

Decorah 
Formation 
Platteville 
Formation 

Limestone and thin 
shales; Includes 

sandstone in SE Iowa 
Aquiclude Does not yield water 

St. Peter 
Sandstone Sandstone Cambrian-

Ordovician aquifer 

Fair yields 

Prairie du Chien 
Formation 

Dolomite, sandy and 
cherty 

High yields (over 500 gpm) 

Cambrian 

Jordan Sandstone Sandstone 50-80
St. Lawrence 

Formation Dolomite Aquitard Low yields 

Franconia 
Sandstone Sandstone and shale 

Dresbach Group Sandstone Dresbach aquifer High to low yields 

Precambrian Undifferentiated Coarse sandstones; 
crystalline rocks 

Base of ground-
water reservoir Not known to yield water 

Source: Iowa Geologic Survey. 1980. Groundwater 
Resources of Des Moines County. Open File
Report 80-90. Compiled by D.L.Gordon.

FIGURE 2-8
Geologic and Hydrogeologic Units in 
Des Moines County
Iowa Army Ammunition Plant
Middletown, Iowa
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FIGURE 2-9
Conceptual Site Model   
Iowa Army Ammunition Plant 
Middletown, Iowa
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RI Field Investigation Activities 
This section describes the methodology of the field investigation activities conducted as part of the current 
RI at IAAAP for the sites included in this report. Field activities were performed at CTA, PDS, InDA, and the 
Unidentified Substance Waste Site from 2018 through 2020 to address data gaps identified in the final 
UFP‐QAPP, which hindered completion of the RI at these IAAAP sites. Per the final site‐specific worksheets 
of the UFP‐QAPP (CH2M 2017b, 2018a, 2018b, 2018c), no additional fieldwork was warranted at Line 
4A/4B, Line 6, Line 8, MA, and Roundhouse to complete the RI. Previous investigations for these IAAAP 
sites are described in Section 5. 

The field activities conducted during this RI consisted of the following activities: 

• Site preparation/mobilization 

• Utility clearance 

• Outfall evaluation 

• Soil sampling 

• Monitoring well installation, development, and sampling 

• Temporary well installation and sampling 

• Surveying 

• Decontamination 

• Waste management 

• Data management 

Samples collected during the RI field investigation were submitted to preapproved, offsite laboratories 
(Test America Laboratory in Arvada, Colorado; Savanna, Georgia; and St. Louis, Missouri; and Eurofins 
Laboratory in Lancaster, Pennsylvania). 

This section provides an overview of the RI field activities. Section 5 provides specific investigation 
objectives and RI field investigations for individual IAAAP sites. Appendix B contains laboratory reports 
and the data quality evaluation. Appendix C contains the field documentation, Appendix D contains the 
waste management documentation, and Appendix E contains the survey data as applicable to the 2018–
2020 RI monitoring well installation activities. 

3.1 Site Preparation/Mobilization 
3.1.1 Permits/Base Access 
Fieldwork was coordinated with USACE and appropriate installation points of contact, including AO, the 
onsite contractor at the IAAAP. Work clearances and permits were obtained for all field activities. 
Laydown areas for equipment storage and staging were made available and determined through 
coordination with AO points of contact. 

CH2M team field personnel obtained construction identification badges from AO Security prior to 
conducting field activities. CH2M team personnel obtained camera passes from AO Security. Well keys 
were signed out and returned daily at AO Security. 
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3.1.2 Biological/Ecological Survey 
Prior to intrusive activities and any vegetation removal, an Iowa Department of Natural Resources 
(IDNR)–approved biologist walked each of these sites to inspect and eliminate potential impacts to 
federally protected species, including the Indiana bat (Myotis sodalist). 

3.1.3 Vegetation Removal 
Because many of the proposed sampling locations were in heavily vegetated areas, clearance was 
required to allow site access. Vegetation clearance was performed by Allworth Contracting (Allworth) or 
PARS using both mechanical and manual methods. Allworth or PARS field personnel cut vegetation 
consisting of grass, shrubs, brush, and small trees. The paths and work areas were maintained, as 
needed, by PARS for the duration of the investigation. 

3.1.4 Utility Survey 
Prior to the start of any intrusive work, CH2M identified and marked sampling locations and coordinated 
activities with the AO representatives. In addition, the Underground Detective was contracted by CH2M 
to perform third‐party utility location activities at offsite locations. AO completed third‐party utility 
clearance prior to all intrusive activities at the IAAAP. 

In addition to the utility location activities, all proposed intrusive drilling locations were cleared to check 
for buried utilities using hand augers to a depth of at least 5 feet bgs. 

3.1.5 Outfall Evaluation 
Based on the 2011 NPDES permit, outfalls that were used for discharge of effluent with explosives were 
previously located at Line 1, Line 2, Line 3, Line3A, Lines 5A/5B, and Line 800. The 2020 NPDES permit 
identified outfalls for explosives effluent discharges only at Line 2, Line 3, Line 3A, Line 3A Sewage 
Treatment Plant, and the Sewage Treatment Plant (Figure 1‐2).Because some of the outfalls from the 
2001 permit were located in heavily wooded areas or in areas where buildings have been demolished, a 
field reconnaissance action was conducted to verify the locations and observe whether surface water 
was present at the outfall locations. 

Outfall locations were not accessible at Line 2, but locations at the remaining sites were assessed in April 
2019, and no surface water was present during the inspection. Therefore, no samples were warranted 
from this outfall investigation. 

3.2 RI Investigation Methods 
Additional field work was conducted at the IAAAP sites below to resolve data gaps needed to complete 
the RI, per the final UFP‐QAPP. The following field activities were conducted in 2018 through 2020: 

• CTA—temporary well installation, groundwater sampling, surveying, and waste management 

• PDS—monitoring well installation, well development, groundwater sampling, water level gauging, 
surveying, and waste management 

• InDA—monitoring well installation, well development, groundwater sampling, water level gauging, 
surveying, and waste management 

• USWS—soil boring installation, soil sampling, surveying, waste management 

Additional field work was not required at IAAAP sites EWI and Line 4A/4B because sufficient 
groundwater samples have already been collected for these sites and contaminants in soil are not a 
source to groundwater. No additional investigation of groundwater was warranted at Line 6 because 
sufficient groundwater samples have already been collected for these sites, contaminants in soil are not 
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a source to groundwater, and metals exceedances in groundwater are considered to be naturally 
occurring. No additional field work was conducted at BCU, Line 8, MA, Roundhouse, and Yard L because 
there is no basis for a contaminant release to groundwater. 

This section describes the field methods that were implemented. Site‐specific details, including the 
selected sampling or well installation methods, are provided in Section 5. 

3.2.1 Soil Sampling 
Surface soil samples were collected using hand tools (i.e., spade, scoop, or auger). Soil samples were 
logged in accordance with the Unified Soil Classification System in accordance with ASTM International 
standard D2488, “Standard Practice for Description and Identification of Soils (Visual‐Manual 
Procedure).” Appendix C contains the soil borings logs. 

Soil samples were collected in laboratory‐prepared sampling containers that were pre‐preserved based 
on the analytical method and submitted to Test America or Eurofins. 

See Section 5 for details on soil sampling activities completed at the IAAAP sites in this RI report. 

3.2.2 Temporary Well Installation 
Temporary wells were installed using direct‐push technology (DPT), hollow‐stem auger (HSA), rotosonic, 
or downhole hammer drilling methods. Continuous soil samples were collected using 4‐ to 5‐foot‐long 
acetate sleeves to log the soil lithology, unless mentioned otherwise in Section 5. Grain size, color, 
moisture content, consistency, and other observations such as evidence of contamination were 
recorded. Appendix C contains the soil boring logs. The temporary wells were constructed through the 
drill rods with a 1‐ or 2‐inch‐diameter polyvinyl chloride (PVC) riser and a 0.010‐inch slotted, 1‐ or 2‐
inch‐diameter PVC screen. Screen lengths were selected to straddle the targeted saturated zone. A silica 
sand filter pack was placed around the annular space of the well screen from the bottom of the boring 
to 2 feet above the well screen. Bentonite chips were then placed above the filter pack to the ground 
surface and hydrated to complete the temporary wells. After the wells were set, the rods were 
removed, leaving only the temporary well and disposable end points in the ground. 

Following sampling, the temporary wells were abandoned in accordance with State of Iowa 
requirements. At locations located in concrete or asphalt, the top 6 inches were patched to match the 
existing ground surface. 

See Section 5 for details on temporary wells installed at the IAAAP sites in this RI report. 

3.2.3 Permanent Monitoring Well Installation 
The permanent monitoring wells were installed in accordance with the final UFP‐QAPP (CH2M 2017a) 
using DPT, HSA, downhole hammer, or rotosonic drilling methods. During drilling, continuous soil 
samples were collected to log the soil lithology. Grain size, color, moisture content, consistency, and 
other observations such as evidence of contamination were recorded. Appendix C contains the soil 
boring logs. 

New monitoring wells were constructed with a 2‐inch‐inside‐diameter Schedule 40 PVC screen and a 
riser with a 0.010‐inch slot size screen. A silica sand filter pack was placed around the annular space of 
the well screen from the bottom of the boring and well screen to a depth of about 2 feet above the top 
of the screen. A bentonite layer roughly 2 feet thick was placed at the top of the sand pack. After the 
bentonite was allowed to hydrate, a cement‐bentonite grout was placed in the remaining annular space 
to the surface. The monitoring wells were completed flush to ground surface with a traffic‐rated, 
watertight, steel vault and locking watertight cap. Appendix D contains the well construction diagrams. 

See Section 5 for details on permanent monitoring wells installed at the IAAAP sites in this RI report. 
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3.2.4 Monitoring Well Development 
New monitoring wells were developed at least 24 hours after installation was completed to remove 
from the well and surrounding sand filter pack fine‐grained sediment generated during construction. 
Monitoring wells were developed by a combination of bailing, surging, and pumping. Well development 
continued until water quality parameter readings stabilized with three consecutive readings, in 
accordance with the final UFP‐QAPP (CH2M 2017a), unless otherwise mentioned in Section 5. Well 
development information, including water quality data and the volume of groundwater removed, was 
recorded on a well development log or in the field logbook. Appendix C contains the well development 
logs. 

See Section 5 for details on well development activities at the IAAAP sites in this RI report. 

3.2.5 Water Level Survey 
Manual groundwater elevation measurements were obtained from monitoring wells using an electronic 
water level meter with 0.01‐foot graduations. The depth to water in each well was measured from a 
designated point on top of the well casing. 

3.2.6 Groundwater Sampling 
Groundwater samples were collected from DPT locations, temporary monitoring wells, and permanent 
monitoring wells at the IAAAP sites. Groundwater samples were collected using a peristaltic pump and 
disposable tubing from DPT locations or wells with depths to water of less than 30 feet bgs. In wells with 
depths to water greater than 30 feet, a submersible bladder pump was used to collect samples. 
Groundwater quality parameters (pH, specific conductance, turbidity, dissolved oxygen, temperature, 
salinity, and oxidation‐reduction potential) were collected using a water quality meter and were 
recorded on purge logs. Groundwater quality parameters were allowed to stabilize for three consecutive 
readings before each well was sampled. 

Groundwater samples were collected in laboratory‐prepared sampling containers that were pre‐
preserved based on the analytical method and submitted to Test America or Eurofins. 

See Section 5 for details on monitoring well sampling at the IAAAP sites in this RI report. 

3.2.7 Surveying 
New monitoring wells were surveyed by State of Iowa–licensed professional surveyor Bruner, Cooper & 
Zuck. The surveyors set up horizontal and vertical control for the site. Accuracy of the control was held 
to the Third Order Class I as outlined in the Geospatial Positioning Accuracy Standards, Part 4: Standards 
for Architecture, Engineering, Constructions (A/E/C) and Facility Management (Federal Geographic Data 
Committee 2002). 

The surveyor provided coordinates of the points x, y, and z to the nearest 0.01 foot. Horizontal 
coordinates conformed to North American Datum (NAD) 83 and the vertical elevations were referenced 
to National Geodetic Vertical Datum (NAVD) 88 with ties to the Iowa State Plane Coordinate System. 
Appendix E contains the survey report. 

Soil borings and temporary well locations were surveyed using a global positioning system (GPS). 
Locations of new soil borings were determined using real‐time kinematic GPS coordinates, with GPS 
accuracy dependent on site‐specific conditions such as canopy cover. 

3.2.8 Decontamination and Waste Management 
Decontamination and waste management activities were conducted in accordance with the final 
Basewide Environmental and Waste Management Plan (CH2M 2018d). Investigation‐derived waste 
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(IDW) generated during the RI included drill cuttings from the soil borings and monitoring well 
installations, well development and purge water, and decontamination fluids used to decontaminate 
nondisposable sampling equipment. New, United Nations–approved 55‐gallon steel drums were used to 
contain waste generated during the field activities. 

Groundwater generated during well development was temporarily stored in labeled drums or portable 
tanks. Groundwater was disposed of at the onsite Inert Disposal Area groundwater treatment facility 
with approval from IAAAP. 

Downhole and nondisposable sampling equipment was decontaminated immediately after each use. 
Water generated during decontamination of sampling equipment was collected and transferred to an 
onsite groundwater treatment facility. Reusable heavy equipment, such as drilling rods and augers, was 
decontaminated before and in between the collection of each sample using a high‐pressure steam 
cleaner with potable‐grade water. Pressure washing was conducted at temporary decontamination 
pads. Decontamination fluids were captured and containerized for disposal at the onsite groundwater 
treatment facility. 

IDW was temporarily stored at the installation approved staging location and properly labeled. The soil 
drums were sampled by CH2M for waste characterization. Based on the analytical results, IDW was 
classified as nonhazardous and disposed of at the Des Moines County Regional Landfill in West 
Burlington, Iowa, and the Clean Harbors facility in Cincinnati, Ohio. Appendix D contains the final 
executed manifests. 

3.3 Data Management and Evaluation 
3.3.1 Data Tracking 
Data management and tracking was conducted from the time of field collection to receipt of validated 
electronic analytical results. Field samples and their corresponding analytical tests were recorded on the 
chain‐of‐custody forms submitted with the samples to the laboratory. Chain‐of‐custody entries were 
checked against the site‐specific project instructions and work plans to verify that the designated field 
samples had been collected and submitted for the appropriate analysis. Upon receipt of the samples by 
the laboratories, a comparison to the field information was conducted to verify that each sample was 
analyzed for the correct parameters, and appropriate quality assurance/quality control samples were 
collected. 

3.3.2 Data Quality Assessment 
CH2M performed a data review and verification as described in the UFP‐QAPP (CH2M 2017a). The data 
quality of analytical results from the samples collected during the field investigation was assessed. 

Analytical data were validated as Stage 2B level evaluations. Qualifier flags were applied to the data to 
reflect data usability limitations. The data review and verification efforts are documented in the data 
quality evaluation report (Appendix B). 

The results are usable for project objectives, unless otherwise detailed in Appendix B. Based on the 
verification effort, the data appear to accurately represent the conditions of the environmental media 
analyzed at the time of collection, as detailed in Section 5. The analytical techniques were properly 
performed and documented, and the laboratory procedures applicable to each method were followed 
and documented. Standard industry laboratory methods were used to analyze the data as prescribed 
in the approved UFP‐QAPP (CH2M 2017a). Summary tables of the reported data, including both 
detections and nondetects, are included in Section 5. 
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3.4 Deviations 
Deviations from the final UFP‐QAPP and site‐specific worksheets are site‐dependent and are therefore 
discussed in Section 5. 
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Approach for RI Data Evaluation 
Because environmental investigations have been conducted at IAAAP since the 1980s, newly collected RI 
data were used in combination with data from previous investigations (as appropriate) to refine the 
nature and extent of contamination and evaluate for potential unacceptable risk. This section describes 
the approaches used for the RI data evaluation for the IAAAP sites. 

4.1 Nature and Extent Approach 
4.1.1 Site Characterization Project Action Limits 
In accordance with the final UFP‐QAPP (CH2M 2017a), screening values used for site characterization 
differ from those used to select chemicals of potential concern (COPCs) in the risk assessments. The site 
characterization screening levels (SLs) were used to assess the distribution and nature and extent of 
chemicals whereas more conservative screening values were used for risk assessment (see Section 
4.3.2). The final selected project action limit objectives are summarized in Appendix F. 

For site characterization, constituent concentrations were compared with project action limits (PALs) 
listed in the final UFP‐QAPP (CH2M 2017a). The PALs considered for the IAAAP sites included in this 
report are summarized below: 

• Soil based on human health: 

– USEPA Regional Screening Level (RSL) for residential soil (hazard quotient [HQ] = 1), May 2021 
(USEPA 2021a) 

• Soil based on ecological goals: 

– USEPA Region 4 Ecological Screening Values (USEPA 2018b) 

– USEPA Region 5 Ecological Screening Levels for Soil (USEPA 2003a) 

• Groundwater based on human health (maximum contaminant level, or MCL, to be used; if no MCL is 
available, the greater of the Health Advisory Level and the RSL): 

– Federal MCL, March 2018 (USEPA 2018c) 

– USEPA RSL for tap water (HQ = 1), May 2021 (USEPA 2021a) 

– Health Advisory Level (lifetime), March 2018 (USEPA 2018c) 

• Sediment based on human health: 

– Human health risk assessment (HHRA) sediment RSL (HQ=1) for a recreational scenario—USEPA 
RSLs calculated for a recreational scenario using USEPA’s RSL Calculator based on an exposure 
frequency of 26 days/year (1 day/week during the approximately 6 months when the average 
temperature is above 32°F) (USEPA 2021a; IAAAP 2019) 

• Sediment based on ecological goals (listed in the order of selection): 

– USEPA Region 4 Ecological Screening Values (USEPA 2018b) 

– USEPA Region 5 Ecological Screening Levels for Sediment, August 2003 (USEPA 2003a) 

– USEPA Region 3 Biological Technical Assistance Group for Freshwater Sediment, August 2006 
(USEPA 2006) 
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• Surface water based on human health (lowest of the two objectives): 

– Iowa Ambient Water Quality Criteria Standard, Fish Consumption, Iowa Administrative Code, 
Chapter 61 (2019) 

– HHRA Surface Water RSL (HQ=1) for a recreational scenario—USEPA RSLs calculated for a 
recreational scenario using USEPA’s RSL Calculator based on an exposure frequency of 26 
days/year (1 day/week during the approximately 6 months when the average temperature is 
above 32°F) (USEPA 2021a; IAAAP 2019) 

• Surface water based on ecological goals (listed in the order of selection): 

– Iowa Ambient Water Quality Criteria Chronic, IAC Chapter 61 (2019) 

– USEPA National Recommended Water Quality Criteria—Aquatic Life Criteria Table (USEPA 
2021a) 

– USEPA Region 4 Ecological Screening Values (USEPA 2018b) 

– USEPA Region 5 Ecological Screening Levels for Surface Water, August 2003 (USEPA 2003a) 

– USEPA Region 3 Biological Technical Assistance Group for Freshwater, July 2006 (USEPA 2006) 

4.1.2 Background Threshold Values 
USEPA’s (2002a) Role of Background in the CERCLA Cleanup Program guidance states that risk 
management and remedial actions for CERCLA sites should account for the influence of natural and 
anthropogenic background conditions, and that cleanup goals for chemicals of concern from an 
identified CERCLA release should not be set below their corresponding background concentrations. 
Background concentrations for natural and anthropogenic constituents are also used for comparison to 
site data to support the identifications of a site‐related release. 

Accordingly, analytical data were compared to the background values calculated for the IAAAP to assess 
whether the detected concentrations were consistent with the background concentrations for metals; 
site‐specific discussions are included in Section 5. Background threshold values (BTVs) were calculated 
for groundwater at IAAAP and documented in the final Evaluation of Background Concentrations of 
Metals in Groundwater (CH2M 2020a). BTVs were also developed for sediment and surface water 
specific to three of the watersheds at IAAAP: Brush Creek, Long Creek, and Spring Creek. BTV 
calculations are documented in the draft Evaluation of Background Concentrations of Metals in 
Sediment and Surface Water (CH2M 2020b). Background values were also established for soil as part of 
the 2004 Baseline Ecological Risk Assessment (BERA) (MWH 2004), as documented in the final UFP‐QAPP 
(CH2M 2017a). However, the 2004 BERA background values were not developed using the same 
statistical approach that was used for the groundwater, surface water, and sediment BTVs. Per the 
USEPA (2021c, 2021d), the soil background values for metals (that is, the 2004 BERA values) that were 
presented in the final UFP‐QAPP (CH2M 2017a) must be recalculated using a different statistical 
approach. Therefore, the 2004 BERA soil background values were not be used during the risk 
assessment or risk management process in the OU‐11 report. However, the 2004 BERA soil background 
values are included in the nature and extent discussion of the OU‐11 RI report for informational 
purposes only. 

4.2 Chemical Fate and Transport Overview 
The properties of chemicals and the environment are used to understand and predict chemical fate and 
transport. An understanding of the fate and transport is part of the overall assessment of the potential 
for a chemical to cause an adverse human health or environmental effect. This section provides an 
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overview of the fate and transport properties of chemicals previously identified as COPCs at IAAAP. Site‐
specific discussions are included in Section 5. 

Based on previous investigations at IAAAP, the main COPCs that occur at the IAAAP sites are in five 
contaminant classes: explosives, volatile organic compounds (VOCs), polycyclic aromatic hydrocarbons 
(PAHs), polychlorinated biphenyls (PCBs), and metals. Semivolatile organic compounds (SVOCs) other 
than the PAHs were rarely considered to be site‐related, and pesticides were detected infrequently. 

4.2.1 Chemical Mobility and Persistence 
The mobility and persistence of potential contaminants are determined by their physical, chemical, and 
biological interaction with the environment. Mobility is the potential for a chemical to migrate from a 
site, and persistence is a measure of how long a chemical will remain in the environment. Some of the 
mechanisms controlling mobility and persistence are described as follows: 

• Volatilization occurs when a compound transfers from the aqueous phase to the gas phase. 
Measures of a chemical’s tendency to volatilize from water and soil moisture include its vapor 
pressure and Henry’s law constant (Kh). Volatilization tends to occur more readily from surface 
water, sediment, or shallow soil than from deeper soil or groundwater. 

• Sorption occurs when a constituent adheres to and becomes associated with solid particles. The soil 
and sediment media likely to sorb chemicals are clays and organic matter. The conventional 
measure of sorption is the distribution coefficient (Kd). The Kd for organic chemicals is typically the 
product of the soil organic carbon partition coefficient (Koc) of the chemical and the fraction of 
organic carbon in the soil. Metals sorption potential is a complex function of pH, organic content, 
oxide coatings, and other factors; therefore, Kd is not easily estimated by methods other than site‐
specific testing (USEPA 1996). Generally, metals adsorption increases with pH and they most often 
sorb to clay minerals, organic matter, and iron and manganese oxyhydroxides. 

• Solubility is a measure of the degree to which a constituent will dissolve in water. Highly soluble 
chemicals are more likely to be leached from soil by precipitation or runoff that infiltrates into the 
subsurface. 

• Degradation is the deterioration or destruction of a chemical, either biologically (through 
biodegradation) or abiotically (through such processes as abiotic reduction, hydrolysis, and photolysis). 
Biodegradation of chemicals by microbial organisms occurs through metabolic or enzymatic processes. 
The rate of degradation is dependent on the chemical, biological, and physical conditions of the 
medium in which the contaminant is located. 

• Transformation occurs when the valence state of metals is increased (oxidation) or decreased 
(reduction). It can be caused by changes in oxidation potential or pH and by microbial or 
nonmicrobial (abiotic) processes. Transformation may have a significant effect on the mobility of a 
metal, either increasing or decreasing it. 

4.2.1.1 Explosives 
The explosives at the IAAAP are characterized by limited volatility, moderate solubility, and low sorption 
potential (U.S. National Library of Medicine 2015). The explosives are subject to biodegradation; 
however, degradation occurs under varying mechanisms. RDX, which is the most prevalent explosive at 
the IAAAP, most favorably degrades under anaerobic conditions via cometabolic processes in which it is 
reductively degraded. RDX is also subject to abiotic degradation. However, it will not be completely 
degraded to carbon dioxide via this mechanism alone. In comparison, TNT can be aerobically 
biodegraded, reduced by hydrogen under anaerobic conditions, or degraded by biotic cometabolism. 
TNT can be also degraded abiotically by hydrolysis or reduced by iron. 
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4.2.1.2 Volatile Organic Compounds 
VOCs detected at the IAAAP include chlorinated volatile organic compounds (CVOCs); benzene, toluene, 
ethylbenzene, and xylenes (BTEX); and Freon 113. The Kh values for VOCs indicate that they are 
expected to volatilize quickly from surficial soil and surface water (U.S. National Library of Medicine 
2015). The VOCs are also characterized by relatively high solubilities and low sorption potential. CVOCs 
are subject to degradation by biological and abiotic mechanisms. Under anaerobic conditions, 
biodegradation typically occurs by reductive dechlorination, a naturally occurring process in which 
chlorine atoms on a parent CVOC molecule are sequentially replaced with hydrogen. Some CVOCs can 
be aerobically biodegraded via aerobic cometabolism to carbon dioxide. They are also subject to abiotic 
degradation, mainly mediated by iron‐bearing minerals in the subsurface under reducing conditions. 
Aromatic VOCs, such as BTEX, can be biodegraded in oxidation‐reduction reactions, in which the 
contaminant is used as the electron donor by the microorganism. Biodegradation will occur when 
enough electron acceptors, electron donors, and nutrients are available in groundwater. Freon 113 has 
been observed to undergo biodegradation under anaerobic and aerobic conditions; however, the 
degradation rate may be slow, and the contaminant may be persistent (U.S. National Library of Medicine 
2015). 

4.2.1.3 Polycyclic Aromatic Hydrocarbons 
PAHs are a group of organic compounds consisting of two or more rings comprising six carbon atoms. 
The number of rings significantly affects the properties of the molecule. High‐molecular‐weight PAHs, 
such as benzo(a)pyrene, generally have limited volatility, very low water solubility, and high sorption 
potential. On the contrary, low‐molecular‐weight PAHs, such as naphthalene, have moderate volatility, 
moderate water solubility, and moderate sorption potential (U.S. National Library of Medicine 2015). 
Therefore, naphthalene has greater mobility than high‐molecular‐weight PAHs. 

PAHs can be biodegraded under aerobic and anaerobic conditions (U.S. National Library of Medicine 
2015). However, aerobic biodegradation occurs at a much faster rate. The principal mechanism for 
aerobic metabolism is the initial oxidation of the benzene ring by the action of oxygenases. 
Nevertheless, PAHs sorbed to organic matter may be less available for biodegradation. In general, high‐
molecular‐weight PAHs are more recalcitrant than low‐molecular‐weight PAHs and as a result have 
longer half‐lives. 

4.2.1.4 Polychlorinated Biphenyls 
The most common PCBs detected at IAAAP were Aroclor 1254 and Aroclor 1260. These chemicals are 
relatively immobile in the environment and are persistent. PCBs have moderate volatility, high sorption 
potential, and low water solubility. Higher‐weight PCBs (such as Aroclors 1254 and 1260) are resistant to 
aerobic biodegradation (U.S. National Library of Medicine 2015). Anaerobic reductive dechlorination of 
these PCBs can occur but may require enhancement to achieve effective degradation rates. These PCBs 
do not significantly degrade abiotically in the environment. 

4.2.1.5 Metals 
Due to the complexity of metals and their variable forms in the environment, predicting their chemical 
mobility and persistence can be difficult. Typically, they are not volatile under normal temperature and 
pressure conditions. Their sorption potential is a complex function of pH, organic content, oxide 
coatings, and other factors; therefore, Kd is not easily estimated by methods other than site‐specific 
testing (USEPA 1996). Generally, metal adsorption increases with pH. Metals most often sorb to clay 
minerals, organic matter, and iron and manganese oxyhydroxides. Metals may be sorbed on the surface 
of the soil or fixed to the interior of the soil, where they are unavailable for release to groundwater. 
After available sorption sites are filled, most metals are incorporated into the structures of major 
mineral precipitates as coprecipitates (ERG 2005). 
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The solubilities of metals are also dependent on several factors. In general, solubility is highly dependent 
on the oxidation state of the metal (USEPA 2007). The solubility of cations (positively charged ions) 
decreases as pH increases. Some cations may complex with oxygen and hydroxide, forming insoluble 
oxyhydroxides, or with phosphate, sulfate, and carbonate, forming insoluble mineral precipitates. Metal 
sulfide complexes, which form in reducing environments, are extremely insoluble and tend to reduce 
the total metals concentrations (ERG 2005). 

The solid forms of iron (iron hydroxides) and manganese (manganese oxides) are present in the natural 
soil matrix. If insufficient amounts of oxygen and nitrate are present in the subsurface, then iron 
hydroxides and manganese oxides will be used as electron acceptors during metabolic activity and 
dissolve under reducing conditions into soluble forms. Sulfides present in groundwater can also result in 
the dissolution of iron hydroxides. Several metals (such as arsenic) tend to sorb to these iron hydroxides 
and manganese oxides. If these iron and manganese compounds are dissolved, the metals that are 
bound to these hydroxides and oxides (such as, chromium and arsenic) will also be released. Iron also 
becomes more soluble as pH drops below 7 (ERG 2005). 

Subsurface conditions are likely to become more reduced in areas that have substantial carbon 
available. Several metabolic processes can use naturally occurring organic carbon or anthropogenic 
organic compound contamination as an electron donor or electron acceptor. Metal concentrations, in 
particular iron and manganese and those metals that tend to desorb from iron and manganese 
oxyhydroxides when they are reduced to their more soluble forms, are also frequently higher in areas of 
organic contamination (such as explosives or VOC plumes) because of the reducing conditions that are 
created during biodegradation of these chemicals (USEPA 2017a). 

4.2.2 Chemical Transport 
Contamination at the IAAAP is attributed primarily to historical load, assembly, and pack operations for 
ammunitions. In particular, there appear to be several contaminant plumes emanating from wastewater 
treatment buildings along the production lines. Sources of contamination at the individual sites are 
discussed in the Section 5. 

Figure 2‐9 depicts the CSM for the IAAAP and supports the fate and transport discussion. It qualitatively 
combines and interprets physical characteristics and nature and extent of contamination. Primary 
migration pathways for potential contaminants at IAAAP include the following: 

• Volatilization of contaminants in surface soil and surface water 

• Volatilization of contaminants in subsurface soil and shallow groundwater due to construction/
excavation activities 

• Volatilization of contaminants into unsaturated zone soil gas at the water table interface 

• Transport of contaminants sorbed to soil via historical wastewater discharge, stormwater runoff/
erosion, and wind erosion to drainage ditches 

• Leaching of contaminants in soil to groundwater 

• Advection of dissolved contaminants with groundwater flow 

• Discharge of contaminants in groundwater through sediment and into surface water 

• Surface water transport of chemicals within drainage ditches and creeks 

Migration pathways for potential contaminants at IAAAP are further discussed below in the context of 
their location (i.e. unsaturated zone, surface water, sediment, stormwater, and saturated zone 
migrations). 
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4.2.2.1 Unsaturated Zone Migration 
Contaminants released to the ground surface migrated through the unsaturated zone, as controlled by 
the chemical and physical differences between the contaminants and the surrounding media, gravity, 
and pressure (head). Once in the unsaturated zone, contaminants may have sorbed to soil or organic 
matter, become trapped in residual pore spaces, or continued to leach to the saturated zone. Although 
the explosives and VOCs have lower Koc values, the contaminants could still sorb to soil in areas of higher 
clay or total organic carbon content. The high‐molecular‐weight PAHs and PCBs have a strong tendency 
for sorption. Once in the soil, contaminants can enter the gas phase through volatilization of soil 
contaminants. Higher soil temperatures in the upper few feet of soil occur during the summer and can 
lead to increased volatilization. Constituents sorbed or complexed to surface soil may be transported to 
sediment via surface water runoff. 

The IAAAP includes areas that are covered by asphalt, concrete, buildings, and heavy vegetation. In 
portions of the site that are covered by impermeable asphalt or concrete, infiltration into the subsurface 
and potential leaching of contaminants in the unsaturated zone is significantly limited. In those areas of 
the site that are vegetated, there is little to no restriction for infiltration. Explosives, VOCs, and low‐
molecular‐weight PAHs have leached from the unsaturated zone to groundwater. In contrast, due to the 
high sorption potential and low water solubility of high‐molecular‐weight PAHs and PCBs, these 
contaminants are largely immobile in the unsaturated zone and unlikely to appreciably leach to 
groundwater. Based on their moderate volatility, PCBs may evaporate into soil gas and then into the 
atmosphere. 

Most metals at the IAAAP are likely naturally occurring in the environment and not associated with a 
CERCLA release. In southeast Iowa, iron and manganese have been identified as being problems and are 
frequently detected at concentrations above recommended screening values (Coble 1971). The mobility 
of metals in the unsaturated zone is highly dependent on the subsurface conditions. Surface soil and 
shallow subsurface soil (within the top 2 feet of the ground surface) exist under more oxidizing 
conditions due to the proximity to outdoor air; therefore, aluminum, manganese, and iron will tend to 
be in their immobile forms of aluminum hydroxides, manganese oxides, and iron hydroxides. In oxidizing 
environments, arsenic and chromium are typically present in forms that are more mobile. However, 
these metals, along with lead, thallium, and zinc, will potentially sorb or complex with clays, organic 
material, iron hydroxides, or manganese oxides, limiting their mobility. 

4.2.2.2 Surface Water, Sediment, and Stormwater Runoff Migration 
Intermittent stormwater runoff can transport contaminants in surface soil and deposit them potentially 
in creeks at the IAAAP. Transport occurs when contaminants are either dissolved in the stormwater/
runoff or sorbed to particulate matter small enough to be carried by the intermittent stormwater flow. 
Runoff may be locally limited by vegetation, where present. 

Once the contaminants are transported to the surface water features, they can be further carried with 
surface water flow. Heavier particles will tend to deposit to the bottom as sediment, unless the surface 
water flow is strong. Volatilization of volatile contaminants would be rapid from shallow surface water, 
particularly if there is shallow turbulent flow, such as that which occurs in small creeks. 

Within the creeks, explosives and VOCs would be expected to dissolve in surface water. The VOCs would 
volatilize quickly, but the explosives would be more likely to stay dissolved in water. Any high‐molecular‐
weight PAHs and PCBs would preferentially stay sorbed to sediment and be migrated only via particle 
entrainment. Low‐molecular‐weight PAHs and PCBs may moderately volatilize into the atmosphere. In 
contrast, high‐molecular‐weight PAHs are unlikely to evaporate. Unlike surface soil, sediment is often 
subject to more reducing conditions due to the presence of organic matter, which may facilitate 
biological redox reactions. 
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4.2.2.3 Saturated Zone Migration 
Contaminants have entered groundwater at the IAAAP primarily by leaching through unsaturated zone 
soil. However, sumps at the IAAAP, which were located below the water table, may have also 
contributed to groundwater contamination. Contaminants in the overburden aquifer have been 
transported from the source release areas through advection and dispersion. Advection is the primary 
transport mechanism and includes the transport of dissolved contaminants by the bulk motion of 
flowing groundwater. Dispersion is the spreading of dissolved contaminants from the path they would 
be expected to follow during advection due to the spatial variation in aquifer permeability, fluid mixing, 
and molecular diffusion. Contaminants in groundwater may volatilize into unsaturated zone soil gas at 
the water table interface. 

Groundwater flow in the overburden aquifer is influenced by the hydrologic watersheds and flows 
generally southeasterly or southwesterly toward Brush Creek, Long Creek, Spring Creek, and the Skunk 
River. Groundwater contaminants near these waterbodies may discharge through sediment and into 
surface water in portions of the creeks that are considered “gaining.” Due to differences in the 
permeability, groundwater discharge is greater in the alluvium than in the glacial till. However, when 
surface water levels are high, during periods of high precipitation, surface water may serve as a recharge 
point for groundwater. Groundwater contaminants may also discharge into localized drainage ditches; 
however, this is less likely since the drainages are often dry at the IAAAP. Groundwater discharge to 
surface water bodies is indicated by upward vertical gradients. Overburden aquifer groundwater can 
also flow downwards toward the bedrock aquifer. This would be indicated by downward vertical 
gradients. However, contaminant migration between the aquifers would be limited due to physical 
differences between the surficial (overburden) geology and the primary bedrock matrix and pressure 
(head). Groundwater in bedrock flows primarily through secondary porosity features, like fractures. 
Where the bedrock crops close to the surface, groundwater flow is also influenced by the watersheds. 

Contaminants typically will not move as rapidly as groundwater because of retardation, or the 
adsorption of the contaminant to the solid media. Retardation can be a significant factor for 
groundwater COPCs within the overburden aquifer, which is composed primarily of clays and silts. 
Retardation will not be important where sand lenses are present from the glacial meltwater. 

As previously mentioned, organic contamination in groundwater is composed primarily of explosives 
and VOCs. The explosives have moderate solubilities, but relatively low sorption potential. Therefore, 
they are subject to moderate migration, which may vary based on the specific constituent. The VOCs in 
groundwater may volatilize into soil gas overlying the water table. These constituents also have high to 
moderate aqueous solubilities and have the potential to migrate once dissolved in groundwater. All of 
the organic groundwater COPCs are subject to biodegradation. 

Transport and partitioning of metals in water is dependent on the oxidation state of the metal and on 
interactions with other materials present. Under reducing conditions, iron and manganese would be 
expected to be transformed into more soluble forms. Any metals (such as arsenic and zinc) which may 
be naturally bound to iron hydroxides and manganese oxides can also become more mobile. Arsenic can 
also coprecipitate in groundwater. 

4.3 Risk Assessment Approach 
Risk assessments were conducted to assess the potential for unacceptable risk or hazards to human 
health and environment posed by site‐related contamination. The media evaluated for the areas 
included in this report are detailed in Section 5 and summarized below. 

• Soil: BCU, EWI, and USWS 

• Groundwater: BCU, CTA, EWI, Lines 4A/4B, Line 6, PDS, USWS, and InDA 
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• Sediment (dry sediment was evaluated as surface soil since there are no perennial features at these 
IAAAP sites): BCU and EWI 

Risk assessments were not conducted for four areas (Line 8, the MA, Roundhouse, and Yard L) included 
in this RI report. Groundwater is the only media applicable to the RI for these four areas; soil has already 
been evaluated under the OU‐1, OU‐5, and/or OU‐8 RIs. As discussed in the site‐specific Section 5 
subsections, there is no evidence of a contaminant release to groundwater at Line 8, the MA, or 
Roundhouse. There is also no evidence of contamination at Yard L, as documented in the FUSRAP RI 
(USACE 2008b). 

4.3.1 Human Health Risk 
This section provides the general method used in the HHRAs. As discussed in Section 1.2.4, site‐specific 
discussions for the IAAAP sites included in this report are provided in Section 5. The results of the site‐
specific HHRAs are also included in Section 5 to provide a more comprehensive CSM for each of these 
IAAAP areas. The supporting risk tables are provided in Appendix A. 

The approach and assumptions used in the HHRA are consistent with those provided in the final UFP‐
QAPP (CH2M 2017a), except for some deviations that were agreed to during meetings or 
correspondence with USACE and USEPA following approval of the final UFP‐QAPP, and are consistent 
with those provided in the interim HHRAs for Line 2, Line 6, and Building 600‐86 (CH2M 2019, 2020c; 
Leidos 2020a). While only Line 6 is included in this report, the IAAAP project team agreed that these 
interim deliverables would serve as examples for the HHRA approach at all of the IAAAP sites, including 
the sites included in this OU‐11 RI report. The interim HHRAs presented the exposure scenarios, 
analytical data, data groupings, results of the screening for COPCs, exposure point concentrations (EPCs) 
in exposure media, exposure factor values for receptors, and toxicity values for the COPCs. 

HHRAs were completed for the IAAAP sites included in this RI report except for Line 8, the MA, 
Roundhouse, and Yard L. There is no indication of a contaminant release to groundwater at Line 8 (see 
Section 5.7), the MA (see Section 5.8), or the Roundhouse (see Section 5.10). Soil at another site, Yard L, 
was addressed under the FUSRAP. The FUSRAP RI concluded that there was no radiological 
contamination in soil and no reason to suspect chemical contamination. Because there is no 
contaminated soil, and no surface water or sediment is present at Yard L, there are no potential sources 
to groundwater and no contaminants in groundwater (see Section 5.4). If there is no indication of a 
contaminant release and/or no potential sources to groundwater, additional sampling was not 
warranted. Additionally, if there are no indications of groundwater contamination, there are no 
exposure pathways for human receptors to contamination. Therefore, HHRAs are not warranted for Line 
8, the MA, Roundhouse, and Yard L. 

The primary objective of each HHRA was to evaluate and document the potential risks and hazards to 
human health associated with potential current and future exposures to constituents at these IAAAP 
sites in the absence of any remedial action. The HHRAs were completed in accordance with the USEPA’s 
Risk Assessment Guidance for Superfund (RAGS), Volume I, Human Health Evaluation Manual (HHEM), 
Parts A, D, E, and F (USEPA 1989, 2001a, 2004, 2009); HHEM Supplemental Guidance: Update of 
Standard Default Exposure Factors (USEPA 2014a); and USACE’s Risk Assessment Handbook, Volume I: 
Human Health Evaluation (USACE 1999).2 

The HHRAs consist of a four‐step evaluation process: 

1. Data evaluation and identification of COPCs. Identification of the appropriate HHRA data set and 
selection of the COPCs, including concentration contributions from both site‐related COPCs and 

 
2 If there are inconsistencies between the methods presented in the USACE and USEPA guidance documents, preference is given to USEPA 
guidance in the risk assessment. 
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naturally occurring chemicals. COPCs identified in this step are the focus of the subsequent steps of 
the HHRA. 

2. Exposure assessment. Identification of potential pathways of human exposure, characterization of 
the potentially exposed populations, and estimation of the magnitude, frequency, and duration of 
exposures. 

3. Toxicity assessment. Assessment of the potential adverse effects of the COPCs (site‐related COPCs 
and naturally occurring chemicals) and compilation of the toxicity values used for developing 
numerical risk estimates. 

4. Risk characterization. Integration of the results of the exposure and toxicity assessments to develop 
numerical estimates of potential health risks, including a discussion of sources of uncertainty 
associated with the data, method, and exposure and toxicity values used in the HHRA. For each 
IAAAP site, the risk characterization is a four‐step process that (1) presents estimates of potential 
risks and hazards that include contributions from site‐related COPCs and naturally occurring 
chemicals; (2) presents risks and hazards due to background and identifies naturally occurring 
chemicals; (3) presents risks and hazards from site‐related COPCs; and (4) through weight‐of‐
evidence evaluations, identifies final chemicals of concern (COCs), if any, that warrant further 
evaluation in a Feasibility Study. The identification of no COCs indicates the conditions for NFA are 
met on an HHRA basis. 

4.3.1.1 Potential Receptors 
The following potential current and future human receptors were considered for the IAAAP sites 
included in this RI report, and the exposure scenarios applicable to each site are discussed in the HHRAs, 
as provided in Section 5. 

Potential Current Exposure Scenarios 

• Hunters/Recreators. Hunters/recreators could contact area surface soil (0 to 2 feet bgs), as well as 
sediment and surface water in permanent water bodies. To effectively manage the overpopulation 
of deer, limited recreational hunting is permitted at some areas within IAAAP. Recreational trapping 
of fur‐bearing mammals is also allowed during limited times of the year. For an individual site, 
potential exposures to hunters were evaluated only if hunting/trapping is permitted at the site, as 
shown in Appendix A‐1, Attachment 1. For the IAAAP sites included in this RI report, surface water 
and sediment exposures were not evaluated because the sites included in the HHRAs have only 
intermittent water bodies or are closed for recreational use. Besides hunting, portions of some 
IAAAP sites are also open for other recreational activities such as berry and mushroom picking. The 
hunter/recreator scenario was evaluated only for surface soil risks and hazards if the estimated risks 
and hazards for a hypothetical residential scenario exceeded acceptable risk levels, and COCs were 
identified for a residential scenario. Current and future surface soil exposures to this receptor are 
assumed to be the same. 

• Site Workers. Site workers could be exposed to COPCs in surface soil (0 to 2 feet bgs) and indoor air 
(which may be impacted by VOCs migrating from groundwater). Potential indoor air exposures to 
current site workers were only considered at sites with currently active buildings. The active 
buildings at the IAAAP areas included in this RI report were identified by IAAAP personnel and are 
provided in Appendix A‐1, Attachment 2. As shown, there are active buildings at three of the IAAAP 
areas included for risk assessment (CTA, Line 4A/4B, and Yard L). Additionally, a current site worker 
scenario was only evaluated for surface soil and indoor air risks and hazards if the estimated risks 
and hazards for a hypothetical residential scenario exceeded acceptable risk levels and COCs were 
identified for a residential scenario. 
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Potential Future Exposure Scenarios 

• Site Workers. Future site workers could contact surface soil (0 to 2 feet bgs) and combined surface 
and current subsurface soil to an assumed maximum exposure depth of 10 feet bgs (i.e., soil depth 
interval, 0 to 10 feet bgs). Exposures to combined soil from the 0 to 10 ft depth is assumed possible 
following new building construction, during which soil currently in the subsurface could be 
excavated to the surface. Future site workers could contact groundwater if groundwater is used as a 
future drinking water source at the IAAAP sites. Additionally, future site workers could contact 
COPCs in indoor air (that may be impacted by VOCs migrating from groundwater) in existing 
buildings or in potential future buildings if a site is redeveloped. However, potential exposures and 
risks and hazards to site workers were estimated in the HHRAs only if the estimated risks and 
hazards for a hypothetical residential scenario—combined surface and subsurface soil within the 0 
to 10 feet bgs depth interval, potable use, or vapor intrusion (VI)—exceeded acceptable risk and 
hazard levels and COCs were identified for a residential scenario. 

• Construction/Utility Workers. Future construction/utility workers could contact simultaneously 
both surface and subsurface soil, excavated to an assumed maximum depth of 10 feet bgs, during 
future construction projects. Future construction/utility workers could contact shallow groundwater 
while replacing a culvert. For soil and groundwater, potential exposures and risks and hazards to 
construction/utility workers are estimated in the HHRAs only if the estimated risks and hazards for a 
hypothetical residential scenario (soil exposures or potable use) exceed acceptable risk levels and 
COCs were identified for a residential scenario. Based on conversations with staff at IAAAP, 
replacing culverts is infrequent (i.e., every few years over a duration of approximately 2 weeks), and 
contact with shallow groundwater is expected to be minimal (i.e., less than 1 hour per day during 
culvert replacement). Additionally, repairs to sewer or water lines are very infrequent, are 
completed in 1 or 2 days and are too insignificant to evaluate in the HHRAs. 

• Hypothetical Residents. Future hypothetical residents (young child ages 0 to 6 years and adult) may 
contact surface soil (0 to 2 feet bgs), combined surface and current subsurface soil to a maximum 
depth of 10 feet bgs (i.e., soil depth interval, 0 to 10 feet bgs), and groundwater based on potential 
future use as a potable water source at the IAAAP sites. Exposures to combined soil from the 0 to 10 
ft depth is assumed possible following housing construction, during which soil currently in the 
subsurface could be excavated to the surface. Additionally, future residents could contact COPCs in 
indoor air (that may be impacted by VOCs migrating from groundwater) if future residences are 
constructed at the IAAAP areas included in this report. 

Although the current and expected future land use of the IAAAP is Commercial/Industrial, hypothetical 
future residents are being evaluated for exposures to soil and groundwater at the OU‐11 areas as a 
means for determining if the conditions of the areas meet the conditions for NFA or UU/UE. Although 
none of the areas at the IAAAP are anticipated to undergo residential redevelopment, the hypothetical 
residential scenario allows for evaluation of the least restrictive land use scenario. According to USEPA’s 
Office of Solid Waste and Emergency Response (OSWER) Directive 9355.7‐04 entitled “Land Use in the 
CERCLA Remedy Selection Process” (USEPA 1995), the presence of contaminants in media at 
concentrations protective of residential exposures allow for unrestricted land use and negates the need 
for further action for a human health risk scenario. 

The human health conceptual exposure model (CEM) for each IAAAP site in this report is discussed in 
Section 5. The media and potential exposure scenarios evaluated for each site are provided in Table 
4.3‐1. 
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4.3.1.2 Data Evaluation and Identification of Chemicals of Potential Concern 
Data Evaluation 

The data evaluation step involves gathering and reviewing available site data and identifying a data set 
of acceptable quality for the HHRAs. Soil and groundwater samples from historical investigations and 
from the recent investigations conducted between 2018 and 2020, as documented in the final UFP‐
QAPP (CH2M 2017a), were included in the HHRAs. The historical data were evaluated to determine 
whether they were likely to still be representative of current site conditions. The data sets included in 
the HHRAs for each site are discussed in Section 5. 

The data were evaluated using the following procedures: 

• A value reported as “B” or “J” qualified was treated as a detected value. 

• “U” qualified results were treated as nondetected values. 

• “UJ” qualified results were treated as nondetected values, with the reporting limit being estimated. 

• “R” (rejected) qualified results were not included in the HHRA data sets. 

• For sample locations where a duplicate sample or a split sample was collected, the highest detected 
concentration among the original, duplicate, or split samples was used when a chemical was 
detected in any sample. If all results were nondetect, the lowest reported detection limit (DL) (that 
is, reporting limit [RL]) was used. 

Soil Data Groupings 

Surface soil and/or subsurface soil samples were collected from various depth intervals throughout the 
IAAAP sites, the data of which are used to evaluate receptor exposures to assumed depth intervals, 
based on known or assumed land use scenarios (i.e., residential or industrial/commercial land use) 
under current and future timeframes. Per the final UFP‐QAPP (CH2M 2017a), soil samples collected from 
discrete depths between 0 and 10 feet bgs (or the depth to first‐encountered groundwater, 

whichever is shallower) will be used to identify COPCs. Soil samples collected from 0 to 2 feet bgs will be 
termed “surface soil” and screened for COPCs for industrial workers [i.e., site workers] and 
hunters/trespassers [i.e., hunters/recreators], as appropriate. Soil samples collected from 0 to 10 feet 
bgs (or the depth to first‐encountered groundwater, whichever is shallower) will be termed “total soil” 
and screened for COPCs for construction/utility workers (and hypothetical future residents at sites 
where this scenario is evaluated). 

Generally, for the IAAAP sites included in this report for which soil data are available, all receptor 
scenarios representing current land use are evaluated using surface soil data (i.e., current site workers 
and hunters/recreators). Receptor scenarios representing future land use are evaluated using surface 
soil (i.e., hypothetical residents and hunters/recreators) and combined surface and subsurface soil (i.e., 
hypothetical residents, site workers and construction/utility workers). Under a hypothetical resident 
scenario, it is assumed for the purpose of evaluation that subsurface soil within the depth interval of 2 
to 10 feet bgs, can be brought to the surface (e.g., during land redevelopment) and made available for 
exposures that could occur during any of the residential activities (e.g., outdoor home recreational 
activities, gardening, routine lawn maintenance, and landscaping). 

The 0‐to‐2‐feet‐bgs surface soil depth and the 0‐to‐10‐feet‐bgs (or depth to groundwater) combined soil 
depth are conceptual vertical limits defined by the CEMs and may not reflect actual soil data for some 
sites. As examples, actual surface soil data may have been collected from the 0‐to‐0.5‐foot‐bgs or 0‐to‐
1.0‐foot‐bgs depth intervals. Similarly, subsurface soil data at some sites may have been collected from 
a maximum depth that is less than the shallower of 10 feet bgs or depth to groundwater. In the HHRAs, 
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the vertical limits defined by the data are those that are reflected in the text and supporting tables (e.g. 
0‐1 foot bgs), not the conceptual depths (e.g. 0‐to‐2‐feet‐bgs or 0‐to‐10‐feet‐bgs). 

Groundwater Data Groupings 

For a future potable use scenario, groundwater samples collected from the overburden and bedrock 
aquifers within a site boundary were combined (if bedrock groundwater was potentially impacted and 
sampled), and groundwater was assumed to be potable at all depths. USEPA guidance (USEPA 2014b) 
recommends that only “total” concentrations be used to evaluate a potable use scenario if both “total” 
and “dissolved” metals data are available in the groundwater dataset; therefore, only “total” metals 
data were presented in the risk assessment tables and text of the HHRAs. However, for informational 
purposes and to provide weight of evidence when evaluating groundwater risk estimates, dissolved 
metals data were also evaluated and included as an attachment to the HHRAs. 

For the VI pathway, groundwater samples collected from the overburden and bedrock aquifers within a 
site boundary were combined. If groundwater samples were collected at multilevel wells, then only the 
samples collected from the shallow zone were included in the HHRAs when evaluating the VI pathway. 

Surface Water/Sediment Data Groupings 

Surface water and sediment are not considered to be exposure media associated with complete 
exposure pathways at the IAAAP sites included in this report because hunting and other recreational 
activities are not permitted at the sites with perennial surface water features, or surface water is 
intermittent and does not exist in the drainage features year‐round at some sites. At sites where only 
intermittent surface water features are present, sediment was sampled within the 0‐to‐0.5‐foot interval 
and was addressed as soil. The 0‐to‐0.5‐foot sample interval is based on previous RI sampling methods 
as the maximum concentrations of contaminants were expected to be in shallow sediment surface due 
to runoff. Dry sediment collected between 0 and 2 feet would be grouped with surface soil and dry 
sediment collected deeper than 2 feet would be grouped with total soil. In addition, groundwater 
contaminant plumes are not present at the IAAAP sites included in this report, and therefore 
groundwater migration to surface water is not a complete pathway. 

Selection of Site-related Chemicals of Potential Concern and Naturally Occurring Chemicals 

The COPCs (site‐related COPCs or naturally occurring chemicals) are those chemicals that, based on 
screening, have the potential to cause adverse human health effects if receptors contact site media. 
Chemicals considered to be essential nutrients (calcium, magnesium, potassium, and sodium) were not 
selected as COPCs in the HHRAs because they are toxic only at high doses and high concentrations of 
essential nutrients are not present at the sites. 

Chemicals that were 100 percent nondetected in a data grouping were not identified as COPCs for that 
data grouping; however, an evaluation of the 100 percent nondetected chemicals within a medium was 
included in the Uncertainty Analysis section in the HHRAs. DLs and RLs (if available) for chemicals that 
were 100 percent nondetected in a medium were compared against SLs. Chemicals with exceedances 
are discussed regarding the age of data, the potential to be related to former site activities, and the 
potential to be associated with laboratory contamination. The detection of a chemical within that 
medium on an IAAAP facility‐wide basis at a frequency greater than 5 percent (based on historical non‐
FUSRAP facility data) was also considered when determining the significance of the DL or RL above its SL 
and its potential to be site‐related. The results of the evaluation for the nondetected chemicals are 
provided in Section 5. 

Screening Levels 

The SLs used in the HHRA for each exposure medium are described below. A detected chemical was 
retained as a COPC (site‐related COPC or naturally occurring chemical) in an exposure medium if the 
maximum detected concentration exceeded the corresponding SL for that exposure medium. 
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• Surface Soil and Combined Surface and Subsurface Soil (Industrial/Commercial Land Use). 
Concentrations detected in surface soil and combined surface and subsurface soil were evaluated to 
identify COPCs for the site worker, construction/utility worker, and hunter/recreator scenarios by 
comparing those concentrations with USEPA’s industrial soil RSLs (USEPA 2021a). The industrial soil 
RSLs are considered protective of hunter/recreator exposures to surface soil because of the higher 
combined exposure frequency and duration assumed for the site worker scenario compared to 
those assumed for the hunter/recreator scenario. 

• Surface Soil and Combined Surface and Subsurface Soil (Hypothetical Residential Land Use). 
Concentrations detected in surface soil and combined surface and subsurface soil were evaluated to 
identify COPCs for the hypothetical resident scenario by comparing those concentrations with 
USEPA’s residential soil RSLs (USEPA 2021a). 

• Groundwater (Potable Use). Concentrations detected in groundwater for a potable use scenario 
were compared to USEPA’s tap water RSLs (USEPA 2021a). For lead, the groundwater 
concentrations were compared to the USEPA’s Action Level of 15 µg/L. USEPA’s MCLs (USEPA 2009) 
were included in the groundwater screening tables for comparison purposes (i.e., as an applicable or 
relevant and appropriate requirement) but were not used to select COPCs. If an MCL was not 
available, the Lifetime Health Advisory (USEPA 2018c) was provided for comparison purposes. The 
MCLs are enforceable standards and are used as a line of evidence in the risk characterization to 
determine final COCs in the HHRAs. 

• Groundwater (VI). Concentrations detected in groundwater for the VI pathway were compared to 
USEPA’s groundwater VISLs, calculated using the VISL Calculator (USEPA 2020a). The default 
groundwater to indoor air attenuation factor of 0.001 and IAAAP‐specific average groundwater 
temperature of 13 degrees Celsius (based on groundwater samples collected from 2000 to 2018) 
were used in the VISL calculations. The VISL Calculator input and output is provided in Appendix A‐1, 
Attachment 3. Chemicals detected in groundwater that were not considered to be sufficiently 
volatile were excluded as COPCs for the VI pathway.3 

The RSLs and VISLs were based on a target excess lifetime cancer risk (ELCR) of 1 × 10‐6 and a noncancer 
HQ of 0.1. The HQ of 0.1 was used as the target hazard level for noncarcinogenic health endpoints to 
account for the potential presence of multiple chemicals affecting the same target organ. For those 
chemicals with a carcinogenic‐based RSL and noncarcinogenic‐based RSL, the lowest value was selected 
as the final RSL for that chemical. If the maximum detected concentration of a constituent exceeded its 
respective SL, it was retained as a COPC (site‐related COPC or naturally occurring chemical) in the HHRA. 

For most IAAAP sites, speciated chromium data was not collected. Because hexavalent chromium is 
typically present as a fraction of the total chromium, an approach for evaluating chromium at IAAAP 
sites is provided in Figures 4‐1 and 4‐2, depending on whether only total chromium data is available for 
a site or whether some hexavalent chromium data is available, respectively. If samples were analyzed 
for total chromium but analytical results were not available for hexavalent chromium in a data grouping, 
the total chromium concentrations were compared to the RSLs for hexavalent chromium. This is a 
conservative approach because it is unlikely that 100 percent of the total chromium in a site medium 
would be present in the hexavalent form. If samples were analyzed for hexavalent chromium, the 
hexavalent chromium concentrations were compared to the RSLs for hexavalent chromium. If total 
chromium was analyzed along with the hexavalent chromium, then no RSL was used for total chromium. 
If total chromium or hexavalent chromium exceeds the RSL, then the approach mapped out in Figures 
4‐1 and 4‐2 can be used to calculate hexavalent BTVs and hexavalent EPCs for use in the risk 
characterization. Because hexavalent chromium is typically present as a fraction of the total chromium, 

 
3 Chemicals with a Henry's Law Constant value greater than or equal to 1 × 10‐5 atm‐m3/mole or a vapor pressure greater than or equal to 1 
mm Hg are considered by USEPA to be sufficiently volatile. 
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background comparisons between total chromium in a given medium and the BTV can be conducted in a 
manner that allows for inferences to be made regarding the natural occurrence of hexavalent 
chromium. This can be done by application of area‐specific ratios of hexavalent chromium 
concentrations to chromium concentrations in groundwater as discussed for OU‐9 (Leidos 2020b); the 
OU‐9 ratios for soil and groundwater are provided in Table 4.3‐2. However, because no IAAAP‐specific 
soil BTVs are available for total chromium, the area‐specific ratios cannot be applied to estimate soil 
BTVs for hexavalent chromium. The ratios can still be used to determine hexavalent chromium EPCs for 
site datasets containing hexavalent chromium soil data for none or some of the samples analyzed total 
chromium. If data are available, site‐specific ratios of hexavalent chromium concentrations to chromium 
concentrations in groundwater or soil will be calculated. 

With the exception of soil, the BTVs for groundwater are provided in the COPC screening tables for 
comparison purposes and were not used as a basis for selecting or eliminating COPCs. Instead, the BTVs 
are used to determine which chemicals are naturally occurring at the sites, as provided in the nature and 
extent evaluations in Section 5. BTVs currently available for soil are not used in the HHRAs due to 
comments received from USEPA (see Section 4.1.2); there are future plans to recalculate soil BTVs using 
the same approach used to calculate groundwater, sediment, and surface water BTVs. The results of the 
background comparisons are used in the risk characterization process to distinguish between naturally 
occurring chemicals and site‐related COPCs. If the site maximum detected concentration (MDC) is less 
than the upper tolerance limit (UTL) for the BTV, the COPC is considered naturally occurring. If the site 
MDC is greater than the background UTL, the COPC is considered site‐related. 

4.3.1.3 Exposure Assessment 
An exposure assessment is used to evaluate potential exposures to site media by the human receptors 
identified for current and anticipated future land uses at the IAAAP sites. The exposure assessment 
identifies potential human receptors, potential exposure pathways, exposure factor values, and EPCs. 

Exposure Pathways Quantified in the HHRA 

An exposure pathway can be described as the physical course that a chemical takes from the point of 
release (or source) to a receptor. To be complete, an exposure pathway must have all the following 
components: 

• A source (such as constituent residues in an environmental medium) 
• A mechanism for chemical release and migration (such as groundwater infiltration) 
• An environmental transport medium (such as groundwater) 
• A point of potential human contact (exposure point, such as tap water) 
• A route of intake (such as ingestion, dermal contact, or inhalation) 

In the absence of any one of these components, an exposure pathway is considered incomplete, and, by 
definition, there is no risk or hazard. 

Groundwater is not currently being used as a potable water source and there are no plans to use 
groundwater for potable purposes in the future; however, based on applicable CERCLA policy and 
guidance, groundwater at the IAAAP sites is classified as Class IIB, a potential source of drinking water 
(USEPA 1989). This entails the evaluation of future residential exposures to groundwater. It is assumed 
that future hypothetical residents could use groundwater as a potable water source. Ingestion, dermal 
contact, and inhalation exposures to COPCs in groundwater were estimated in the HHRA based on a 
potable use scenario. Additionally, hypothetical future residents could also inhale volatile groundwater 
constituents (if present in groundwater) that have migrated to indoor air from VI. 

The potential exposure pathways quantified for each site are discussed in the HHRAs, as provided in 
Section 5. 
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Exposure Point Concentrations 

The upper confidence limit of the mean (UCL) concentration was calculated for each COPC where at 
least eight samples were available and at least four detected concentrations were observed. The UCLs 
were estimated following the most recent parametric (distributional) and nonparametric USEPA 
recommendations in ProUCL (Version 5.1.002) (USEPA 2016a). ProUCL provides approaches for 
calculating UCLs particularly when nondetected concentrations are present. These approaches consider 
a large variety of input including the perceived distribution of the detected results (if no perceived 
distribution is acceptable, nonparametric alternatives are provided), sample size, variability, and 
skewness. The arithmetic mean concentrations provided in the RAGS Part D Table 3 series were 
calculated using only detected results. For exposure media where lead was identified as a COPC, the 
arithmetic mean concentration was used as the EPC. 

If a groundwater plume was identified for a site, the groundwater EPCs were calculated based on the 
data collected in the core of the plume, in accordance with USEPA’s Determining Groundwater Exposure 
Point Concentrations, Supplemental Guidance (USEPA 2014b). If no plume was identified for a site, all 
samples in the groundwater data set were used to calculate the EPCs for the COPCs in groundwater. 
Whether samples from the core of the plume or the entire site groundwater data set are used, the UCL 
concentration was calculated for each COPC where at least eight samples were available and at least 
four detected concentrations were observed. If the UCL was greater than the MDC or sufficient 
samples/detect were not available, the MDC was used as the EPC. 

Exposure Factors and Chemical Intake Calculations 

A reasonable maximum exposure (RME) scenario was quantified for potential residential receptors 
under a hypothetical future land use scenario (USEPA 1989). USEPA defines the RME as the highest 
exposure that could reasonably be expected to occur for a given exposure pathway at a site and is 
intended to account for both uncertainty in the chemical concentration and for variability in the 
exposure parameters (such as exposure frequency or averaging time). If available, site‐specific values 
are applied as equation inputs. In the absence of site‐specific values, default values are obtained or 
calculated based on values provided in current USEPA guidance such as the HHEM Supplemental 
Guidance: Update of Standard Default Exposure Factors (USEPA 2014a). The exposure factors used in 
the HHRAs are provided in the RAGS Part D Table 4 series for each site (Appendix A). 

The exposure factors are used as equation inputs for calculating chemical intakes. A chemical intake 
occurs when a chemical is taken into the body via a route of exposure (i.e., ingestion, dermal contact, or 
inhalation) and is subsequently absorbed into the bloodstream. Depending on the exposure duration, 
exposures are characterized as chronic or subchronic. Chemical intakes via all routes are calculated in 
accordance with the USACE’s Risk Assessment Handbook (USACE 1999) and USEPA’s RAGS Part A (USEPA 
1989). Additionally, dermally absorbed doses are calculated for dermal exposures in accordance with 
USEPA’s RAGS Part E (USEPA 2004), and air exposure concentrations (ECs) are calculated for inhalation 
exposures in accordance with USEPA’s RAGS Part F (USEPA 2009). 

Calculations of chemical intakes are provided in the RAGS Part D Table 7 series for each area/pathway/
receptor combination (Appendix A). 

For hypothetical future residents, noncarcinogenic exposures are calculated separately for child (0 to 6 
years) and adult residents as daily intakes. For carcinogenic exposures, daily intake rates are age‐
adjusted based on child (0 to 6 years) and adult parameters (e.g., intake rates, exposure duration, and 
body weights) and averaged over a lifetime (i.e., 70 years). 

Approach for Mutagenic Exposures 

For COPCs with a mutagenic mode of action (MMOA) for carcinogenesis, in the absence of age‐specific 
toxicity data, the risk for exposures that occur at early life stages were estimated by applying the default 
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age‐dependent adjustment factors (ADAFs) to address the potential for increased carcinogenic potency 
associated with exposure during early life (less than 16 years of age). Consistent with the Cancer 
Guidelines (USEPA 2005a) and Supplemental Guidance (USEPA 2005b), the estimated risks for specific 
age groups were calculated using the following ADAFs: less than 2 years (ADAF of 10), 2 to less than 16 
years (ADAF of 3), and greater than 16 years (ADAF of 1). 

Approach for Lead Exposures 

The potential risks associated with lead exposures for a hypothetical residential scenario were 
addressed using the most recent version of the IEUBK (Integrated Exposure Uptake Biokinetic) Model 
and USEPA’s recommended input parameter values (USEPA 1994, 2017b, 2017c, 2021b). The IEUBK 
Model was designed to provide predictions of the probability of elevated blood lead levels (BLLs) for 
children. This model addresses three components of environmental risk assessments—the multimedia 
nature of exposures to lead, lead pharmacokinetics, and significant variability in exposure and risk—
through estimation of probability distributions of BLLs for children exposed to similar environmental 
concentrations. The measured site concentration, calculated as the arithmetic mean, was used for the 
exposure medium where lead was identified as a COPC, and the default ECs embedded in the IEUBK 
Model were used for exposure media where lead is not a COPC. 

In 2012, the Advisory Committee on Childhood Lead Poisoning Prevention (ACCLPP) conducted a critical 
review of available lead toxicity studies, and reported that the overall weight of evidence substantiates 
that neurocognitive decrements (as well as other adverse systemic effects, such as cardiovascular, 
immunological, and endocrine effects) can occur in children, even when BLLs are less than 10 
micrograms per deciliter (μg/dL) (ACCLPP 2012). Based on the conclusion that BLLs below 10 μg/dL can 
harm children, the ACCLPP and Centers for Disease Control and Prevention (CDC 2007) have 
recommended that a revised reference value of 5 μg/dL of blood lead be used to identify children with 
elevated BLLs. Therefore, the blood lead reference level of 10 μg/dL was replaced with the reference 
level of 5 μg/dL in the IEUBK Model, in accordance with the final UFP‐QAPP (CH2M 2017a). Additionally, 
the default maternal blood lead concentration at childbirth was updated from 1 μg/dL to 0.6 μg/dL in 
the IEUBK Model, as recommended in USEPA’s May 2017 memorandum (USEPA 2017b, 2021b). In 
accordance with recent USEPA guidance (USEPA 2017c, 2021b), the default age range for children was 
changed from 0 to 84 months to 12 to 72 months because soil and dust ingestion rates are generally 
lower for children aged 0 to 12 and 72 to 84 months. 

4.3.1.4 Toxicity Assessment 
The toxicity assessment describes the relationship between the magnitude of exposure to a constituent 
and the possible severity of adverse effects and weighs the quality of available toxicological evidence. 
Where possible, this assessment provides a numerical estimate of the increased likelihood and/or 
severity of adverse effects associated with chemical exposure (USEPA 1989). 

The toxicity values for carcinogenicity (oral cancer slope factors [CSFs] and inhalation unit risks [IURs]), 
as well as for noncarcinogenic effects (oral reference doses [RfDs] and inhalation reference 
concentrations [RfCs]), that are used in the HHRAs were obtained from the USEPA standard hierarchy of 
toxicity value sources (USEPA 2003b), as follows: 

• Tier 1 Source—Integrated Risk Information System (USEPA 2020b) 

• Tier 2 Source—USEPA Provisional Peer‐Reviewed Toxicity Values 

• Tier 3 Sources—Other peer‐reviewed federal and state toxicity values, as cited in the RSL table 
(USEPA 2021a)4 

 
4 The Tier 3 toxicity value sources used in the HHRAs were identified as appropriate by the USEPA and are consistent with the USEPA’s RSL 
User’s Guide (May 2021). Priority was given to toxicity value sources that are most current, peer reviewed, transparent, and publicly available. 



SECTION 4 – APPROACH FOR RI DATA EVALUATION  

 4‐17 

– Agency for Toxic Substances and Disease Registry (ATSDR 2020) 
– California Environmental Protection Agency (Cal EPA) toxicity database (Cal EPA 2020) 
– USEPA’s Health Effects Assessment Summary Tables (USEPA 1997a) 

The noncarcinogenic toxicity values and carcinogenic toxicity values used in the HHRAs are provided in 
the RAGS Part D Table 5 series and 6 series, respectively, for each site (Appendix A). 

Noncarcinogenic Toxicity Values 

Noncarcinogenic hazards typically are quantified by comparing intakes to oral RfDs and inhalation RfCs. 
The RfD is a health‐based dose, expressed as a constituent intake rate in units of milligrams of chemical 
per kilogram body weight per day (mg/kg‐day). The RfC is an allowable, health‐based concentration of a 
constituent in air expressed in units of milligram per cubic meter (mg/m3). Both the RfD and RfC are 
based on the assumption that thresholds exist for certain toxic effects, such as liver or kidney damage, 
but may not exist for other toxic effects such as carcinogenicity. In general, the RfD and RfC are 
estimates (with uncertainty spanning perhaps an order of magnitude) of daily exposures to the human 
population (including sensitive subgroups) that are likely to be without an appreciable risk of deleterious 
effects during a lifetime of exposure (USEPA 1989). 

Noncarcinogenic toxicity values are available for both chronic and subchronic exposures. As a guideline, 
chronic RfDs and RfCs are used to evaluate the potential noncarcinogenic effects associated with 
exposure periods greater than 7 years (approximately 10 percent of a human lifetime). Chronic RfDs and 
RfCs are applied in the hazard calculations for the following IAAAP receptor scenarios: site worker, 
hunter/recreator, and hypothetical residents (child and adult). Subchronic oral RfDs and inhalation RfCs 
are specifically developed to be protective for short‐term exposures. As a guideline, USEPA recommends 
that subchronic toxicity values be used to evaluate potential noncarcinogenic effects of exposure 
periods between 2 weeks and 7 years. For the IAAAP sites included in this RI report, subchronic RfDs and 
RfCs are applied in the hazard calculations to only the construction/utility worker scenario, for which a 
combined exposure frequency and duration is assumed to be less than 1 year. 

Carcinogenic Toxicity Values 

Potential carcinogenic risks were quantified using oral CSFs and IURs. The CSF is defined as a plausible 
upper‐bound estimate of the probability of developing cancer per unit intake of a constituent over a 
lifetime (USEPA 1989). In general, CSFs can be derived from the results of chronic animal bioassays, 
human epidemiological studies, or both. CSFs, which are expressed in units of kilogram body weight per 
day per milligram chemical (kg‐day/mg or [mg/kg‐day]‐1), were used to estimate upper‐bound lifetime 
statistical probabilities of current and future receptors developing cancer because of exposure to COPCs 
in site media. The IUR is defined as the upper‐bound ELCR estimated to result from continuous exposure 
to a chemical at a concentration of 1 µg/m3 in air. IURs are expressed in units of cubic meter of air per 
micrograms of chemical (m3/µg or [µg/m3]‐1). 

Derivation of Dermal Toxicity Values 

Oral RfDs and CSFs were converted to dermal RfDs and CSFs using an oral‐to‐dermal adjustment factor. 
The values used for this conversion were obtained from RAGS Part E Section 4.2 and Exhibit 4‐1 (USEPA 
2004). Following USEPA’s recommendation, such a conversion was performed only when a chemical has 
a gastrointestinal absorption factor of less than 50 percent. If a chemical‐specific adjustment factor was 
not available, a default value of 100 percent was used. 

If the gastrointestinal absorption factor was less than 50 percent, the dermal RfD was derived by 
multiplying the oral RfD by the gastrointestinal absorption factor as shown with the following equation: 

GIod ABS  RfD RfD ×=  
where: 
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RfDd = Dermal reference dose (mg/kg‐day) 
RfDo = Oral reference dose (mg/kg‐day) 
ABSGI = Fraction of constituent absorbed in the gastrointestinal tract (unitless) 

The dermal CSF was derived by dividing the oral CSF by the gastrointestinal absorption factor as shown 
with the following equation: 

GI

o
d

ABS
CSFCSF =

 
where: 

CSFd = Dermal cancer slope factor (mg/kg‐day)‐1 
CSFo = Oral cancer slope factor (mg/kg‐day)‐1 
ABSGI = Fraction of constituent absorbed in the gastrointestinal tract (unitless) 

Special Considerations 

The Integrated Risk Information System oral RfD for manganese (0.14 mg/kg‐day) includes manganese 
from all sources, including diet (USEPA 2020b). An oral RfD for nondiet exposures was calculated by 
subtracting the dietary contribution from the normal U.S. diet (an upper limit of 5 mg/day) and applying 
a modifying factor of 3 to address uncertainties associated with nonfood manganese exposure sources, 
resulting in an oral “nondiet” RfD of 0.024 mg/kg‐day. This oral “nondiet” RfD was used to estimate 
potential noncarcinogenic HQs associated with exposures to manganese in groundwater at the OU‐11 
sites. 

The oral RfD for vanadium (0.005 mg/kg‐day) was derived from the oral RfD for vanadium pentoxide 
(0.009 mg/kg‐day). The vanadium oral RfD was calculated by factoring out the molecular weight of the 
oxide ion. The two atoms of vanadium contribute 56 percent of the molecular weight for vanadium 
pentoxide. Therefore, the oral RfD for vanadium pentoxide was multiplied by 56 percent to calculate the 
oral RfD for vanadium (0.005 mg/kg‐day). This calculated RfD was used to estimate potential 
noncarcinogenic HQs associated with exposures to vanadium in groundwater at the IAAAP sites. 

The toxicity values for hexavalent chromium were used to estimate potential noncarcinogenic HQs and 
carcinogenic risks for total chromium due to the lack of speciated chromium data available for media at 
IAAAP sites. Hexavalent chromium is typically present as a fraction of the total chromium 
concentrations; therefore, using the hexavalent chromium toxicity values to evaluate total chromium 
detected in site media is a conservative approach. 

Quantitative oral toxicity values are not available for lead; therefore, potential risks and hazards 
associated with exposures to lead for a hypothetical residential scenario were addressed using USEPA’s 
IEUBK Model (USEPA 2021b) and USEPA’s updated input parameter values, as discussed in Section 
4.3.1.3. 

4.3.1.5 Risk Characterization 
Potential human health risks are discussed separately for noncarcinogenic and carcinogenic COPCs 
because of the different toxicological endpoints, relevant exposure durations, and methods used to 
estimate risk. The methodologies and equations used to estimate noncarcinogenic hazards and 
carcinogenic risks are discussed below. 

Estimation of Noncarcinogenic Hazards 

For the ingestion and dermal contact exposure routes, noncarcinogenic hazards were estimated by 
comparing the calculated intakes to RfDs. The calculated intake was divided by the RfD, as presented in 
the following equation. This ratio is referred to as the HQ: 
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RfD
IntakeHQ =

   
where: 

HQ  =  unitless hazard quotient 
Intake  =  intake level (mg/kg‐day) 
RfD  =  reference dose (mg/kg‐day) 

Intake and RfD are expressed in the same units (mg/kg‐day) and represent the same exposure period 
(i.e., chronic or subchronic). An HQ that exceeds 1 (i.e., intake exceeds the RfD) indicates that there is a 
potential for adverse health effects associated with exposure to that COPC for that specific exposure 
route. 

Similarly, the HQ associated with the inhalation of a noncarcinogenic COPC (i.e., as being adsorbed onto 
dust particulates emanating from soil) is calculated as follows: 

𝐻𝐻𝐻𝐻 = 𝐸𝐸𝐸𝐸
𝑅𝑅𝑅𝑅𝐸𝐸�  

where: 

HQ  =  unitless hazard quotient 
EC  =  air exposure concentration (mg/m3) 
RfC  =  reference dose (mg/m3) 

An HQ that exceeds 1 (i.e., air EC exceeds the RfC) indicates that there is a potential for adverse health 
effects associated with exposure to that COPC for the inhalation exposure route. 

To assess the potential for noncarcinogenic health effects posed by exposure to multiple COPCs and 
exposure routes, a hazard index (HI) approach was used (USEPA 1989). This approach assumes that 
noncarcinogenic hazards associated with exposure to more than one COPC and exposure route are 
additive. Synergistic or antagonistic interactions between COPCs are not quantified. The HI may exceed 
1 even if all the individual HQs are less than 1. The COPCs were separated by similar mechanisms of 
toxicity and toxicological effects and separate HIs were calculated for each specific target organ, target 
system, or critical effect on which the RfDs or RfCs are based. 

Estimation of Carcinogenic Risks 

The potential for carcinogenic effects due to exposure to site media was evaluated by estimating the 
ELCR. The ELCR is the incremental increase in the probability of developing cancer during one’s lifetime 
above the background probability of developing cancer. The linear low‐dose equations were used to 
estimate the incremental probability of an individual developing cancer over a lifetime because of 
exposure to potential carcinogens. 

Potential ELCRs associated with ingestion and dermal exposure to individual carcinogens were 
calculated using CSFs and intake estimates. The equation used to estimate the potential ELCRs is as 
follows: 

𝐸𝐸𝐸𝐸𝐸𝐸𝑅𝑅 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 × 𝐸𝐸𝐶𝐶𝐶𝐶 

where: 

ELCR  =  unitless excess lifetime cancer risk 
Intake  =  intake level (mg/kg‐day) 
CSF  =  cancer slope factor (mg/kg‐day)‐1 

Similarly, the ELCR associated with the inhalation of a carcinogenic COPC (i.e., as being adsorbed onto 
dust particulates emanating from soil) is calculated by multiplying the lifetime average EC by the IUR). 
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𝐸𝐸𝐸𝐸𝐸𝐸𝑅𝑅 = 𝐸𝐸𝐸𝐸 × 𝐼𝐼𝐼𝐼𝑅𝑅 

where: 

ELCR  =  unitless excess lifetime cancer risk 
EC  =  air exposure concentration (µg/m3) 
IUR  =  inhalation unit risk (µg/m3)‐1 

The theoretical probability of developing cancer from exposure to two or more COPCs and by two or 
more exposure pathways was calculated by summing the ELCRs for each COPC. 

Risk Characterization Process for IAAAP Sites Included in RI Report 

This risk assessment document reflects certain procedural departures from the standard USEPA HHRA 
process that the Army routinely applies at its installations (USEPA 1989). An example is the inclusion in 
the HHRA of onsite detected chemicals with concentrations that are either the same or less than those 
of their respective site‐specific background concentrations (naturally occurring chemicals). Such an 
approach adds extraneous information into the HHRA process. The intent of COPC screening is to 
minimize the scope of risk assessments by eliminating chemicals that will have no bearing on risk and 
hazard outcomes and per 40 Code of Federal Regulations 300.400(b)(1) CERCLA, background (naturally 
occurring) substances are not subject to remedial actions. The Army considers that initially computing 
risks and hazards for all detected chemicals only to secondarily recompute risks and hazards without the 
risks from the naturally occurring chemicals (background) is not useful and makes the risk assessment 
results confusing to the public. The knowledge of risks associated with naturally occurring chemicals 
does not contribute to the determination of remedial actions that may be required to address an impact 
from former DoD activities. Importantly, computing risks and hazards for chemicals without having first 
conducted background screening is not a conservative gesture. 

However, this background comparison method is consistent with the 2017 UFP‐QAPP (CH2M 2017a, 
Worksheet #14) and USEPA’s (2002a) Role of Background in the CERCLA Cleanup Program guidance 
(OSWER 9285.6‐07P). Although inconsistent with the process the Army uses for background in the HHRA 
for their installations, this method complies with the requests from the USEPA (USEPA 2019) based on 
the OSWER 9285.6‐07P guidance. 

The risk characterization evaluations and results for the IAAAP sites included in this RI report were 
completed using a four‐step process, as follows: 

Step 1: Total Combined Risks and Hazards from Site-related COPCs and Naturally Occurring Chemicals 

Step 1 consists of calculation of receptor‐specific ELCRs and HIs that include contributions from both 
site‐related COPCs and naturally occurring chemicals. These total risk estimates are only provided for 
informational purposes per the request of the USEPA via memorandum (USEPA 2019). No decisions for 
future remedial actions are based on the total risk estimates. As stated in Guidance for Conducting 
Remedial Investigations and Feasibility Studies under CERCLA (USEPA 1988a) and RAGS Part A (USEPA 
1989), the risk characterization should be conducted to determine the potential risks and hazards 
associated with site‐related contamination. Naturally occurring chemicals (and the estimated risks and 
hazards associated with their concentrations) are not site‐related contaminants. The ELCRs and HIs 
calculated in Step 1 are not used to determine final COCs for a site. 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consists of calculation of receptor‐specific ELCRs and HIs for naturally occurring chemicals. Naturally 
occurring chemicals were identified using the IAAAP‐specific BTVs; the comparison of metals concentrations 
to BTVs is provided in the nature and extent discussions for each site in Section 5. Risks and hazards 
associated with naturally occurring chemicals are not used to determine if remedial actions are 
warranted and are not considered in the determination of final COCs because they are consistent with 
background levels and not site‐related. 
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IAAAP‐specific BTVs for groundwater, surface water, and sediment are available for use during the Step 
2 risk characterization. However, no IAAAP‐specific soil BTVs are currently available for use in 
determining naturally occurring chemicals. Previously used soil BTVs presented in the Baseline Ecological 
Risk Assessment (BERA) (MWH 2004) have been removed from further application in the Step 2 risk 
characterization process, as agreed upon during a June 15, 2021, conference call among the USEPA, the 
USACE, and USACE contractors. IAAAP‐specific soil BTVs are to be recalculated at a future date for use in 
future IAAAP decision documents. 

Step 3: Risk Characterization of Site-related COPCs 

Step 3 consists of calculation of receptor‐specific ELCRs and HIs for site‐related COPCs. Site‐related COPCs 
from this step are retained for the fourth and final step of the risk characterization. 

Step 4: Final COC Determination 

In this final step of the risk characterization, all site‐related COPCs are evaluated quantitatively and 
qualitatively to determine which are final COCs (and require remedial actions, such as a Feasibility 
Study); if no COCs are identified, the site qualifies for an NFA decision per the HHRA. 

USEPA guidance generally considers an acceptable site ELCR range to be within 1 in 1,000,000 to 1 in 
10,000 (1 × 10‐6 to 1 × 10‐4). Generally, remedial actions are not warranted for site media with an ELCR of 
1 × 10‐4 or less, or an HI of 1 or less. Lead is typically identified as a COC if the predicted BLLs in more 
than 5 percent of the exposed population exceed the reference BLL of 10 µg/dL. As discussed in Section 
4.3.1.3 and in accordance with the final UFP‐QAPP (CH2M 2017a), a reference BLL of 5 µg/dL was used 
for the HHRAs. 

The final COCs were identified for a site based on the ELCRs and HIs calculated for the site‐related COPCs 
in step 3 of the risk characterization. If an ELCR of 1 × 10‐4 was exceeded for a receptor group, the COPCs 
posing an individual ELCR greater than 1 × 10‐6 were identified as COCs. When a target organ–specific HI 
exceeded 1 for a receptor group, the COPCs posing an individual HQ greater than 0.1 for that target 
organ were identified as COCs. Groundwater COPCs (for potable use and trench scenarios) detected at 
concentrations less than or equal to their respective MCLs were excluded as final COCs. Additionally, 
some COPCs may be excluded as final COCs based on a weight‐of‐evidence approach, such as a 
comparison of concentrations and risks and hazards based on “dissolved” and “total” metals data and a 
comparison of recent versus historical site concentrations. 

4.3.1.6 Uncertainty Analysis 
The assumptions used in the HHRAs have inherent uncertainty. While it is possible that this leads to 
underestimates of potential risk, the use of upper‐bound assumptions most likely results in conservative 
estimates of potential risks and hazards. A receptor group’s potential exposure and subsequent 
potential risk and hazard are influenced by the exposure scenario and dose/response and vary on a 
case‐by‐case basis. The general uncertainties associated with the HHRAs are provided in Table 4.3‐3. 
Site‐specific uncertainties associated with each HHRA are provided in Section 5. 

Although the risk assessments deviate from standard practice in COPC screening, it is important to 
document here, the established procedural process for arriving at the list of chemicals that are to be 
carried through an HHRA. Typically, the very first screen, applicable to all categories of chemicals (e.g., 
inorganic, anthropogenic, etc.) is for frequency of detection. In brief, chemicals that occur in 5 percent 
or less of samples for a given medium, are usually eliminated because it is evident up front, that these 
chemicals will play an insignificant role. In this Risk Assessment, no chemicals were screened out based 
on frequency of detection. The second screen is typically a background screen, and it would be for 
naturally occurring chemicals only (principally inorganic compounds, such as metals). Organic chemicals 
such as pesticides or solvents should not be present in site background, and if they are, an alternate site 
background location must be sought. In this screening, the maximum onsite metal detection is typically 
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compared with a value that is twice the mean concentration for the metal in site background. Where 
the maximum onsite concentration is less than “the two‐times‐the‐background‐mean” concentration, 
the metal is typically removed from all other consideration in the HHRA. In these risk assessments, the 
background screen was not done before the risk‐based screening. Per the USEPA, the reason for this is 
provided in their Role of Background in the CERCLA Cleanup Program (OSWER 9285.6‐07P) guidance 
(USEPA 2020a). The third screening task is risk‐based screening and was completed for these sites. The 
maximum detected onsite concentration of a chemical was compared to their current USEPA RSL table 
(USEPA 2021a), wherein the values reflect a cancer risk level of 1 × 10‐6 (for carcinogens), and an HQ of 
0.1 in the case of systemic toxicants. 

4.3.2 Ecological Risk 
This section provides the general methods used in the Ecological Risk Assessment (ERA). A screening 
level ecological risk assessment (SLERA) was conducted for all IAAAP sites included in this RI report, 
except for Line 8, the MA, Roundhouse, and Yard L. For the same reasons listed in Section 4.3.1, ERAs 
are not warranted for Line 8, the MA, Roundhouse, and Yard L. The purpose of the SLERA is to 
determine the potential for adverse ecological effects associated with exposures to site‐related 
chemicals in environmental media in the absence of remediation. The results of the SLERA are provided 
in Section 5. 

The USEPA provides a formal eight‐step ERA process (USEPA 1997b, 1998a), while not mandatory, it was 
followed to complete the SLERAs where applicable. It bears noting that this process is readily applied for 
CERCLA remedial investigations independent of considerations of the size, ecological relevance, or 
ecological significance of contaminated sites. Often however, a site may not need an ecological 
assessment based on the actual site features. In general, a SLERA is not required at terrestrial sites that 
only occupy a very few acres, and several U.S. State Regulators endorse this position (Tannenbaum 
2003, 2005a, 2005b, 2013). This reflects the Army Public Health Center’s opinion and policy, as based on 
the cited research. Where spatially relevant receptors of the sort that could form the basis of remedial 
action (i.e., receptors other than small rodents or earthworms) are present, the initial step in the SLERA 
is a comparison of concentrations of chemicals detected in site media to those of ecotoxicological‐based 
screening values. This screening step does not account for ecological features or natural resource assets 
on the site. Importantly, considerations for an animal’s home range, population density, or other 
metrics are not addressed in this screening step; if they were, relatively smaller sites would likely not be 
found to need ecological assessments. Such small sites generally do not support enough receptors that 
remedial actions would be required to provide for their protection and any protection provided would 
not be measurable. Caution should be exercised when reviewing the results of a SLERA completed for 
small sites that have no ecologically significant resources, and more specifically, where the results of 
such SLERAs are not readily translatable to realistic site conditions. 

Historically, ERAs have been conducted for various sites at IAAAP. In October 2004, a facility‐wide BERA 
was conducted for soil, surface water, and sediment (MWH, 2004). The objectives of the BERA were to 
evaluate potential adverse effects to terrestrial receptors from exposure to soil contaminants within 
each IAAAP site, and to evaluate the potential hazards to aquatic receptors from exposure to sediment 
and surface water within IAAAP watersheds. The four watersheds evaluated within IAAAP were Spring 
Creek, Brush Creek, Long Creek, and Skunk River. The Information available within the BERA regarding 
potential receptors, exposure routes, exposure factor values, and conclusions were reviewed and 
considered when developing the approaches and preliminary conceptual exposure models for the sites 
included in this RI. The BERA (including the SLERA) did not comprehensively evaluate each IAAAP site as 
many were in various stages of investigation and/or proposed remedial actions. However, the SLERA and 
BERA serve as a basis to evaluate potential adverse effects to ecological receptors at IAAAP, and since 
the risk assessment process is an iterative process, new information/data collected can be incorporated 
into the ERA. 
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An updated watershed ERA is currently underway to further assess potential hazard to aquatic receptors 
and build upon the approach set forth in the 2004 BERA. Surface water and sediment from perennial 
water features were considered for complete exposure pathways for ecological receptors. In addition, 
soil at IAAAP sites that do not fall under OU‐1 are evaluated on a site‐specific basis, not on a watershed 
basis. Note that there are no perennial surface water features within the 20 IAAAP sites included in this 
RI report; therefore, the results of the watershed ERA are not applicable to this RI report. 

The ERA process begins with the SLERA, which will use conservative assumptions to screen the initial list 
of detected constituents to identify those requiring further evaluation. 

The SLERA followed the first two steps of the eight‐step approach recommended by USEPA (1997b) as 
listed below: 

• Step 1. Screening level problem formulation and ecological effects evaluation 
• Step 2. Screening level exposure estimate and risk calculation 
• Step 3. Baseline risk assessment problem formulation 
• Step 4. Study design and DQO process 
• Step 5. Verification of field sampling plan 
• Step 6. Site investigation and data analysis 
• Step 7. Risk characterization 
• Step 8. Risk management 

Several guidance documents were used to provide direction for developing the SLERA. These include, 
but are not limited to, the following: 

• Ecological Risk Assessment Guidance for Superfund: Process for Designing and Conducting Ecological 
Risk Assessments, Interim Final (USEPA 1997b) 

• Final Guidelines for Ecological Risk Assessment (USEPA 1998a) 

• Ecological Risk Assessment and Risk Management Principles for Superfund Sites (USEPA 1999a) 

• The Role of Screening Level Risk Assessments and Refining Contaminants of Concern in Baseline 
Ecological Risk Assessments (USEPA 2001b) 

• Wildlife Exposure Factors Handbook (USEPA 1993) 

• Environmental Quality Risk Assessment Handbook, Volume II: Environmental Evaluation (USACE 
2010) 

• Final Uniform Federal Policy–Quality Assurance Project Plan for Remedial Investigation at Iowa Army 
Ammunition Plant, Middletown, Iowa (UFP‐QAPP) (CH2M 2017a) 

In general, the approach and assumptions used in the SLERA are consistent with those provided in the 
final UFP‐QAPP (CH2M 2017a), with the exception of some deviations that were agreed to during 
meetings or correspondence with USACE and USEPA following approval of the final UFP‐QAPP (i.e., use 
of the more current Region 4 ESVs instead of the QAPP‐approved Region 5 ESLs as the primary source of 
soil screening values). 

The process begins with the SLERA, which used conservative assumptions to screen the initial list of 
detected constituents to identify those constituents requiring further evaluation. The principal 
components of the SLERA are the screening level problem formulation (Step 1), exposure estimation, 
effects evaluation, and screening level risk calculation (Step 2). 

Step 1 of the ERA process is intended to answer two main questions: (1) Do complete exposure 
pathways exist? and (2) Are sufficient data available to conduct the SLERA? If no complete exposure 
pathways exist, the ERA process terminates at Step 1 with a conclusion of negligible (acceptable) 
adverse effects. If one or more complete exposure pathways are known to, or are likely to, exist, the 
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ERA process continues to Step 2 but only those pathways that have been determined to be critical are 
evaluated. The available data are then evaluated to determine whether they are adequate to support 
the SLERA. If not, additional data are collected before the ERA process continues. 

Step 2 of the ERA process involves conducting a screening exposure assessment, a screening effects 
assessment, a screening risk calculation (risk characterization), and a weight‐of‐evidence evaluation in 
order to place the results for the COPECs into proper context. The results of the SLERA are used to 
evaluate the potential for unacceptable ecological hazards based upon very conservative assumptions. If 
the results of the SLERA suggest that further ecological evaluation or data collection is warranted, the 
ERA process then proceeds to the BERA (Steps 3 through 7), which is a more detailed phase of the ERA 
process, for the pathways, chemicals, receptors, and areas identified in the SLERA. 

The first step of the BERA (Step 3) is the baseline problem formulation. The baseline problem 
formulation refines the risk estimates from the SLERA using more realistic exposure assumptions, and if 
unacceptable hazards are still possible, refines the conceptual model and endpoints to focus the 
subsequent steps of the ERA process. Following the completion of Step 3, a decision point is reached 
with two potential outcomes: If the refined risk estimates are acceptable for each selected assessment 
endpoint, the investigation proceeds to risk characterization (Step 7) to document this conclusion, and 
the ERA process terminates. If the uncertainties associated with the refined risk estimates are 
unacceptable and/or the risk estimates indicate that unacceptable risks may exist, facility‐specific 
studies might be required, and the ERA process continues (Steps 4 through 6). The additional data 
needed to support the ERA for the watersheds are presented in the approved QAPP (CH2M 2018c) and 
serve as the basis for Steps 4 through 6 of the ERA process. 

If any chemicals of potential ecological concern (COPECs) are present at concentrations that indicate the 
need for further evaluation, the process is repeated using more site‐specific and, generally, less 
conservative exposure assumptions, and a second calculation that includes a less conservative toxicity 
reference value (Step 3, baseline problem formulation). These refined calculations can lead to a decision 
to conduct additional studies to further refine exposure estimates and effects relationships (Steps 4 
through 6) or, through completion of Step 7, serve as the baseline ERA for the site. The final step, Step 8, 
concludes with risk management decisions. 

The ERA process for the 20 IAAAP sites evaluated as part of this RI report began at Step 1 to determine if 
potentially complete exposure pathways are present at each site for the media included in this RI report. 

The eight‐step approach is neither linear nor sequential, and some steps may not be necessary to reach 
a decision point. Throughout the ERA process, risk managers and stakeholders evaluate available 
information and discuss and agree upon results and future needs of the ERA. This communication 
process is termed the scientific management decision point. It is an integral part of the ERA process. 
Possible decision points include the following: (1) NFA is warranted, (2) further evaluation is warranted, 
(3) additional data are required, or (4) remedial action is warranted. 

As described in ERA guidance (USEPA, 1992a, 1997b, 1998a), an ERA consists of three key components: 
(1) problem formulation, (2) analysis, and (3) risk characterization. Problem formulation involves (1) 
compiling and reviewing existing information on the ecological setting; (2) compiling and reviewing 
available analytical and biological data; (3) developing a conceptual model that identifies and evaluates 
potential source areas, transport pathways, fate and transport mechanisms, exposure media, exposure 
pathways and routes, and receptors; and (4) developing assessment and measurement endpoints for 
critical exposure pathways. The analysis portion of the ERA is divided into two parts: exposure 
assessment and effects assessment. Exposure assessment involves measuring or estimating potential 
exposures to ecological receptors. Effects assessment involves measuring (through facility‐specific 
studies) or estimating (using literature‐based screening values) ecological effects for the exposed 
receptors. The risk characterization portion of the ERA uses the information generated during the two 
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previous parts of the ERA (problem formulation and analysis) to estimate potential adverse effects to 
ecological receptors. Also included is an evaluation of the uncertainties associated with the assumptions 
and methods used in the ERA, and their potential effects on the conclusions of the assessment. 

4.3.2.1 Screening Level Problem Formulation (Step 1) 
The screening level problem formulation establishes the goals, scope, and focus of the ERA. As part of 
the problem formulation, the environmental setting of the site is characterized in terms of the habitats 
and biota known to be or likely to be present. The types and concentrations of chemicals that are 
present in ecologically relevant media are also described based upon available analytical data. An 
ecological conceptual exposure model (ECEM) is developed that describes source areas, transport 
pathways and exposure media, exposure pathways and routes, and receptors. Assessment endpoints 
and measures are developed to evaluate those receptors for which ecologically significant exposure 
pathways exist. 

Ecological Conceptual Exposure Model 

Important components of the ECEM are the identification of potential source areas, transport pathways, 
exposure media, exposure pathways and routes, and receptor groups. The ECEM considered site‐specific 
conditions that were observed at the IAAAP sites during RI field activities. Actual or potential exposures 
of ecological receptors associated within a particular terrestrial habitat is determined by identifying the 
most likely, and most important, pathways of contaminant release and transport. A complete exposure 
pathway has three components: (1) a source of chemicals (stressors) that results in a release to the 
environment, (2) a pathway of chemical transport through an environmental medium, and (3) an 
exposure or contact point for an ecological receptor. In the absence of any one of these components, an 
exposure pathway is considered incomplete, and, by definition, there is no potential for adverse effects. 
Key components of this ECEM are discussed in the following subsections. 

Transport Pathways and Exposure Media 

A transport pathway describes the mechanisms whereby site‐related constituents, once released, may 
be transported from a source to ecologically relevant media where receptor exposures may occur. The 
primary mechanisms for transport from the source areas may include the following: 

• Leaching of constituents from soil by infiltrating precipitation and transport to groundwater 

• Transport of constituents via groundwater to sediment and surface water 

• Surface water runoff with the potential to transport particulate‐bound chemical constituents into 
the respective watershed, although this transport pathway is considered relatively minor 

• Historical direct discharges. 

Exposure media are the potentially contaminated media in which ecological receptors can come into 
contact. 

Exposure Pathways and Routes 

An exposure pathway links a source of contamination with one or more receptors through exposure via 
one or more media and exposure routes. Exposure, and thus potential adverse effects, can only occur if 
a complete exposure pathway exists. An exposure route describes the specific mechanism(s) by which a 
receptor is exposed to a constituent present in an environmental medium. 

Terrestrial habitat associated with two sites (Boxcar Unloading Area [BCU] and the EWI) is being 
evaluated. For lower trophic level receptors in these habitats (e.g., soil invertebrates), direct contact is 
considered the primary exposure route. Terrestrial plants may be exposed to constituents directly from 
soil or dry sediment. 
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Upper trophic level receptors (such as mammals and birds) may be exposed to constituents through (1) 
the inhalation of gaseous constituents or of constituents adhered to particulate matter, (2) the 
incidental ingestion of contaminated abiotic media (soil/sediment) during feeding activities, (3) the 
ingestion of contaminated water, (4) the ingestion of contaminated plant and/or animal tissues for 
contaminants which have entered food webs, and/or (5) direct (dermal) contact with contaminated 
abiotic media. Exposure to constituents present in surface soil or dry sediment via dermal contact may 
occur but is unlikely to represent a major exposure pathway for most receptors because fur and feathers 
minimize transfer of constituents across dermal tissue. In a similar manner to the dermal pathway, the 
inhalation pathway is unlikely to represent a major exposure pathway for terrestrial receptors. 

Selection of Representative Species 

To evaluate ecological exposure, representative species are selected for the functional feeding guilds 
identified in the ECEM. For example, a shrew may be considered representative of insectivorous 
mammals using the site. Consistent with Ecological Risk Assessment Guidance for Superfund: Process for 
Designing and Conducting Ecological Risk Assessments, Interim Final (USEPA 1997b), these 
representative species should preferably be ones that have ecological relevance, are of societal value, 
are susceptible to chemical stressors at the site, and allow risk managers to meet policy goals. These 
factors were used to select representative species common to terrestrial habitats within IAAAP. The 
representative species selected for each feeding guild and habitat type are as follows: 

• Soil invertebrates—community level 
• Terrestrial plants—community level 
• Herbivorous mammals—white‐footed mouse (Peromyscus leucopus) 
• Insectivorous mammals—short‐tailed shrew (Blarina brevicauda) 
• Sensitive species (utilizing riparian corridor)—Indiana bat (Myotis sodalis). 

Assessment Endpoints and Measures 

The conclusion of the screening level problem formulation is the identification of assessment endpoints 
and measures. Assessment endpoints describe the valued ecological resources that are to be protected 
(USEPA 1998a). Assessment endpoints are selected according to their ecological relevance, their 
susceptibility to known or potential stressors onsite, and whether they reflect management goals for the 
site. 

Measures are quantifiable and are predictive of assessment endpoints. The three categories of 
measures are measures of exposure, measures of ecological effects, and measures of ecosystem and 
receptor characteristics (USEPA 1998a). They evaluate, respectively, how exposures might occur, the 
response of the assessment endpoints when exposed to the stressor, and the ecosystem characteristics 
that might affect exposure or response to the stressor. This assessment will include both measures of 
exposure and measures of ecological effects. Appropriate assessment endpoints and measures include 
survival, growth, and reproduction. Measures, in the form of suitable screening benchmarks, are the 
ecological screening values discussed in Step 2. 

4.3.2.2 Screening Level Risk Calculation (Step 2) 
The following sections discuss the determination of available analytical data, ecological screening values 
(ESVs), screening risk calculations, and general ERA uncertainties. 

Available Analytical Data 

Analytical data evaluation involved gathering and reviewing available site data and identifying a dataset 
of acceptable quality for the SLERA. The historical data were evaluated to determine if they were likely 
to still be representative of current site conditions. The data set included in the SLERAs are discussed in 
Section 5. The data were evaluated using the following procedures: 
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• Unqualified results were considered detected. 
• A value reported as “B” (blank contamination) or “J” (estimated) qualified was treated as a detected value. 
• “U” (undetected) qualified results were treated as nondetected values. 
• “R” (rejected) qualified results were not included in the SLERA data set. 

For samples with duplicate analyses, the higher of the two concentrations was used when both values 
were detects or when both values were nondetects. In cases where one result was a detect and the 
other a nondetect, the detected value was used in the assessment. For nondetected results, the sample 
quantitation (reporting) limit (SQL) was used to represent the concentration. When calculating statistics 
(such as arithmetic mean), the SQL was used by ProUCL for nondetected results. 

Screening Level Exposure Estimate and Risk Calculation (Step 2) 

The screening level risk calculation is the final step in the SLERA. In this step, the MDCs for each 
applicable medium at each site were compared with corresponding and intentionally conservative ESVs 
to derive screening risk estimates. For example, maximum medium‐specific concentrations for all 
detected constituents were compared to risk‐based screening values without considering the fraction of 
time a receptor forages within a site. If ESVs were unavailable, then the constituents were carried 
forward for further evaluation. 

Ecological Screening Levels 

The ecological SLs that were used are described in the following text; here are three possible outcomes 
from the comparison: 

• If the maximum concentration(s) in a medium did not exceed the ESV, the chemical was not 
considered a COPEC. 

• If the maximum concentration was greater than the ESV and the BTV, the chemical was identified as 
a COPEC. 

• If no ESV was available, the chemical was selected conservatively as a COPEC depending upon 
rationale and potential former use. 

The ESVs were obtained using the selection hierarchy in the order presented below. 

ESVs for Soil 

The ESVs for soil followed the following hierarchy: 

• USEPA Region 4 ESVs (2018b) 
• USEPA Region 5 Ecological Screening Levels (2003a) 

In the approved UFP‐QAPP, USEPA Region 5 ESVs were selected for soil. However, Region 4 values were 
used as the primary source since they are more current. 

Screening Risk Calculation 

In this step, the maximum ECs detected in surface soil (0–2 feet) were compared with the corresponding 
ESV to derive screening level risk estimates. Detected constituents were evaluated using the HQ 
method. HQs were calculated by dividing the maximum detected concentrations by corresponding soil 
ESVs. Constituents with HQs greater than or equal to 1 and that are site related were identified as 
COPECs and carried forward for additional evaluation. Detected constituents for which ESVs were not 
available were also carried forward. 

Each COPEC was then subjected to a weight‐of‐evidence evaluation in order to place the results for the 
COPECs into proper context and make one of the following decisions: (1) NFA is warranted, (2) further 
evaluation is warranted, or (3) additional data are required. Weight‐of‐evidence topics can include site 
size, nutrient considerations, exposure considerations, frequency of detection, magnitude of HQ, 
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conservativeness of the ESV, ecological significance, and comparisons using measures of central 
tendency (UCL and/or mean) in place of the maximum detected concentration. 

The assumptions used in the SLERA have inherent uncertainty. While it is possible that this leads to 
underestimates of potential adverse effects, the use of upper‐bound assumptions most likely results in 
conservative estimates of potential adverse effects. A receptor group’s potential exposure and 
subsequent potential adverse effects are influenced by the exposure scenario and dose/response and 
vary on a case‐by‐case basis. The general uncertainties associated with the SLERA are provided in Table 
4.3‐2. Site‐specific uncertainties associated with each site are provided in Section 5. 

Recommendation for Scientific Management Decision Point 1 

Following Step 2, the first scientific management decision point occurs. This scientific management 
decision point is intended to communicate the findings of the SLERA and to determine which COPECs, 
representative species, and exposure pathways should be carried forward to Step 3. 
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Table 4.3‐1. Exposure Media and Potential Receptor Scenarios Evaluated in Human Health Risk Assessments for IAAAP Sites Included in This Report 
Iowa Army Ammunition Plant, Middletown, Iowa 

Site 

Mediaa 

Surface Soil  Total Soil  Groundwater 
Sediment and 
Surface Water 

Hunter/ 
Recreator 

Site 
Worker 

Hypothetical 
Resident 

Site 
Worker 

Construction 
Worker 

Hypothetical 
Resident 

Site 
Worker 

Construction 
Workerb 

Hypothetical 
Resident 

Hunter/ 
Recreator 

Boxcar Unloading Areac  Xg  Xg  X  ‐‐  Xg  ‐‐  ‐‐  ‐‐  ‐‐  Xi 

Central Test Area  Xh  Xh  Xh  Xh  Xh  Xh  Xg  ‐‐b  X  Xi 

Explosive Waste Incineratorc, d  Xg  Xg  X  Xg  Xg  X  Xg  Xg  X  Xi 

Yard Le  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐ 

Lines 4A and 4B   Xh  Xh  Xh  Xh  Xh  Xh  Xg  Xg  X  Xi 

Line 6 Ammo Production (Detonator)   Xh  Xh  Xh  Xh  Xh  Xh  Xg  Xg  X  Xi 

Line 8 Ammo Load, Assemble, and Packf  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐ 

Maneuver Areaf  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐ 

Possible Demolition Site (South Yard G)  Xh  Xh  Xh  Xh  Xh  Xh  Xg  ‐‐b   X  Xi 

Roundhouse Transformer Storage Areae  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐  ‐‐ 

Unidentified Substance Waste Site  ‐‐  ‐‐  X  ‐‐  ‐‐  X  ‐‐  ‐‐  ‐‐  Xi 

Incendiary Disposal Area East Yard D  Xh  Xh  Xh  Xh  Xh  Xh  Xg  ‐‐b   X  Xi 
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Table 4.3‐1. Exposure Media and Potential Receptor Scenarios Evaluated in Human Health Risk Assessments for IAAAP Sites Included in This Report 
Iowa Army Ammunition Plant, Middletown, Iowa 

X = media/receptor evaluated in the HHRA. 

‐‐ media not evaluated in HHRA. 

Risk assessments were not conducted for four areas (Line 8, the MA, Roundhouse, and Yard L) included in this RI report. Groundwater is the only medium applicable to the RI for these 
four areas; soil has already been evaluated under the OU‐1, OU‐5, and/or OU‐8 RIs. There is no evidence of a contaminant release to groundwater at Line 8, the MA, or Roundhouse and 
there is also no evidence of contamination at Yard L.  
a Potential exposures to soil and groundwater are only estimated for a hunter/recreator, site worker and construction/utility worker if the estimated risks for a hypothetical residential 
scenario exceed acceptable risk levels and COCs are identified for a residential scenario. 
b Construction worker was only evaluated for groundwater less than 10 feet bgs when culverts are present on site. 
c Dry sediment was evaluated as surface soil since there are no perennial features at these IAAAP sites. 
d Maximum depth of total soil at the Explosive Waste Incinerator was 3 feet bgs. 
e The FUSRAP RI concluded that there was no radiological contamination and no potential chemical contaminants of concern for soil at Yard L.  As a result, no additional sampling was 
proposed during the 2018‐2019 Remedial Investigation. 
f Based on the results of previous investigations, soil excavation and groundwater assessments were not warranted at Line 8, Maneuver Area, and Roundhouse Transformer Storage Area.  
As a result, no additional sampling was proposed during the 2018 ‐2020 Remedial Investigation. 
g Potential exposures to this receptor were not quantified because the estimated risks for a hypothetical residential scenario did not exceed acceptable risk levels and COCs were not 
identified for a residential scenario.  The hypothetical resident exposures and potential health risks and hazards are considered protective of other receptors. 
h Soil addressed under OU‐1 (or OU‐5). 
i No perennial surface water bodies present.  

 



Table 4.3-2. Groundwater and Soil Cr+6/Cr Concentration Ratios Calculated for the Construction Debris Sites CC‐IAAP‐001 and CC‐IAAP‐002 in OU‐9 
Iowa Army Ammunition Plant, Middletown, Iowa 

Site  Medium 
Number of Cr+6 
Sample Results 

Number of 
Total Cr Sample 

Results 
Maximum vs. Mean of 
Sample Results Conc.a  Cr+6 Conc. 

Total Cr 
Conc.  Cr+6/Total Cr Ratiob 

CC‐IAAP‐001 

Groundwater  2  3 
Maximum (µg/L)  11  J  16     0.69 

Mean (µg/L)  8    11.4     0.70 

Soil  29  29 
Maximum (mg/kg)  1.4  J  25     0.06 

Mean (mg/kg)  0.512     17.9     0.03 

CC‐IAAP‐002 

Groundwater  4  4 
Maximum (µg/L)  11     39     0.28 

Mean (µg/L)  7.75     15.5     0.50 

Soil  23  23 
Maximum (mg/kg)  1.4  J  27     0.05 

Mean (mg/kg)  0.497     16.3     0.03 

a The maximum is the maximum of all detected concentrations. In the calculations of mean concentrations, half detection limits were used for nondetect results, 
per the final OU‐9 RI Report Addendum. 
b Shaded ratios were used in the final OU‐9 RI Report Addendum to estimate site‐specific Cr+6 background values for groundwater at CC‐IAAP‐001 and CC‐IAAP‐002. 



 

 

Table 4.3‐3. General Uncertainties in Human Health Risk Assessments for IAAAP Sites Included in This Report 
Iowa Army Ammunition Plant, Middletown, Iowa 

Category  Assumption/Description 
Probable Effect on  

Risk and Hazard Estimates 

Data Evaluation 

Data used in the HHRA  Historical samples were included in the HHRA; 
however, it is possible the historical data may not 
be representative of current site conditions.  

May under‐ or overestimate risks 
and hazards 

Selection of COPCs  RSLs for hexavalent chromium were used to 
screen total chromium concentrations; however, 
it is unlikely 100 percent of the total chromium 
detected in site media is in the hexavalent state. 

Certainly overestimates risks and 
hazards 

Some detected chemicals do not have SLs and 
were not identified as COPCs. 

Likely underestimates risks and 
hazards 

Some chemicals reported to be 100 percent 
nondetect had reporting limits exceeding SLs. 
Some SL exceedances occur because reporting 
limits are elevated due to available analytical 
methods. Other SL exceedances by reporting 
limits occur because chemical toxicities result in 
corresponding SL being below QAPP‐specified 
reporting limits. 

May underestimate risks and 
hazards 

Exposure Assumptions 

Selection of exposure scenarios 
and exposure pathways 

Assumed that residents access site media in the 
future. 

Overestimates actual future risks 
and hazards 

Assumed the current concentrations remain the 
same for hypothetical future scenarios. 

May under‐ or overestimate risks 
and hazards 

Use of the UCL on the arithmetic 
mean as the EPC. 

Receptors are assumed to be exposed to the UCL 
on the mean concentrations for the entire 
exposure duration. 

Likely overestimates risks and 
hazards 

Exposure factors  Exposure factors used for quantitation of 
exposure are conservative and reflect a 
combination of average and worst‐case or upper‐
bound assumptions to represent a reasonable 
maximum exposure scenario.  

Likely overestimates risks and 
hazards 

Toxicity Assessment 

Carcinogenic slope factors  Slope factors represent upper‐bound estimates  Likely overestimates risk and 
hazards 

ADAFs for COPCs that act with 
MMOA 

Chemical‐specific ADAFs were not available  May under‐ or overestimate risk 

Risk Characterization 

Risk from multiple chemicals  Assumes additivity of risks from multiple 
chemicals; chemical mixtures may actually have 
synergistic or antagonistic effects. 

May under‐ or overestimate risks 
and hazards 

 



RAGS Table 2: 
Does CCr(total)1 exceed 

Cr+6 RSL?

Figure 4‐1
Sites with Cr (total) data only

Does site 
CCr(total) exceed 
Cr(total) BTV?3

Cr is naturally‐occurring; 
Use CCr(total)1 in 

Risk Char. Step 22,3
Apply ratios3 to calculate 
Cr+6 BTV3 and site CCr+6

No Yes

Apply ratio4 to calculate 
Cr+6 EPC & use in Risk Char. 

Step 35

Notes:
CCr(total) = concentration of total chromium; CCr+6 = concentration of hexavalent chromium
1 ‐ Assuming total chromium is 100% hexavalent chromium
2 – Risk characterization steps:
Step 1 – calculate combined risks for site‐related COPCs and naturally occurring chemicals
Step 2 – calculate risks for naturally occurring chemicals
Step 3 – calculate risks for site‐related COPCs
3 – Until revised IAAAP‐specific soil BTVs are available, this step applies only to groundwater, surface 
water and sediment.
4 – OU‐9 Cr+6 to Cr(total) ratios used to calculate Cr+6 BTV and site CCr+6 ; for BTV, use a ratio of 0.28 
(groundwater) and 0.03 (soil).  For site conc., use ratios of 0.28 (groundwater) and 0.03 (soil) for sites with 
no known use of Cr+6 and ratios of 0.7 (groundwater) and 0.06 (soil) for sites with known use of Cr+6.
5 – Risk Char. Step 3 Cr risk estimates (which apply a Cr+6 ratio) will not equal Step 1 Cr risk estimates 
(which assume 100% Cr+6 as a simplifying approach).

Not a COPC; no further 
evaluation needed

Use CCr(total) in 
Risk Char. Step 12

No Yes

Cr+6 is naturally‐occurring; 
Use CCr+6 in

Risk Char. Step 22,3

Does site CCr+6
exceed Cr+6  

BTV?3

No Yes



RAGS Table 2: 
Does CCr+6 exceed Cr+6 RSL? 

Figure 4‐2
Sites with at least some Cr+6 data

Does CCr+6 exceed 
calculated Cr+6 

BTV2,3 ?

Cr+6 is naturally‐occurring; 
use CCr+6 in

Risk Char. Step 21,3

Calculate site‐specific 
Cr+6/Cr(total) ratio4and use 
to calculate Cr+6 EPC for use 

in Risk Char. Step 35

No Yes

NCr (total) = NCr+6 NCr(total) > NCr+6

Notes:
CCr(total) = concentration of total chromium; CCr+6 = concentration of hexavalent chromium
1 – Risk characterization steps:
Step 1 – calculate combined risks for site‐related COPCs and naturally occurring chemicals
Step 2 – calculate risks for naturally occurring chemicals
Step 3 – calculate risks for site‐related COPCs
2 – OU‐9 Cr+6 to Cr(total) ratios used to calculate Cr+6 BTV, using ratios of 0.28 (groundwater) and 0.03 
(soil). 
3 ‐ Until revised IAAAP‐specific soil BTVs are available, this step applies only to groundwater, surface 
water and sediment.
4 – Use OU‐9 ratios to calculate the site‐specific Cr+6 EPC; use ratios of 0.28 (groundwater) and 0.03 (soil) 
for sites with no known use of Cr+6 and ratios of 0.7 (groundwater) and 0.06 (soil) for sites with known use 
of Cr+6.
5 – Risk Char. Step 3 Cr risk estimates (which apply a Cr+6 ratio) will not equal Step 1 Cr risk estimates 
(which assume 100% Cr+6).

Not a COPC; no further 
evaluation needed

Use CCr+6 in 
Risk Char. Step 11

No Yes

Are site 
Cr(total) data 
available? 

Use site Cr+6 data to 
calculate EPC and use CCr+6

in Risk Char Step 31

No Yes How many (N) 
Cr(total) samples 
are available 

compared to Cr+6
samples ?
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Site‐Specific Remedial Investigation 
This section summarizes site‐specific background information and site physical characteristics, RI 
activities, and investigation results for 20 IAAAP sites within 12 areas (BCU, CTA, EWI, Yard L, Lines 
4A/4B, Line 6, Line 8, MA, PDS, Roundhouse, USWA, and InDA; see Section 1.2.4). Each site‐specific 
section begins on a new page and is followed by its tables and figures.



This page intentionally left blank. 
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5.1 Boxcar Unloading Area 
This subsection summarizes RI activities at the Boxcar Unloading Area (BCU) for soil (IAAP‐014) and 
groundwater (IAAP‐014G). There are no perennial surface water features or wet sediment within the 
site boundary. 

5.1.1 Background 
5.1.1.1 Site Description 
The BCU is located in the northeastern portion of the IAAAP, west of Plant Road O in Yard B and 
approximately 750 feet west of the Explosive Disposal Area (EDA). The BCU consists of approximately 7 
acres adjacent to the railroad tracks in an area bounded by railroad tracks to the north, east, and west, 
and by the Ammunition Box Chipper Disposal Pit Site (ABCDP) to the south (Figure 5.1‐1). The 1991 
Preliminary Assessment indicated that the area of the BCU was approximately 500 to 600 feet on the 
western railroad track and 400 to 500 feet on the eastern track. The area boundary has not been 
consistent in historical documents. The BCU is located in recreational zone 3D and is unmaintained with 
native grass prairie with scattered forest (Figure 5.1‐1). Adjacent land to the west and south is leased 
agriculture tracts (Figure 5.1‐1). 

5.1.1.2 Operational History 
The BCU was used as an unloading and temporary storage area for dunnage lumber starting in the 
1940s. The rail cars at times also transported boxes of explosives; therefore, 2,4,6‐trinitrotoluene (TNT) 
and RDX may have come into contact with the dunnage and/or the soil in the area. Explosives were 
shipped in wooden boxes within a cardboard box sealed with wax. The sealed box was then placed in a 
heavy paper bag liner, also waxed to seal out moisture. Therefore, the potential for explosives to spill 
from the triple‐packed boxes is considered to be negligible (JAYCOR 1996). 

The railroad within the site is still in use, however, in recent years, primarily trucks have transported 
explosives at the facility (Tetra Tech 2011b). The BCU is no longer used as a temporary storage area for 
dunnage lumber. 

5.1.2 Previous Investigations and Remedial Actions 
Table 5.1‐1 summarizes the previous investigations conducted at the BCU, including conclusions and 
recommendations. Surface water and sediment are not present at the BCU. No groundwater samples 
have been collected from this site. The groundwater VOC plumes associated with the EDA and Fire 
Training Pit (FTP) are within 0.5 mile of the BCU, however, groundwater at those areas flows to the 
southeast toward Spring Creek and not to the west toward the BCU. Therefore, these plumes are not 
expected to impact groundwater at the BCU. 

No removal actions have been completed at the BCU. 

This report continues the RI for groundwater at the BCU. Previous investigations pertinent to the RI for 
groundwater are listed below; additional details are included in Table 5.1‐1. 

Investigation Conclusion 

RCRA Facility Assessment (Ecology & 
Environment, Inc. 1987) 

Elevated concentrations of metals and PAHs were detected in surface soil 
samples.  A RCRA Facility Investigation was recommended for the BCU (Ecology & 
Environment 1987) 

Site Investigation (JAYCOR and CDM 
Federal Programs Corporation 1992) 

The analytical results indicate that no significant soil contamination was present 
in the area sampled as compared to background concentrations. It was 
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Investigation Conclusion 

recommended that the BCU does not warrant inclusion in the Remedial 
Investigation (JAYCOR and CDM 1992). 

Comprehensive Watersheds Evaluation 
and Supplemental Data Collection Work 
Plan (Tetra Tech 2006) 

No groundwater samples have been collected from this site, due to the 
conclusions of the SI that no soil contamination was present and groundwater 
was not investigated during the 1996 RI.   A data evaluation concluded that three 
explosives surface soil samples should be collected to determine the extent of 
any potential contamination (Tetra Tech 2006). No explosives were detected in 
the samples (Tetra Tech 2012). There is no indication that contamination is 
present at this site; thus, groundwater sampling was not considered necessary 
(Tetra Tech 2012). 

5.1.3 2018–2020 Remedial Investigation Activities 
As documented in the final UFP‐QAPP (CH2M 2018e), the evaluation of surface and subsurface soil at 
the BCU indicated that the area is adequately characterized and no additional sampling was required. 
Additionally, no groundwater samples were required to support the human health and ERA due to the 
absence of soil contamination. 

5.1.4 Environmental Setting 
The topography in the site area is flat, with little relief. Surface water runoff in the area flows into 
ditches east of the site and into an intermittent tributary of Spring Creek approximately 100 m northeast 
of the site. The intermittent tributary joins Spring Creek approximately 630 m east of the site (Tetra Tech 
2006). 

The BCU is underlain by fill material consisting of miscellaneous debris and silty clay. Wind‐blown, 
non‐stratified, silts and clays (loess) are located beneath the fill material. Underlying the loess is the 
Kellersville Till Member of the Glasford Formation, a glacial till consisting of clay and silt with 
discontinuous sand and gravel seams. The thickness of the till is approximately 30 to 70 feet, based on 
well logs of the FTP and IAAAP production well number 500‐165‐2. A piezometer installed at the ABCDP, 
which is located just south of the BCU, indicated 18 feet of moist plastic till grading into stiff, dense, dry 
till at 20 feet. Bedrock was not encountered at the BCU during the RI activities (JAYCOR 1996). No 
groundwater sampling has been conducted at the BCU. Shallow groundwater at the ABCDP (south of the 
BCU) has been encountered at depths ranging from approximately 1.2 to 11.5 feet below ground surface 
(bgs) (averaging 3 to 6 feet bgs) and reflects generally unconfined conditions. Shallow groundwater flow 
in this area has ranged from the south‐southwest to the east‐southeast. During the spring 2003 
sampling event, the direction of the shallow groundwater flow was to the south‐southwest (Tetra Tech 
2006). In the spring of 2006 it was to the east‐southeast. Groundwater flow gradients have been 
generally low, between 0.0003 and 0.0055 feet/feet (Tetra Tech 2012). 

5.1.5 Nature and Extent of Contamination 
The BCU was a storage area for dunnage lumber which may have been in contact with explosives. No 
new releases from site operation are occurring, as this site is no longer used for storage of dunnage 
lumber. Soil sampling has been conducted at the BCU. No surface water or sediment is present. 
Groundwater sampling has not been conducted. 

A summary of the historic soil/dry sediment data is presented in Table 5.1‐2 and sample locations are 
shown in Figure 5.1‐2. For the purpose of this RI, the six soil/dry sediment samples were evaluated 
against soil PALs. One explosive, 11 metals and one semivolatile organic compound (SVOC) were 
detected in soil/dry sediment at the BCU. No VOCs, herbicides, pesticides, or PCBs were detected. 
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5.1.5.1 Explosives 
Nitrobenzene was the only explosive that was detected in one surface soil sample (14SS0301) collected 
in 1991 at a concentration of 0.47 milligrams per kilogram (mg/kg); however, this concentration did not 
exceed the PAL. Subsequent sampling in 2006 (BCU‐SS‐002) in the vicinity of this sample location did not 
indicate the presence of explosives (Table 5.1‐2). Explosives were not found to be a soil contaminant 
based on historic sampling. 

5.1.5.2 Metals 
Metals contamination (barium and cadmium) were found above the PALs near the railroad on the west 
side of the BCU and in a central location at the site (Figure 5.1‐2). Barium was detected in one surface 
soil sample (14SS0201) at a concentration of 1050 mg/kg as compared to the PAL of 368.4 mg/kg 
(background). Cadmium was detected in one surface soil sample (14SS0301) at concentration of 1.7 
mg/kg as compared to the PAL of 0.97 mg/kg (background). Each of these metals also exceeded the 
ecological screening level (ESL) values but did not exceed the EPA residential screening limits. The 
metals concentrations detected were not significantly elevated as compared to the background values 
and were not detected in any one area or in the same soil sample at the site which is likely more 
indicative of natural background variations rather than evidence of soil contamination. 

5.1.5.3 SVOCs 
Pyrene was only SVOC detected in the soil/dry sediment sample (4SD0401; Figure 5.1‐2) collected at the 
BCU; however, the concentration did not exceed the PAL. 

5.1.6 Fate and Transport 
Metals contamination (barium and cadmium) was found above the PALs near the railroad on the west 
side of the BCU (Figure 5.1‐2). The site CEM identified that transport of contaminants by surface runoff 
or groundwater infiltration is insignificant. Surface runoff is limited as the topography of the BCU is flat 
and overland surface water drainage would flow south to southeast and enter the grass‐lined ditch and 
then travel approximately 1,000 feet to the northeast before entering an intermittent tributary of Spring 
Creek. Transport by infiltration or leaching to groundwater would also be insignificant as metals are 
typically either sorbed on the surface of the soil or fixed to the interior of the soil, where they are 
unavailable for release to groundwater. Typically, metals are also not volatile under normal temperature 
and pressure conditions. 

5.1.7 Human Health Risk Assessment 
An HHRA was prepared was prepared for the BCU to evaluate potential current and future health risks 
and hazards from exposure to chemicals in soil. The HHRA was conducted in accordance with the final 
UFP‐QAPP (CH2M 2017a), with the exception of some deviations that were agreed to during meetings or 
correspondence with USACE and USEPA following approval of the final UFP‐QAPP. The approach and 
method used to conduct the HHRA are provided in Section 4.3.1. This section presents the CEM for the 
BCU and provides the results of the four‐step evaluation process comprising: 

• Data evaluation 
• Exposure assessment 
• Toxicity assessment 
• Risk characterization 

The results of the HHRA are used to determine if NFA is warranted for soil at the BCU. 
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5.1.7.1 Conceptual Exposure Model 
A description of the BCU, its operational history, and previous investigations are provided in Sections 
5.1.1 and 5.1.2. To date, only surface soil sampling has been conducted at the BCU. Contaminant 
leaching to subsurface soil and groundwater from surface soil was not evaluated as a potential exposure 
pathway at the BCU due to the absence of contamination in the surface soil. For this reason, no 
subsurface or groundwater samples were collected at the BCU. There is no surface water and wet 
sediment present at the BCU. 

The following potential current and future human receptors were identified in the HHRA for the BCU: 

• Current and Future Hunter/Recreators. The BCU is currently zoned as Recreational Zone 3D at the 
IAAAP, which permits recreational activities such as mushroom picking, berry picking, and hunting 
turkey, small game, and deer. Direct contact with surface soil is likely to be a complete exposure 
pathway during current and future large/small game hunting and berry/mushroom gathering 
activities. 

• Current and Future Site Workers. Site workers are evaluated at the BCU because of the 
predominantly commercial land use activities at the IAAAP. Direct contact with surface soil is likely 
to be a complete exposure pathway. 

• Future Construction/Utility Workers. The construction/utility worker was not evaluated under 
current land use because there are no construction activities occurring at the BCU. Future 
excavation/construction activities are possible for the BCU that could lead to direct contact 
exposures to soil. 

• Future Hypothetical Residents. The current and expected future land uses at the IAAAP do not 
include residential land use. However, future hypothetical residential land use is being evaluated for 
informational purposes to represent an unrestricted land use scenario. 

As discussed in Section 4.3.1, potential exposures and risks and hazards to hunter/recreators, site 
workers, and construction/utility workers are estimated in the HHRA only if the estimated risks and 
hazards for a hypothetical residential scenario exceed acceptable risk and hazard levels and COCs are 
identified for a residential scenario. The human health CEM presenting potential exposure media, 
exposure points, receptors (current and future), and exposure routes is provided in Appendix A‐2, 
Attachment 1 (Tables 1a and 1b), and depicted graphically in Figure 5.1‐3. 

5.1.7.2 Data Evaluation 
Data Used in the HHRA 

The analytical data used in the HHRA consisted of five surface soil samples and one soil/dry sediment 
sample. During the SI field work conducted in August 1991, 3 surface soil samples (14SS0101, 14SS0201, 
and 14SS0301) were collected during the SI field work (August 1991) and analyzed for target analyte list 
(TAL) metals and explosives. However, sample data for 14SS0101 were excluded from the HHRA dataset 
because the sample location actually falls within the boundary of the ABCDP and therefore, will be used 
to determine nature and extent for the ABCDP. In addition, one dry sediment sample (14SD0401) 
collected from a grass‐lined ditch was analyzed for TAL metals, explosives, VOCs, SVOCs, PAHs, PCB, 
pesticides. Because the occurrence of surface water in the ditch is ephemeral, there are no wet 
sediment data. Therefore, data for the dry sediment sample collected from location 14SD0401 were 
treated as surface soil data in the HHRA. The combined surface soil and dry sediment samples were 
designed to characterize soil quality over a large area where dunnage lumber was unloaded and 
temporarily stored. In 2006, three surface soil samples were collected in support of the CWWP. These 
three samples were analyzed for explosives only to determine the presence of explosives contamination 
near railroad loading/unloading and storage areas. As previously stated, subsurface soil and 
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groundwater samples were not collected due to the lack of contamination found in the surface soil. No 
permanent surface water or wet sediment is present at the BCU. 

A description of the sample group and a listing of the surface soil samples included in the HHRA are 
provided in Tables 5.1‐3 and 5.1‐4, respectively. The analytical dataset used in the HHRA is included in 
Appendix A‐2, Attachment 2. Surface soil data were collected to a maximum depth of 1 feet bgs. The 
maximum surface depth defined by the vertical extent to which data have been collected (i.e., 1 feet 
bgs) differs from that of the conceptual exposure depth in the CEM as described in the UFP‐QAPP 
(CH2M 2017a) (i.e., 2 feet bgs). Therefore, based on data availability, the surface soil depth interval 
being evaluated in the HHRA is henceforth referred to as “surface soil (0 to 1 feet bgs)”. Surface soil data 
also included dry sediment sample collected from drainage ditches on both sides of the access road into 
the EWI site because the occurrence of surface water in the ditches is ephemeral. The sampling 
locations included in the HHRA are depicted in Figure 5.1‐2. 

Screening Results for Site-related Chemicals of Potential Concern and Naturally Occurring Chemicals 

The approach and SLs used to select the COPCs (site‐related COPCs or naturally occurring chemicals) are 
described in Section 4.3.1. The results of the COPC screening process for a future hypothetical resident 
potentially exposed to soil are presented in Appendix A‐2, Attachment 1 (Table 2.1). The RSL for 
hexavalent chromium (USEPA 2021a) was used in the COPC screening process for total chromium 
because the soil samples collected at the BCU were not analyzed for hexavalent chromium. Two 
inorganics (arsenic and chromium) were identified as COPCs (site‐related COPCs or naturally occurring 
chemicals) in soil under a residential land use scenario. The COPCs (site‐related COPCs or naturally 
occurring chemicals) are addressed further in the HHRA, and potential exposures and risks and hazards 
were estimated for each COPC (site‐related COPC or naturally occurring chemical). 

The surface soil COPCs identified for the BCU are presented in the table below. 

Summary of Site‐related COPCs and 
Naturally Occurring Chemicals for 
the BCU 

Surface Soil (0 to 1 feet bgs) 

Arsenic 

Chromium 

5.1.7.3 Exposure Assessment 
Currently, the BCU consists of unmaintained native grass prairie with scattered trees. Because the site is 
located in recreational zone 3D, current and future land use includes recreational activities such as 
mushroom hunting, berry picking, and hunting of turkey, small game, and deer. Therefore, adolescent 
(ages 8 to 16 years) and adult hunter/recreator receptors are evaluated in the HHRA. In addition, a site 
worker is evaluated under both current and future land uses due to the predominantly commercial land 
use activities at the IAAAP. 

For future land use, a construction worker is evaluated in the HHRA because construction activities are 
typically a component of commercial land use. Although the planned future land use at IAAAP does not 
include residential, a hypothetical future residential land use scenario is evaluated for informational 
purposes to represent an unrestricted land use scenario. Hypothetical residents include children (0 to 6 
years) and adults. 

All receptors are assumed to be exposed to surface soil through incidental ingestion, dermal contact, 
and inhalation of dust. The potential exposure pathways quantified in the HHRA are included in 
Appendix A‐2, Attachment 1 (Tables 1a and 1b) and in Figure 5.1‐3. 
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Typically, UCLs are calculated using USEPA’s ProUCL software (USEPA 2016a). However, for the two 
COPCs (arsenic and chromium), the MDC was selected as the EPC because less than four detected 
concentrations were available in the dataset and a reliable UCL could not be estimated due to the 
limited number of detected concentrations. The EPCs used to estimate the chemical intakes for soil 
exposures are provided in Appendix A‐2, Attachment 1 (Table 3.1). 

Because there are no hexavalent chromium soil data available for the BCU and because total chromium 
is being evaluated as hexavalent chromium, the method presented in Figure 4‐1 is applied for estimating 
the hexavalent chromium EPC for use in the risk characterization. 

The exposure factors used in the intake calculations for a future hypothetical residential scenario are 
included in Appendix A‐2, Attachment 1 (Tables 4.1 and 4.2). The primary references for the exposure 
factor values are the standard default exposure factors presented in the HHEM, Update of Standard 
Default Exposure Factors (USEPA 2014a). 

5.1.7.4 Toxicity Assessment 
The oral toxicity values (CSFs and RfDs) and inhalation toxicity values (IURs and RfCs) used in the HHRA 
were obtained from the USEPA standard hierarchy of toxicity value sources (USEPA 2003b), as provided 
in Section 4.3.1. Chronic oral and inhalation noncancer toxicity values for the COPCs identified at the 
BCU are provided in Appendix A‐2, Attachment 1 (Tables 5.1 and 5.2, respectively). Oral and inhalation 
cancer toxicity values for the COPCs are provided in Appendix A‐2, Attachment 1 (Tables 6.1 and 6.2, 
respectively). 

5.1.7.5 Risk Characterization 
The risk characterization for the BCU was completed using a four‐step process, as discussed in Section 
4.3.1. The results of each step are discussed below. 

Step 1: Total Combined Risks and Hazards from Site-related COPCs and Naturally Occurring Chemicals 

Step 1 consists of calculating receptor‐specific ELCRs and HIs that include contributions from both site‐
related COPCs and naturally occurring chemicals. The estimated risks and hazards for residents are 
summarized in Table 5.1‐5. 

For consistency with Figure 4‐1, total chromium was evaluated in this step of the risk characterization 
process under the assumption that the 100 percent of the total chromium EPC is composed of 
hexavalent chromium. Based on the quantitative risk and hazard evaluations of hypothetical future 
residential exposures to surface soil at the BCU, the total receptor ELCR and HIs are below 1 × 10‐4 and 1, 
respectively. Therefore, no further evaluations are necessary in the risk characterization of residential 
surface soil exposures at the BCU. 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consists of calculation of receptor‐specific ELCRs and HIs for naturally occurring chemicals. 
However, as discussed in Section 4.3.1.5, no IAAAP‐specific soil BTVs are currently available for use in 
determining naturally occurring chemicals. Additionally, because the results of the Step 1 risk 
characterization demonstrate that the total residential ELCR and HIs due to surface soil exposures at the 
BCU are less than target limits, evaluations in this step of the BCU surface soil risk characterization were 
not performed. 

Step 3: Risk Characterization of Site-related COPCs 

Step 3 consists of calculating receptor‐specific ELCRs and HIs associated with site‐related COPCs. 
However, because the results of the Step 1 risk characterization demonstrate that the total residential 
ELCR and HIs due to surface soil exposures at the BCU are less than target limits, this step of the BCU 
surface soil risk characterization was not performed. 
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Step 4: Final COC Determination 

Because the total receptor ELCR and HI are less than target limits, there are no surface soil COCs 
identified for the BCU. As the most conservative exposure scenario evaluated in this HHRA, the 
residential scenario is considered protective of the hunter/recreational and worker scenarios. Because 
risks and hazards for residents at the BCU are acceptable (i.e., total cancer risk below 1 × 10‐4 and total 
noncancer HIs below 1), risks for hunter/recreators, site workers, and construction/utility workers were 
not calculated and are also considered acceptable. Therefore, the BCU qualifies for an NFA decision for 
soil. 

5.1.7.6 Uncertainty Analysis 
The assumptions used in the HHRAs have inherent uncertainty. The general uncertainties associated 
with the HHRAs for the OU‐11 sites are provided in Section 4.3.1. This section provides additional site‐
specific uncertainties associated with the HHRA for the BCU that are not included in Section 4.3.1. 

The surface soil analytical data set used in the HHRA were developed from samples collected from past 
investigations from 1991 to 2006. No additional data were collected during the recent RI because 
surface soil at the BCU had been sufficiently characterized during past investigations. Surface soil 
samples were collected in areas suspected of having the greatest potential for contamination (e.g., 
along the railroad). Therefore, ELCRs and HIs calculated for residential exposures to surface soil at the 
BCU may be biased high, though the detected concentrations of the identified COPCs, arsenic and 
chromium, are consistent with IAAAP‐specific background (i.e., naturally occurring). 

Total chromium was identified as a COPC in surface soil because the MDC for total chromium exceeded 
the residential soil RSL for hexavalent chromium. However, it is likely that most of the total chromium is 
in the less toxic trivalent form, particularly because all chromium concentrations were less than the BTV 
(and therefore are assumed to be naturally occurring). The trivalent form is generally more stable and 
more common in naturally occurring soils. All the soil chromium concentrations are less than the 
residential soil RSL for trivalent chromium. Using the hexavalent chromium RSL to evaluate total 
chromium in the COPC selection process was a conservative approach in the HHRA. 

The MDC was used as the EPC for both COPCs (arsenic and chromium) because the dataset was small 
and did not meet the UFP‐QAPP requirements for calculating a UCL (i.e., a minimum of eight samples 
with four detections). The use of the MDC as the EPC may overestimate or underestimate the risks and 
hazards associated with potential exposures to surface soil at the BCU. An overestimation of risks and 
hazards could occur because it is not likely that a receptor would be exposed to the MDC for the full 
assumed exposure duration; additionally, there is the potential that concentrations have decreased over 
time through fate and transport processes. However, it is also possible that the three‐sample data set 
could result in an MDC that may underestimate the true maximum and mean concentrations present at 
the BCU. 

Chemicals that were 100 percent nondetected in an exposure medium were not included in the COPC 
identification process; however, they were evaluated in a separate screening to determine if elevated 
nondetected results were present in site media. The detailed analysis of the nondetected chemicals at 
the BCU is provided in Appendix A‐2, Attachment 4. In summary, one explosive (2,6‐dinitrotoluene), one 
metal (thallium), three PAHs (benzo[a]pyrene, dibenz[ah]anthracene, and indeno[1,2,3‐C,D]pyrene), six 
PCBs (Aroclors 1221, 1232, 1242, 1248, 1254, and 1260), eight pesticides (aldrin, alpha‐BHC, beta‐BHC, 
dieldrin, heptachlor, heptachlor epoxide, mirex, and toxaphene), and four SVOCs (3,3’‐
dichlorobenzidine, bis[2‐chloroethyl]ether, N‐Nitrosodi‐n‐propylamine, and N‐Nitrosodimethylamine) 
had RLs exceeding the residential soil RSLs. 

Note, the 2,6‐dinitrotoluene RL (0.4 mg/kg) is very close to the screening level (0.36 mg/kg) and only 
one other explosive (i.e., nitrobenzene) was detected in BCU soil. Therefore, it is likely that 2,6‐DNT is 
not present in BCU soil at concentrations of concern to human health. Additionally, although the 
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thallium RLs exceeded the residential soil RSL, there is a high degree of uncertainty associated with the 
thallium toxicity value used to estimate the RSL. As stated in the Provisional Peer‐Reviewed Toxicity 
Values (PPRTV) document for thallium (USEPA 2012a), 

It is inappropriate to derive a subchronic or chronic provisional RfD for thallium. However, 
information is available which, although insufficient to support derivation of a provisional toxicity 
value, under current guidelines, may be of limited use to risk assessors…Users of screening toxicity 
values in an appendix to a PPRTV assessment should understand that there is considerably more 
uncertainty associated with the derivation of a supplemental screening toxicity value than for a value 
presented in the body of the assessment. 

Most of the chemicals with RLs exceeding the risk‐based screening level are from samples collected to 
support the SI in 1991. Uncertainty in the HHRA exists pertaining to chemicals with RLs greater than risk‐
based screening values. In such cases, concentrations that cause adverse effects may be present in 
environmental media but not detected using the existing analytical methods. This may be due to 
limitations in the available laboratory analytical methods. The analytical methods and laboratory RLs 
were based on the best available technology at the time. In instances where RLs are greater than risk‐
based screening values, chemicals potentially could be present at concentrations equal to or greater 
than the screening value risk targets (i.e., cancer risk of 1E‐06 and HQ of 0.1), resulting in 
underestimation of site risk. The degree of underestimation is unknown. 

Potential cancer and/or noncancer risks for exposures to multiple chemicals could not be estimated 
because toxicity values have not been established. These chemicals include: acenaphthylene, 
benzo(g,h,i)perylene, phenanthrene, Aroclor 1262, endosulfan I, endosulfan II, chlordane, delta‐BHC, 
endrin aldehyde, endrin ketone, isodrin, 1,3‐dichlorobenzene, 1,4‐oxathiane, 2,3,6‐trichlorophenol, 
2,6‐dinitroaniline, 2‐nitrophenol, 3,5‐dinitroaniline, 3‐nitroaniline, 4‐bromophenyl phenyl ether, 
4‐chlorophenyl phenyl ether, 4‐nitrophenol, dibromochloropropane, dimethyl phthalate, dithiane, 
p‐chlorophenylmethyl sulfide, p‐chlorophenylmethyl sulfone, and p‐chlorophenylmethyl sulfoxide. Lack 
of toxicity value for these chemicals may result in underestimation of the total risk from exposure to 
soils at the BCU. 

5.1.7.7 Summary of HHRA 
An HHRA was prepared for the BCU to evaluate potential current and future risks and hazards from 
exposure to chemicals in surface soil. The BCU was used as a rail car unloading and temporary storage 
area for dunnage lumber starting in the 1940s. The railroad within the site is still in use, however, in 
recent years, primarily trucks have transported explosives at the facility. The BCU is no longer used as a 
temporary storage area for dunnage lumber. The BCU is located in recreational zone 3D and is 
unmaintained with native grass prairie with scattered forest. 

The following potential future human receptors were identified in the HHRA for the BCU: 

• Current and Future Hunter/Recreators. The BCU is currently zoned as Recreational Zone 3D at the 
IAAAP, which permits recreational activities such as mushroom picking, berry picking, and hunting 
turkey, small game, and deer. Direct contact with surface soil is likely to be a complete exposure 
pathway during current and future large/small game hunting and berry/mushroom gathering 
activities. 

• Current and Future Site Workers. Site workers are evaluated at the BCU because of the 
predominantly commercial land use activities at the IAAAP. Direct contact with surface soil is likely 
to be a complete exposure pathway. 

• Future Construction/Utility Workers. The construction/utility worker was not evaluated under 
current land use because there are no construction activities occurring at the BCU. Future 
excavation/construction activities are possible for the BCU that could lead to direct contact 
exposures to soil. 
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• Future Hypothetical Residents. The current and expected future land uses at the IAAAP do not 
include residential land use. However, future hypothetical residential land use is being evaluated for 
informational purposes to represent an unrestricted land use scenario. 

Two inorganics (arsenic and chromium) were identified as COPCs (site‐related COPCs or naturally 
occurring chemicals) in surface soil. The residential soil RSL for hexavalent chromium was used in the 
COPC screening for total chromium because the surface soil samples collected at the BCU were not 
analyzed for hexavalent chromium. 

The risk characterization for the BCU was completed using a four‐step process, as discussed in Section 
4.3.1. The total combined risks and hazards from site‐related COPCs and naturally occurring chemicals 
are summarized in Table 5.1‐5. ELCRs and HIs calculated for hypothetical future residential exposures to 
COPCs (arsenic and chromium [evaluated as hexavalent]) in surface soil (0 to 1 feet bgs) at the BCU were 
within target limits. Therefore, none of the COPCs in surface soil were identified as COCs for the BCU, 
and the BCU qualifies for an NFA decision for surface soil. Because no COCs were identified for a 
hypothetical residential receptor and the exposures and potential health risks and hazards are 
considered protective of other receptors, soil risks, and hazards were not estimated for future site 
workers, current and future hunter/recreators, or future construction/utility workers. Although no 
groundwater data were collected from the BCU, groundwater was deemed not of concern based on the 
CSM indicating no soil impacts. 

5.1.8 Ecological Risk Assessment 
The following sections present the results of Steps 1 and 2 of the SLERA for the BCU. 

5.1.8.1 Screening Level Problem Formulation (Step 1) 
The screening level problem formulation establishes the goals, scope, and focus of the ERA. As part of 
the problem formulation, the environmental setting of the site is characterized in terms of the habitats 
and biota known to be or likely to be present. An ECEM is developed that shows complete exposure 
pathways. The chemicals that are present in ecologically relevant media are also described based upon 
available analytical data. Receptors for which ecologically significant exposure pathways exist are 
evaluated for impact from chemicals present in the relevant media. 

As discussed in Section 4.3.2, Step 1 of the ERA process is intended to answer two main questions: (1) 
Do complete exposure pathways exist? and (2) Are sufficient data available to conduct the SLERA? If no 
complete exposure pathways exist, the ERA process terminates at Step 1 with a conclusion of negligible 
(acceptable) adverse effects. If one or more complete exposure pathways are known to, or are likely to, 
exist, the ERA process continues to Step 2 but only those pathways that have been determined to be 
critical were evaluated. In order to answer these two questions, the Step 1 results focused on three 
areas: (1) Ecological Setting; (2) ECEM; and (3) Data Usage. 

Ecological Setting 

The BCU contains approximately 3.2 acres of unmaintained cool season grasses with scattered trees. 
Two areas adjacent to the railroad tracks (approximately 500 to 600 feet in length along the western 
railroad track and 400 to 500 feet in length on the eastern tracks) were used as an unloading and 
temporary storage area of dunnage lumber since the 1940s. Previously, the rail cars also transported 
boxes of explosives. Although the area is still in use, in recent years, the explosives are transported 
primarily by truck (Tetra Tech 2011b). 

Habitat at the BCU is highly disturbed and mostly covered with cool season grasses. Wildlife value is 
currently fair to poor when compared to a native prairie. The habitat is contiguous with habitat from the 
ABCDP Site to the south. The two sites are bounded to the south by fields used for agriculture. 
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Permanent water bodies do not exist at the BCU. A drainage ditch that is typically dry is present along 
the eastern railroad line. 

Ecological Conceptual Exposure Model 

The ECEM is presented in Figure 5.1‐4 and shows complete exposure pathways. Important components 
of the ECEM are the identification of potential source areas, release mechanisms and transport 
pathways, exposure media, exposure routes, and receptors. Actual or potential exposures of ecological 
receptors are determined by identifying the most likely, and most important, pathways of contaminant 
release and transport. A complete exposure pathway has three components: (1) a source of chemicals 
(stressors) that results in a release to the environment, (2) a pathway of chemical transport through an 
environmental medium, and (3) an exposure or contact point for an ecological receptor. 

The potential source areas within the BCU are presented on Figure 1‐2. The source of contamination is 
the area along the railroad tracks used for storage of dunnage lumber which may have come into 
contact with explosives. 

If no complete exposure pathways exist, the ERA process terminates at Step 1 with a conclusion of 
negligible (acceptable) adverse effects. If one or more complete exposure pathways are known to, or are 
likely to, exist, the ERA process continues to Step 2, but only those pathways that have been determined 
to be critical are evaluated. Based on the available habitat the following exposure pathways are 
potentially complete: 

• Ingestion of biota exposed to surface soil 
• Ingestion of surface soil 
• Dermal contact with surface soil 

However, dermal contact with surface soil, although a potentially complete pathway, is considered a 
minor exposure; it is only critical to the risk assessment in specialized cases such as burrowing receptors, 
which are not modeled for OU11. 

As mentioned in the ecological setting, there are no permanent water bodies at BCU. Thus, wet 
sediment and surface water are incomplete pathways at BCU. Groundwater is generally considered only 
as a transport medium because there are no ecological exposures to groundwater until it discharges to a 
water body or surfaces as a seep. This assumption is consistent with the 2004 BERA (MWH 2004). In this 
ERA, groundwater was not evaluated as a potential transport medium for BCU‐related constituents to a 
seep as there is no significant soil contamination in surface soils. 

Data Used in the SLERA 

The data evaluation step involved gathering and reviewing available BCU data and identifying a dataset 
of acceptable quality for the SLERA. The historical data were evaluated to determine if they were likely 
to still be representative of current BCU conditions. 

The analytical data reviewed for use in the SLERA consisted of five surface soil samples and one soil/dry 
sediment sample. During the SI field work conducted in August 1991, three surface soil samples 
(14SS0101, 14SS0201, and 14SS0301) were collected during the SI field work (August 1991) and analyzed 
for TAL metals and explosives. However, sample data for 14SS0101 were excluded from the SLERA 
dataset because the sample location actually falls within the boundary of the ABCDP and therefore, will 
be used to determine nature and extent for the ABCDP. In addition, one dry sediment sample 
(14SD0401) collected from a grass‐lined ditch was analyzed for TAL metals, explosives, VOCs, SVOCs, 
PAHs, PCB, pesticides. Because the occurrence of surface water in the ditch is ephemeral, there are no 
wet sediment data. Therefore, data for the dry sediment sample collected from location 14SD0401 were 
treated as surface soil data in the SLERA. The combined surface soil and dry sediment samples were 
designed to characterize soil quality over a large area where dunnage lumber was unloaded and 
temporarily stored. In 2006, three surface soil samples were collected in support of the CWWP. These 
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three samples were analyzed for explosives only to determine the presence of explosives contamination 
near railroad loading/unloading and storage areas. As previously stated, subsurface soil and 
groundwater samples were not collected due to the lack of contamination found in the surface soil. No 
permanent surface water or wet sediment is present at the BCU. 

Surface soil data were collected to a maximum depth of 1 foot bgs. The maximum surface depth defined 
by the vertical extent to which data have been collected (i.e., 1 feet bgs) differs from that of the 
conceptual exposure depth in the CEM as described in the UFP‐QAPP (CH2M 2017) (i.e., 2 feet bgs). 
Therefore, based on data availability, the surface soil depth interval being evaluated in the SLERA is 
henceforth referred to as “surface soil (0 to 1 feet bgs).” Based on a review there were adequate data to 
support the SLERA. 

A description of the soil data grouping and the surface soil samples included in the SLERA is provided in 
Table 5.1‐4. The SLERA and HHRA both used the same surface soil data set. The surface soil sampling 
locations included in the SLERA are depicted in Figures 5.1‐2. 

5.1.8.2 Screening Level Exposure Estimate and Risk Calculation (Step 2) 
Step 2 of the ERA process involves conducting a screening exposure assessment, a screening effects 
assessment, and a screening risk calculation (risk characterization). As discussed in Section 4.3.2, 
exposures in the SLERA are based on the MDCs while the potential ecological effects are represented by 
the ESVs. The following section discusses the results of the MDC versus ESV comparison which was used 
to select COPECs. Each COPEC was then subjected to a weight‐of‐evidence evaluation in order to place 
the results into proper context and make one of the following decisions: (1) NFA is warranted, (2) 
further evaluation is warranted, or (3) additional data are required. 

Step 2 Results 

All 0–1 foot soil and dry sediment data were compiled and compared to ESVs. If the MDC exceeded the 
ESV, the chemical was identified as a COPEC. Table 5.1‐6 shows the results of the ecological screening. 

MDCs were screened against ESVs. Seven metals (barium, cadmium, copper, lead, mercury, selenium, 
and zinc) had MDCs that exceeded their ESVs and were identified as COPECs. One explosive, four metals, 
and one PAH were detected at least once but were not identified as COPECs. 

Weight-of-Evidence 

Although the initial results of the COPEC screen resulted in the identification of seven COPECs, this first 
screen is an intentionally conservative analysis and COPECs may not be chemicals of ecological concern 
(COECs). A weight‐of‐evidence approach examined additional factors to determine if barium, cadmium, 
copper, lead, mercury, selenium, and zinc should be retained as COECs. The considerations that support 
NFA for the BCU are discussed below: 

Habitat Quality is Marginal 

Habitat at the BCU is highly disturbed and mostly covered with cool season grasses. Wildlife value is 
currently fair to poor when compared to a native prairie. 

Exposure of Ecological Receptors to Elevated Concentrations of Metals is Limited Spatially Due to the 
Size of the Site 

The potentially contaminated area associated with the BCU (approximately 600 feet in length adjacent 
to the western railroad track and 500 feet in length adjacent to the eastern railroad track) and the 
storage of discarded ammunition boxes is small (assumed to be approximately 1‐acre of habitat near the 
railroad tracks). As a result, unacceptable ecological hazards are unlikely as limited ecological receptors 
would be exposed to potential contaminants at BCU. 
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Exposure of Ecological Receptors to Elevated Concentrations of Barium Would Not Result in 
Unacceptable Ecological Hazard for Wildlife Populations 

Although the MDC (1,050 mg/kg) of barium exceeded its ESV (330 mg/kg) in 14SS0201, concentrations 
of barium in the other two samples were below the ESV. Sample 14SS0201 was a composite of soil from 
three locations: the northern edge of the western unloading area, the southern edge of the western 
unloading area, and the southern edge of the eastern unloading area. Detected concentrations in the 
sample of four aliquots from bare areas around discarded ammunition boxes (87.8 mg/kg in 14SS0301) 
and from the dry sediment by the mouth of the culvert south of gravel road (237 mg/kg in 14SD0401) 
were below the ESV. As barium was only detected above the ESV in the unloading areas and not in the 
discarded ammunition box area or in the sediment that collects runoff from the unloading areas, 
elevated concentrations of barium are not widespread and wildlife exposure to elevated concentrations 
of barium would be limited. 

The maximum concentration for barium at the BCU exceeds the ecological soil screening level (Eco‐SSL) 
for soil invertebrates, but not for mammals. There are no Eco‐SSLs available for plants or birds. The 
barium screening level for soil invertebrates is based on laboratory toxicity studies using soluble forms 
of barium, such as barium acetate, barium oxide, and barium nitrate. However, barium sulfate, which is 
a largely insoluble form commonly found in soil, has been shown to have very low toxicity to soil 
invertebrates. For example, studies indicate that barite does not adversely affect soil invertebrates even 
at concentrations up to 17,000 mg/kg, and Kuperman et al. (2006) found no effects on adult survival in 
three species of soil invertebrates at concentrations above 10,000 mg/kg. 

The Eco‐SSLs are meant to be conservative (i.e., health protective) and are based on tests with relatively 
high bioavailability. However, they may not reflect conditions at the site, especially for certain metals, 
such as barium. Although the bioavailability of barium in soil at the BCU is unknown, the pool of barium 
is likely to include a significant fraction of the less soluble forms, especially in comparison to the test soil 
used to derive the Eco‐SSL. Therefore, overall risk to soil invertebrates is likely to be low. 

Exposure of Ecological Receptors to Elevated Concentrations of Cadmium Is Limited Spatially 

Although the MDC (1.7 mg/kg) of cadmium exceeded its ESV (0.36 mg/kg), cadmium was detected in 
only 14SS0301. Sample 14SS0301 was collected from four aliquots of soil from bare areas around 
discarded ammunition boxes. Cadmium was not detected in the composite sample collected from soils 
adjacent to the railroad tracks in the unloading areas (14SS0201) or in the sample collected from dry 
sediment by the mouth of the culvert south of the gravel road (14SD0401). As cadmium was only 
detected in the discarded ammunition box area, elevated concentrations of cadmium are not 
widespread at the site and wildlife exposure to elevated concentrations of cadmium would be limited. 

Exposure of Ecological Receptors to Elevated Concentrations of Copper Is Limited by the Habitat 
Quantity and Quality 

The MDC (276 mg/kg) and average copper concentration (108 mg/kg) exceeded its ESV (28 mg/kg. As 
discussed previously, the potentially contaminated area is limited to approximately 600 feet in length 
adjacent to the western railroad track, 500 feet in length adjacent to the eastern railroad track and an 
assumed 1 acre of habitat near the railroad tracks where the discarded ammunition boxes were stored. 
The habitat is highly disturbed and consists primarily of cool season grasses. Given the small potentially 
contaminated area and limited habitat quality, wildlife exposure to elevated concentrations would be 
limited. 

Lead Concentrations Similar to Reported Background Concentrations of Eastern U.S. Soils 

The average result of lead (66 mg/kg) exceeded the ESV (11 mg/kg). Site concentrations ranged from 28 
to 140 mg/kg. The site concentrations of lead were similar to the Eco‐SSL reported background 
concentrations from the eastern U.S. soils of 5 to 115 mg/kg and exceeded the reported background 
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concentrations of the western U.S. of 10 to 36 mg/kg (USEPA 2007b). Although the site MDC exceeded 
the ESV, the similarity between the site and reported background concentrations of eastern U.S. soils 
indicates that the site concentrations are likely naturally occurring and are unlikely to be harmful to 
wildlife receptors. 

Exposure of Ecological Receptors to Elevated Concentrations of Mercury Is Limited Spatially 

Although the MDC (0.07 mg/kg) of mercury exceeded its ESV (0.013 mg/kg) in 14SS0201, mercury was 
not detected in the other two samples. Sample 14SS0201 was a composite of soil from three locations: 
the northern edge of the western unloading area, the southern edge of the western unloading area, and 
the southern edge of the eastern unloading area. Mercury was not detected in the sample of four 
aliquots from bare areas around discarded ammunition boxes (14SS0301) and from the dry sediment by 
the mouth of the culvert south of gravel road (14SD0401). As mercury was detected above the ESV in 
only the unloading areas and not in the discarded ammunition box area or in the sediment that collects 
runoff from the unloading areas, elevated concentrations of mercury are not widespread, and wildlife 
exposure to elevated concentrations of mercury would be limited. 

Exposure of Ecological Receptors to Elevated Concentrations of Selenium Is Limited Spatially 

Although the MDC (0.68 mg/kg) of selenium exceeded its ESV (0.52 mg/kg), selenium was detected in 
only the sample collected from the mouth of the culvert south of the gravel road (14SD0401). Selenium 
was not detected in the aliquots of soil from bare areas around discarded ammunition boxes (14SS0301) 
or composite sample collected from soils adjacent to railroad tracks in unloading areas (14SS0201). As 
selenium was detected only at a concentration just slightly above the ESV in the culvert area, elevated 
concentrations of selenium are not widespread at the site, and wildlife exposure to elevated 
concentrations of selenium would be limited. 

In addition, the selenium ESV recommended by Region 4 is the most conservative in a range of USEPA 
Eco‐SSLs derived for plants, soil invertebrates, mammals, and birds; the selenium ESV was derived for 
plants. The other Eco‐SSLs for selenium are 0.63 mg/kg (mammals), 1.2 mg/kg (birds), and 4.1 mg/kg 
(soil invertebrates). The MDC is less than the ESVs for birds and invertebrates and approximately equal 
to the ESV for mammals. The detected soil concentration for selenium in comparison to the range of 
conservative ESVs from Region 4 indicates that this COPEC is unlikely to be harmful to wildlife receptors. 

Exposure of Ecological Receptors to Elevated Concentrations of Zinc Would Not Result in 
Unacceptable Ecological Hazard for Wildlife Populations 

The MDC of zinc at the BCU (415 mg/kg) exceeds the ESV of 46 mg/kg. The Eco‐SSLs are meant to be 
conservative (i.e., health protective) and are based on tests with relatively high bioavailability. However, 
they may not reflect conditions at the site, especially for certain metals, such as zinc. Although the 
bioavailability of zinc in soil at the BCU is unknown, zinc is strongly adsorbed to soils at pH 5 or greater 
(USEPA 2007c). Only those fractions of zinc in soil which are soluble or may be solubilized are 
bioavailable. Soil pH at Load Line 6 (approximately 1/2 mile west of BCU) ranged from 7 to 7.5, 
suggesting the soil pH at BCU is not likely strongly acidic. Therefore, overall bioavailability and risk to 
ecological receptors from zinc in the soil at BCU is likely low. 

Ecological Significance 

Chemical releases at a site may not elicit important environmental responses and may represent 
responses that are inconsequential to the ecosystem in which the site resides; in other words, past, 
current, or projected site‐related effects at a site may not have any ecological significance. At sites that 
are small that lack important ecological resources (e.g., vernal pools or nesting/roosting areas for 
endangered species that are critical support areas regardless of the extent of habitat for wildlife) like the 
limited extent of habitat at the BCU, chemical releases are inconsequential to the ecosystem as the site 
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can only support limited individuals of a population; the presence or absence of which do not have an 
impact on the ecosystem. 

Weight-of-Evidence Summary 

In summary, none of the seven COPECs initially identified in the ecological risk screening are likely to be 
harmful to populations of ecological receptors. As a result, no further evaluation of these COPECs is 
warranted. 

Uncertainty 

The assumptions used in the SLERA have inherent uncertainty. The general uncertainties associated with 
the SLERA for the BCU are provided in Section 4.3.2. This section provides additional site‐specific 
uncertainties associated with the SLERA for BCU that are not included in Section 4.3.2. 

The NFA decision was based on a limited number of surface soil samples (N = 6). The BCU was used as an 
unloading and temporary storage area for dunnage lumber starting in the 1940s.The rail cars at times 
also transported boxes of explosives; therefore, 2,4,6‐trinitrotoluene (TNT) and RDX may have come into 
contact with the dunnage and/or the soil in the area. Explosives were shipped in wooden boxes within a 
cardboard box sealed with wax. The sealed box was then placed in a heavy paper bag liner, also waxed 
to seal out moisture. Therefore, the potential for explosives to spill from the triple‐packed boxes is 
considered to be negligible (JAYCOR 1996), and this is supported by the sampling results. Surface soil 
samples were collected in areas suspected of having the greatest potential for contamination (e.g., 
along the railroad). 

Nitrobenzene was the only explosive that was detected in one surface soil sample (14SS0301) collected 
in 1991 at a concentration of 0.47 milligrams per kilogram (mg/kg); however, this concentration did not 
exceed the PAL. Subsequent sampling in 2006 (BCU‐SS‐002) in the vicinity of this sample location did not 
indicate the presence of explosives. Explosives were not found to be a soil contaminant based on 
historical sampling. While there are a few metals exceedances, these are limited to the areas along the 
railroad tracks, where contamination was most likely to be found. 

If a constituent is not detected with current analytical methods, it is unlikely that it would pose a 
significant hazard to receptor populations. However, there is some uncertainty involved in excluding the 
chemicals for which the RL is greater than the ESV. Chemicals that were 100 percent nondetected in an 
exposure medium were not included in the COPEC identification process; however, they were evaluated 
in a separate screening to determine if elevated nondetected results were present in surface soil. An 
evaluation of all 123 nondetected chemicals is shown in Table 5.1‐7, including number of samples and a 
comparison of reporting limits to ESVs. Approximately 42 percent (52 of 123) of the nondetected 
chemicals have one or more reporting limits greater than the ESV. Approximately 32 percent (39 of 123) 
of the nondetected chemicals have all reporting limits greater than the ESV. Seventy‐one of the 123 
nondetected chemicals (approximately 58 percent) have reporting limits that are all less than the ESVs. 
The ESVs are generally conservative, but some uncertainty lies in the fact there could be cases where a 
chemical is present at levels that may be harmful to ecological receptors, but the chemical is not 
detected. 

Although several of the screening level comparisons had HQs in excess of unity (1.0), it is important to 
note that such HQs do not provide indication that receptors are at risk (USEPA 1989, Tannenbaum 
2005a). HQs above 1.0 also do not guarantee that there is even one individual at the site that displays 
the toxicological endpoint evaluated. Since HQs above 1.0 do not demonstrate a problem at a site, the 
HQs cannot trigger the development of remediation goals or considerations of cleaning up a site. 
Intended to benefit site ecological receptors. 

It is also important to note that computationally, the HQ expresses the ratio of a receptor’s estimated 
intake of a given chemical to an assumed safe dose of that chemical, and that commonly, estimated HQs 
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are of untenable magnitude (Kolluru 1996; Tannenbaum et al. 2003; Tannenbaum 2013). A computed 
HQ of 20, by way of example, suggests that the receptor is consuming a chemical with toxic properties, 
each day, at a rate of 20 multiples of the safe dose. Realistically, no site receptor could survive such an 
ongoing (chemical) dietary exposure. Where sites of interest, such as the BCU site at IAAAP, are not 
observed to be devoid of animal life, it is clear that the HQ estimation was inaccurate. 

Recommendation for Scientific Management Decision Point 1 

Based on the weight of evidence, NFA is required for BCU from an ecological perspective. While there 
were exceedances of ESVs for seven metals, potential ecological hazards are not unacceptable as the 
exceedances are unlikely to affect populations of ecological receptors given the small size of the site. No 
COPECs need to be carried forward into Step 3. 

5.1.9 Conclusions and Recommendations 
An evaluation to define the nature and extent of contamination in surface soil and dry sediment from 
historical activities was conducted for the BCU, along with an assessment for potentially unacceptable 
risks and hazards to human health and the environment. The results of the evaluation of contaminant 
nature and extent indicate that the soil and dry sediment have been adequately characterized. Based on 
the results of the HHRA, no potentially unacceptable noncarcinogenic hazards or carcinogenic risks were 
identified from exposure to site‐related chemicals in surface soil and dry sediment. Although no 
groundwater data were collected from the BCU, groundwater was deemed not of concern based on the 
CSM indicating no soil impacts. Based on the results of the SLERA, potential ecological hazards are not 
unacceptable as the exceedances are unlikely to affect populations of ecological receptors given the 
small size of the site. Although no groundwater data were collected from the BCU, the absence of 
contamination and unacceptable risks and hazards associated with surface soil and dry sediment 
indicate that leaching to groundwater is not a concern. Therefore, NFA is warranted for the BCU. 

It is recommended that sites IAAP‐014/014G be transferred to a new OU (OU‐11), and NFA be presented 
as the preferred remedy in a Proposed Plan. 
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Table 5.1‐1. Previous Investigations and Remedial Actions—Boxcar Unloading Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

RCRA Facility Assessment  
(E&E 1987) 

1986  Limited sampling was performed at sites selected by EPA 
which were either active or former hazardous waste 
treatment, storage and disposal facilities. Two soil samples 
were collected at the BCU adjacent to the western railroad 
tracks and analyzed for SVOCs, explosives, and metals.  

Explosive compounds detected in the area were at minimal 
levels (JAYCOR and CDM 1992). Barium, chromium, and zinc 
were detected in soil samples collected and the reported levels 
were within established background ranges (JAYCOR and CDM 
1992). Several organic compounds (PAHs) were detected in one 
soil sample. The RFA contained no discussion of background or 
other data evaluation protocols to which on‐site metals 
concentrations were compared and upon which conclusions 
and recommendations were made (JAYCOR 1996). An RFI was 
recommended for the BCU (Ecology & Environment 1987) 

Site Investigation (JAYCOR 
and CDM Federal Programs 
Corporation 1992).  

1991  Three composite surface soil samples were collected in the 
area where boxcars were unloaded, and discarded 
ammunition boxes were stored. Samples were analyzed for 
total analyte list (TAL) metals and explosives. One dry 
sediment (soil) sample was also collected from the mouth of 
the grass‐lined ditch/culvert south of the gravel road and 
analyzed for TAL metals, explosives, semivolatile organic 
compounds (SVOCs), polychlorinated biphenyls (PCBs), and 
pesticides.  

One soil sample collected (14‐SS‐02‐01) was reported to 
contain four metals at levels above established criteria: copper 
at 276 mg/kg; lead at 140 mg/kg; and zinc at 415 mg/kg. 
Though barium was detected at 1050 mg/kg, this is not 
believed to represent site contamination (JAYCOR and CDM 
Federal Programs Corporation 1992). Nitrobenzene was also 
detected in soil sample (14‐SS‐03‐01) at the reporting limit. No 
explosives, PCBs, or pesticides were detected in the sediment 
samples. Sediment sample 14‐SD‐04‐01 contained <1.0 mg/kg 
of the PAH pyrene. PAHs are widespread in the environment; 
the occurrence is not considered to be significant. (Tetra Tech 
2006). Overall, the analytical results indicate that no significant 
contamination was present in the area sampled and it was 
recommended that the BCU does not warrant inclusion in the 
Remedial Investigation (JAYCOR and CDM 1992). 

Comprehensive Watersheds 
Evaluation and 
Supplemental Data 
Collection Work Plan 
(Tetra Tech 2006) 

2006  Three soil samples (0 to 1 feet) were collected in 2006 and 
analyzed for explosives to determine the presence of 
explosives contamination near railroad loading/unloading and 
storage areas. 

No explosives were detected in the samples (Table 5.1‐2) (Tetra 
Tech 2012). 
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Table 5.1‐2. Detected Constituents in Soil and Dry Sediment—Boxcar Unloading Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

         Location  14SS0201     14SS0301     14SD0401     SS‐001     SS‐002     SS‐003    

         Sample ID 
14SS0201‐
19910815     14SS0301‐

19910815     14SD0401‐
19910815     BCU‐SS‐001‐

0001‐REG     BCU‐SS‐002‐
0001‐REG     BCU‐SS‐003‐

0001‐REG    

         Sample Date  8/15/1991     8/15/1991     8/15/1991     11/29/2006     11/29/2006     11/29/2006    

         Sample Depth (feet)  (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.3 feet)     (0‐1 feet)     (0‐1 feet)     (0‐1 feet)    

Test Group  CAS  Analyte  Unit  Screening Level                         

Explosives  98‐95‐3  Nitrobenzene  mg/kg  1.31  0.42  U  0.47     1.8  U  0.24  U  0.23  U  0.23  U 

Metals  7440‐38‐2  Arsenic  mg/kg  15.37  6.8     4.36     7.68     —     —     —    

Metals  7440‐39‐3  Barium  mg/kg  368.4  1050     87.8     237     —     —     —    

Metals  7440‐41‐7  Beryllium  mg/kg  1.69  0.71     1.01     0.75     —     —     —    

Metals  7440‐43‐9  Cadmium  mg/kg  0.97  1.2  U  1.7     1.2  U  —     —     —    

Metals  7440‐47‐3  Chromium  mg/kg  35.23  22.2     11.7     13.3     —     —     —    

Metals  7440‐50‐8  Copper  mg/kg  2445  276     32.4     14.8     —     —     —    

Metals  7439‐92‐1  Lead  mg/kg  1210  140     28     30     —     —     —    

Metals  7439‐97‐6  Mercury  mg/kg  0.14  0.07     0.05  U  0.05  U  —     —     —    

Metals  7440‐02‐0  Nickel  mg/kg  78.99  24     17     10     —     —     —    

Metals  7782‐49‐2  Selenium  mg/kg  0.71  0.44  U  0.44  U  0.68     —     —     —    

Metals  7440‐66‐6  Zinc  mg/kg  1670  415     223     236     —     —     —    

PAHs  129‐00‐0  Pyrene  mg/kg  78.5  —     —     0.45     —     —     —    

Notes: 

Screening Levels are based on the lowest value of USEPA RSL for residential soil (HQ = 1) May 2020 (USEPA 2020a); Background from BERA (MWH 2004); or USEPA Region 5 
ecological soil screening benchmarks, March 2017 except for inorganics which use the Background from BERA (MWH 2004). 

Shading indicates the result exceeded the Screening Level  

Bold indicates the analyte was detected 

J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample. 

U = The analyte was analyzed for but was not detected above the reported sample quantitation limit. 

B = The analyte was positively identified in both the sample and the associated laboratory method blank. 

— = Not Analyzed 

mg/kg = milligrams per kilogram 
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Table 5.1‐3. Data Groupings and Sample Counts of the Data Sets to be Used in the HHRA—Boxcar Unloading Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Area of Concern  Description  Sample Count* 

BCU_SS_All  Grouping for All BCU surface soil and dry sediment samples  6 

* Sample count includes duplicates if available. There were no field duplicates collected at the BCU. 

 

 

Table 5.1‐4. Samples to be Used in the HHRA 
Iowa Army Ammunition Plant, Middletown, Iowa 

Data Group ID for 
HHRA  Matrix  Station ID  Sample ID  Date Collected 

Sample 
Type 

Upper 
Depth 
(Feet) 

Lower 
Depth 
(Feet) 

BCU_SS_All  SS  14SS0201  14SS0201‐19910815  8/15/1991  N  0.0  0.5 

BCU_SS_All  SS  14SS0301  14SS0301‐19910815  8/15/1991  N  0.0  0.5 

BCU_SS_All  SS  BCU‐SS‐001  BCU‐SS‐001‐0001‐REG  11/29/2006  N  0.0  1.0 

BCU_SS_All  SS  BCU‐SS‐002  BCU‐SS‐002‐0001‐REG  11/29/2006  N  0.0  1.0 

BCU_SS_All  SS  BCU‐SS‐003  BCU‐SS‐003‐0001‐REG  11/29/2006  N  0.0  1.0 

BCU_SS_All  SD  14SD0401  14SD0401‐19910815  8/15/1991  N  0.0  0.3 

Notes: 

BCU ‐ Boxcar Unloading Area 

BCU_SS_All ‐ Grouping for All BCUA surface soil and dry sediment samples. 

N ‐ normal sample 

SS ‐ surface soil; SD ‐ sediment (dry sediment sample evaluated as surface soil). 
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Table 5.1‐5. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally Occurring 
Chemicals—Boxcar Unloading Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium  Receptor 

ELCR/HI Tables 
(RME) in 

Appendix A‐2, 
Attachment 1  COPC/Chemical 

BCU 

EPC 
mg/kg  ELCR  HI 

Surface Soil 

Resident Adult  7.1 and 9.1 

Arsenic  7.68  NA  0.02 

Chromium *  22.2  NA  0.009 

Total HI:  NA  0.03 

Resident Child  7.2 and 9.1 

Arsenic  7.68  NA  0.2 

Chromium *  22.2  NA  0.09 

Total HI:  NA  0.3 

Resident 
Adult/Child 
Aggregate 

7.3 and 9.1 

Arsenic  7.68  1E‐05  NA 

Chromium *  22.2  7E‐05  NA 

Total ELCR:  9E‐05  NA 

Notes: 

COPC = chemical of potential concern 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 

*Evaluated as hexavalent chromium; the hexavalent chromium EPC was calculated using the approach discussed in Section 
5.1.7.3 and presented in Figure 4‐1. 



Table 5.1‐6. Ecological Screening Table—Boxcar Unloading Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Chemical (mg/kg)  CAS Number 
Frequency of 

Detection (FOD) 
Minimum Detected 

Concentration 
Average 
Detect  Mean Concentrationa  MDC  Location of MDC  Region 4 ESVb 

MDC > ESV? 
(Y/N)  No. of Detects>ESV 

Screening HQ 
(MDC/ESV) 

COPEC Flag 
(Y/N) 

Rationale for 
Selection or 
Deletionc 

Explosives 

Nitrobenzene  98‐95‐3  1  /  6  0.47  0.47  0.278  0.47  14SS0301  2.2  No  0  0.21  No  BSL 

Inorganics 

Arsenic  7440‐38‐2  3  /  3  4.36  6.28  6.28  7.68  14SD0401  18  No  0  0.43  No  BSL 

Barium  7440‐39‐3  3  /  3  87.8  458.3  458.3  1050  14SS0201  330  Yes  1  3.18  Yes  ASL 

Beryllium  7440‐41‐7  3  /  3  0.71  0.8  0.8  1.01  14SS0301  2.5  No  0  0.40  No  BSL 

Cadmium  7440‐43‐9  1  /  3  1.7  1.7  1.367  1.7  14SS0301  0.36  Yes  1  4.72  Yes  ASL 

Chromium  7440‐47‐3  3  /  3  11.7  15.7  15.7  22.2  14SS0201  23  No  0  0.97  No  BSL 

Copper  7440‐50‐8  3  /  3  14.8  107.7  107.7  276  14SS0201  28  Yes  2  9.86  Yes  ASL 

Lead  7439‐92‐1  3  /  3  28  66  66  140  14SS0201  11  Yes  3  12.73  Yes  ASL 

Mercury  7439‐97‐6  1  /  3  0.07  0.07  0.0567  0.07  14SS0201  0.013  Yes  1  5.38  Yes  ASL 

Nickel  7440‐02‐0  3  /  3  10  17  17  24  14SS0201  38  No  0  0.63  No  BSL 

Selenium  7782‐49‐2  1  /  3  0.68  0.68  0.52  0.68  14SD0401  0.52  Yes  1  1.31  Yes  ASL 

Zinc  7440‐66‐6  3  /  3  223  291.3  291.3  415  14SS0201  46  Yes  3  9.02  Yes  ASL 

PAHs 

Pyrene  129‐00‐0  1  /  1  0.45  0.45  0.45  0.45  14SD0401  10  No  0  0.05  No  BSL 

CAS = Chemical Abstracts Service 

COPEC = Chemical of Potential Ecological Concern 

ESV = Ecological Screening Value 

HQ = Hazard Quotient 

MDC = Maximum Detected Concentration 

R4 = Region 4 

USEPA = United States Ecological Protection Agency 

bold = chemical is a COPEC 

Upper confidence limits not calculated due to small size of dataset. 
aMean concentrations presented for analyte data sets with non‐detects are Kaplan‐Meier means computed by ProUCL based on both detected and non‐detected data. Mean concentrations for data sets with 100% detects are arithmetic means. 
b ESVs for PAHs are the most conservative available for each individual PAH (i.e., plants, invertebrates, mammals, or birds).  
c Rationales: 

ASL = Above Screening Level 

BSL = Below Screening Level 
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Table 5.1‐7. Comparison of Reporting Limits to ESVs for Non‐Detected Chemicals 
Iowa Army Ammunition Plant, Middletown, Iowa 

CAS Number  Chemical (mg/kg) 
Detection 
Frequency 

Range of  
Reporting Limits 

Region 4 
ESVa 

Region 5 
ESV 

99‐35‐4  1,3,5‐Trinitrobenzene  0  /  6  0.23  ‐  2.09  0.3  0.376 

99‐65‐0  1,3‐Dinitrobenzene  0  /  6  0.23  ‐  0.59  0.034  0.655 

118‐96‐7  2,4,6‐Trinitrotoluene  0  /  6  0.23  ‐  1.92  7.5  ‐‐ 

121‐14‐2  2,4‐Dinitrotoluene  0  /  6  0.23  ‐  1.4  6  1.28 

606‐20‐2  2,6‐Dinitrotoluene  0  /  6  0.23  ‐  0.4  4  0.0328 

35572‐78‐2  2‐Amino‐4,6‐dinitrotoluene  0  /  3  0.23  ‐  0.24  14  ‐‐ 

88‐72‐2  2‐Nitrotoluene  0  /  3  0.23  ‐  0.24  0.19  ‐‐ 

99‐08‐1  3‐Nitrotoluene  0  /  4  0.23  ‐  0.34  0.13  ‐‐ 

19406‐51‐0  4‐Amino‐2,6‐dinitrotoluene  0  /  3  0.23  ‐  0.24  12  ‐‐ 

99‐99‐0  4‐Nitrotoluene  0  /  3  0.23  ‐  0.24  0.14  ‐‐ 

2691‐41‐0  HMX  0  /  6  0.23  ‐  1.27  16  ‐‐ 

121‐82‐4  RDX  0  /  6  0.23  ‐  0.98  2.3  ‐‐ 

479‐45‐8  Tetryl  0  /  6  0.23  ‐  0.25  0.018  ‐‐ 

1912‐24‐9  Atrazine  0  /  1  0.06  ‐  0.06  0.00005  ‐‐ 

7440‐36‐0  Antimony  0  /  3  19.6  ‐  19.6  0.27  0.142 

7440‐22‐4  Silver  0  /  3  0.8  ‐  0.8  4.2  4.04 

7440‐28‐0  Thallium  0  /  3  34.3  ‐  34.3  0.05  0.0569 

83‐32‐9  Acenaphthene  0  /  1  0.04  ‐  0.04  0.25  682 

208‐96‐8  Acenaphthylene  0  /  1  0.03  ‐  0.03  0.34  682 

120‐12‐7  Anthracene  0  /  1  0.71  ‐  0.71  6.8b  1480 

56‐55‐3  Benzo[a]anthracene  0  /  1  0.04  ‐  0.04  0.73  5.21 

50‐32‐8  Benzo[a]pyrene  0  /  1  1.2  ‐  1.2  0.13  1.52 

205‐99‐2  Benzo[b]fluoranthene  0  /  1  0.31  ‐  0.31  2.7  59.8 

191‐24‐2  Benzo[ghi]perylene  0  /  1  0.18  ‐  0.18  0.07  119 

207‐08‐9  Benzo[k]fluoranthene  0  /  1  0.13  ‐  0.13  0.13  148 

218‐01‐9  Chrysene  0  /  1  0.03  ‐  0.03  3.1  4.73 

53‐70‐3  Dibenz[ah]anthracene  0  /  1  0.31  ‐  0.31  0.06  18.4 

206‐44‐0  Fluoranthene  0  /  1  0.0  ‐  0.0  10  122 

86‐73‐7  Fluorene  0  /  1  0.06  ‐  0.06  3.7  122 

193‐39‐5  Indeno[1,2,3‐c,d]pyrene  0  /  1  2.4  ‐  2.4  0.08  109 

91‐20‐3  Naphthalene  0  /  1  0.03  ‐  0.03  0.16  0.0994 

85‐01‐8  Phenanthrene  0  /  1  0.03  ‐  0.03  5.5  45.7 

12674‐11‐2  Aroclor 1016  0  /  1  0.32  ‐  0.32  ‐‐  ‐‐ 

11104‐28‐2  Aroclor 1221  0  /  1  1.9  ‐  1.9  ‐‐  ‐‐ 

11141‐16‐5  Aroclor 1232  0  /  1  1.9  ‐  1.9  ‐‐  ‐‐ 

53469‐21‐9  Aroclor 1242  0  /  1  1.9  ‐  1.9  ‐‐  ‐‐ 

12672‐29‐6  Aroclor 1248  0  /  1  1.9  ‐  1.9  ‐‐  ‐‐ 

11097‐69‐1  Aroclor 1254  0  /  1  3.8  ‐  3.8  ‐‐  ‐‐ 

11096‐82‐5  Aroclor 1260  0  /  1  0.79  ‐  0.79  ‐‐  ‐‐ 
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CAS Number  Chemical (mg/kg) 
Detection 
Frequency 

Range of  
Reporting Limits 

Region 4 
ESVa 

Region 5 
ESV 

37324‐23‐5  Aroclor 1262  0  /  1  6.3  ‐  6.3  ‐‐  ‐‐ 

309‐00‐2  Aldrin  0  /  1  1.3  ‐  1.3  0.03  0.00332 

319‐84‐6  alpha‐BHC  0  /  1  1.3  ‐  1.3  0.0003  0.0994 

959‐98‐8  alpha‐Endosulfan / Endosulfan I  0  /  1  0.4  ‐  0.4  0.0009  0.119 

319‐85‐7  beta‐BHC  0  /  1  1.3  ‐  1.3  0.0003  0.00398 

33213‐65‐9  beta‐Endosulfan / Endosulfan II  0  /  1  2.4  ‐  2.4  ‐‐  0.119 

57‐74‐9  Chlordane  0  /  1  0.68  ‐  0.68  ‐‐  0.224 

470‐90‐6  Chlorfenvinphos  0  /  1  0.92  ‐  0.92  ‐‐  ‐‐ 

72‐54‐8  DDD  0  /  1  0.06  ‐  0.06  ‐‐  0.758 

72‐55‐9  DDE  0  /  1  0.06  ‐  0.06  ‐‐  0.596 

50‐29‐3  DDT  0  /  1  0.1  ‐  0.1  ‐‐  0.0035 

319‐86‐8  delta‐BHC  0  /  1  0.21  ‐  0.21  ‐‐  9.94 

62‐73‐7  Dichlorvos  0  /  1  0.06  ‐  0.06  ‐‐  ‐‐ 

60‐57‐1  Dieldrin  0  /  1  0.07  ‐  0.07  0.0029  0.00238 

1031‐07‐8  Endosulfan sulfate  0  /  1  1.2  ‐  1.2  0.0065  0.0358 

72‐20‐8  Endrin  0  /  1  1.3  ‐  1.3  0.0019  0.0101 

7421‐93‐4  Endrin aldehyde  0  /  1  1.8  ‐  1.8  ‐‐  0.0105 

53494‐70‐5  Endrin ketone  0  /  1  0.28  ‐  0.28  ‐‐  ‐‐ 

76‐44‐8  Heptachlor  0  /  1  0.24  ‐  0.24  0.0016  0.00598 

1024‐57‐3  Heptachlor epoxide  0  /  1  0.48  ‐  0.48  0.00015  0.152 

465‐73‐6  Isodrin  0  /  1  0.48  ‐  0.48  ‐‐  0.00332 

58‐89‐9  Lindane  0  /  1  0.1  ‐  0.1  0.0031  0.005 

121‐75‐5  Malathion  0  /  1  0.18  ‐  0.18  0.00004  ‐‐ 

72‐43‐5  Methoxychlor  0  /  1  0.26  ‐  0.26  0.0021  0.0199 

2385‐85‐5  Mirex  0  /  1  0.14  ‐  0.14  0.0036  ‐‐ 

56‐38‐2  Parathion  0  /  1  1.7  ‐  1.7  0.00019  0.00034 

8001‐35‐2  Toxaphene  0  /  1  12  ‐  12  0.00015  0.119 

120‐82‐1  1,2,4‐Trichlorobenzene  0  /  1  0.22  ‐  0.22  0.27  11.1 

95‐50‐1  1,2‐Dichlorobenzene  0  /  1  0.04  ‐  0.04  0.09  2.96 

122‐66‐7  1,2‐Diphenylhydrazine  0  /  1  0.52  ‐  0.52  ‐‐  ‐‐ 

541‐73‐1  1,3‐Dichlorobenzene  0  /  1  0.04  ‐  0.04  0.08  37.7 

106‐46‐7  1,4‐Dichlorobenzene  0  /  1  0.03  ‐  0.03  0.88  0.546 

15980‐15‐1  1,4‐Oxathiane  0  /  1  0.07  ‐  0.07  ‐‐  ‐‐ 

933‐75‐5  2,3,6‐Trichlorophenol  0  /  1  0.62  ‐  0.62  ‐‐  ‐‐ 

95‐95‐4  2,4,5‐Trichlorophenol  0  /  1  0.49  ‐  0.49  4  14.1 

88‐06‐2  2,4,6‐Trichlorophenol  0  /  1  0.06  ‐  0.06  9.94  ‐‐ 

120‐83‐2  2,4‐Dichlorophenol  0  /  1  0.06  ‐  0.06  0.05  87.5 

105‐67‐9  2,4‐Dimethylphenol  0  /  1  3  ‐  3  0.04  0.01 

51‐28‐5  2,4‐Dinitrophenol  0  /  1  4.7  ‐  4.7  0.061  0.0609 
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CAS Number  Chemical (mg/kg) 
Detection 
Frequency 

Range of  
Reporting Limits 

Region 4 
ESVa 

Region 5 
ESV 

606‐22‐4  2,6‐Dinitroaniline  0  /  1  0.57  ‐  0.57  ‐‐  ‐‐ 

91‐58‐7  2‐Chloronaphthalene  0  /  1  0.24  ‐  0.24  ‐‐  0.0122 

95‐57‐8  2‐Chlorophenol  0  /  1  0.05  ‐  0.05  0.06  0.243 

95‐48‐7  2‐Cresol  0  /  1  0.09  ‐  0.09  0.1  40.4 

88‐74‐4  2‐Nitroaniline  0  /  1  3.1  ‐  3.1  0.02  74.1 

88‐75‐5  2‐Nitrophenol  0  /  1  1.1  ‐  1.1  ‐‐  1.6 

91‐94‐1  3,3'‐Dichlorobenzidine  0  /  1  1.6  ‐  1.6  0.03  0.646 

618‐87‐1  3,5‐Dinitroaniline  0  /  1  1.6  ‐  1.6  ‐‐  ‐‐ 

99‐09‐2  3‐Nitroaniline  0  /  1  3  ‐  3  ‐‐  ‐‐ 

534‐52‐1  4,6‐Dinitro‐2‐cresol  0  /  1  0.8  ‐  0.8  ‐‐  0.144 

101‐55‐3  4‐Bromophenyl phenyl ether  0  /  1  0.04  ‐  0.04  ‐‐  ‐‐ 

59‐50‐7  4‐Chloro‐3‐Methylphenol  0  /  1  0.93  ‐  0.93  ‐‐  7.95 

106‐47‐8  4‐Chloroaniline  0  /  1  0.63  ‐  0.63  1  1.1 

7005‐72‐3  4‐Chlorophenyl phenyl ether  0  /  1  0.17  ‐  0.17  ‐‐  ‐‐ 

106‐44‐5  4‐Methylphenol  0  /  1  0.24  ‐  0.24  0.08  163 

100‐02‐7  4‐Nitrophenol  0  /  1  3.3  ‐  3.3  5.12  5.12 

65‐85‐0  Benzoic acid  0  /  1  3.1  ‐  3.1  0.01  ‐‐ 

100‐51‐6  Benzyl alcohol  0  /  1  0.03  ‐  0.03  0.002  65.8 

111‐91‐1  Bis(2‐chloroethoxy) methane  0  /  1  0.19  ‐  0.19  ‐‐  0.302 

111‐44‐4  Bis(2‐chloroethyl) ether  0  /  1  0.36  ‐  0.36  ‐‐  23.7 

108‐60‐1  Bis(2‐chloroisopropyl) ether  0  /  1  0.44  ‐  0.44  ‐‐  19.9 

117‐81‐7  Bis(2‐ethylhexyl) phthalate  0  /  1  0.48  ‐  0.48  0.02  0.925 

85‐68‐7  Butylbenzyl phthalate  0  /  1  1.8  ‐  1.8  0.59  0.239 

84‐74‐2  Di‐n‐butyl phthalate  0  /  1  1.3  ‐  1.3  0.011  0.15 

117‐84‐0  Di‐n‐octyl phthalate  0  /  1  0.23  ‐  0.23  0.91  709 

132‐64‐9  Dibenzofuran  0  /  1  0.03  ‐  0.03  0.15  ‐‐ 

67708‐83‐2  Dibromochloropropane  0  /  1  0.07  ‐  0.07  ‐‐  ‐‐ 

77‐73‐6  Dicyclopentadiene  0  /  1  0.57  ‐  0.57  ‐‐  ‐‐ 

84‐66‐2  Diethyl phthalate  0  /  1  0.24  ‐  0.24  0.25  24.8 

131‐11‐3  Dimethyl phthalate  0  /  1  0.06  ‐  0.06  0.35  734 

51330‐42‐8  Dithiane  0  /  1  0.06  ‐  0.06  ‐‐  ‐‐ 

118‐74‐1  Hexachlorobenzene  0  /  1  0.08  ‐  0.08  0.079  0.199 

87‐68‐3 
Hexachlorobutadiene / Hexachloro‐1,3‐
butadiene  0  /  1  0.97  ‐  0.97  0.009  0.0398 

77‐47‐4  Hexachlorocyclopentadiene  0  /  1  0.52  ‐  0.52  0.0064  0.755 

67‐72‐1  Hexachloroethane  0  /  1  1.8  ‐  1.8  0.024  0.596 

78‐59‐1  Isophorone  0  /  1  0.39  ‐  0.39  ‐‐  139 

621‐64‐7  N‐Nitrosodi‐n‐propylamine  0  /  1  1.1  ‐  1.1  ‐‐  0.544 

62‐75‐9  N‐Nitrosodimethylamine  0  /  1  0.46  ‐  0.46  ‐‐  3.21E‐05 

86‐30‐6  N‐Nitrosodiphenylamine  0  /  1  0.29  ‐  0.29  0.545  0.545 
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Table 5.1‐7. Comparison of Reporting Limits to ESVs for Non‐Detected Chemicals 
Iowa Army Ammunition Plant, Middletown, Iowa 

CAS Number  Chemical (mg/kg) 
Detection 
Frequency 

Range of  
Reporting Limits 

Region 4 
ESVa 

Region 5 
ESV 

AEC560  p‐Chlorophenylmethyl sulfide  0  /  1  0.09  ‐  0.09  ‐‐  ‐‐ 

98‐57‐7  p‐Chlorophenylmethyl sulfone  0  /  1  0.06  ‐  0.06  ‐‐  ‐‐ 

AEC561  p‐Chlorophenylmethyl sulfoxide  0  /  1  0.32  ‐  0.32  ‐‐  ‐‐ 

87‐86‐5  Pentachlorophenol  0  /  1  0.76  ‐  0.76  2.1  0.119 

108‐95‐2  Phenol  0  /  1  0.05  ‐  0.05  0.79  120 

87‐61‐6  1,2,3‐Trichlorobenzene  0  /  1  0.03  ‐  0.03  20  ‐‐ 

bold = Primary ESV (Region 4 followed by Region 5) is less than the maximum reporting limit 

gray = Primary ESV (Region 4 followed by Region 5) is less than the minimum reporting limit 

yellow = Available ESVs all less than minimum reporting limit 
a Unless otherwise noted, ESVs for PAHs are the most conservative available for each individual PAH (i.e., plants, invertebrates, 
mammals, or birds).  
b Value shown is for plants. 
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(2) Nearest surface water tributary is approximately 1,000 feet away from the site.
(3) No significant surface soil contamination; therefore leaching is not considered to be a significant pathway to the subsurface. No subsurface soil or groundwater samples were collected.
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5.2 Central Test Area Groundwater 
This subsection summarizes RI activities at the CTA (IAAP‐047G and IAAP‐001‐R‐01). This report 
documents the RI for groundwater at the CTA. Soil is addressed under the remedy for OU‐1 (Site IAAP‐
047) (Leidos 2018), and MEC and munitions constituents (MC) are addressed under the remedy for OU‐5 
(IAAP‐001‐R‐01) (CB&I 2014). There are no perennial surface water features within the CTA site 
boundary. 

5.2.1 Background 
5.2.1.1 Site Description 
The CTA is an approximately 6.4‐acre, largely inactive site in the north‐central portion of the IAAAP 
facility (Figure 5.2‐1). The CTA comprises the former Central Testing Laboratory (CTL), housed in Building 
600‐84, and two former test areas, one in the walled‐in area south of Building 600‐84 and one 
approximately 815 feet northeast of Building 600‐84 (firing pit) (JAYCOR 1996). The firing pit and 
surrounding fencing is in the former test‐fire area. Building 600‐84 is currently occupied/leased by 
Advanced Environmental Technology, which is contracted by the U.S. Army to dispose of military and 
commercial explosive wastes, ammunition, propellants, fuses, components, explosives, and other 
reactive waste items at IAAAP as defined in RCRA Permit A7213820445 (USEPA Region 7 2018). 

5.2.1.2 Operational History 
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 historical records review 
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. The Army Environmental Command (AEC) managed the 
CTA from the 1950s to the mid‐1970s. 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). According to the Summary of Plant Safety History (Mason‐Hangar 
1989), Line 6 quality inspection personnel would send sample components from each completed lot to 
Building 600‐84 for jumble and jolt tests, and the area to the immediate south of the Building 600‐84 
was used to test‐fire hand grenades, adapter boosters, and aerial mines. The walled‐in area south of 
Building 600‐84 was reportedly 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 TNT and 
RDX (JAYCOR 1996). 

The field 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 north and east of the CTL (Mason‐Hangar 1989). 
Building 600‐84, which is currently occupied, is scheduled for demolition at an unknown date. 

The historical records review 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 approximately 105 feet southwest 
of the firing pit. A small area northwest of the test‐fire area (outside the fenced area) contained a metal 
stand (tripod) on a concrete pad used to hold components to be test detonated. 
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5.2.2 Previous Investigations and Remedial Actions 
Numerous investigations have been conducted at IAAAP since the 1980s. Table 5.2‐1 summarizes the 
previous investigations and remedial actions conducted at the CTA, including conclusions and 
recommendations. Previous groundwater sample locations are shown on Figure 5.2‐2. 

Based on the results of previous investigations, soil removals have been conducted and LUCs have been 
implemented; excavation areas and fencing are shown on Figure 5.2‐1. Although soil and MEC 
contamination has been addressed under OU‐1 and OU‐5, previous investigations of these media is 
provided to support the CSM. 

This report continues the RI for groundwater at the CTA. Previous investigations pertinent to the RI for 
groundwater are listed below; additional details are included in Table 5.2‐1. 

Investigation Conclusion 

Comprehensive Watersheds Evaluation 
and Supplemental Data Collection 
(Tetra Tech 2006) 

A data gap evaluation concluded that soil and groundwater sampling should be 
conducted at the CTA, planned under the OU‐4 Supplemental RI Work Plan (Tetra 
Tech 2005). 

OU‐4 and OU‐7 Supplemental Remedial 
Investigations (Tetra Tech 2011) 

Groundwater samples were collected from four borings using a DPT screen point 
sampler. Concentrations of TNT in groundwater exceeded the screening level at 
one location (CTA‐TTTW‐001). However, TNT was not detected in a confirmation 
sample (CTA‐TTTW‐003) 2 feet away. Total metals also exceeded screening levels 
in groundwater, however no dissolved metals exceeded screening levels. 
Elevated concentrations of total metals were attributed to suspended solids due 
to the sampling methods. It was concluded that soil would be addressed under 
OU‐1 and groundwater would be addressed under OU‐6. 

Historical Records Review and Site 
Inspection, MMRP (URS 2007a, 2007b) 

A potential for MEC to be present at the CTA was identified during the historical 
records review, even though soil remedial actions had not identified MEC. It was 
determined the CTA MRS would move directly to the RI phase. 

OU‐5 RI, MMRP (URS 2011) Visual survey, surface clearance, geophysical survey, and soil sampling were 
conducted. Groundwater sampling was not warranted based on the soil analytical 
results. Also, groundwater investigation was being conducted under OU‐4/OU‐7. 
No MEC was recovered on the surface or subsurface. Significant MD (109 items) 
was recovered in the subsurface. Over 90 percent of MD items were recovered 
from the upper 12 inches of soil. No MCs were detected above human health or 
ecological screening criteria in surface and subsurface soil. The RI recommended 
a Feasibility Study for MEC and NFA for MC in soil and groundwater. 

OU‐5 ROD, MMRP (CB&I 2014) The selected remedy included LUCs for the CTA. The ROD documented that there 
is no action necessary to address MC in soil and groundwater at the CTA. 

 

5.2.3 2018–2020 Remedial Investigation Activities 
Additional field work was conducted at the CTA to resolve data gaps needed to complete the RI for 
groundwater. As documented in the final UFP‐QAPP (CH2M 2018b), TNT in groundwater was not 
adequately characterized around CTA‐TTTW‐001 (Figure 5.2‐2). To address this data gap, three 
temporary monitoring wells were installed around historical sample location CTA‐TTTW‐001 (Figure 5.2‐
2). Fieldwork completed at the CTA was conducted in accordance with the UFP‐QAPP (CH2M 2018b). 

Over June 11–12, 2018, three temporary monitoring wells (CTA‐TW1, CTA‐TW2, and CTA‐TW3) were 
drilled and installed at the CTA. The three borings were drilled to 30 feet bgs, and boring logs are 
provided in Appendix C. Each temporary monitoring well was completed with a 2‐inch‐nominal‐diameter 
Schedule 40 PVC screen and riser. Temporary wells were screened across the observed water table from 
15 to 25 feet bgs at CTA‐TW1 and CTA‐TW2 and from 20 to 30 feet bgs at CTA‐TW3. Temporary 
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monitoring wells were constructed with a certified‐clean 20/40 silica sand filter pack from the base of 
the borehole to 2 feet above the top of the screen. A bentonite layer was placed above the filter pack 
sand and hydrated. Temporary monitoring wells did not require additional well completion. Well 
completion diagrams are included in Appendix C, and temporary wells were surveyed with a hand‐held 
GPS unit. 

The temporary monitoring wells (CTA‐TW1, CTA‐TW2, and CTA‐TW3) were sampled via low‐flow purging 
and sampling techniques on June 23, 2018 (Figure 5.2‐2). All temporary wells were sampled for 
explosives by Method SW8330A. Purge logs are included in Appendix C. Data were managed and 
validated as discussed in Section 3.3. Laboratory reports are provided in Appendix B. 

Following sampling activities, the temporary monitoring wells were abandoned on August 2, 2018. All 
IDW generated during activities (soil and purge water) was disposed of in accordance with management 
activities discussed in Section 3.2.8. 

5.2.4 Environmental Setting 
The topography at the CTA is generally flat with a slope to the east and southeast on the far eastern 
portion of the site. Ground surface elevations at the site range from approximately 731 feet amsl 
between the former firing pit and Building 600‐84 to 725 feet amsl east of the former test‐fire area. 

The CTA falls within the Brush Creek and the Long Creek watersheds (Figure 2‐1). Surface runoff in the 
eastern half of the site moves toward an intermittent tributary of Brush Creek, whereas surface runoff 
at Building 600‐84 moves to the southwest toward a tributary to Long Creek (Figure 5.2‐1). Surface 
drainage from the site is likely to be sheet flow toward the intermittent features. However, given the 
grassy, flat nature of the site, sheet flow would occur only during the heaviest rainfall (or snowmelt) 
events (Tetra Tech 2011). 

The overburden at the CTA is characterized by till consisting primarily of lean clay and clay with 
occasionally more‐permeable discontinuous lenses of silty sand and sandy lean clays (Figure 2‐5). 
Bedrock was not encountered at the site. The deepest boring, to 35 feet bgs, was completed in 2005. At 
the Lines 5A and 5B site, which is adjacent to the CTA (Figure 1‐1), limestone bedrock was encountered 
at a depth of 80 feet bgs. 

During the RI, groundwater at the CTA was encountered between 15 and 20 feet bgs in discrete lenses. 
After the groundwater potentiometric surface equilibrated with hydrostatic pressure, water levels in 
these temporary borings rose to depths of approximately 9 to 13 feet bgs. 

Based on potentiometric groundwater contours for the overburden aquifer at IAAAP, groundwater at 
the CTA flows to the southeast (Figure 2‐2). Because there are no permanent monitoring wells at the 
CTA, a site‐specific potentiometric surface map was not prepared; however, the general groundwater 
flow direction is shown on Figure 5.2‐2. A downward vertical gradient is assumed to be present at the 
CTA, based on the differences between overburden and bedrock groundwater elevations at Line 5A to 
the north and Line 6 to the south. No hydraulic conductivity (K) values have been calculated at the CTA. 
At nearby sites (Line 4A and Line 5A), K values were estimated to be between 0.18 and 0.77 foot per day 
(ft/day) based on historical purge records. 

5.2.5 Nature and Extent of Contamination 
This subsection describes the nature and extent of groundwater contamination at the CTA. Soil has been 
addressed under OU‐1 and OU‐5. MEC and munitions debris (MD) have also been addressed under OU‐
5. There are no perennial surface water features associated with this site. 

Potential sources of contamination at the CTA include historical testing of the inside charges of grenades 
(composed of lead styphnate, black powder [which include potassium nitrate], and tetryl booster with 
an outer charge of TNT and RDX), adaptor boosters, and aerial mines. No new releases from site 
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operations are occurring, as ordnance is no longer test‐fired. As part of the RI under OU‐4 and OU‐7, 
TNT, arsenic, cadmium, and iron were identified as COCs for soil (Tetra Tech 2009a, 2011a). (Note that 
soil media associated with Site IAAP‐047 were subsequently transferred to OU‐1.) There were no COCs 
for soil under OU‐5 (URS 2011b). There is no continuing source of soil contamination to groundwater 
(Table 5.2‐1). 

During the RI for OU‐4 and OU‐7 (Tetra Tech 2011a), it was concluded that groundwater may have been 
impacted in the former test area (or former firing pit area) northeast of Building 600‐84. Therefore, in 
accordance with the OU‐4 and OU‐7 SRI plan, groundwater DPT samples were collected within and 
downgradient of the former test area in 2005 and 2006 (Figure 5.2‐1). Subsequent to the OU‐4/OU‐7 
DPT groundwater sampling, the RI for OU‐5 (URS 2011b) was conducted and concluded that no 
additional investigation of groundwater was warranted based on the geophysical surveys and limited 
detections of MC in soil. Based on the historical site use and COCs identified in soil, chemicals of interest 
in groundwater at the CTA are explosives and metals. Table 5.2‐2 presents the concentrations of 
chemicals detected in groundwater samples during the 2005, 2006, and 2018 RI sampling events. 
Summary tables of all the analytical results from the 2018 RI activities are provided in Appendix G. 
Historical analytical results are provided in Appendix H. 

5.2.5.1 Explosives 
TNT is the only explosive that was detected in groundwater at the CTA at a concentration above its PAL 
(Table 5.2‐2). In 2005, it was detected at one location (CTA‐TTTW‐001) at a concentration of 12.4 µg/L, 
above the tap water RSL of 2.5 µg/L (Figure 5.2‐2). To confirm this detection, an additional groundwater 
sample (CTA‐TTTW‐003) was collected in 2006 adjacent to the CTA‐TTTW‐001 boring; TNT was not 
detected in this confirmation boring. TNT was also not detected in the upgradient (CTA‐TTTW‐002) and 
downgradient (CTA‐TTTW‐004) borings (Figure 5.2‐2). Nevertheless, to refine the historical detection of 
TNT, additional sampling was completed in 2018 at three temporary wells around the CTA‐TTTW‐001 
exceedance. All three samples collected were nondetect for TNT (Table 5.2‐1), and the extent of TNT in 
groundwater at the CTA has been defined. 

5.2.5.2 Metals 
Based on historical site operations and soil COCs, the presence of lead, potassium, arsenic, cadmium, 
and iron in groundwater may be site‐related. While aluminum, antimony, copper, magnesium, and zinc 
are also commonly associated with MC, they were not identified as COCs during the various RIs at the 
CTA. 

Eleven total metals (aluminum, antimony, arsenic, beryllium, chromium, cobalt, iron, lead, manganese, 
nickel, vanadium) were detected in groundwater at the CTA above their PALs and BTVs (Table 5.2‐2). 
Except for manganese, these metals were not detected in the dissolved samples collected from the 
same DPT borings (CTA‐TTTW‐001 and CTA‐TTTW‐002). Groundwater samples collected from DPT 
borings are often highly turbid because, unlike in a monitoring well, there is no filter pack to screen out 
fine‐grained soil, and the boring is not developed to remove fine‐grained soil. The turbidity at CTA‐
TTTW‐001 was measured at 800 NTU, whereas the turbidity at CTA‐TTTW‐002 was 190 NTU at the time 
of sampling (Tetra Tech 2011a). Cadmium and zinc were not detected above their BTV and are therefore 
considered to be consistent with background and likely naturally occurring. Note that the total arsenic 
concentration at CTA‐TTTW‐002 did not exceed its BTV, while the total concentrations of aluminum, 
antimony, beryllium, chromium, lead, nickel, and vanadium did not exceed their PALs at CTA‐TTTW‐002. 

The differential between the total and dissolved metals concentrations further confirms that the total 
metals groundwater samples were highly turbid. For example, when comparing the concentrations for 
potential site‐related metals, total arsenic and total potassium concentrations were over 10 times 
higher than dissolved arsenic and dissolved potassium concentrations. Total iron concentrations were 
over 10,000 times higher (or five orders of magnitude higher) than dissolved iron concentrations. 
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Neither dissolved cadmium, chromium, nor dissolved lead were detected in groundwater (Appendix H). 
Therefore, total metals concentrations are not considered to be representative of groundwater at the 
CTA. 

5.2.6 Fate and Transport 
TNT was the only site‐related explosive detected at a concentration above its screening level in 
groundwater at the CTA. Although total metals were detected above their PALs, they are not considered 
representative of groundwater due to elevated turbidity. As described in Section 4.2, TNT has a 
moderate sorption potential, moderate solubility, and limited volatility. Due to its tendency to sorb to 
organic matter and fine‐grained soil, it will be retarded in groundwater and is expected to have limited 
migration. These characteristics are consistent with its limited detection in groundwater at the CTA. 

TNT appears to have attenuated in groundwater at the CTA. Although it was detected at the CTA‐TTTW‐
001 sample location, it was not detected in the same area (CTA‐TTTW‐003) a year later. The lack of TNT 
in samples collected downgradient of CTA‐TTTW‐001 indicates that it did not migrate. During the 2018 
RI, dissolved oxygen (DO) levels were above 6 mg/L, and oxidation‐reduction potential (ORP) values 
were over 100 millivolts (mV) (Table 5.2‐3). This indicates that overburden groundwater at the CTA is 
aerobic and more oxidizing. Under these conditions, TNT can be aerobically biodegraded or abiotically 
degraded (by hydrolysis or reduced by iron). The presence of TNT degradation products (4‐amino‐2,6‐
dinitrotoluene and 2‐amino‐4,6‐dinitrotoluene) in groundwater at CTA‐TTTW‐001 provides evidence of 
biodegradation; concentrations of these degradation products were below the PALs. pH levels in 
groundwater, which measured 7.35 on average, were relatively neutral, which is favorable for biological 
activity. 

5.2.7 Human Health Risk Assessment 
An HHRA was prepared was prepared for the CTA to evaluate potential current and future health risks 
and hazards from exposure to chemicals in site groundwater. Soil media is not included in the HHRA, as 
it is not a component of this RI; the soil RI was conducted under OU‐1. Surface water and sediment 
media are not included in the HHRA as perennial surface water features are not present at the CTA. The 
HHRA was conducted in accordance with the final UFP‐QAPP (CH2M 2017a), except for some deviations 
that were agreed to during meetings or correspondence with USACE and USEPA following approval of 
the final UFP‐QAPP. The approach and method used to conduct the HHRA are provided in Section 4.3.1. 
This section presents the CEM for the CTA and provides the results of the four‐step evaluation process: 

• Data evaluation 
• Exposure assessment 
• Toxicity assessment 
• Risk characterization 

The results of the HHRA are used to determine if further action is warranted for groundwater at the 
CTA. 

5.2.7.1 Conceptual Exposure Model 
A description of the CTA site, its operational history, previous investigations, and remedial actions are 
provided in Sections 5.2.1 and 5.2.2. The soil at the CTA is addressed under the remedy for OU‐1 (IAAAP 
Site IAAP‐047) (Leidos 2018) and MEC and MC are addressed under the remedy for OU‐5 (IAAP‐001‐R‐
01) (CB&I 2014). The CTA is a mostly inactive site, except for Building 600‐84, which is currently 
occupied/leased by Advanced Environmental Technology. There are no perennial surface water features 
within the CTA site boundary. There is no continuing source of soil contamination to groundwater at the 
CTA. Therefore, soil at the CTA was not reevaluated in this HHRA. 
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The CTA is closed to recreational activities, and hunting is not permitted within the site boundary. 
Additionally, there are no culverts located at the CTA; therefore, potential exposures to 
construction/utility workers are incomplete at the CTA. Groundwater is not being used as a potable 
water source, and there are no plans to use groundwater for potable purposes in the future; however, 
based on applicable CERCLA policy and guidance, groundwater at the CTA is classified as Class IIB, a 
potential source of drinking water (USEPA 1989). Therefore, the HHRA for the CTA evaluates potential 
exposures to groundwater due to its potential future use as a drinking water source. This entails the 
evaluation of future residential exposures to groundwater. 

There are no potentially complete exposure pathways under current site conditions. Although there are 
current site workers at Building 600‐84, potential exposures to VOCs in indoor air because of vapor 
intrusion from groundwater are incomplete since VOCs were not detected in groundwater (Appendix 
A‐3, Attachment 2).5 The following potential future human receptors were identified in the HHRA for the 
CTA: 

• Future Site Workers. Future site workers could contact groundwater based on potential future use 
as a drinking water source at the CTA. As previously mentioned, potential exposures to VOCs in 
indoor air because of VI from groundwater are incomplete. 

• Future Hypothetical Residents. Future hypothetical residents could contact groundwater based on 
potential future use as a drinking water source at the CTA. As previously mentioned, potential 
exposures to VOCs in indoor air because of vapor intrusion from groundwater are incomplete. 

As discussed in Section 4.3.1, potential exposures and risks and hazards to future site workers are 
estimated in the HHRA only if the estimated risks and hazards for a hypothetical residential scenario 
exceed acceptable risk levels and COCs are identified for a residential scenario. The human health CEM 
presenting potential exposure media, exposure points, receptors (current and future), and exposure 
routes is provided in Appendix A‐3, Attachment 1 (Table 1), and depicted graphically on Figure 5.2‐3. 

5.2.7.2 Data Evaluation 
Data Used in the HHRA 

The analytical data used in the HHRA consisted of groundwater samples collected during the field events 
from August 2005, April 2006, and June 2018. The groundwater samples from June 2018 were collected 
to address data gaps needed to complete the RI for groundwater and were only analyzed for explosives. 
The analytical data for explosives from the historical samples were not used in the HHRA because the 
data from 2018 are more likely to represent current site conditions. Rather, the analytical data for 
metals from August 2005 and the analytical data for perchlorate from April 2006 were used in the HHRA. 
A total of seven groundwater samples were used to evaluate potential exposures for a potable use 
scenario. 

A description of the groundwater data grouping and the samples included in the HHRA are provided in 
Tables 5.2‐4 and 5.2‐5, respectively. The analytical dataset used in the HHRA is included in Excel format 
as Appendix A‐3, Attachment 2. The groundwater sampling locations included in the HHRA are depicted 
on Figure 5.2‐1. 

Screening Results for Site-related Chemicals of Potential Concern and Naturally Occurring Chemicals 

The approach and SLs used to select the COPCs (site‐related COPCs or naturally occurring chemicals) are 
described in Section 4.3.1. The results of the COPC screening process for a future hypothetical resident 
potentially exposed to groundwater are presented in Appendix A‐3, Attachment 1 (Table 2.1). The tap 
water RSL for hexavalent chromium was used in the COPC screening process for total chromium because 

 
5 For the HHRA, VOCs are defined as chemicals with a Henry's Law Constant value greater than or equal to 1 × 10‐5 atm‐m3/mole or a vapor 
pressure greater than or equal to 1 mm Hg. This approach is consistent with the USEPA RSL User’s Guide (USEPA, 2021a). 
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the groundwater samples collected at the CTA were not analyzed for hexavalent chromium. Seventeen 
inorganics were identified as COPCs (site‐related COPCs or naturally occurring chemicals) in 
groundwater for a potable use scenario, as summarized below. The COPCs (site‐related COPCs or 
naturally occurring chemicals) are addressed further in the HHRA, and potential exposures and risks and 
hazards were estimated for each COPC (site‐related COPC or naturally occurring chemical). 

Summary of Site‐related COPCs and 
Naturally Occurring Chemicals for the CTA 

Groundwater (Potable Use) 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Selenium 

Vanadium 

Zinc 

 

5.2.7.3 Exposure Assessment 
The CTA is a mostly inactive site, except for Building 600‐84, which is currently occupied/leased by 
Advanced Environmental Technology. There are no perennial surface water features within the CTA site 
boundary. Additionally, the site is closed to recreational activities and hunting is not permitted at the 
site. Although there are current site workers at Building 600‐84, potential exposures to VOCs in indoor 
air because of vapor intrusion from groundwater are incomplete since VOCs were not detected in 
groundwater. Therefore, there are no potentially complete exposure pathways identified under current 
site conditions. As previously discussed, groundwater is not currently being used as a potable water 
source; however, the HHRA for the CTA evaluated potential exposures to groundwater due to its 
potential future use as a drinking water source. This entails evaluation of future residential exposures to 
groundwater. Therefore, ingestion and dermal contact exposures to COPCs in groundwater were 
estimated for future hypothetical residents; inhalation exposures to site groundwater are incomplete 
because no volatile chemicals were detected in groundwater at the CTA. The potential exposure 
pathways quantified in the HHRA are included in Appendix A‐3, Attachment 1 (Table 1) and on Figure 
5.2‐3. 
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In accordance with Determining Groundwater Exposure Point Concentrations, Supplemental Guidance 
(USEPA 2014a), groundwater EPCs are typically calculated based on the data collected in the core of an 
apparent plume. However, based on available site data, no apparent plumes for metals are present at 
the CTA. Therefore, all results in the groundwater dataset were used to calculate the EPCs for the COPCs 
in groundwater. There were fewer than eight samples available in the groundwater data set; therefore, 
UCLs were not calculated for the COPCs, and the MDCs were selected as the EPCs. For lead, the average 
concentration was selected as the EPC. The groundwater EPCs used to estimate the chemical intakes for 
a potable use scenario are provided in Appendix A‐3, Attachment 1 (Table 3.1). 

The exposure factors used in the intake calculations for a future hypothetical residential scenario are 
included in Appendix A‐3, Attachment 1 (Table 4.1). The primary references for the exposure factor 
values are the standard default exposure factors presented in the HHEM Update of Standard Default 
Exposure Factors (USEPA 2014a). 

5.2.7.4 Toxicity Assessment 
The oral toxicity values (CSFs and RfDs) used in the HHRA were obtained from the USEPA standard 
hierarchy of toxicity value sources (USEPA 2003b), as provided in Section 4.3.1. Noncancer toxicity 
values for the COPCs identified at the CTA are provided in Appendix A‐3, Attachment 1 (Table 5.1). 
Cancer toxicity values for the COPCs are provided in Appendix A‐3, Attachment 1 (Table 6.1). 

Lead was identified as a COPC in groundwater for a potable use scenario. Quantitative oral toxicity 
values are not available for lead; therefore, potential risks associated with a potable use scenario were 
addressed using USEPA’s IEUBK Model (USEPA 2021b), as described in Section 4.3.1. 

5.2.7.5 Risk Characterization 
The risk characterization for the CTA was completed using a four‐step process, as discussed in Section 
4.3.1. The results of each step are discussed below. 

Step 1: Total Combined Risks and Hazards from Site-related COPCs and Naturally Occurring Chemicals 

Step 1 consists of calculating receptor‐specific ELCRs and HIs that include contributions from both site‐
related COPCs and naturally occurring chemicals. The estimated risks and hazards are summarized in 
Table 5.2‐6. Additionally, potential BLLs were estimated for lead using the USEPA’s IEUBK Model (USEPA 
2021b). The probability of the BLLs exceeding 5 µg/dL is greater than 5 percent, as shown in Appendix A‐
3, Attachment 3. 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consists of calculation of receptor‐specific ELCRs and HIs for naturally occurring chemicals. Two 
COPCs (cadmium and zinc) were identified as naturally occurring chemicals in site groundwater at the 
CTA, as discussed in Section 5.2.5. The MDCs of cadmium and zinc in groundwater were less than their 
respective BTVs. The estimated risks and hazards for the naturally occurring chemicals in groundwater 
for a future hypothetical residential scenario are provided in Table 5.2‐7. The naturally occurring 
chemicals are not used to identify the final COCs for the CTA and are not discussed further in the HHRA 
after this step. 

Step 3: Risk Characterization of Site-related COPCs 

Step 3 consists of calculating receptor‐specific ELCRs and HIs associated with site‐related COPCs. Fifteen 
site‐related COPCs were identified for groundwater at the CTA, as provided in Table 5.2‐8. These metals 
were retained as site‐related COPCs because metals historically have been identified as chemicals of 
interest for the CTA, and these COPCs were detected at concentrations greater than their respective 
BTVs, if available. The estimated risks and hazards for the site‐related COPCs in groundwater for a future 
hypothetical residential scenario are provided in Table 5.2‐8. 
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Because there are no hexavalent chromium groundwater data available for the CTA and because 
chromium (Cr [total]) is being evaluated as hexavalent chromium, an EPC for hexavalent chromium (Cr+6) 
was calculated by multiplying the Cr (total) MDC by a Cr+6/Cr (total) ratio that was calculated for the 
construction debris sites at OU‐9, as described in detail in Section 4.3.1. The minimum groundwater 
ratio of 0.28 was applied in the hexavalent chromium EPC calculation because there is no known history 
of the use, storage or disposal of any materials containing hexavalent chromium at the CTA. 

Step 4: Final COC Determination 

The HIs estimated for adult and child hypothetical residents exceeded the acceptable threshold of 1 and 
the estimated ELCR for a future hypothetical resident exceeded the USEPA’s acceptable risk range of 1 × 
10‐6 to 1 × 10‐4. Additionally, the probability of the BLLs exceeding 5 µg/dL is greater than 5 percent, as 
shown in Appendix A‐3, Attachment 3. Although the estimated risks and hazards and BLLs for the site‐
related COPCs exceeded the acceptable limits, the concentrations of the COPCs are likely associated 
with turbidity and are not considered representative of groundwater at the CTA, as discussed in Section 
5.2.5.2. Of the dissolved metal concentrations, which are considered representative of groundwater 
conditions, only one metal (manganese) exceeded the tap water RSL (Appendix A‐3, Attachment 4). The 
estimated HIs for manganese (dissolved) for a future hypothetical resident were 0.6 (adult) and 1 (child), 
which do not exceed USEPA’s threshold HI of 1. Based on the evaluation of the dissolved metals data 
and the elevated levels of turbidity associated with the total metals data, none of the COPCs in 
groundwater were identified as COCs for the CTA. Therefore, the CTA qualifies for an NFA decision for 
groundwater. 

5.2.7.6 Uncertainty Analysis 
The assumptions used in the HHRAs have inherent uncertainty. The general uncertainties associated 
with the HHRAs for the sites in this RI report are provided in Section 4.3.1. This section provides 
additional site‐specific uncertainties associated with the HHRA for the CTA that are not included in 
Section 4.3.1. 

Total chromium was identified as a COPC in groundwater because the maximum detected concentration 
for total chromium exceeded the tap water RSL for hexavalent chromium. It is likely that some or all of 
the total chromium concentrations are in the trivalent chromium form. The total chromium 
concentrations in groundwater are less than the tap water RSL for trivalent chromium, and total 
chromium was not detected in the filtered groundwater samples. Using the hexavalent chromium RSL to 
evaluate total chromium in the COPC selection process was a conservative approach in the HHRA. 

Chemicals that were 100 percent nondetected in an exposure medium were not included in the COPC 
identification process; however, they were evaluated in a separate screening to determine if elevated 
nondetected results were present in site media. The detailed analysis of the nondetected chemicals at 
the CTA is provided in Appendix A‐3, Attachment 5. In summary, one explosive (2,6‐dinitrotoluene) and 
one metal (thallium) in site groundwater had DLs and RLs greater than the tap water RSLs, and two 
explosives (2‐nitrotoluene and nitrobenzene) in site groundwater had RLs greater than the tap water 
RSLs. If 2,6‐dinitrotoluene, 2‐nitrotoluene, and nitrobenzene were actually present in site groundwater 
at concentrations greater than their respective RSLs, other explosives would have likely been detected in 
the groundwater samples at elevated concentrations. Only one explosive (hexahydro‐1,3‐dinitroso‐5‐
dinitro‐1,3,5‐triazine) was detected in one groundwater sample; no other explosives were detected in 
site groundwater at the CTA. Additionally, although the thallium DLs and RLs exceeded the tap water 
RSL, there is a high degree of uncertainty associated with the thallium screening RfD used to estimate 
the tap water RSL. As stated in the PPRTV document for thallium (USEPA 2012a), 

It is inappropriate to derive a subchronic or chronic provisional RfD for thallium. However, 
information is available which, although insufficient to support derivation of a provisional toxicity 
value, under current guidelines, may be of limited use to risk assessors.… Users of screening toxicity 
values in an appendix to a PPRTV assessment should understand that there is considerably more 
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uncertainty associated with the derivation of a supplemental screening toxicity value than for a value 
presented in the body of the assessment. 

The thallium DLs are consistent with the laboratory technologies that were used at the time of the 
analysis. The groundwater samples used in the HHRA were collected and analyzed prior to the release of 
the current tap water RSL for thallium (USEPA 2021a), which is based on the conservative PPRTV 
screening RfD. As described in the conclusions of Appendix A‐3, Attachment 5, further evaluation of the 
nondetected chemicals in groundwater at the CTA does not appear warranted based on the age of the 
data, laboratory limitations, and comparison to historically detected chemicals in groundwater at IAAAP. 

Potential ELCRs could not be estimated for 15 COPCs (site‐related COPCs or naturally occurring 
chemicals) identified in groundwater because oral and dermal CSFs have not been established for these 
chemicals. If some of these COPCs are carcinogens, the total carcinogenic risk for a hypothetical resident 
could be underestimated in the HHRA. 

5.2.7.7 Summary of HHRA 
An HHRA was prepared for the CTA to evaluate potential future health risks and hazards from exposure 
to chemicals in site groundwater. The CTA is a mostly inactive site, except for Building 600‐84, which is 
currently occupied/leased by Advanced Environmental Technology. There are no perennial surface 
water features within the CTA site boundary. The CTA is closed to recreational activities, and hunting is 
not permitted within the site boundary. Additionally, there are no culverts located at the CTA; therefore, 
potential exposures to construction/utility workers are incomplete at the CTA. There are no potentially 
complete exposure pathways under current site conditions. Although there are current site workers at 
Building 600‐84, potential exposures to VOCs in indoor air because of vapor intrusion from groundwater 
are incomplete since VOCs were not detected in groundwater. 

The following potential future human receptors were identified in the HHRA for CTA: 

• Future Site Workers—Future site workers could contact groundwater based on potential future use 
as a drinking water source at CTA. Potential exposures to VOCs in indoor air because of VI from 
groundwater are incomplete since VOCs were not detected in groundwater. 

• Future Hypothetical Residents—Future hypothetical residents could contact groundwater based on 
potential future use as a drinking water source at CTA. Potential exposures to VOCs in indoor air 
because of VI from groundwater are incomplete since VOCs were not detected in groundwater. 

Potential exposures and risks and hazards to future site workers were estimated in the HHRA only if the 
estimated risks and hazards for a hypothetical residential scenario exceed acceptable risk and hazard 
levels and COCs were identified for a residential scenario. 

Seventeen inorganics (aluminum, antimony, arsenic, barium, beryllium, cadmium, chromium, cobalt, 
copper, iron, lead, manganese, mercury, nickel, selenium, vanadium, and zinc) were identified as COPCs 
(site‐related COPCs or naturally occurring chemicals) in groundwater for a potable use scenario. The tap 
water RSL for hexavalent chromium was used in the COPC screening for total chromium because the 
groundwater samples collected at CTA were not analyzed for hexavalent chromium. 

The risk characterization for CTA was completed using a four‐step process, as discussed in Section 4.3.1. 
The total combined risks and hazards from site‐related COPCs and naturally occurring chemicals are 
summarized in Table 5.2‐6. Risks and hazards from naturally occurring chemicals (i.e., cadmium and zinc) 
are summarized in Table 5.2‐7. Risks and hazards from site‐related COPCs (15 metals) are summarized in 
Table 5.2‐8. In the site‐related risk and hazard estimates, an EPC for hexavalent chromium (Cr+6) 
(calculated by multiplying the Cr [total] MDC by a Cr+6/Cr (total) ratio that was calculated for the 
construction debris sites at OU‐9) was used. 
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Although unacceptable risks or hazards were identified for a hypothetical residential receptor and BLLs 
for the site‐related COPCs exceeded the acceptable limits, the concentrations of the COPCs are likely 
associated with turbidity and are not considered representative of groundwater at the CTA. Therefore, 
none of the COPCs in groundwater were identified as COCs for CTA and the CTA qualifies for an NFA 
decision for groundwater. Because no COCs were identified for a hypothetical residential receptor and 
because their exposures and potential health risks and hazards are considered protective of other 
receptors, groundwater risks and hazards were not estimated for future site workers. 

5.2.8 Ecological Risk Assessment 
The ERA for groundwater at the CTA is presented herein, beginning with Step 1 of the ERA process (to 
determine if there are complete exposure pathways). Soil at the CTA is already addressed under the 
remedy for OU‐1. There are no perennial surface water features within the CTA boundary, so as a result 
there are no complete exposure pathways for sediment or surface water. 

Although groundwater is present onsite, ecological receptors are not exposed directly to groundwater; 
however, groundwater is a transport medium and contaminated groundwater has potential to migrate 
to and discharge to surface water bodies. Given there are not perennial surface water bodies on CTA, 
the groundwater‐to‐surface water exposure pathway is incomplete. As a result of no complete exposure 
pathways for ecological receptors, the ERA process terminates with a conclusion of negligible 
(acceptable) adverse effects. 

5.2.9 Conclusions and Recommendations 
An RI was conducted for the CTA to refine the nature and extent of contamination in groundwater from 
historical activities and assess for potentially unacceptable risk to human health and the environment. 
Based on the results of the HHRA, no potentially unacceptable noncarcinogenic hazards or carcinogenic 
risks were identified from exposure to site‐related chemicals in groundwater. Therefore, NFA is 
warranted for groundwater at the CTA. 

It is recommended that Site IAAP‐047G be transferred to a new OU (OU‐11) and NFA be presented as 
the preferred remedy in a Proposed Plan. Site IAAP‐001‐R‐01 will continue to be managed under OU‐5; 
the OU‐5 remedy does not need to be revised to address groundwater. Site IAAP‐047 will continue to be 
managed under OU‐1. 
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Table 5.2‐1. Previous Investigations and Remedial Actions—Central Test Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Installation Assessment of 
IAAAP (USATHAMA 1980) 

1980  A records search was conducted to assess the use, storage, 
treatment, and disposal of toxic and hazardous materials at IAAAP 
regarding environmental quality.  

The CTA was identified as an area that testing was 
conducted at IAAAP. A follow‐on preliminary survey was 
recommended to assess potential contaminant migration 
off the facility.  

Follow‐on Remedial 
Investigation (JAYCOR 1996) 

1995  Eight soil samples were collected south of Building 600‐84, the 
Central Testing Laboratory, as part of the RI for Lines 5A and 5B. 
Surface and subsurface soil samples were analyzed for explosives 
and metals.  

Explosives were only detected in one surface soil sample; 
they were not detected in the co‐located subsurface soil 
sample. Metals were only detected above 100 mg/kg in 
one surface soil sample.  

Field Sampling Report for 
Building 600‐84 (AET 2001) 

2000  An environmental baseline study was conducted for Building 600‐
84 and the open field area east and south of the building. The study 
also served as the real estate site assessment before new AET 
operations were to be constructed. Five composite soil samples 
were collected and analyzed for explosives and metals.  

Explosives were not detected in any soil samples. Metal 
concentrations were below cleanup action levels.  

IAAAP Installation Action Plan 
(Army 2003) 

2004  The CTA, which was originally part of IAAP‐006, was moved to its 
own site for proper tracking and was also added to the list of OU‐4 
sites as it had not been addressed as a separate site. 

IAAAP Site IAAP‐047 was created.  

Historical Records Review (TN 
& Associates 2004) 

2004  A historical records review was conducted for Line 6, Line 800, the 
CTA, and the Deactivation Furnace. 

The assessment identified that detonations were 
performed in the field north and east of the CTA. 
Therefore, it was determined there was a potential for 
UXO at this site. 

MEC Density Survey Report 
(MKM 2005b) 

2004  A geophysical survey was completed over 16 acres within the CTA 
to evaluate the subsurface MEC densities. The area surveyed was a 
rectangle running southwest–northeast, approximately 600 by 
1,200 feet, with Building 600‐84 at one end. Results of the 
geophysical survey were used to locate and collect 10 surface soil 
samples at locations with a high probability for explosive hazards. 
The soil samples were analyzed for explosives and propellants.  

No MEC items were identified during the surface 
investigation. A total of 2,835 EM61‐MK2 anomalies were 
picked from the geophysical data, along with two large, 
heavily saturated areas. Although explosives were 
detected in soil samples, it was concluded that total 
explosives were less than 10% by weight, and unlikely to 
exist at concentrations that would affect the immediate 
health and safety of workers at the sites. 

Comprehensive Watersheds 
Evaluation and Supplemental 
Data Collection Work Plan 
(Tetra Tech 2006) 

2005  A comprehensive evaluation was conducted of all IAAAP sites and 
the four primary watersheds (Brush Creek, Spring Creek, Long 
Creek, and Skunk River) to identify data gaps and additional data 
needed to complete a feasibility study for surface water and 
groundwater at each of the IAAAP sites.  

The data gap evaluation concluded that soil and 
groundwater sampling should be conducted, as planned 
under the OU‐4 Supplemental RI Work Plan (Tetra Tech 
2005).  
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Table 5.2‐1. Previous Investigations and Remedial Actions—Central Test Area 
Iowa Army Ammunition Plant, Middletown, Iowa 
Site Reconnaissance (Tetra 
Tech 2005a) 

2005  A paper site reconnaissance was conducted in summer 2005, which 
consisted of a review of the historical drawing in the HRR and 
historical aerial photos. Site reconnaissance performed in fall 2005 
was minimal, primarily consisting of UXO avoidance. 

Reconnaissance information was used to support 
supplemental remedial investigations. 

OU‐4 and OU‐7 Supplemental 
Remedial Investigations 
(Tetra Tech 2009b, 2011a) 

2005  Sixty‐three surface and subsurface soil samples from 29 locations 
were collected and analyzed for explosives and metals. Sample 
locations were selected based on previous soil sampling and 
geophysical survey results.  

Arsenic, cadmium, iron, and TNT exceeded their 
respective OU‐1 RGs. A removal action (Tetra Tech 2009) 
was completed to address these exceedances. 

OU‐4 and OU‐7 Supplemental 
Remedial Investigations 
(Tetra Tech 2009b, 2011a) 

2005–
2006 

In 2005, two groundwater samples were collected using a DPT 
screen point sampler for analysis of explosives and metals (total 
and dissolved). Samples were collected from the former firing pit 
(CTA‐TTTW‐002) and approximately 285 feet southeast of the 
former firing pit (CTA‐TTTW‐001). In 2006, two additional 
groundwater samples were collected using a DPT screen point 
sampler for analysis of explosives. One sample (CTA‐TTTW‐003) was 
collocated with CTA‐TTTW‐001 to confirm previous detections of 
explosives at this location. The other sample (CTA‐TTTW‐004) was 
collected approximately 200 feet southeast of CTA‐TTTW‐001 to 
delineate explosives detections. Human health and ecological risk 
assessments were conducted.  

Concentrations of TNT exceeded the screening level at 
one location (CTA‐TTTW‐001); however, the TNT 
detection was not confirmed at CTA‐TTTW‐003, 2 feet 
away. Although total metals exceeded screening levels, 
no dissolved metals exceeded. Elevated concentrations of 
total metals are attributed to suspended solids 
(turbidities ranged from 190 to 800 nephelometric 
turbidity units [NTU]) because the samples were collected 
as unfiltered grab samples from a screen point sampler. 
The report concluded that soil would be addressed under 
OU‐1 and groundwater would be addressed under OU‐6. 
No further evaluation would occur under OU‐7.  

Remedial Action for OU‐1 
Soils Phase 5, 7, and 8 Sites 
(Tetra Tech 2009a) 

2006  239 cubic yards of contaminated soil were removed from three 
excavations at the CTA to remediate TNT, arsenic, and cadmium 
(Figure 5.2‐1). The soil excavations were conducted to depths 
between 1 and 1.25 feet bgs. Near Building 600‐84 where cadmium 
exceeded the OU‐1 RG, soil was removed to 1.25 feet bgs. 
Confirmation soil samples were collected from the excavation 
sidewalls and floors and analyzed for soil COCs. The excavations 
were backfilled with clean fill.  

Based on confirmation sampling, no soil containing 
chemicals above OU‐1 RGs remains at the CTA.  

Historical Records Review, 
Military Munitions Response 
Program (URS 2007b) 

2007  A records search was conducted to document historical and other 
known information for MMRP sites at IAAAP. 

The assessment concluded that the potential exists for 
MEC to be present at the CTA even though soil remedial 
actions had not identified MEC.  

Site Inspection, Military 
Munitions Response Program 
(URS 2007a) 

2007  No MEC investigative activities were completed at the CTA during 
the MMRP SI. 

Based on the USEPA Dispute Resolution dated 20 
December 2006 and HRR (URS 2007) findings, it was 
determined that the Central Test Area MRS will move 
directly to the RI phase. 
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Table 5.2‐1. Previous Investigations and Remedial Actions—Central Test Area 
Iowa Army Ammunition Plant, Middletown, Iowa 
OU‐5 Remedial Investigation, 
Military Munitions Response 
Program (URS 2011b) 

2008  The OU‐5 RI was conducted to identify and define the nature and 
extent of potential MEC and MD and determine whether MC had 
been released to the environment. Visual survey and surface 
clearance activities were completed within approximately 31 acres 
at the CTA prior to clearing and grubbing for a geophysical survey. 
The geophysical survey was conducted over the remaining 15 acres 
that did not undergo DGM survey in 2004. A total of 7,038 
anomalies were identified at the CTA during the geophysical survey 
work. A total of 585 target anomaly locations were intrusively 
investigated. Groundwater sampling was not warranted because no 
MCs were detected in soil above screening criteria. 

No MEC was recovered on the surface or subsurface. 
Significant MD (e.g., 109 items) was recovered in the 
subsurface. Over 90 percent of MD items were recovered 
from the upper 12 inches of soil. No MCs were detected 
above human health or ecological screening criteria in 
surface and subsurface soil. The RI recommended a 
feasibility study for MEC and no further action for MC.  

Explanation of Significant 
Differences for Interim Action 
Record of Decision Soils OU‐1 
(Tetra Tech 2008)  

2008  Three areas were transferred from the Installation‐Wide OU (OU‐4) 
to OU‐1 to address chemically‐contaminated soil consistent with 
the remediation strategy defined for the OU‐1. These areas 
included the Incendiary Disposal Area, the Possible Demolition 
Area, and the Central Test Area.  

The CTA was added to the OU‐1 remedy.  

Feasibility Study, Amendment 
(Shaw 2012) 

2012  Remedial alternatives were developed and evaluated to address 
MMRP sites (OU‐5). The CTA was included due to the potential 
presence of MEC.  

Three alternatives were evaluated, which included no 
action, land use controls, and, removal with offsite 
disposal.  

Record of Decision (CB&I 
2014) 

2014  Documented the selected remedial action for MMRP sites at IAAAP.   The selected remedy included LUCs for the CTA. The ROD 
documented that there is no action necessary to address 
MC at the CTA.  

After Action Report for Fence 
Installation (ERRG 2017a) 

2017  Fencing was installed at the CTA, per the OU‐5 remedy. 
Approximately 4,645 linear feet of fencing was constructed around 
the MRS and signs were posted at all entrances. 

Engineering controls were installed to restrict access to 
the CTA. Annual maintenance and inspections to verify 
adequacy of the fencing and signage. 

OU‐5 Land Use Controls 
Implementation Plan (ERRG 
2017b) 

2017  Outlined the process for implementation and maintenance of LUCs 
as a component of the selected remedy for OU‐5. LUCs will be used 
to control unauthorized access; prevent intrusive ground activities, 
development, and/or use of the sites unless MEC hazards are 
adequately controlled; and prohibit development and use of the 
property for residential housing, elementary and secondary 
schools, childcare facilities, and playgrounds. Engineering controls 
will consist of fencing and warning signs. Institutional controls will 
be used to restrict access and recreational activities, provide lease 
restrictions, and include environmental use restrictions for any 
property transfer. 

The scope of the LUCIP applies to the Central Test Area.  
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Table 5.2‐1. Previous Investigations and Remedial Actions—Central Test Area 
Iowa Army Ammunition Plant, Middletown, Iowa 
Explanation of Significant 
Differences for the Records of 
Decision Soils OU‐1 (Leidos 
2019a)  

2019  Documented the addition of LUCs to the selected remedy for the 
Soils ROD to provide overall protectiveness of human health and 
the environment. 

The ESD changes will apply to soil at the Central Test 
Area.  

OU‐1 Land Use Controls 
Implementation Plan (Leidos 
2019a) 

2019  Outlined the process for implementation and maintenance of LUCs 
as a component of the selected remedy for OU‐1. Institutional 
controls will be used to restrict land use at OU‐1 Areas to military, 
commercial/industrial, agricultural, and permitted hunting and 
prohibit residential use. Engineering controls (fencing, signs) will be 
used to prevent general access to areas.  

The scope of the LUCIP applies to the Central Test Area.  

 



Table 5.2‐2. Detected Constituents in Groundwater—Central Test Area
Iowa Army Ammunition Plant, Middletown, IA

Location
Sample ID

Sample Depth (ft)
Sample Date

Test Group CAS Analyte Unit Screening Level

Background 
Threshold Value 
(UTL95‐95(1))

EXPLOSIVES 118‐96‐7 2,4,6‐Trinitrotoluene µg/L 2.5 ‐‐ 12.4 0.95 0.22 U 0.29 U 0.1 U 0.11 U 0.11 U
EXPLOSIVES 35572‐78‐2 2‐Amino‐4,6‐dinitrotoluene µg/L 1.9 ‐‐ 0.16 J 0.19 U 0.22 U 0.29 U 0.1 U 0.11 U 0.11 U
EXPLOSIVES 19406‐51‐0 4‐Amino‐2,6‐dinitrotoluene µg/L 1.9 ‐‐ 0.25 0.19 U 0.22 U 0.29 U 0.1 U 0.11 U 0.11 U
EXPLOSIVES 80251‐29‐2 Hexahydro‐1,3‐dinitroso‐5‐dinitro‐1,3,5‐triazine µg/L ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ ‐‐ 0.1 U 0.11 U 0.47 J
METALS 7429‐90‐5 Aluminum µg/L 20,000 11,272 166,000 11,300 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐36‐0 Antimony µg/L 6 2.22 6.8 2.2 U ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐38‐2 Arsenic µg/L 10 33.3 71.8 13.9 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐39‐3 Barium µg/L 2,000 430 1,640 304 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐41‐7 Beryllium µg/L 4 0.8 8.6 0.7 U ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐42‐8 Boron µg/L 4,000 ‐‐ 91.8 B 81.2 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐43‐9 Cadmium µg/L 5 5 1.6 B 0.6 U ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐70‐2 Calcium µg/L ‐‐ 119,033 361,000 85,100 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐47‐3 Chromium µg/L 100 31 345 21.1 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐48‐4 Cobalt µg/L 6 NE 215 9.4 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐50‐8 Copper µg/L 1,300 16 340 22.7 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7439‐89‐6 Iron µg/L 14,000 9,736 339,000 22,600 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7439‐92‐1 Lead µg/L 15 18.1 113 6.6 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7439‐95‐4 Magnesium µg/L ‐‐ 45,243 157,000 38,700 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7439‐96‐5 Manganese µg/L 430 580 12,000 1,020 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7439‐97‐6 Mercury µg/L 2 1 1.2 0.08 U ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐02‐0 Nickel µg/L 390 51 437 27.4 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐09‐7 Potassium µg/L ‐‐ 2,540 20,000 3,000 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7782‐49‐2 Selenium µg/L 50 10 39 4.3 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐23‐5 Sodium µg/L ‐‐ 42,581 26,100 11,500 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐62‐2 Vanadium µg/L 86 14.9 291 28.5 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS 7440‐66‐6 Zinc µg/L 6,000 789 736 37.6 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

METALS‐DISS 7429‐90‐5 Aluminum, Dissolved µg/L 20,000 ‐‐ 43.6 B 20 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7440‐39‐3 Barium, Dissolved µg/L 2,000 ‐‐ 57.8 B 193 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7440‐42‐8 Boron, Dissolved µg/L 4,000 ‐‐ 114 98.5 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7440‐70‐2 Calcium, Dissolved µg/L ‐‐ ‐‐ 61,700 63,400 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7440‐48‐4 Cobalt, Dissolved µg/L 6 ‐‐ 0.57 B 0.4 U ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7439‐95‐4 Magnesium, Dissolved µg/L ‐‐ ‐‐ 28,500 25,000 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7439‐96‐5 Manganese, Dissolved µg/L 430 ‐‐ 452 294 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7439‐97‐6 Mercury, Dissolved µg/L 2 ‐‐ 0.08 U 0.095 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7440‐02‐0 Nickel, Dissolved µg/L 390 ‐‐ 13.5 B 3.1 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7440‐09‐7 Potassium, Dissolved µg/L ‐‐ ‐‐ 2,220 B 652 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7440‐23‐5 Sodium, Dissolved µg/L ‐‐ ‐‐ 19,200 10,800 ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7440‐62‐2 Vanadium, Dissolved µg/L 86 ‐‐ 0.79 B 0.85 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐
METALS‐DISS 7440‐66‐6 Zinc, Dissolved µg/L 6,000 ‐‐ 0.08 U 19.1 B ‐‐ ‐‐ ‐‐ ‐‐ ‐‐

Notes:
J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample.
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
B = The analyte was positively identified in both the sample and the associated laboratory method blank.
Bold indicates the analyte was detected
Shading indicates the result exceeded screening criteria
‐‐ = Not Analyzed
NE = Not established
µg/L = micrograms per liter
*Screening level is the MCL. If no MCL is available, the greater of the HAL and the tap water RSL is selected as the delineation screening level.
MCL = Maximum Contaminant Level
Source: EPA's Regional Screening Levels (May 2020). Available online: https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables.
Source: EPA's MCLs and HALs (March 2018). Available online: https://www.epa.gov/sdwa/2018‐drinking‐water‐standards‐and‐advisory‐tables.
Source: Background threshold values (BTVs) from Evaluation of Background Concentrations of Metals in Groundwater  (CH2M, 2020a)
(1) UTLs were calculated as 95% upper confidence bounds of the 95th percentiles of the background data. UTLs calculated without a definitive distributional assumption of the data (i.e., normal, gamma, or lognormal) for sample sizes less than 59 have a coverage probability less than 95%.
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15 ‐ 25
CTATW002‐0618

CTA‐TW2 CTA‐TW3
CTATW003‐0618

20 ‐ 30
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Table 5.2-3. Groundwater Quality Parameters—Central Test Area
Iowa Army Ammunition Plant, Middletown, IA

Depth to Water Conductivity DO ORP pH Temperature Turbidity
(ft bgs) (µS/cm) (mg/L) (mV) (pH Units) (°C) (NTU)

CTA-TW1 06/23/2018 10.04 639 7.55 151.1 7.37 11.6 6.74
CTA-TW2 06/23/2018 11.43 680 8.48 119.1 7.32 12.8 NM
CTA-TW3 06/23/2018 8.72 644 6.41 141.4 7.34 14 13.7
Notes:
Water quality parameters were measured in the field using a YSI multi-meter.
NM = Not Measured

°C = degrees Celsius
DO = dissolved oxygen
mV = millivolt(s)
NTU = nephelometric turbidity unit
ORP = oxidation-reduction potential
µg/L = microgram(s) per liter
µS/cm = microsiemen(s) per centimeter
ft = feet
bgs = below ground surface

Sample Location Sample Date

Page 1 of 1



Table 5.2‐4. Data Groupings Used in the HHRA—Central Test Area
Iowa Army Ammunition Plant, Middletown, Iowa

Area of Concern Description Sample Count
CTA_GW CTA Groundwater (Potable Use) 7



Table 5.2‐5. Samples Used in the HHRA ‐ Central Test Area
Iowa Army Ammunition Plant, Middletown, Iowa

Data Group ID for HHRA Matrix Station ID Sample ID (1) Date Collected

Upper 
Depth 
(Feet)

Lower 
Depth  
(Feet)

CTA_GW GW CTA‐TTTW‐001 CTA‐TTTW‐001 8/26/2005 30 34
CTA_GW GW CTA‐TTTW‐002 CTA‐TTTW‐002 8/26/2005 NA NA
CTA_GW GW CTA‐TTTW‐003 CTA‐TTTW‐003 4/27/2006 NA NA
CTA_GW GW CTA‐TTTW‐004 CTA‐TTTW‐004 4/27/2006 NA NA
CTA_GW GW CTA‐TW1 CTATW001‐0618 6/23/2018 15 25
CTA_GW GW CTA‐TW2 CTATW002‐0618 6/23/2018 15 25
CTA_GW GW CTA‐TW3 CTATW003‐0618 6/23/2018 20 30

Notes:
(1) The data were reduced such that when a normal and duplicate sample were available, the highest detected 
      concentration among normal or duplicate samples was used when a chemical was detected in any sample. If both 
      results were non‐detect, the lowest reported detection limit (i.e., reporting limit) was used. 
GW ‐ Groundwater
NA ‐ Not applicable
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Table 5.2‐6. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally 
Occurring Chemicals—CTA 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor a 

ELCR/HI Tables 
(RME) in Appendix 
A‐4, Attachment 1  COPC/Chemical 

CTA 

EPC 
(µg/L)  ELCR  HI 

Groundwater (Tap 
Water) 

Adult  7.1 and 9.1 

Aluminum  166000  NA  5 

Antimony  6.8  NA  0.5 

Arsenic  71.8  NA  7 

Barium  1640  NA  0.3 

Beryllium  8.6  NA  0.2 

Cadmium  1.6  NA  0.1 

Chromium b  345  NA  5 

Cobalt  215  NA  21 

Copper  340  NA  0.3 

Iron  339000  NA  15 

Lead  59.8  NA  NA 

Manganese  12000  NA  17 

Mercury  1.2  NA  0.1 

Nickel  437  NA  0.7 

Selenium  39  NA  0.2 

Vanadium  291  NA  2 

Zinc  736  NA  0.07 

Total HI:  NA  75 

Child  7.2 and 9.2 

Aluminum  166000  NA  8 

Antimony  6.8  NA  0.9 

Arsenic  71.8  NA  12 

Barium  1640  NA  0.4 

Beryllium  8.6  NA  0.3 

Cadmium  1.6  NA  0.2 

Chromium b  345  NA  8 

Cobalt  215  NA  36 

Copper  340  NA  0.4 

Iron  339000  NA  24 

Lead  59.8  NA  NA 

Manganese  12000  NA  28 



  

2 OF 2 

Table 5.2‐6. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally 
Occurring Chemicals—CTA 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor a 

ELCR/HI Tables 
(RME) in Appendix 
A‐4, Attachment 1  COPC/Chemical 

CTA 

EPC 
(µg/L)  ELCR  HI 

Mercury  1.2  NA  0.2 

Nickel  437  NA  1 

Selenium  39  NA  0.4 

Vanadium  291  NA  3 

Zinc  736  NA  0.1 

Total HI:  NA  123 

Adult/Child 
Aggregate  7.3 and 9.3 

Aluminum  166000  NA  NA 

Antimony  6.8  NA  NA 

Arsenic  71.8  1E‐03  NA 

Barium  1640  NA  NA 

Beryllium  8.6  NA  NA 

Cadmium  1.6  NA  NA 

Chromium b  345  1E‐02  NA 

Cobalt  215  NA  NA 

Copper  340  NA  NA 

Iron  339000  NA  NA 

Lead  59.8  NA  NA 

Manganese  12000  NA  NA 

Mercury  1.2  NA  NA 

Nickel  437  NA  NA 

Selenium  39  NA  NA 

Vanadium  291  NA  NA 

Zinc  736  NA  NA 

Total ELCR:  1E‐02  NA 

Notes: 
a ELCRs were estimated for the adult/child aggregate 
receptor based on lifetime exposure and noncarcinogenic 
HIs were estimated separately for adult and child 
residents. 

b Evaluated as hexavalent chromium. 

µg/L = microgram per liter 

COPC = chemical of potential concern 

 

ELCR = excess lifetime cancer risk 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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Table 5.2‐7. Summary of Risk and Hazard Estimates for Naturally Occurring Chemicals—CTA 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor  

ELCR/HI Tables 
(RME) in Appendix A‐

4, Attachment 1  Chemical 

CTA 

EPC 
(µg/L)  ELCR  HI 

Groundwater (Tap 
Water) 

Adult  7.4 and 9.4 

Cadmium  1.6  NA  0.1 

Zinc  736  NA  0.07 

Total HI:  NA  0.2 

Child  7.5 and 9.5 

Cadmium  1.6  NA  0.2 

Zinc  736  NA  0.1 

Total HI:  NA  0.3 

Adult/Child 
Aggregate  7.6 and 9.6 

Cadmium  1.6  NA  NA 

Zinc  736  NA  NA 

Total ELCR:  NA  NA 

Notes: 

µg/L = microgram per liter 

ELCR = Excess Lifetime Cancer Risk 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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Table 5.2‐8. Summary of Risk and Hazard Estimates for Site‐Related COPC—CTA 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium 

Residential 
Receptor a 

ELCR/HI Tables 
(RME) in Appendix 
A‐4, Attachment 1  COPC 

CTA 

EPC 
(µg/L)  ELCR  HI 

Groundwater (Tap 
Water) 

Adult  7.7 and 9.7 

Aluminum  166000  NA  5 

Antimony  6.8  NA  0.5 

Arsenic  71.8  NA  7 

Barium  1640  NA  0.3 

Beryllium  8.6  NA  0.2 

Chromium b  345  NA  1 

Cobalt  215  NA  21 

Copper  340  NA  0.3 

Iron  339000  NA  15 

Lead  59.8  NA  NA 

Manganese  12000  NA  17 

Mercury  1.2  NA  0.1 

Nickel  437  NA  0.7 

Selenium  39  NA  0.2 

Vanadium  291  NA  2 

Total HI:  NA  71 

Child  7.8 and 9.8 

Aluminum  166000  NA  8 

Antimony  6.8  NA  0.9 

Arsenic  71.8  NA  12 

Barium  1640  NA  0.4 

Beryllium  8.6  NA  0.3 

Chromium b  345  NA  2 

Cobalt  215  NA  36 

Copper  340  NA  0.4 

Iron  339000  NA  24 

Lead  59.8  NA  NA 

Manganese  12000  NA  28 

Mercury  1.2  NA  0.2 

Nickel  437  NA  1 

Selenium  39  NA  0.4 
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Table 5.2‐8. Summary of Risk and Hazard Estimates for Site‐Related COPC—CTA 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium 

Residential 
Receptor a 

ELCR/HI Tables 
(RME) in Appendix 
A‐4, Attachment 1  COPC 

CTA 

EPC 
(µg/L)  ELCR  HI 

Vanadium  291  NA  3 

Total HI:  NA  117 

Adult/Child 
Aggregate  7.9 and 9.9 

Aluminum  166000  NA  NA 

Antimony  6.8  NA  NA 

Arsenic  71.8  1E‐03  NA 

Barium  1640  NA  NA 

Beryllium  8.6  NA  NA 

Chromium b  345  3E‐03  NA 

Cobalt  215  NA  NA 

Copper  340  NA  NA 

Iron  339000  NA  NA 

Lead  59.8  NA  NA 

Manganese  12000  NA  NA 

Mercury  1.2  NA  NA 

Nickel  437  NA  NA 

Selenium  39  NA  NA 

Vanadium  291  NA  NA 

Total ELCR:  4E‐03  NA 

Notes: 
a ELCRs were estimated for the adult/child aggregate 
receptor based on lifetime exposure and noncarcinogenic 
HIs were estimated separately for adult and child 
residents. 

b Evaluated as hexavalent chromium. 

µg/L = microgram per liter 

COPC = chemical of potential concern 

 

ELCR = excess lifetime cancer risk 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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5.3 Explosive Waste Incinerator 
This subsection summarizes RI activities at the EWI (IAAP‐025) for soil and groundwater (IAAP‐025G). 
There are no perennial surface water features or wet sediment within the site boundary. 

5.3.1 Background 
5.3.1.1 Site Description 
The EWI is inactive and located southwest of the FTP on the southwest corner of the EDA. The EWI was 
enclosed within Building BG‐199‐1 (Figure 5.3‐1), which measured 28 by 110 feet; the associated, 
adjoining air pollution control system measured 32 by 27 feet (Tetra Tech 2006). The area is located in 
recreational zone EDA and consists of approximately 2 acres. Adjacent land to the northwest is leased 
agriculture tracts. 

5.3.1.2 Operational History 
The EWI operated from November 1981 until June 1997. The EWI incinerated ammunition products that 
were out of date or failed to meet specifications, materials listed as hazardous wastes, wastewater 
treatment sludges from the manufacturing and processing of explosives, and spent carbon from the 
treatment of wastewater containing explosives. No site operations were conducted outside of the 
building, other than the containerization of ash (JAYCOR 1996). 

The floor of the EWI feed area was washed down at the end of each shift. The resulting wastewater was 
pumped into deluge sumps (a 1,000‐gallon sump and a 500‐gallon sump) located on the south side of 
Building BG‐199‐1. The contents (i.e., wastewater) of the sumps were then pumped into a liquid waste 
dumpster and transported to Line 2 for treatment through the settling tanks/carbon filter treatment 
system. 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 (Tetra Tech 2011b). 

The EWI underwent RCRA closure in 1998 and the results were certified in the RCRA Closure Report, 
Explosive Waste Incinerator, Iowa Army Ammunition Plant (PDC 1998). The USEPA approved the 
completion of the closure in correspondence dated September 14, 1998 (USEPA 1998b). The 
decontaminated incinerator was removed from the installation in 1999. 

5.3.2 Previous Investigations 
The previous investigation conducted for soil and groundwater at the EWI are summarized in  
Table 5.3‐1. There are no perennial surface water features at the EWI, therefore, no surface water or 
sediment sampling was conducted. The EWI is located in the Spring Creek watershed. Generally, 
groundwater at this site flows to the southeast toward Spring Creek. Twelve (12) IRP sites are located 
within 1 mile of the EWI and several groundwater investigations have been conducted to define the 
extent of upgradient groundwater plumes within 0.5 miles of the EWI. Two monitoring wells, shallow 
well MW‐07 and bedrock well MW‐08, were installed within the EWI boundary (Figure 5.3‐2); however, 
their purpose was to support the groundwater Remedial Alternatives Assessment (RAA) at the FTP. 

Removal actions have not been completed at the EWI. 

This report continues the RI for groundwater at the EWI. Previous investigations pertinent to the RI for 
groundwater are listed below; additional details are included in Table 5.3‐1. 
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Investigation Conclusion 

Preliminary Site Characterization 
Report for Explosive Waste Incinerator 
(R17) (JAYCOR 1993) 

Surface and subsurface soil samples and sediment sample were collected. Low 
levels of metals and a volatile compound was detected; however, no significant 
contaminant release had occurred in association with the EWI. 

RCRA Closure Report, Explosive Waste 
Incinerator, Iowa Army Ammunition 
Plant (PDC 1998) 

The surface soil and subsurface soil samples collected did not indicate the 
presence of contamination. USACE concluded that the closure was complete as 
detailed in the Closure Plan (USEPA 1998b). 

Soil Data Collection (MKM Engineers 
2005) 

Arsenic was the only metal detected above the screening criteria (Region 9 PRG 
for industrial soil: 1.6 mg/Kg) in the three multipoint incremental surface soil 
samples and the seven soil/sediment samples with a maximum concentration of 
10 mg/kg reported. However, the arsenic concentrations were below the IAAAP 
OU 1 Soil remediation goal of 30 mg/kg. No VOCs, SVOCS, or explosives were 
detected. 

Groundwater RAA/Periodic Monitoring One shallow groundwater monitoring well (FTP‐MW7) and one deep 
groundwater (bedrock) monitoring well (FTP‐MW8) were installed southeast and 
downgradient of the EWI. One explosive (RDX) was detected at an estimated 
value (“J”) of 0.35 µg/l at monitoring well FTP‐MW7. No other explosives and no 
VOCs were detected in the 2003 samples. Freon‐113 was detected in the FTP‐
MW7 well in both 2007 and 2010 at concentrations of 1.8 and 1.7 µg/l, 
respectively. No other VOCs were detected in the 2007 and 2010 samples from 
monitoring well FTP‐MW7. 

Comprehensive Watersheds Evaluation 
and Supplemental Data Collection Work 
Plan (Tetra Tech 2006) 

The CWWP concluded that no further investigation was required at the site 
because it was adequately characterized. Groundwater was not likely impacted 
because soil contamination was minimal. 

5.3.3 2018‐2020 Remedial Investigation Activities 
No RI sampling activities were proposed for soil or groundwater at the EWI. 

5.3.4 Environmental Site Setting 
The terrain at the EWI is generally flat, with a gentle slope to the south. Ground surface elevations range 
from 666 to 676 feet above mean sea level (amsl). Drainage at the site is routed through east‐flowing 
ditches on the north and south of the access road east of Building BG‐199‐1 (Figure 5.3‐1), which then 
joins a south‐flowing ditch approximately 400 feet east of Building BG‐199‐1. The south‐flowing ditch 
originates at the FTP Site and joins a tributary to Spring Creek approximately 430 feet southeast of the 
EWI (Tetra Tech 2011a). 

Based on the well log information obtained from the FTP located immediately to the north, the EWI 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 FTP to 6 feet near the 
Spring Creek tributary and is 21 feet thick at wells FTP‐MW7 and FTP‐MW8 east‐southeast of Building 
BG‐199‐1 (Figure 5.3‐2). 

Based on studies conducted for the FTP 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. Shallow overburden well FTP‐MW7 is screened from 11 to 
21 feet bgs (663.5 to 653.5 feet amsl). The depth to shallow groundwater in this well has ranged from 
7.5 feet below top of casing (btoc) (669.37 feet amsl) in the spring of 2003 to 13 feet btoc (663.87 feet 
amsl) in the fall of 2005. Although bedrock well FTP‐MW8 is also located in the vicinity of the EWI, it is 
screened deeper (41.1 to 51.1 feet bgs [633.00 to 623 feet amsl]) than the shallow bedrock that would 
comprise the shallow groundwater unit. Based on borings in the vicinity of the EWI, the bedrock is part 
of the Warsaw Formation and can be described as interbedded shaley limestone and limey shale. At 
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bedrock monitoring well FTP‐MW8, 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. The depth to bedrock groundwater in this well has 
ranged from 10.28 feet btoc (666.53 amsl) in the spring of 2006 to 12.88 feet btoc (663.93 feet amsl) in 
the fall of 2005. Potentiometric surface contour maps have been prepared for shallow groundwater as 
part of investigation and monitoring events for the FTP, which included well FTP‐MW7. Based on these 
potentiometric maps, shallow groundwater flow directions have ranged from the south‐southeast in the 
spring of 2006 to the east‐southeast in the fall of 2005 (Tetra Tech 2011a). 

5.3.5 Nature and Extent of Contamination 
The EWI incinerated various materials including unusable ammunition products, hazardous wastes 
materials, and sludges and spent carbon from the wastewater treatment. Wastewater from Building 
BG‐199‐1 washdown pumped into deluge sumps may have also acted as a potential source of soil or 
groundwater contamination. 

5.3.5.1 Soil 
A summary of the soil/dry sediment data for detected analytes is presented in Table 5.3‐2. For the 
purpose of this RI, the soil/dry sediment sample was evaluated against soil PALs. Three (3) explosives, 
21 metals, 12 PAHs, 6 VOCs, and 1 SVOC were detected in soil and dry ditch soil/sediment samples 
collected at the EWI. There were also 12 organic compounds detected at low levels in samples collected 
in 1995 (Table 5.3‐2). Pesticides, herbicides, and PCBs were not detected in the soil/ dry sediment 
samples. 

Explosives 

Three explosives, 1,3,5‐trinitrobenzene (TNB), cyclotetramethylene‐tetranitramine (HMX) and RDX were 
detected in one surface soil sample location R17SS0101 in 1995 (Figure 5.3‐2), with both 1,3,5‐TNB and 
RDX concentrations exceeding the PALs. Subsequent surface soil samples collected in the immediate 
vicinity of this location in 1998 (EWI‐S‐9) and 2004 (EWI‐SSI‐001/002) did not replicate the detections. 

Metals 

Four metals (barium, cadmium, mercury, and selenium) exceeded their respective background values 
and the lower ESLs in soil samples at various locations at the EWI (Table 5.3‐2); however, none of these 
metals exceeded the USEPA residential RSLs. Barium was detected greater than the PAL at two locations 
(EWI‐S‐12A and EWI‐SD‐001‐0001‐SD) to the east and south of Building BG 199‐1, sampled in 1998 and 
2004, respectively. Cadmium was detected in several of the samples collected in 1998 ranging in 
concentrations from 0.5 mg/kg to 3.7 mg/kg as compared to the PAL of 0.97 mg/kg (Table 5.3‐2). In 
subsequent sampling during 2004, none of the sample concentrations exceeded the PAL. Mercury was 
detected above the PAL in three samples (25SS0201, R17SS0101, and EWI‐S‐9) collected over several 
years but within the same general area east of the BG‐199‐1. One other sample (EWI‐S‐5) collected in 
1998 located northeast of BG‐199‐1 also exceeded the PAL. Selenium was also detected in several of the 
samples collected during 1998 (similar to cadmium detects) ranging in concentration from 5.9 mg/kg to 
18 mg/kg as compared to the PAL of 0.71 mg/kg (Table 5.3‐2). These samples were located near the 
drainageway immediately north and south of BG‐199‐1. In subsequent sampling during 2004, samples 
collected (EWI‐SD‐001 and EWI‐SS‐002) at some of the same locations and downgradient did not exceed 
the PAL for selenium. 

SVOCs 

The majority of the PAH/SVOC detections were observed in drainage samples (EWI‐SD‐001‐001‐SD, 
EWI‐SD‐001‐002‐SD and EWI‐SD‐001‐003‐SD) collected in 2004. However, only naphthalene detected at 
R17SS602 in 1998 exceeded the PAL. Naphthalene was detected at a concentration of 0.58 mg/kg as 
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compared to the PAL of 0.0994 mg/kg (ESL) but was lower than the RSL of 3.8 mg/kg (Table 5.3‐2). 
R17SS602 is a soil sampling location approximately 2 feet south of the 1,000 gallon deluge sump 
(Figure 7‐2). 

VOCs/Organics 

The majority of the organics and VOC detections were observed in surface soil sample (R17SS602) 
collected in 1995 and located 2 feet south of the 1,000 gallon deluge sump. There were no PALs 
developed for the organic compounds and two of the VOCs were detectable concentrations were 
reported at R17SS602 (Table 5.3‐2). The only organic or VOC to exceed the PALs was 1,1,2,2‐
tetrachloroethane detected in surface soil (25SS0201) collected in 1991 at a concentration of 0.26 
mg/kg as compared to the ESL of 0.13 mg/kg however, the RSL (0.6 mg/kg) was not exceeded. 

5.3.5.2 Groundwater 
Two monitoring wells, shallow well MW‐07 and bedrock well MW‐08, were installed within the EWI site 
boundary (Figure 5.3‐2); however, their purpose was to support the groundwater RAA at the FTP. The 
two monitoring wells (FTP‐MW‐07 and FTP‐MW08) were evaluated to assess potential groundwater 
contamination at the EWI. 

The summary of data from these wells is presented in Table 5.3‐3 and shows that one (1) explosive, 
twelve (12) metals, and 1 VOC were detected in groundwater sampled at the EWI. However, none of the 
samples exceeded the PALs. There is no indication of groundwater contamination due to operations at 
the EWI. 

5.3.6 Fate and Transport 
Explosives such as RDX are more likely to be transported from soil via surface runoff or infiltration as 
they do not readily volatilize or not sorb strongly to soils. Transport of contaminants by infiltration or 
leaching to groundwater would be insignificant for metals as they are typically either sorbed on the 
surface of the soil or fixed to the interior of the soil, where they are unavailable for release to 
groundwater. PAHs also strongly adsorb to the soil; therefore, leaching to groundwater and 
volatilization are slow insignificant processes in most instances. The major source of degradation of 
PAHs in soil is microbial metabolism (USEPA 1999b). VOCs are more likely to volatize or leach to the 
subsurface and are not expected to absorb to soils. In groundwater, the major degradation processes 
involve anaerobic biodegradation and chemical hydrolysis. 

5.3.7 Human Health Risk Assessment 
An HHRA was prepared for the EWI to evaluate potential current and future health risks and hazards 
from exposure to chemicals in soil and groundwater. The HHRA was conducted in accordance with the 
final UFP‐QAPP (CH2M 2017a), with the exception of some deviations that were agreed to during 
meetings or correspondence with USACE and USEPA following approval of the final UFP‐QAPP. The 
approach and method used to conduct the HHRA are provided in Section 4.3.1. This section presents the 
CEM for EWI and provides the results of the four‐step evaluation process comprising: 

• Data evaluation 
• Exposure assessment 
• Toxicity assessment 
• Risk characterization 

The results of the HHRA are used to determine if NFA is warranted for soil and/or groundwater at EWI. 
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5.3.7.1 Conceptual Exposure Model 
A description of the EWI, its operational history, previous investigations, and remedial actions are 
provided in Sections 5.3.1 and 5.3.2. 

The EWI is an inactive site located in the southwest corner of the EDA. The EWI operated from 1981 to 
1997 and was enclosed within Building BG‐199‐1, which is surrounded by asphalt. 

Groundwater is not currently being used as a potable water source and there are no plans to use 
groundwater for potable purposes in the future; however, based on applicable CERCLA policy and 
guidance, groundwater at EWI is classified as Class IIB, a potential source of drinking water (USEPA 
1989). Therefore, the HHRA for EWI evaluates potential exposures to groundwater due to its potential 
future use as a drinking water source. This entails the evaluation of future residential exposures to 
groundwater. 

The following potential current and future human receptors were identified in the HHRA for EWI: 

• Current and Future Hunter/Recreators. The EWI is zoned for hunting of large/small game and 
berry/mushroom picking. Hunters/Recreators could contact surface soil (0 to 2 feet bgs). 

• Current and Future Site Workers. Current site workers could contact surface soil (0 to 2 feet bgs) 
and indoor air (that may be impacted by VOCs migrating from groundwater). Future site workers 
could also contact post‐excavation subsurface soil from depths greater than 2 feet bgs, which is 
brought to the surface and combined with surface soil. Future site workers could also contact 
groundwater based on potential future use as a drinking water source. 

• Current and Future Construction/Utility Workers. Construction/utility workers could contact soil (0‐
10 feet bgs) and shallow groundwater while conducting utility work. 

• Future Hypothetical Residents. Future hypothetical residents could contact surface soil (0 to 2 feet 
bgs), soil (0 to 10 feet bgs), groundwater based on potential future use as a drinking water source, 
and indoor air (that may be impacted by VOCs migrating from groundwater). 

As discussed in Section 4.3.1, potential exposures and risks and hazards to current and future 
recreational uses, site workers, and construction/utility workers are estimated in the HHRA only if the 
estimated risks and hazards for a hypothetical residential scenario exceed acceptable risk levels and 
COCs are identified for a residential scenario. The human health CEM presenting potential exposure 
media, exposure points, receptors (current and future), and exposure routes is provided in Appendix A‐
4, Attachment 1 (Tables 1a and 1b), and depicted graphically in Figure 5.3‐3. 

5.3.7.2 Data Evaluation 
Data Used in the HHRA 

The EWI was included in the 1991 Preliminary Assessment and no significant soil contamination was 
observed. The EWI underwent RCRA closure in 1998. The CWWP concluded the site was adequately 
characterized and that groundwater was not likely to be impacted because soil contamination was 
minimal and the EWI had undergone RCRA closure. Based on the findings from historical sampling, no 
further investigation was required for this site, as documented in the UFP‐QAPP (CH2M 2017a). 

The groundwater analytical data used in the HHRA consisted of samples collected from two monitoring 
wells, FTP‐MW7, which is screened in the overburden, and FTP‐MW8 which is screened in the bedrock 
aquifer. Data used in the HHRA for FTP‐MW7 were acquired during the field events in May 2003, April 
2007, and July 2010. Data used in the HHRA for FTP‐MW8 were acquired during the May 2003 sampling 
event. Groundwater samples were analyzed for explosives, VOCs, SVOCs, and metals. Soil analytical data 
included 49 samples collected during field events in August 1991, May 1995, March 1998, and August 
2004. 
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A description of the data grouping and the samples included in the HHRA are provided in Tables 5.3‐4 
and 5.3‐5, respectively. The analytical dataset used in the HHRA is included in in Appendix A‐4, 
Attachment 2. Soil data were collected to a maximum depth of 3 feet bgs and were segregated into two 
separate data sets for use in the HHRA. Surface soil data were used from samples collected from within 
the 0 to 2 feet bgs depth interval and combined surface and subsurface soil data were used from 
samples collected from within the 0 to 3 feet bgs depth interval. The maximum subsurface depth 
defined by the vertical extent to which data have been collected (i.e., 3 feet bgs) differs from that of the 
conceptual exposure depth in the CEM (i.e., the shallower of 10 feet bgs or the depth at which 
groundwater is first encountered). Therefore, based on data availability, the combined 
surface/subsurface soil depth interval being evaluated for the future site worker, construction/utility 
worker, and future hypothetical resident is henceforth referred to as the “soil (0 to 3 feet bgs)” depth 
interval. Surface soil data also included data for dry sediment samples collected from drainage ditches 
on both sides of the access road into the EWI site. The dry sediment was evaluated as surface soil 
because the occurrence of surface water in the ditches is ephemeral. The soil and groundwater sampling 
locations included in the HHRA are depicted in Figure 5.3‐2. 

Screening Results for Site-related Chemicals of Potential Concern and Naturally Occurring Chemicals 

The approach and SLs used to select the COPCs (site‐related COPCs or naturally occurring chemicals) are 
described in Section 4.3.1. The results of the COPC screening process for a future hypothetical resident 
are presented in Appendix A‐4, Attachment 1 (Tables 2.1 through 2.3) and summarized below: 

• Surface Soil (0 to 2 feet bgs). Five metals (arsenic, chromium, cobalt, iron, and manganese) were 
identified as COPCs because the MDC exceeds the screening level. The SL for hexavalent chromium 
was used in the COPC screening process for total chromium because samples were not analyzed for 
hexavalent chromium. Three organic chemicals (benzo[g,h,i]perylene, phenanthrene, and p‐cymene) 
were detected but have no SL for comparison. These chemicals are identified as COPCs but cannot 
be included in the quantitative HHRA due to a lack of toxicity information. These chemicals are 
discussed further in the uncertainty assessment. Fourteen additional organic chemicals were 
reported in one sample as tentatively identified compounds (TICs). None of these TICs have toxicity 
data available for inclusion in the quantitative HHRA. These TICs are also discussed further in the 
uncertainty assessment. 

• Soil (0 to 3 feet bgs). Seven metals (aluminum, arsenic, chromium, cobalt, iron, manganese, and 
vanadium) were identified as COPCs because the MDC exceeds the screening level. The SL for 
hexavalent chromium was used in the COPC screening process for total chromium because samples 
were not analyzed for hexavalent chromium. As discussed above, 17 organic chemicals 
(benzo[g,h,i]perylene, phenanthrene, p‐cymene, and 14 TICs) were identified as COPCs because no 
SLs are available for comparison. These chemicals are discussed further in the uncertainty 
assessment. 

• Groundwater. The MDC of all chemicals reported in groundwater are less than the residential tap 
water RSLs; therefore, no COPCs were identified for potable use of groundwater. The MDCs of the 
only two volatile chemicals detected in groundwater are less than the VISLs protective of indoor in a 
hypothetical residential building; therefore, no COPCs were identified for potential vapor intrusion. 
The VISL calculations are presented Appendix A‐4, Attachment 3. 

The surface soil (0 to 2 feet bgs) and soil (0 to 3 feet bgs) COPCs identified for the EWI are presented in 
the table below. The COPCs (site‐related COPCs or naturally occurring chemicals) identified in soil are 
addressed further in the HHRA, and potential exposures and risks and hazards were estimated for each 
COPC (site‐related COPC or naturally occurring chemical). Because no COPCs were identified in 
groundwater, exposure to groundwater is not evaluated further in this HHRA. 
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Summary of Site‐related COPCs and Naturally 
Occurring Chemicals for the EWI 

Surface Soil (0 to 2 feet bgs) Soil (0 to 3 feet bgs) 

Arsenic Aluminum 

Chromium Arsenic 

Cobalt Chromium 

Iron Cobalt 

Manganese Iron 

— Manganese 

— Vanadium 

5.3.7.3 Exposure Assessment 
The EWI is currently inactive and Building BG 199‐1 has been demolished. The site is open to 
recreational activities and hunting is permitted at the site. In addition to these recreational activities, 
site workers may conduct grounds maintenance. There are no current residents at the EWI and none are 
anticipated in the future; however, the HHRA for EWI evaluated potential exposures to a future 
hypothetical resident to evaluate the potential for future unrestricted land use. Therefore, ingestion, 
dermal contact, and inhalation of dust exposures to COPCs in surface soil and soil were estimated for 
future hypothetical residents. The potential exposure pathways quantified in the HHRA are included in 
Appendix A‐4, Attachment 1 (Tables 1a and 1b) and in Figure 5.3‐3. As discussed in Section 4.3.1, the 
hypothetical resident is protective of all other activities; therefore, potential exposures and risks and 
hazards to current and future recreational uses, site workers, and construction/utility workers are 
estimated in the HHRA only if the estimated risks and hazards for a hypothetical residential scenario 
exceed acceptable risk and hazard levels and COCs are identified for a residential scenario. 

Two COPCs (arsenic and chromium) had at least four detected concentrations and eight samples 
available in the surface soil and soil (0 to 3 feet bgs) data sets; therefore, UCLs were calculated for these 
COPCs using USEPA’s ProUCL software (USEPA 2016a), and the UCLs were selected as the EPCs. For the 
other five COPCs (aluminum, cobalt, iron, manganese, and vanadium), the MDC was selected as the EPC 
because less than eight samples were available in the soil datasets and a reliable UCL could not be 
estimated. The soil EPCs used to estimate the chemical intakes for a hypothetical future resident 
scenario are provided in Appendix A‐4, Attachment 1 (Table 3.1). The ProUCL output files are provided 
in Appendix A‐4, Attachment 4. 

Because there are no hexavalent chromium soil data available for the EWI and because total chromium 
is being evaluated as hexavalent chromium, the method presented in Figure 4‐1 is applied for estimating 
the hexavalent chromium EPC for use in the risk characterization. 

The exposure factors used in the intake calculations for a future hypothetical residential scenario are 
included in Appendix A‐4, Attachment 1 (Tables 4.1 and 4.2). The primary references for the exposure 
factor values are the standard default exposure factors presented in the HHEM, Update of Standard 
Default Exposure Factors (USEPA 2014a). 

5.3.7.4 Toxicity Assessment 
The oral toxicity values (CSFs and RfDs) and inhalation toxicity values (IURs and RfCs) used in the HHRA 
were obtained from the USEPA standard hierarchy of toxicity value sources (USEPA 2003b), as provided 
in Section 4.3.1. Chronic noncancer oral and inhalation toxicity values for the COPCs identified at EWI 
are provided in Appendix A‐4, Attachment 1 (Tables 5.1 and 5.2, respectively). Oral and inhalation 
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cancer toxicity values for the COPCs are provided in Appendix A‐4, Attachment 1 (Tables 6.1 and 6.2, 
respectively). 

5.3.7.5 Risk Characterization 
The risk characterization for EWI was completed using a four‐step process, as discussed in Section 4.3.1. 
The results of each step are discussed below. 

Step 1: Total Combined Risks and Hazards from Site-related COPCs and Naturally Occurring Chemicals 

Step 1 consists of calculating receptor‐specific ELCRs and HIs that include contributions from both site‐
related COPCs and naturally occurring chemicals. The estimated risks and hazards are summarized in 
Table 5.3‐6 for both surface soil and soil (0 to 3 feet bgs). 

For consistency with Figure 4‐1, total chromium was evaluated in this step of the risk characterization 
process under the assumption that the 100 percent of the total chromium EPC is composed of 
hexavalent chromium. Based on the quantitative risk and hazard evaluations of hypothetical future 
residential exposures to surface soil at the EWI, the total receptor ELCR is below the 1 × 10‐4 target limit; 
the total HI for the resident adult is less than the target limit of 1; and the total HI for the resident child 
equals the target limit of 1. All target organ HIs calculated for residential exposures to surface soil are 
less than 1. 

Based on the quantitative risk and hazard evaluations of hypothetical future residential exposures to soil 
(0 to 3 feet bgs) at the EWI, the total receptor ELCR is below the 1 × 10‐4 target limit; the total HI for the 
resident adult is less than the target limit of 1; and the total HI for the resident child (2) exceeds the 
target limit of 1. However, all target organ HIs calculated for residential exposures to soil (0 to 3 feet 
bgs) are less than 1. 

Because all ELCRs and target organ HIs are less than target limits for hypothetical future residential 
exposures to surface soil and soil (0 to 3 feet bgs) at the EWI, no further evaluations are necessary in the 
risk characterization for this receptor scenario. 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consists of calculation of receptor‐specific ELCRs and HIs for naturally occurring chemicals. 
However, as discussed in Section 4.3.1.5, no IAAAP‐specific soil BTVs are currently available for use in 
determining naturally occurring chemicals. Additionally, because the results of the Step 1 risk 
characterization demonstrate that the total residential ELCR and HIs due to surface soil and soil (0 to 3 
feet bgs) exposures at the EWI are less than target limits, evaluations in this step of the risk 
characterization were not performed. 

Step 3: Risk Characterization of Site-related COPCs 

Step 3 consists of calculating receptor‐specific ELCRs and HIs associated with site‐related COPCs. 
However, because the results of the Step 1 risk characterization demonstrate that the total residential 
ELCR and target organ HIs due to surface soil and soil (0 to 3 feet bgs) exposures at the EWI are less than 
target limits, this step of the soil risk characterization was not performed. No site‐related COPCs have 
been identified in soil or groundwater at EWI. 

Step 4: Final COC Determination 

No site‐related COPCs and, therefore, no COCs were identified in soil or groundwater at EWI. As the 
most conservative exposure scenario evaluated in this HHRA, the residential scenario is considered 
protective of the hunter/recreational and worker scenarios. Because risks and hazards for residents at 
the EWI are acceptable (i.e., total cancer risk is below 1 × 10‐4, and all noncancer target organ HIs are 
below 1), risks for hunter/recreators, site workers, and construction/utility workers were not calculated 
and are also considered acceptable. Therefore, the EWI qualifies for an NFA decision for soil. 
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5.3.7.6 Uncertainty Analysis 
The assumptions used in the HHRAs have inherent uncertainty. The general uncertainties associated 
with the HHRAs for the OU‐11 sites are provided in Section 4.3.1. This section provides additional site‐
specific uncertainties associated with the HHRA for EWI that are not included in Section 4.3.1. 

The soil and groundwater analytical data sets used in the HHRA were developed from samples collected 
from past investigations from 1991 to 2010. No additional data were collected during the recent RI 
because media at the EWI had been sufficiently characterized during past investigations. Soil samples 
were collected in areas suspected of having the greatest potential for contamination; therefore, ELCRs 
and HIs calculated for residential exposures to soil may be biased high. Data for groundwater were 
obtained from overburden well FTP‐MW7 and bedrock well FTP‐MW8, which are located inside the EWI 
boundary. Data were not incorporated from overburden well JAW‐80 (see Figure 5.3‐2), which is located 
outside of the EWI boundary, less than 100 feet north and upgradient of the eastern portion of the EWI. 
Well JAW‐80 installed to monitor contaminants associated with the FTP, which is located further to the 
north of the well. Not assessing risks and hazards associated with groundwater contaminants detected 
in samples collected from well JAW‐80 could underestimate risks and hazards associated with 
groundwater beneath the eastern portion of the EWI. However, data for monitoring well JAW‐80 will be 
assessed as part of the FTP evaluations. 

The PAHs benzo(g,h,i)perylene and phenanthrene were detected in 3 and 2 of 17 soil samples 
respectively. No toxicity values are available for calculating the risk associated with potential exposure 
to these PAHs. Pyrene is often used as a surrogate for these PAHs based on the availability of relevant 
toxicity data, target organs, dose‐response information, and structure‐activity considerations (NDEP 
2006). The MDCs of benzo(g,h,i)perylene (0.02 mg/kg) and phenanthrene (0.01 mg/kg) are several 
orders of magnitude less than the residential RSL for pyrene of 180 mg/kg at a target HQ of 0.1. Because 
of the low frequency of detection at very low concentrations compared to the RSL for the similar 
compound pyrene, exclusion of these PAHs from the quantitative HHRA is not a significant source of 
uncertainty. 

p‐Cymene was detected in one of 13 soil samples at EWI (including 10 regular samples and three field 
duplicates). p‐Cymene was detected in the field duplicate of a sample collected at R17SS602 in 1995. p‐
Cymene was not detected in the corresponding original sample and was not detected in 12 samples 
collected in 2004. No toxicity values are available for the quantitative assessment of p‐cymene. 
According to the USEPA Provisional Peer-Reviewed Toxicity Values for p-Isopropyltoluene (USEPA 2011a), 
no toxicity values could be developed for p‐cymene. p‐Cymene is a naturally occurring organic 
compound found in more than 200 foods, such as butter, carrots, nutmeg, orange juice, oregano, 
raspberries, and lemon oil, and in almost every spice and is a constituent of a number of essential oils, 
most commonly the oils of cumin and thyme. p‐Cymene is also a component of solvents used as 
thinners for lacquers and varnishes and is used in the flavor and fragrance industry. p‐Cymene is 
“Generally Recognized as Safe” by the United States Food and Drug Administration (USEPA 2011a) for its 
intended use in food. Because of the low frequency of detection and low toxicity, exclusion of p‐cymene 
from the quantitative HHRA is not a significant source of uncertainty. 

Fourteen TICs were reported in one soil sample collected in 1995. Most of these TICs are straight‐chain 
alkanes and none have toxicity information available. Both the identity and the reported concentration 
of TICs is considered an estimate. Further analytical evaluation to confirm the identify of TICs may be 
required if a site is uncharacterized and there is a reasonable probability of contamination with 
unconventional pollutants. There is no known source of these TICs at the EWI and the site has been well 
characterized to identify any potentially site‐related contamination. 

Chemicals that were 100 percent nondetected in an exposure medium were not included in the COPC 
identification process; however, they were evaluated in a separate screening to determine if elevated 
nondetected results were present in site media. The detailed analysis of the nondetected chemicals at 
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EWI is provided in Appendix A‐4, Attachment 5. Some analytes that were 100 percent nondetected had 
DLs exceeding SLs. Based on activities at the EWI, other detected and nondetected chemicals, and the 
general lack of significant contamination at the EWI, further consideration of nondetected chemicals 
does not appear warranted in the EWI HHRA and the elevated DLs do not introduce significant 
uncertainty in the conclusions of the HHRA. 

5.3.7.7 Summary of HHRA 
An HHRA was prepared for the EWI to evaluate potential current and future risks and hazards from 
exposure to chemicals in surface soil (0 to 2 feet bgs), soil (0 to 3 feet bgs) and groundwater. The EWI 
was enclosed within Building BG199‐1. The EWI incinerated ammunition products that were out of date 
or failed to meet specifications, materials listed as hazardous wastes, wastewater treatment sludges 
from the manufacturing and processing of explosives, and spent carbon from the treatment of 
wastewater containing explosives. The area is located in recreational zone EDA. 

The following potential future human receptors were identified in the HHRA for the EWI: 

• Current and Future Hunter/Recreators. The EWI is zoned for hunting of large/small game and 
berry/mushroom picking. Hunters/Recreators could contact surface soil (0 to 2 feet bgs). 

• Current and Future Site Workers. Current site workers could contact surface soil (0 to 2 feet bgs) 
and indoor air (that may be impacted by VOCs migrating from groundwater). Future site workers 
could also contact post‐excavation subsurface soil from depths greater than 2 feet bgs, which is 
brought to the surface and combined with surface soil. Future site workers could also contact 
groundwater based on potential future use as a drinking water source. 

• Current and Future Construction/Utility Workers. Construction/utility workers could contact soil (0‐
10 feet bgs) and shallow groundwater while conducting utility work. 

• Future Hypothetical Residents. Future hypothetical residents could contact surface soil (0 to 2 feet 
bgs), soil (0 to 10 feet bgs), groundwater based on potential future use as a drinking water source, 
and indoor air (that may be impacted by VOCs migrating from groundwater). 

Five inorganics (arsenic, chromium, cobalt, iron, and manganese) were identified as COPCs (site‐related 
COPCs or naturally occurring chemicals) in surface soil. Similarly, seven inorganics (aluminum, arsenic, 
chromium, cobalt, iron, manganese, and vanadium) were identified as COPCs (site‐related COPCs or 
naturally occurring chemicals) in soil. The residential soil RSL for hexavalent chromium was used in the 
COPC screening for total chromium because the surface soil and soil samples collected at the EWI were 
not analyzed for hexavalent chromium. Based on data comparisons with tap water RSLs, no COPCs were 
identified for groundwater. 

The risk characterization for the EWI was completed using a four‐step process, as discussed in Section 
4.3.1. The total combined risks and hazards from site‐related COPCs and naturally occurring chemicals 
are summarized in Table 5.3‐6. ELCRs and HIs calculated for hypothetical future residential exposures to 
COPCs (arsenic and chromium [evaluated as hexavalent]) in surface soil (0 to 2 feet bgs) and soil (0 to 3 
feet bgs) at the EWI were within target limits. Therefore, no COCs were identified in surface soil (0 to 2 
feet bgs), soil (0 to 3 feet bgs), and groundwater, and the EWI qualifies for an NFA decision for these 
media. Because no COCs were identified for a hypothetical residential receptor and their exposures and 
potential health risks and hazards are considered protective of other receptors, soil and groundwater 
risks and hazards were not estimated for future site workers, current and future hunter/recreators, or 
future construction/utility workers. 

5.3.8 Ecological Risk Assessment 
The following sections present the results of Steps 1 and 2 of the SLERA for the EWI. 
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5.3.8.1 Screening Level Problem Formulation (Step 1) 
The screening level problem formulation establishes the goals, scope, and focus of the ERA. As part of 
the problem formulation, the environmental setting of the site is characterized in terms of the habitats 
and biota known to be or likely to be present. An ECEM is developed that shows complete exposure 
pathways. The chemicals that are present in ecologically relevant media are also described based upon 
available analytical data. Receptors for which ecologically significant exposure pathways exist are 
evaluated for impact from chemicals present in the relevant media. 

As discussed in Section 4.3.2, Step 1 of the ERA process is intended to answer two main questions: (1) 
Do complete exposure pathways exist? and (2) Are sufficient data available to conduct the SLERA? If no 
complete exposure pathways exist, the ERA process terminates at Step 1 with a conclusion of negligible 
(acceptable) adverse effects. If one or more complete exposure pathways are known to, or are likely to, 
exist, the ERA process continues to Step 2 but only those pathways that have been determined to be 
critical were evaluated. In order to answer these two questions, the Step 1 results focused on three 
areas: (1) Ecological Setting; (2) ECEM; and (3) Data Usage. 

Ecological Setting 

The EWI was enclosed within Building BG‐199‐1, which measured 28 by 110 feet; the associated, 
adjoining air pollution control system measured 32 by 27 feet (Tetra Tech 2006). The EWI operated from 
November 1981 until June 1997, and only ash containerization was outside the building. The site 
contains approximately 1.4 acres of buildings, pavement/roadway, ditches, and grass, with few trees. 
The habitat is located in the southwest corner of the EDA, and southwest of the FTP. The site is bounded 
to the northwest by fields used for agriculture. 

The site is located in recreational zone EDA. Current land use at the EWI is considered industrial. 
Permanent water bodies do not exist at the EWI. Drainage at the site is routed through east‐flowing 
ditches on the north and south of the access road east of the former Building BG‐199‐1, which then joins 
a south‐flowing ditch approximately 400 feet east of the former Building BG‐199‐1. The south‐flowing 
ditch joins a tributary to Spring Creek approximately 430 feet southeast of the site (Tetra Tech 2011b). 
Adjacent land use to the northwest is leased agriculture tracts. 

Ecological Conceptual Exposure Model 

The ECEM is presented in Figure 5.3‐4 and shows complete exposure pathways. Important components 
of the ECEM are the identification of potential source areas, release mechanisms and transport 
pathways, exposure media, exposure routes, and receptors. Actual or potential exposures of ecological 
receptors are determined by identifying the most likely, and most important, pathways of contaminant 
release and transport. A complete exposure pathway has three components: (1) a source of chemicals 
(stressors) that results in a release to the environment, (2) a pathway of chemical transport through an 
environmental medium, and (3) an exposure or contact point for an ecological receptor. 

The potential source areas within the EWI are presented on Figure 5.3‐1. The source of contamination is 
the EWI and associated cleanouts, including historical incineration of ammunition and the associated 
hazardous waste, wastewater treatment sludge, and spent carbon. 

If no complete exposure pathways exist, the ERA process terminates at Step 1 with a conclusion of 
negligible (acceptable) adverse effects. If one or more complete exposure pathways are known to, or are 
likely to, exist, the ERA process continues to Step 2, but only those pathways that have been determined 
to be critical are evaluated. Based on the available habitat the following exposure pathways are 
potentially complete: 

• Ingestion of biota exposed to surface soil 
• Ingestion of surface soil 
• Dermal contact with surface soil 
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However, dermal contact with surface soil, although a potentially complete pathway, is considered a 
minor exposure; it is only critical to the risk assessment in specialized cases such as burrowing receptors, 
which are not modeled for OU‐11. 

As mentioned in the ecological setting, there are no permanent water bodies at EWI. Thus, wet 
sediment and surface water are incomplete pathways at EWI. Groundwater is generally considered only 
as a transport medium because there are no ecological exposures to groundwater until it discharges to a 
water body or surfaces as a seep. This assumption is consistent with the 2004 BERA (MWH 2004). In this 
ERA, groundwater was not evaluated as a potential transport medium for EWI‐related constituents to a 
seep as there is no significant soil contamination in surface soils. 

Data Used in the SLERA 

The data evaluation step involved gathering and reviewing available EWI data and identifying a dataset 
of acceptable quality for the SLERA. The EWI was included in the Preliminary Assessment and RCRA 
Closure in the late 1990s; no significant soil contamination was observed. The historical data were 
evaluated to determine if they were likely to still be representative of current EWI conditions. 

The analytical data reviewed for use in the SLERA consisted of 47 surface soil samples, including dry 
sediment samples collected from drainage ditches on both sides of the access road into the EWI that 
were treated as soil because the occurrence of surface water in the ditches is ephemeral. Soil analytical 
data included samples collected during field events in August 1991, May 1995, March 1998, and August 
2004. No permanent surface water or wet sediment is present at the EWI. 

Surface soil data were collected to a maximum depth of 2 feet bgs. Based on a review there were 
adequate data to support the SLERA. A description of the soil data grouping and the surface soil samples 
included in the SLERA is provided in Table 5.3‐5. The SLERA and HHRA both used the same surface soil 
data set. The surface soil sampling locations included in the SLERA are depicted in Figure 5.3‐2. 

5.3.8.2 Screening Level Exposure Estimate and Risk Calculation (Step 2) 
Step 2 of the ERA process involves conducting a screening exposure assessment, a screening effects 
assessment, and a screening risk calculation (risk characterization). As discussed in Section 4.3.2, 
exposures in the SLERA are based on the MDC while the potential ecological effects are represented by 
the ESVs. The following section discusses the results of the MDC versus ESV comparison which was used 
to select COPECs. Each COPEC was then subjected to a weight‐of‐evidence evaluation in order to place 
the results into proper context and make one of the following decisions: (1) NFA is warranted, (2) 
further evaluation is warranted, or (3) additional data are required. 

Step 2 Results 

All 0–2 feet soil and dry sediment data were compiled and compared to ESVs. If the MDC exceeded the 
ESV, the chemical was identified as a COPEC. Table 5.3‐7 shows the results of the ecological screening. 

MDCs were screened against ESVs. Two explosives (1,3,5‐trinitrobenzene and RDX), 10 metals (barium, 
cadmium, chromium, copper, lead, manganese, mercury, selenium, vanadium, and zinc), two SVOCs (di‐
n‐butyl phthalate and naphthalene), and one VOC (p‐cymene) had MDCs that exceeded their ESVs. Six 
additional metals (aluminum, calcium, iron, magnesium, potassium, and sodium) and 14 organics (1,3‐
dimethylnaphthalene, 2,10‐dimethylundecane, 2,6,10,14‐tetramethylpentadecane, 2,6‐
dimethylundecane, decane, dodecane, undecane, heptacosane, heptadecane, hexadecane, octacosane, 
pentadecane, 3‐propyltoluene, and tetradecane) lacked quantitative ESVs. These 35 chemicals were 
initially identified as COPECs. One explosive, 5 metals, 11 PAHs, and 2 VOCs were detected at least once 
but were not identified as COPECs. 
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Weight-of-Evidence 

Although the initial results of the COPEC screen resulted in the identification of 35 COPECs, this first 
screen is an intentionally conservative analysis and COPECs may not be COECs. A weight‐of‐evidence 
approach examined additional factors to determine if the 35 COPECs should be retained as COECs. The 
considerations that support NFA for the EWI are discussed below: 

COPECs Infrequently Detected 

The five organic COPECs that exceeded their respective ESVs (1,3,5‐trinitrobenzene, RDX, naphthalene, 
di‐n‐butyl phthalate, and p‐cymene) had low frequencies of detection (1 of 47, 1 of 47, 2 of 15, 1 of 15, 
and 1 of 11 samples, respectively). All but p‐cymene had low magnitudes of exceedance (screening HQs 
[MDC/ESV] ranging from 1.8 to 3.6), and three of the five organics had mean concentrations less than 
the ESV. 

Organic COPECs with No ESV 

Fourteen TICs were reported in one soil sample collected in 1995. Most of these TICs are straight‐chain 
alkanes and none have ESVs available. Both the identity and the reported concentration of TICs is 
considered an estimate. Further analytical evaluation to confirm the identify of TICs may be warranted if 
a site is uncharacterized and there is a reasonable probability of contamination with unconventional 
pollutants. There is no known source of these TICs at the EWI and the site has been well characterized to 
identify any potentially site‐related contamination. The 14 TICs with no ESVs were retained for 
conservatism; each was only analyzed in one sample. COPECs with no ESV are considered uncertainties 
in the risk assessment; the lack of sampling and toxicological data demonstrates that these chemicals 
historically have not been identified as significant risk drivers, and it is unlikely these chemicals pose an 
ecological hazard. Thus, these 14 TICs are unlikely to be harmful to populations of ecological receptors. 

Essential Nutrients 

The four metals that lacked ESVs were retained as COPECs after the initial screen for conservatism and 
would normally be considered an uncertainty in the risk assessment. However, all four of these metals 
(calcium, magnesium, potassium, and sodium) are considered essential nutrients and therefore not of 
ecological concern. 

COPECs with MDCs below Typical Concentrations in Soils 

Two metals (aluminum and iron) have narrative ESVs and were retained as COPECs after the initial 
screen. Potential ecological risks associated with aluminum and iron are identified based on the 
measured soil pH. Aluminum and iron are identified as COPECs only at sites where the soil pH is less 
than 5.5 or 5.0, respectively. Although the soil pH was not measured at the EWI, the soil pH at Load Line 
6 (approximately 1 mile west of the EWI) ranged from 7 to 7.5, suggesting that the soils at the IAAAP are 
not acidic. Additionally, concentrations of aluminum and iron at the EWI are within the typical range of 
these metals in soils. Aluminum was detected in the soil at EWI ranging from 1,160 to 5,980 mg/kg. The 
typical concentrations of aluminum in soils ranges from 10,000 to 300,000 mg/kg (Lindsay 1979; Dragun 
1988) with naturally occurring concentrations varying over several orders of magnitude (USEPA 2003c). 
Iron was detected in the soil at EWI ranging from 3,360 to 8,230 mg/kg. The typical concentrations of 
iron in soils ranges from 20,000 to 550,000 mg/kg (Bodek et al. 1988), and concentrations can vary 
significantly even within localized areas (USEPA 2003d). As the concentrations of aluminum and iron at 
the EWI are on the lower end of the range of concentrations naturally occurring, the site concentrations 
are likely naturally occurring and unlikely to be harmful to populations of ecological receptors. 

COPEC with MDC below 95th Percentile of Reported Background Concentrations of Eastern and 
Western U.S. Soils 

One COPEC (manganese) had an MDC (707 mg/kg) above the ESV (220 mg/kg). The MDC was below the 
95th percentile of reported background concentrations for the eastern and western U.S. soils (800 and 
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1,100 mg/kg, respectively) presented in the Eco‐SSLs (USEPA 2007d). Site concentrations ranged from 
506 to 707 mg/kg. The site concentrations were within the ranges of the Eco‐SSL reported background 
concentrations from the eastern and western U.S. soils of 5 to 1,650 mg/kg and 300 to 1,250 mg/kg, 
respectively. As the MDC at the EWI is less than the 95th percentile and within reported background 
concentrations for the eastern and western U.S. soils, site concentrations are unlikely to be harmful to 
populations of ecological receptors. 

COPECs Detected Infrequently Above ESVs 

Two COPECs (barium and chromium) were detected very infrequently above their respective ESVs (2 and 
3 of 47 samples) and had average results and EPCs below their ESVs (Table 5.3‐8), indicating 
concentrations of barium and chromium are unlikely to be harmful to populations of ecological 
receptors. 

COPECs with Average Results below ESVs 

Two COPECs (copper and vanadium) had average results below their ESVs (Table 5.3‐8), indicating 
concentrations are unlikely to be harmful to populations of ecological receptors. In addition, copper 
exceeded the ESV in only one of six samples. 

COPECs with Average Results below 95th Percentile of Reported Background Concentrations of 
Eastern and Western U.S. Soils 

Two COPECs (lead and zinc) had average results (15 and 55 mg/kg, respectively) just slightly above the 
ESVs (11 and 46 mg/kg). These average concentrations were below the 95th percentile of reported 
background concentrations for the eastern and western U.S. soils (38 and 32 mg/kg, respectively, for 
lead, and 72 and 110 mg/kg, respectively, for zinc) presented in the Eco‐SSLs (USEPA 2007c). Site 
concentrations ranged from 1.3 to 44 mg/kg for lead and from 11 to 98 mg/kg for zinc. The site 
concentrations of lead were similar to the Eco‐SSL reported background concentrations from the 
eastern and western U.S. soils of 5 to 115 mg/kg and 10 to 36 mg/kg. Likewise, the site concentrations 
of zinc within the Eco‐SSL reported background concentrations from the eastern and western U.S. soils 
of 5 to 220 mg/kg and 30 to 150 mg/kg. As average concentrations at the EWI are less than the 95th 
percentile for reported background concentrations for the eastern and western U.S. soils and site 
concentrations were similar to or within the ranges of reported background concentrations for the 
eastern and western U.S. soils, site concentrations are unlikely to be harmful to populations of 
ecological receptors. 

COPECs with Average Results above ESVs with Elevated Concentrations Limited to Perimeter of 
Parking Lot 

Cadmium, mercury, and selenium had MDCs, EPCs, and average results that exceeded their Region 4 
ESVs (Table 5.3‐8). When considering the EWI background values (Table 5.3‐7), the mean and EPC for 
both cadmium and selenium are below their respective EWI background values (2.9 and 6.8 mg/kg). The 
mean for mercury is equal to the EWI background value (0.05 mg/kg). 

All of the cadmium and selenium exceedances were collected in 1998 in the areas closest to the 
incinerator (e.g., around the parking lot) after operation was discontinued in June 1997. In 2004, 
additional samples were collected in areas beyond the 1998 sampling. Three soil multipoint incremental 
samples were collected (each comprising 30 aliquots): one 123 feet northwest from the center of 
Building BG‐199‐1 (EWI‐SSI‐001‐0001‐SO), one 97 feet south from the center of BG‐199‐1(EWI‐SSI‐003‐
0001‐SO), and one to the east of the parking lot in an area near a number of previous samples (EWI‐SSI‐
002‐0001‐SO). All three of these samples were nondetect for cadmium and selenium. Drainage at the 
site is routed through eastward‐flowing ditches on the north and south of the access road east of 
Building BG‐199‐1 (Figure 5.3‐1). Seven sediment samples (EWI‐SD‐001‐0001‐SD, EWI‐SD‐002‐0001‐SD, 
EWI‐SD‐003‐0001‐SD, EWI‐SD‐004‐0001‐SD, EWI‐SD‐005‐0001‐SD, EWI‐SD‐006‐0001‐SD, and EWI‐SD‐
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007‐0001‐SD) were collected from the two ditches up to 441 feet away from the center of BG‐199‐1 (the 
two farthest samples, EWI‐SD‐003‐0001‐SD and EWI‐SD‐007‐0001‐SD, are 365 and 441 feet away, 
respectively). Despite usually being dry, these ditches effectively serve as collection points for migration 
in the general area and would be expected to exhibit elevated concentrations of cadmium and selenium 
if deposition beyond the parking lot had occurred. Selenium was nondetect in all seven samples and 
cadmium was detected in two of seven samples with an MDC of 0.16 mg/kg, which is below both the 
ESV (0.36 mg/kg). As a result, elevated cadmium and selenium appear limited to the perimeter of the 
parking lot, and overall ecological impacts would be limited. 

While mercury was detected in 34 of 47 samples, only 7 samples were detected at or above 0.08 mg/kg 
(ranging from 0.08 to 0.35 mg/kg). The remaining detections were at 0.05 mg/kg (equal to the EWI 
background value) or below. The highest mercury concentrations (those above 0.08 mg/kg) were 
collected in 1991, 1995, and 1998 in the areas closest to the incinerator (e.g., around the parking lot). In 
2004, the three soil multipoint incremental samples had reduced mercury concentrations ranging from 
0.01 to 0.03 mg/kg. As noted in the previous paragraph, drainage at the site is routed through eastward‐
flowing ditches north and south of the access road east of Building BG‐199‐1 (Figure 5.3‐1). Mercury was 
nondetect in two of the seven sediment samples and ranged from 0.01 to 0.04 mg/kg in the other five 
sediment samples. Despite usually being dry, these ditches effectively serve as collection points for 
migration in the general area and would be expected to exhibit elevated concentrations of mercury if 
deposition beyond the parking lot had occurred. As a result, elevated mercury appears limited to the 
perimeter of the parking lot, and overall ecological impacts would be limited. 

Land Use Only Supports Limited Ecological Use 

The EWI was contained within a building surrounded by pavement and grasses with few trees; there is 
little habitat. With limited trees and shrubs for cover surrounding the former building and pavement as 
the primary habitat, there would be limited attraction for most ecological receptors. 

Exposure of Ecological Receptors to Elevated Concentrations is Limited Spatially Due to the Size of the 
Site 

The potentially contaminated area associated with the EWI (approximately 540 feet in length along the 
south of the road and 240 feet in length along the north of the building) is small (assumed to be 
approximately 1 acre of habitat surrounding the building and roadways). As a result, unacceptable 
ecological hazards are unlikely as limited ecological receptors would be exposed to potential 
contaminants at EWI. 

Exposure of Ecological Receptors to Elevated Concentrations is Limited Spatially 

The five organic COPECs with ESVs (1,3,5‐TNB, RDX, naphthalene, di‐n‐butylphthalate, and p‐cymene) 
only exceeded ESVs in a single location each. The metals barium, chromium, and copper exceeded their 
ESVs infrequently, in two, three, and one locations each. Average site concentrations of the metals 
aluminum, iron, manganese, lead and zinc were less than typical concentrations in soils or within the 
reported background concentrations in the eastern and western U.S. soils presented in the Eco‐SSLs. 
Three metals exceeded ESVs in multiple locations: cadmium, selenium, and mercury. For cadmium and 
selenium the exceedances of ESVs and the EWI background values are limited to the perimeter of the 
parking lot. The highest mercury concentrations are also limited to the perimeter of the parking lot. As a 
result, unacceptable ecological hazards are unlikely as ecological receptor exposure to potential 
contaminants at EWI would be limited. 

Ecological Significance 

Chemical releases at a site may not elicit important environmental responses and may represent 
responses that are inconsequential to the ecosystem in which the site resides; in other words, past, 
current, or projected site‐related effects at a site may not have any ecological significance. At sites that 
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are small that lack important ecological resources (e.g., vernal pools or nesting/roosting areas for 
endangered species that are critical support areas regardless of the extent of habitat for wildlife) like the 
limited extent of habitat at the EWI, chemical releases are inconsequential to the ecosystem as the site 
can only support limited individuals of a population; the presence or absence of which do not have an 
impact on the ecosystem. 

Weight-of-Evidence Summary 

In summary, none of the 35 COPECs initially identified in the ecological risk screening are likely to be 
harmful to populations of ecological receptors. As a result, no further evaluation of these COPECs is 
warranted. 

Uncertainty 

The assumptions used in the SLERA have inherent uncertainty. The general uncertainties associated with 
the SLERA for the Boxcar Unloading Area are provided in Section 4.3.2. This section provides additional 
site‐specific uncertainties associated with the SLERA for BCU that are not included in Section 4.3.2. 

If a constituent is not detected with current analytical methods, it is unlikely that it would pose a 
significant hazard to receptor populations. However, there is some uncertainty involved in excluding the 
chemicals for which the RL is greater than the ESV. Chemicals that were 100 percent nondetected in an 
exposure medium were not included in the COPEC identification process; however, they were evaluated 
in a separate screening to determine if elevated nondetected results were present in surface soil. An 
evaluation of all 178 nondetected chemicals is shown in Table 5.3‐9, including number of samples and a 
comparison of reporting limits to ESVs. Approximately 46 percent (81 of 178) of the nondetected 
chemicals have one or more reporting limits greater than the ESV. Approximately 21 percent (38 of 178) 
of the nondetected chemicals have all reporting limits greater than the ESV. Ninety‐six of the 178 
nondetected chemicals (approximately 54 percent) have reporting limits that are all less than the ESVs. 
The ESVs are generally conservative, but some uncertainty lies in the fact there could be cases where a 
chemical is present at levels that may be harmful to ecological receptors, but the chemical is not 
detected. 

Although several of the screening level comparisons had HQs in excess of unity (1.0), it is important to 
note that such HQs do not provide indication that receptors are at risk (USEPA 1989, Tannenbaum 
2005a). HQs above 1.0 also do not guarantee that there is even one individual at the site that displays 
the toxicological endpoint evaluated. Since HQs above 1.0 do not demonstrate a problem at a site, the 
HQs cannot trigger the development of remediation goals or considerations of cleaning up a site 
intended to benefit site ecological receptors. 

It is also important to note that computationally, the HQ expresses the ratio of a receptor’s estimated 
intake of a given chemical to an assumed safe dose of that chemical, and that commonly, estimated HQs 
are of untenable magnitude. A computed HQ of 20, by way of example, suggests that the receptor is 
consuming a chemical with toxic properties, each day, at a rate of 20 multiples of the safe 
dose. Realistically, no site receptor could survive such an ongoing (chemical) dietary exposure. Where 
sites of interest, such as the EWI site at IAAAP, are not observed to be devoid of animal life, it is clear 
that the HQ estimation was inaccurate. 

Recommendation for Scientific Management Decision Point 1 

Based on the weight of evidence, NFA is required for EWI from an ecological perspective. While there 
were exceedances of ESVs, potential ecological hazards are not unacceptable as the exceedances are 
unlikely to affect populations of ecological receptors given the small size of the site. No COPECs need to 
be carried forward into Step 3. 
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5.3.9 Conclusions and Recommendations 
An RI was conducted at the EWI to define the nature and extent of contamination in soil and 
groundwater from historical activities and assess for potentially unacceptable risk to human health and 
the environment. Based on the results of the HHRA, no potentially unacceptable noncarcinogenic 
hazards or carcinogenic risks were identified from exposure to site‐related chemicals in soil and 
groundwater. Based on the results of the SLERA, potential ecological hazards are not unacceptable as 
the exceedances are unlikely to affect populations of ecological receptors given the small size of the site. 
Therefore, NFA is warranted for the EWI. 

It is recommended that sites IAAP‐025/025G be transferred to a new OU (OU‐11) and NFA be presented 
as the preferred remedy in a Proposed Plan. 
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Table 5.3‐1. Previous Investigations and Remedial Actions—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Preliminary Site 
Characterization Report 
for Explosive Waste 
Incinerator (R17) 
(JAYCOR 1993c) 

1991  During the 1991 SI, surface and subsurface soil samples were collected 
southwest of the EWI (25SS0101) and east of the EWI (25SS0201); and a 
sediment sample (25SD0301) was collected east of the EWI (Figure 7‐2). 
No explosives, pesticides, PAHs, PCBs, or SVOCs were detected. Low 
levels of metals were reported in the samples collected during the SI and 
a volatile compound (1,1,2,2‐tetrachloroethane) was reported at 0.26 
mg/kg in sample 25SS0201. 

No significant contaminant release had occurred in 
association with the EWI. 

Revised Draft Final 
Remedial 
Investigation/Risk 
Assessment, Iowa Army 
Ammunition Plant, 
Middletown, Iowa 
(JAYCOR 1996) 

1995  Soil samples were collected at the location of the SI sample (25SS0201) 
and at two locations southwest of the EWI. These samples were collected 
at depths ranging from 0.5 to 3 feet and analyzed for explosives, metals, 
pesticides, PCBs, SVOCs, and VOCs. Sample location R17SS601 was 
collected 4 feet south of the center of the south side of the 500‐gallon 
sump. Sample location R17SS602 was collected 2 feet south of the center 
of the south face of the 1000‐gallon sump (JAYCOR 1996). Toluene was 
reported at 0.0035 mg/kg in R17SS0101. 1,3,5‐Trinitrobenzene, RDX and 
HMX were detected in one sample, R17SS0101 at 1.06 mg/kg, 7.07 
mg/kg, and 4.8 mg/kg, respectively. None of the samples reported metals 
concentrations greater than 100 mg/kg (JAYCOR, 1996). No SVOC, 
pesticide, or PCB constituents were detected in the RI samples. 

No significant contaminant release had occurred in 
association with the EWI. 

RCRA Closure Report, 
Explosive Waste 
Incinerator, Iowa Army 
Ammunition Plant (PDC 
1998) 

1998  Prior to the RCRA closure activities, 31 surface and subsurface soil 
samples were collected from 19 locations (EWI‐S1 through EWI‐S19) 
around the building and deluge sumps, and four background samples 
were collected from three locations north of the building (EWI‐BGS‐1, 
EWI‐BGS‐2a, and EWI‐BGS‐2b). Samples were collected from the surface 
and 2 feet bgs by hand auger and were analyzed for metals and 
explosives. 

The surface soil and subsurface soil samples collected did 
not indicate the presence of contamination. USACE 
concluded that the closure was complete as detailed in the 
Closure Plan (USEPA 1998b). 

Soil Data Collection 
(MKM 2005a) 

2004  Soil samples were collected surrounding the paved area around Building 
BG‐199‐1. Three multi‐point incremental (MPI) surface soil samples (EWI‐
SSI‐001 through EWI‐SSI‐003) were collected and comprised of 30 
aliquots acquired from 0 to 1 feet bgs. Seven additional shallow soil/dry 
sediment samples (EWI‐SD‐001 through EWI‐SD‐007) were collected from 
the grassy ditches east of the EWI Samples were analyzed for VOCs, 
SVOCs, explosives, and Target Analyte List (TAL) metals.  

Arsenic was the only metal detected above the screening 
criteria (Region 9 PRG for industrial soil: 1.6 mg/Kg) in the 3 
MPI surface soil samples and the 7 soil/sediment samples 
with a maximum concentration of 10 mg/kg reported. 
However, the arsenic concentrations were below the IAAAP 
OU 1 Soil remediation goal of 30 mg/kg. No VOCs, SVOCS, or 
explosives were detected. 
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Table 5.3‐1. Previous Investigations and Remedial Actions—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Groundwater Remedial 
Alternatives Assessment 
(RAA) /Periodic 
Monitoring 

2003 ‐
2010 

At the FTP, one shallow groundwater monitoring well (FTP‐MW7) and 
one deep groundwater (bedrock) monitoring well (FTP‐ MW8) were 
installed southeast and downgradient of the EWI. Samples were analyzed 
for explosives, metals, and VOCs (Tetra Tech 2011b). Shallow well FTP‐
MW7 was also sampled in 2007 and 2010 for VOCs, which are the 
primary chemicals of concern (COCs) at the FTP, with lower detection 
limits.  

One explosive (RDX) was detected at an estimated value 
(“J”) of 0.35 µg/l at monitoring well FTP‐MW7. No other 
explosives and no VOCs were detected in the 2003 
samples. Freon‐113 was detected in the FTP‐MW7 well in 
both 2007 and 2010 at concentrations of 1.8 and 1.7 µg/l, 
respectively. No other VOCs were detected in the 2007 and 
2010 samples from monitoring well FTP‐MW7. 

Comprehensive 
Watersheds Evaluation 
and Supplemental Data 
Collection Work Plan 
(Tetra Tech 2006) 

2006  No samples collected.  The CWWP concluded that no further investigation was 
required at the site because it was adequately characterized. 
Groundwater was not likely impacted because soil 
contamination was minimal. 
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                                             
  

 
    Sample ID  25SS0101     25SS0201     25SD0301     R17SS0101     R17SS601     R17SS601‐FD     R17SA601     R17SS602     R17SS602‐FD     R17SA602    

  
 

    Sample Date  8/14/1991     8/14/1991     8/14/1991     5/8/1995     5/8/1995     5/8/1995     5/8/1995     5/8/1995     5/8/1995     5/8/1995    

  

 

   
Sample 

Depth (feet)  (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.33 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (3 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (3 feet)    

Test Group  CAS  Analyte  Units 
Project 

Action Limit                                         
EXPLOSIVES  99‐35‐4  1,3,5‐Trinitrobenzene  mg/kg  0.376  2.09  U  2.09  U  2.09  U  1.06     0.48  U  0.48  U  0.48  U  0.48  U  0.48  U  0.48  U 
EXPLOSIVES  2691‐41‐0  HMX  mg/kg  3900  1.27  U  1.27  U  1.27  U  4.8     0.66  U  0.66  U  0.66  U  0.66  U  0.66  U  0.66  U 
EXPLOSIVES  121‐82‐4  RDX  mg/kg  6.1  0.98  U  0.98  U  0.98  U  7.07     0.58  U  0.58  U  0.58  U  0.58  U  0.58  U  0.58  U 
METALS  7429‐90‐5  Aluminum  mg/kg  20917  —     —     —     5980     1700     1610     12700     1160     907     1180    
METALS  7440‐38‐2  Arsenic  mg/kg  15.37  6.06     4.98     3.31     3.3     1.07     1.23     9.33     1.93     2.99     0.49    
METALS  7440‐39‐3  Barium  mg/kg  368.4  161     161     149     192     7.11     8.58     202     7.37     6.62     9.15    
METALS  7440‐41‐7  Beryllium  mg/kg  1.69  0.69     0.99     0.99     0.5  U  0.5  U  0.5  U  0.5  U  0.5  U  0.5  U  0.5  U 
METALS  7440‐42‐8  Boron  mg/kg     —     —     —     —     —     —     —     —     —     —    
METALS  7440‐43‐9  Cadmium  mg/kg  0.97  1.2  U  1.2  U  1.2  U  0.7  U  0.7  U  0.7  U  0.7  U  0.7  U  0.7  U  0.7  U 
METALS  7440‐70‐2  Calcium  mg/kg  —  —     —     —     160000     290000     270000     4320     180000     220000     4900    
METALS  7440‐47‐3  Chromium  mg/kg  35.23  29.4     21.3     31.3     15.6     4.05  U  4.05  U  19.1     4.05  U  4.05  U  4.05  U 
METALS  7440‐48‐4  Cobalt  mg/kg  26.4  —     —     —     3.88     2.06     2.83     7.11     1.42  U  1.42  U  2.75    
METALS  7440‐50‐8  Copper  mg/kg  2445  18.6     27.2     11.8     36     3.64     5.51     15.6     2.99     4     4.05    
METALS  7439‐89‐6  Iron  mg/kg  36496  —     —     —     7990     3360     3880     19200     5380     8230     4600    
METALS  7439‐92‐1  Lead  mg/kg  1210  21     24     19     27     2.26  N  2.53  N  20.4     1.98  N  3.8  N  9.11  N 
METALS  7439‐95‐4  Magnesium  mg/kg  —  —     —     —     2330     2140     2280     3170     10900     23100     1530    
METALS  7439‐96‐5  Manganese  mg/kg  1933  —     —     —     506     707     684     306     427     628     87.9    
METALS  7439‐97‐6  Mercury  mg/kg  0.14  0.05  U  0.23     0.05  U  0.19     0.05  U  0.05  U  0.05  U  0.05  U  0.05  U  0.05  U 
METALS  7440‐02‐0  Nickel  mg/kg  78.99  18.3     16.8     24.2     11.8     8.6     11.4     16.5     5.95     5.98     7.12    
METALS  7440‐09‐7  Potassium  mg/kg  —  —     —     —     433     701     651     1170     452     361     166    
METALS  7782‐49‐2  Selenium  mg/kg  0.71  0.44  U  0.44  U  0.44  U  0.25  U  0.25  U  0.25  U  0.25  U  0.25  U  0.25  U  0.25  U 
METALS  7440‐23‐5  Sodium  mg/kg  —  —     —     —     376     422     539     391     417     476     321    
METALS  7440‐62‐2  Vanadium  mg/kg  53.84  —     —     —     13.8     3.39  U  3.39  U  40     5.5     4.95     9.4    
METALS  7440‐66‐6  Zinc  mg/kg  1670  98     89.1     49.3     68     8.03  U  11.8     57.8     9.8     11     8.03  U 
ORGANICS  575‐41‐7  1,3‐Dimethylnaphthalene  mg/kg  —  —     —     —     —     —     —     —     —     0.42     —    
ORGANICS  AEC190  2,10‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —     0.32     0.52     —    

ORGANICS  1921‐70‐6  2,6,10,14‐
Tetramethylpentadecane  mg/kg  —  —    —    —    —    —    —    —    0.32    0.63    —   

ORGANICS  AEC233  2,6‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —     0.63     1     —    
ORGANICS  124‐18‐5  Decane  mg/kg  —  —     —     —     —     —     —     —     —     6.3     —    
ORGANICS  112‐40‐3  Dodecane  mg/kg  —  —     —     —     —     —     —     —     1.1     2.1     —    
ORGANICS  1120‐21‐4  Hendecane / Undecane  mg/kg  —  —     —     —     —     —     —     —     0.63     42     —    
ORGANICS  593‐49‐7  Heptacosane  mg/kg  —  —     —     —     —     —     —     —     —     0.31     —    
ORGANICS  629‐78‐7  Heptadecane  mg/kg  —  —     —     —     —     —     —     —     0.42     0.84     —    
ORGANICS  544‐76‐3  Hexadecane  mg/kg  —  —     —     —     —     —     —     —     0.95     2.1     —    
ORGANICS  AEC499  Octacosane  mg/kg  —  —     —     —     —     —     —     —     —     0.42     —    
ORGANICS  629‐62‐9  Pentadecane  mg/kg  —  —     —     —     —     —     —     —     2.1     3.1     —    
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                                                   
  

 
    Sample ID  EWI‐S‐1     EWI‐S‐2A     EWI‐S‐2B     EWI‐S‐3     EWI‐S‐4A     EWI‐S‐4B     EWI‐S‐5     EWI‐S‐6A     EWI‐S‐6B     EWI‐S‐7     EWI‐S‐8A    

  
 

    Sample Date  3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998    

  

 

   
Sample 

Depth (feet)  (0‐1 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (0‐1 feet)    

Test Group  CAS  Analyte  Units 
Project 

Action Limit                                             
EXPLOSIVES  99‐35‐4  1,3,5‐Trinitrobenzene  mg/kg  0.376  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
EXPLOSIVES  2691‐41‐0  HMX  mg/kg  3900  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
EXPLOSIVES  121‐82‐4  RDX  mg/kg  6.1  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
METALS  7429‐90‐5  Aluminum  mg/kg  20917  —     —     —     —     —     —     —     —     —     —     —    
METALS  7440‐38‐2  Arsenic  mg/kg  15.37  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
METALS  7440‐39‐3  Barium  mg/kg  368.4  98     47     52     68     71     130     34     110     64     27     53    
METALS  7440‐41‐7  Beryllium  mg/kg  1.69  —     —     —     —     —     —     —     —     —     —     —    
METALS  7440‐42‐8  Boron  mg/kg     —     —     —     —     —     —     —     —     —     —     —    
METALS  7440‐43‐9  Cadmium  mg/kg  0.97  1.7     1.2     0.97     1.4     1.7     1.6     1.7     1.4     1.8     1.2     1.4    
METALS  7440‐70‐2  Calcium  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
METALS  7440‐47‐3  Chromium  mg/kg  35.23  12     8.6     7.2     11     12     15     10     9.4     6     4.4     7    
METALS  7440‐48‐4  Cobalt  mg/kg  26.4  —     —     —     —     —     —     —     —     —     —     —    
METALS  7440‐50‐8  Copper  mg/kg  2445  —     —     —     —     —     —     —     —     —     —     —    
METALS  7439‐89‐6  Iron  mg/kg  36496  —     —     —     —     —     —     —     —     —     —     —    
METALS  7439‐92‐1  Lead  mg/kg  1210  16     8.5     9.2     12     16     18     16     17     15     6.2     9.5    
METALS  7439‐95‐4  Magnesium  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
METALS  7439‐96‐5  Manganese  mg/kg  1933  —     —     —     —     —     —     —     —     —     —     —    
METALS  7439‐97‐6  Mercury  mg/kg  0.14  0.02     0.03     0.02  U  0.08     0.35     0.05     0.24     0.04     0.03     0.03     0.03    
METALS  7440‐02‐0  Nickel  mg/kg  78.99  —     —     —     —     —     —     —     —     —     —     —    
METALS  7440‐09‐7  Potassium  mg/kg  —  —     —     —     —     —     —     —     —        —     —    
METALS  7782‐49‐2  Selenium  mg/kg  0.71  8.1     18     5  U  13     8.7     11     7.7     12     11     5  U  12    
METALS  7440‐23‐5  Sodium  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
METALS  7440‐62‐2  Vanadium  mg/kg  53.84  —     —     —     —     —     —     —     —     —     —     —    
METALS  7440‐66‐6  Zinc  mg/kg  1670  —     —     —     —     —     —     —     —     —     —     —    
ORGANICS  575‐41‐7  1,3‐Dimethylnaphthalene  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
ORGANICS  AEC190  2,10‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    

ORGANICS  1921‐70‐6  2,6,10,14‐
Tetramethylpentadecane  mg/kg  —  —    —    —    —    —    —    —    —    —    —    —   

ORGANICS  AEC233  2,6‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
ORGANICS  124‐18‐5  Decane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
ORGANICS  112‐40‐3  Dodecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
ORGANICS  1120‐21‐4  Hendecane / Undecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
ORGANICS  593‐49‐7  Heptacosane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
ORGANICS  629‐78‐7  Heptadecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
ORGANICS  544‐76‐3  Hexadecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
ORGANICS  AEC499  Octacosane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
ORGANICS  629‐62‐9  Pentadecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                                             
  

 
    Sample ID  EWI‐S‐8B     EWI‐S‐9     EWI‐S‐9‐FD     EWI‐S‐10A     EWI‐S‐10B     EWI‐S‐11     EWI‐S‐12A     EWI‐S‐12B     EWI‐S‐13     EWI‐S‐14A    

  
 

    Sample Date  3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998    

  

 

   
Sample Depth 

(feet)  (1‐2 feet)     (0‐1 feet)     (0‐1 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (0‐1 feet)    

Test Group  CAS  Analyte  Units 
Project 

Action Limit                                         
EXPLOSIVES  99‐35‐4  1,3,5‐Trinitrobenzene  mg/kg  0.376  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
EXPLOSIVES  2691‐41‐0  HMX  mg/kg  3900  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
EXPLOSIVES  121‐82‐4  RDX  mg/kg  6.1  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
METALS  7429‐90‐5  Aluminum  mg/kg  20917  —     —     —     —     —     —     —     —     —     —    
METALS  7440‐38‐2  Arsenic  mg/kg  15.37  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
METALS  7440‐39‐3  Barium  mg/kg  368.4  160     110     130     41     150     63     510     95     210     130    
METALS  7440‐41‐7  Beryllium  mg/kg  1.69  —     —     —     —     —     —     —     —     —     —    
METALS  7440‐42‐8  Boron  mg/kg     —     —     —     —     —     —     —     —     —     —    
METALS  7440‐43‐9  Cadmium  mg/kg  0.97  3     2.2     2.7     1.1     3.2     1.3     2.2     1.5     3.7     2.2    
METALS  7440‐70‐2  Calcium  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
METALS  7440‐47‐3  Chromium  mg/kg  35.23  17     13     18     5.1     15     9.4     14     9.3     16     16    
METALS  7440‐48‐4  Cobalt  mg/kg  26.4  —     —     —     —     —     —     —     —     —     —    
METALS  7440‐50‐8  Copper  mg/kg  2445  —     —     —     —     —     —     —     —     —     —    
METALS  7439‐89‐6  Iron  mg/kg  36496  —     —     —     —     —     —     —     —     —     —    
METALS  7439‐92‐1  Lead  mg/kg  1210  20     26     44     12     19     10     29     15     40     23    
METALS  7439‐95‐4  Magnesium  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
METALS  7439‐96‐5  Manganese  mg/kg  1933  —     —     —     —     —     —     —     —     —     —    
METALS  7439‐97‐6  Mercury  mg/kg  0.14  0.03     0.25     0.17     0.03     0.02  U  0.03     0.1     0.04     0.05     0.05    
METALS  7440‐02‐0  Nickel  mg/kg  78.99  —     —     —     —     —     —     —     —     —     —    
METALS  7440‐09‐7  Potassium  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
METALS  7782‐49‐2  Selenium  mg/kg  0.71  15     16     10     8.4     9.5     7.6     9.8     6.8     5  U  5  U 
METALS  7440‐23‐5  Sodium  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
METALS  7440‐62‐2  Vanadium  mg/kg  53.84  —     —     —     —     —     —     —     —     —     —    
METALS  7440‐66‐6  Zinc  mg/kg  1670  —     —     —     —     —     —     —     —     —     —    
ORGANICS  575‐41‐7  1,3‐Dimethylnaphthalene  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
ORGANICS  AEC190  2,10‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    

ORGANICS  1921‐70‐6  2,6,10,14‐
Tetramethylpentadecane  mg/kg  —  —    —    —    —    —    —    —    —    —    —   

ORGANICS  AEC233  2,6‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
ORGANICS  124‐18‐5  Decane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
ORGANICS  112‐40‐3  Dodecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
ORGANICS  1120‐21‐4  Hendecane / Undecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
ORGANICS  593‐49‐7  Heptacosane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
ORGANICS  629‐78‐7  Heptadecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
ORGANICS  544‐76‐3  Hexadecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
ORGANICS  AEC499  Octacosane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
ORGANICS  629‐62‐9  Pentadecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                                       
  

 
    Sample ID  EWI‐S‐14B     EWI‐S‐14B‐FD     EWI‐S‐15A     EWI‐S‐15B     EWI‐S‐16A     EWI‐S‐16B     EWI‐S‐17A     EWI‐S‐17B     EWI‐S‐18A    

  
 

    Sample Date  3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998    

  

 

   
Sample Depth 

(feet)  (1‐2 feet)     (1‐2 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)    

Test Group  CAS  Analyte  Units 
Project Action 

Limit                                     
EXPLOSIVES  99‐35‐4  1,3,5‐Trinitrobenzene  mg/kg  0.376  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
EXPLOSIVES  2691‐41‐0  HMX  mg/kg  3900  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
EXPLOSIVES  121‐82‐4  RDX  mg/kg  6.1  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
METALS  7429‐90‐5  Aluminum  mg/kg  20917  —     —     —     —     —     —     —     —     —    
METALS  7440‐38‐2  Arsenic  mg/kg  15.37  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U  5  U 
METALS  7440‐39‐3  Barium  mg/kg  368.4  150     150     9.9     8.9     36     88     10     10     4.2    
METALS  7440‐41‐7  Beryllium  mg/kg  1.69  —     —     —     —     —     —     —     —     —    
METALS  7440‐42‐8  Boron  mg/kg     —     —     —     —     —     —     —     —     —    
METALS  7440‐43‐9  Cadmium  mg/kg  0.97  1.6     2     1.3     0.5     1.6     1.5     1.3     0.73     1.6    
METALS  7440‐70‐2  Calcium  mg/kg  —  —     —     —     —     —     —     —     —     —    
METALS  7440‐47‐3  Chromium  mg/kg  35.23  13     17     2.4     3.2     7.5     13     5.2     4.5     2.1    
METALS  7440‐48‐4  Cobalt  mg/kg  26.4  —     —     —     —     —     —     —     —     —    
METALS  7440‐50‐8  Copper  mg/kg  2445  —     —     —     —     —     —     —     —     —    
METALS  7439‐89‐6  Iron  mg/kg  36496  —     —     —     —     —     —     —     —     —    
METALS  7439‐92‐1  Lead  mg/kg  1210  20     21     1.3     3.7     8.3     21     4.9     3.4     1.2    
METALS  7439‐95‐4  Magnesium  mg/kg  —  —     —     —     —     —     —     —     —     —    
METALS  7439‐96‐5  Manganese  mg/kg  1933  —     —     —     —     —     —     —     —     —    
METALS  7439‐97‐6  Mercury  mg/kg  0.14  0.03     0.03     0.02     0.02  U  0.03     0.03     0.04     0.02  U  0.02  U 
METALS  7440‐02‐0  Nickel  mg/kg  78.99  —     —     —     —     —     —     —     —     —    
METALS  7440‐09‐7  Potassium  mg/kg  —  —     —     —     —     —     —     —     —     —    
METALS  7782‐49‐2  Selenium  mg/kg  0.71  5  U  5  U  5  U  5  U  5  U  5  U  5.9     5  U  5  U 
METALS  7440‐23‐5  Sodium  mg/kg  —  —     —     —     —     —     —     —     —     —    
METALS  7440‐62‐2  Vanadium  mg/kg  53.84  —     —     —     —     —     —     —     —     —    
METALS  7440‐66‐6  Zinc  mg/kg  1670  —     —     —     —     —     —     —     —     —    
ORGANICS  575‐41‐7  1,3‐Dimethylnaphthalene  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  AEC190  2,10‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —     —     —    

ORGANICS  1921‐70‐6  2,6,10,14‐
Tetramethylpentadecane  mg/kg  —  —    —    —    —    —    —    —    —    —   

ORGANICS  AEC233  2,6‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  124‐18‐5  Decane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  112‐40‐3  Dodecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  1120‐21‐4  Hendecane / Undecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  593‐49‐7  Heptacosane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  629‐78‐7  Heptadecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  544‐76‐3  Hexadecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  AEC499  Octacosane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  629‐62‐9  Pentadecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                                       

  

 

    Sample ID  EWI‐S‐18A‐FD     EWI‐S‐18B     EWI‐S‐19A     EWI‐S‐19B    
EWI‐SD‐001‐
0001‐SD    

EWI‐SD‐001‐
0001‐SD‐FD    

EWI‐SD‐002‐
0001‐SD    

EWI‐SD‐003‐
0001‐SD    

EWI‐SD‐004‐
0001‐SD    

  
 

    Sample Date  3/17/1998     3/17/1998     3/17/1998     3/17/1998     8/14/2004     8/14/2004     8/14/2004     8/14/2004     8/14/2004    

  

 

   
Sample Depth 

(feet)  (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (1‐2 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.5 feet)    

Test Group  CAS  Analyte  Units 
Project Action 

Limit                                     
EXPLOSIVES  99‐35‐4  1,3,5‐Trinitrobenzene  mg/kg  0.376  5  U  5  U  5  U  5  U  0.1  ND*  0.1  ND*  0.1  ND*  0.1  ND*  0.1  ND* 
EXPLOSIVES  2691‐41‐0  HMX  mg/kg  3900  5  U  5  U  5  U  5  U  0.25  U  0.25  U  0.25  U  0.25  U  0.24  U 
EXPLOSIVES  121‐82‐4  RDX  mg/kg  6.1  5  U  5  U  5  U  5  U  0.1  U  0.1  U  0.1  U  0.1  U  0.1  U 
METALS  7429‐90‐5  Aluminum  mg/kg  20917  —     —     —     —     —     —     —     —     —    
METALS  7440‐38‐2  Arsenic  mg/kg  15.37  5  U  5  U  5  U  5  U  6.6     6     7.3     7.6     3.9    
METALS  7440‐39‐3  Barium  mg/kg  368.4  5.2     7.2     27     24     460     160     210     170     140    
METALS  7440‐41‐7  Beryllium  mg/kg  1.69  —     —     —     —     0.89     0.84     1     0.91     0.83    
METALS  7440‐42‐8  Boron  mg/kg     —     —     —     —     3.9  B  4  B  4.3  B  4.4  B  3.7  B 
METALS  7440‐43‐9  Cadmium  mg/kg  0.97  2.7     0.83     1.1     0.65     0.22  U  0.16  B  0.22  U  0.22  U  0.26  U 
METALS  7440‐70‐2  Calcium  mg/kg  —  —     —     —     —     —     —     —     —     —    
METALS  7440‐47‐3  Chromium  mg/kg  35.23  3.1     4.4     7.7     5.7     18     17     21     17     16    
METALS  7440‐48‐4  Cobalt  mg/kg  26.4  —     —     —     —     —     —     —     —     —    
METALS  7440‐50‐8  Copper  mg/kg  2445  —     —     —     —     —     —     —     —     —    
METALS  7439‐89‐6  Iron  mg/kg  36496  —     —     —     —     —     —     —     —     —    
METALS  7439‐92‐1  Lead  mg/kg  1210  8     3.8     12     5.8     15     13     13     18     12    
METALS  7439‐95‐4  Magnesium  mg/kg  —  —     —     —     —     —     —     —     —     —    
METALS  7439‐96‐5  Manganese  mg/kg  1933  —     —     —     —     —     —     —     —     —    
METALS  7439‐97‐6  Mercury  mg/kg  0.14  0.02  U  0.02  U  0.02     0.02  U  0.04     0.04     0.02  U  0.01  B  0.02  U 
METALS  7440‐02‐0  Nickel  mg/kg  78.99  —     —     —     —     —     —     —     —     —    
METALS  7440‐09‐7  Potassium  mg/kg  —  —     —     —     —     —     —     —     —     —    
METALS  7782‐49‐2  Selenium  mg/kg  0.71  5  U  5  U  10     5  U  1.1  U  1.1  U  1.1  U  0.5  B  1.3  U 
METALS  7440‐23‐5  Sodium  mg/kg  —  —     —     —     —     —     —     —     —     —    
METALS  7440‐62‐2  Vanadium  mg/kg  53.84  —     —     —     —     —     —     —     —     —    
METALS  7440‐66‐6  Zinc  mg/kg  1670  —     —     —     —     —     —     —     —     —    
ORGANICS  575‐41‐7  1,3‐Dimethylnaphthalene  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  AEC190  2,10‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —     —     —    

ORGANICS  1921‐70‐6  2,6,10,14‐
Tetramethylpentadecane  mg/kg  —  —    —    —    —    —    —    —    —    —   

ORGANICS  AEC233  2,6‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  124‐18‐5  Decane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  112‐40‐3  Dodecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  1120‐21‐4  Hendecane / Undecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  593‐49‐7  Heptacosane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  629‐78‐7  Heptadecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  544‐76‐3  Hexadecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  AEC499  Octacosane  mg/kg  —  —     —     —     —     —     —     —     —     —    
ORGANICS  629‐62‐9  Pentadecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                           

  

 

    Sample ID 
EWI‐SD‐005‐
0001‐SD    

EWI‐SD‐006‐
0001‐SD    

EWI‐SD‐007‐
0001‐SD    

EWI‐SSI‐001‐
0001‐SO    

EWI‐SSI‐001‐
0001‐SO‐FD    

EWI‐SSI‐002‐
0001‐SO    

EWI‐SSI‐003‐
0001‐SO    

  
 

    Sample Date  8/14/2004     8/14/2004     8/14/2004     8/13/2004     8/13/2004     8/13/2004     8/13/2004    

  

 

   
Sample Depth 

(feet)  (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (0‐1 feet)     (0‐1 feet)     (0‐1 feet)     (0‐1 feet)    

Test Group  CAS  Analyte  Units 
Project Action 

Limit                             
EXPLOSIVES  99‐35‐4  1,3,5‐Trinitrobenzene  mg/kg  0.376  0.1  ND*  0.1  ND*  0.1  ND*  0.1  ND*  0.1  ND*  0.1  ND*  0.1  ND* 
EXPLOSIVES  2691‐41‐0  HMX  mg/kg  3900  0.25  U  0.25  U  0.25  U  0.25  U  0.25  U  0.25  U  0.25  U 
EXPLOSIVES  121‐82‐4  RDX  mg/kg  6.1  0.1  U  0.1  U  0.1  U  0.1  U  0.1  U  0.1  U  0.1  U 
METALS  7429‐90‐5  Aluminum  mg/kg  20917  —     —     —     —     —     —     —    
METALS  7440‐38‐2  Arsenic  mg/kg  15.37  7.8     10     8.6     7.7     7.7     6.7     7.5    
METALS  7440‐39‐3  Barium  mg/kg  368.4  170     170     89     180     170     170     180    
METALS  7440‐41‐7  Beryllium  mg/kg  1.69  0.95     1.1     0.95     0.9     0.93     0.83     0.89    
METALS  7440‐42‐8  Boron  mg/kg     3.9  B  4  B  3.9  B  4.8  B  4.9  B  3.8  B  3.8  B 
METALS  7440‐43‐9  Cadmium  mg/kg  0.97  0.25  U  0.12  B  0.22  U  0.2  U  0.2  U  0.2  U  0.21  U 
METALS  7440‐70‐2  Calcium  mg/kg  —  —     —     —     0.2  U  0.2  U  —     —    
METALS  7440‐47‐3  Chromium  mg/kg  35.23  18     18     14     21     22     21     24    
METALS  7440‐48‐4  Cobalt  mg/kg  26.4  —     —     —     —     —     —     —    
METALS  7440‐50‐8  Copper  mg/kg  2445  —     —     —     —     —     —     —    
METALS  7439‐89‐6  Iron  mg/kg  36496  —     —     —     —     —     —     —    
METALS  7439‐92‐1  Lead  mg/kg  1210  17     26     11     16     14     13     13    
METALS  7439‐95‐4  Magnesium  mg/kg  —  —     —     —     —     —     —     —    
METALS  7439‐96‐5  Manganese  mg/kg  1933  —     —     —     —     —     —     —    
METALS  7439‐97‐6  Mercury  mg/kg  0.14  0.01  B  0.01  B  0.02  B  0.02  B  0.03     0.02     0.01  B 
METALS  7440‐02‐0  Nickel  mg/kg  78.99  —     —     —     —     —     —     —    
METALS  7440‐09‐7  Potassium  mg/kg  —  —     —     —     —     —     —     —    
METALS  7782‐49‐2  Selenium  mg/kg  0.71  1.2  U  1.2  U  1.1  U  0.99  U  1  U  0.99  U  1  U 
METALS  7440‐23‐5  Sodium  mg/kg  —  —     —     —     —     —     —     —    
METALS  7440‐62‐2  Vanadium  mg/kg  53.84  —     —     —     —     —     —     —    
METALS  7440‐66‐6  Zinc  mg/kg  1670  —     —     —     —     —     —     —    
ORGANICS  575‐41‐7  1,3‐Dimethylnaphthalene  mg/kg  —  —     —     —     —     —     —     —    
ORGANICS  AEC190  2,10‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —    

ORGANICS  1921‐70‐6  2,6,10,14‐
Tetramethylpentadecane  mg/kg  —  —    —    —    —    —    —    —   

ORGANICS  AEC233  2,6‐Dimethylundecane  mg/kg  —  —     —     —     —     —     —     —    
ORGANICS  124‐18‐5  Decane  mg/kg  —  —     —     —     —     —     —     —    
ORGANICS  112‐40‐3  Dodecane  mg/kg  —  —     —     —     —     —     —     —    
ORGANICS  1120‐21‐4  Hendecane / Undecane  mg/kg  —  —     —     —     —     —     —     —    
ORGANICS  593‐49‐7  Heptacosane  mg/kg  —  —     —     —     —     —     —     —    
ORGANICS  629‐78‐7  Heptadecane  mg/kg  —  —     —     —     —     —     —     —    
ORGANICS  544‐76‐3  Hexadecane  mg/kg  —  —     —     —     —     —     —     —    
ORGANICS  AEC499  Octacosane  mg/kg  —  —     —     —     —     —     —     —    
ORGANICS  629‐62‐9  Pentadecane  mg/kg  —  —     —     —     —     —     —     —    
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                                             
  

 
    Sample ID  25SS0101     25SS0201     25SD0301     R17SS0101     R17SS601     R17SS601‐FD     R17SA601     R17SS602     R17SS602‐FD     R17SA602    

  
 

    Sample Date  8/14/1991     8/14/1991     8/14/1991     5/8/1995     5/8/1995     5/8/1995     5/8/1995     5/8/1995     5/8/1995     5/8/1995    

  

 

   
Sample Depth 

(feet)  (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.33 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (3 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (3 feet)    

Test Group  CAS  Analyte  Units 
Project Action 

Limit                                         
PAH  56‐55‐3  Benzo[a]anthracene  mg/kg  1.1  0.04  U  0.04  U  0.04  U  —     0.17  U  0.17  U  0.17  U  0.17  U  0.17  U  0.17  U 
PAH  50‐32‐8  Benzo[a]pyrene  mg/kg  0.11  1.2  U  1.2  U  1.2  U  —     0.25  U  0.25  U  0.25  U  0.25  U  0.25  U  0.25  U 
PAH  205‐99‐2  Benzo[b]fluoranthene  mg/kg  1.1  0.31  U  0.31  U  0.31  U  —     0.21  U  0.21  U  0.21  U  0.21  U  0.21  U  0.21  U 
PAH  191‐24‐2  Benzo[ghi]perylene  mg/kg  119  0.18  U  0.18  U  0.18  U  —     0.25  U  0.25  U  0.25  U  0.25  U  0.25  U  0.25  U 
PAH  207‐08‐9  Benzo[k]fluoranthene  mg/kg  11  0.13  U  0.13  U  0.13  U  —     0.06  U  0.06  U  0.06  U  0.06  U  0.06  U  0.06  U 
PAH  218‐01‐9  Chrysene  mg/kg  4.73  0.03  U  0.03  U  0.03  U  —     0.12  U  0.12  U  0.12  U  0.12  U  0.12  U  0.12  U 
PAH  53‐70‐3  Dibenz[ah]anthracene  mg/kg  0.11  0.31  U  0.31  U  0.31  U  —     0.21  U  0.21  U  0.21  U  0.21  U  0.21  U  0.21  U 
PAH  206‐44‐0  Fluoranthene  mg/kg  122  0.03  U  0.03  U  0.03  U  —     0.06  U  0.06  U  0.06  U  0.06  U  0.06  U  0.06  U 
PAH  193‐39‐5  Indeno[1,2,3‐C,D]pyrene  mg/kg  1.1  2.4  U  2.4  U  2.4  U  —     0.29  U  0.29  U  0.29  U  0.29  U  0.29  U  0.29  U 
PAH  91‐20‐3  Naphthalene  mg/kg  0.0994  0.03  U  0.03  U  0.03  U  —     0.03  U  0.03  U  0.03  U  0.33     0.58     0.03  U 
PAH  85‐01‐8  Phenanthrene  mg/kg  45.7  0.03  U  0.03  U  0.03  U  —     0.03  U  0.03  U  0.03  U  0.03  U  0.03  U  0.03  U 
PAH  129‐00‐0  Pyrene  mg/kg  78.5  0.08  U  0.08  U  0.08  U  —     0.03  U  0.03  U  0.03  U  0.03  U  0.03  U  0.03  U 
SEMIVOLATILES  84‐74‐2  Di‐n‐butyl phthalate  mg/kg  0.15  1.3  U  1.3  U  1.3  U  —     0.06  U  0.06  U  0.06  U  0.06  U  0.06  U  0.06  U 
VOLATILES  79‐34‐5  1,1,2,2‐Tetrachloroethane  mg/kg  0.13  0.2  U  0.26     0.2  U  0.0024  U  0.0024  U  0.0024  U  0.0024  U  0.0024  U  0.0024  U  0.0024  U 

VOLATILES  AEC342  m‐Propyltoluene / 3‐
Propyltoluene  mg/kg  —  —    —    —    —    —    —    —    —    6.3    —   

VOLATILES  99‐87‐6  p‐Cymene  mg/kg  268  —     —     —     —     —     —     —     —     21     —    
VOLATILES  629‐59‐4  Tetradecane  mg/kg  —  —     —     —     —     —     —     —     2.1     4.2     —    
VOLATILES  108‐88‐3  Toluene  mg/kg  5.45  0.1  U  0.1  U  0.1  U  0.0035     0.00078  U  0.00078  U  0.00078  U  0.00078  U  0.00078  U  0.00078  U 
VOLATILES  75‐69‐4  Trichlorofluoromethane  mg/kg  16.4  0.23  U  0.23  U  0.23  U  0.0059  U  0.0058     0.0059  U  0.0059  U  0.0057     0.0063     0.0065    
 

   



 

8 OF 12 

Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                                                   
  

 
    Sample ID  EWI‐S‐1     EWI‐S‐2A     EWI‐S‐2B     EWI‐S‐3     EWI‐S‐4A     EWI‐S‐4B     EWI‐S‐5     EWI‐S‐6A     EWI‐S‐6B     EWI‐S‐7     EWI‐S‐8A    

  
 

    Sample Date  3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998    

  

 

   
Sample Depth 

(feet)  (0‐1 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (0‐1 feet)    

Test Group  CAS  Analyte  Units 
Project Action 

Limit                                             
PAH  56‐55‐3  Benzo[a]anthracene  mg/kg  1.1  —     —     —     —     —     —     —     —     —     —     —    
PAH  50‐32‐8  Benzo[a]pyrene  mg/kg  0.11  —     —     —     —     —     —     —     —     —     —     —    
PAH  205‐99‐2  Benzo[b]fluoranthene  mg/kg  1.1  —     —     —     —     —     —     —     —     —     —     —    
PAH  191‐24‐2  Benzo[ghi]perylene  mg/kg  119  —     —     —     —     —     —     —     —     —     —     —    
PAH  207‐08‐9  Benzo[k]fluoranthene  mg/kg  11  —     —     —     —     —     —     —     —     —     —     —    
PAH  218‐01‐9  Chrysene  mg/kg  4.73  —     —     —     —     —     —     —     —     —     —     —    
PAH  53‐70‐3  Dibenz[ah]anthracene  mg/kg  0.11  —     —     —     —     —     —     —     —     —     —     —    
PAH  206‐44‐0  Fluoranthene  mg/kg  122  —     —     —     —     —     —     —     —     —     —     —    
PAH  193‐39‐5  Indeno[1,2,3‐C,D]pyrene  mg/kg  1.1  —     —     —     —     —     —     —     —     —     —     —    
PAH  91‐20‐3  Naphthalene  mg/kg  0.0994  —     —     —     —     —     —     —     —     —     —     —    
PAH  85‐01‐8  Phenanthrene  mg/kg  45.7  —     —     —     —     —     —     —     —     —     —     —    
PAH  129‐00‐0  Pyrene  mg/kg  78.5  —     —     —     —     —     —     —     —     —     —     —    
SEMIVOLATILES  84‐74‐2  Di‐n‐butyl phthalate  mg/kg  0.15  —     —     —     —     —     —     —     —     —     —     —    
VOLATILES  79‐34‐5  1,1,2,2‐Tetrachloroethane  mg/kg  0.13  —     —     —     —     —     —     —     —     —     —     —    

VOLATILES  AEC342  m‐Propyltoluene / 3‐
Propyltoluene  mg/kg  —  —    —    —    —    —    —    —    —    —    —    —   

VOLATILES  99‐87‐6  p‐Cymene  mg/kg  268  —     —     —     —     —     —     —     —     —     —     —    
VOLATILES  629‐59‐4  Tetradecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —     —    
VOLATILES  108‐88‐3  Toluene  mg/kg  5.45  —     —     —     —     —     —     —     —     —     —     —    
VOLATILES  75‐69‐4  Trichlorofluoromethane  mg/kg  16.4  —     —     —     —     —     —     —     —     —     —     —    
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                                             
  

 
    Sample ID  EWI‐S‐8B     EWI‐S‐9     EWI‐S‐9‐FD     EWI‐S‐10A     EWI‐S‐10B     EWI‐S‐11     EWI‐S‐12A     EWI‐S‐12B     EWI‐S‐13     EWI‐S‐14A    

  
 

    Sample Date  3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998    

  

 

   
Sample Depth 

(feet)  (1‐2 feet)     (0‐1 feet)     (0‐1 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (0‐1 feet)    

Test Group  CAS  Analyte  Units 
Project Action 

Limit                                         
PAH  56‐55‐3  Benzo[a]anthracene  mg/kg  1.1  —     —     —     —     —     —     —     —     —     —    
PAH  50‐32‐8  Benzo[a]pyrene  mg/kg  0.11  —     —     —     —     —     —     —     —     —     —    
PAH  205‐99‐2  Benzo[b]fluoranthene  mg/kg  1.1  —     —     —     —     —     —     —     —     —     —    
PAH  191‐24‐2  Benzo[ghi]perylene  mg/kg  119  —     —     —     —     —     —     —     —     —     —    
PAH  207‐08‐9  Benzo[k]fluoranthene  mg/kg  11  —     —     —     —     —     —     —     —     —     —    
PAH  218‐01‐9  Chrysene  mg/kg  4.73  —     —     —     —     —     —     —     —     —     —    
PAH  53‐70‐3  Dibenz[ah]anthracene  mg/kg  0.11  —     —     —     —     —     —     —     —     —     —    
PAH  206‐44‐0  Fluoranthene  mg/kg  122  —     —     —     —     —     —     —     —     —     —    
PAH  193‐39‐5  Indeno[1,2,3‐C,D]pyrene  mg/kg  1.1  —     —     —     —     —     —     —     —     —     —    
PAH  91‐20‐3  Naphthalene  mg/kg  0.0994  —     —     —     —     —     —     —     —     —     —    
PAH  85‐01‐8  Phenanthrene  mg/kg  45.7  —     —     —     —     —     —     —     —     —     —    
PAH  129‐00‐0  Pyrene  mg/kg  78.5  —     —     —     —     —     —     —     —     —     —    
SEMIVOLATILES  84‐74‐2  Di‐n‐butyl phthalate  mg/kg  0.15  —     —     —     —     —     —     —     —     —     —    
VOLATILES  79‐34‐5  1,1,2,2‐Tetrachloroethane  mg/kg  0.13  —     —     —     —     —     —     —     —     —     —    

VOLATILES  AEC342  m‐Propyltoluene / 3‐
Propyltoluene  mg/kg  —  —    —    —    —    —    —    —    —    —    —   

VOLATILES  99‐87‐6  p‐Cymene  mg/kg  268  —     —     —     —     —     —     —     —     —     —    
VOLATILES  629‐59‐4  Tetradecane  mg/kg  —  —     —     —     —     —     —     —     —     —     —    
VOLATILES  108‐88‐3  Toluene  mg/kg  5.45  —     —     —     —     —     —     —     —     —     —    
VOLATILES  75‐69‐4  Trichlorofluoromethane  mg/kg  16.4  —     —     —     —     —     —     —     —     —     —    
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                                       
  

 
    Sample ID  EWI‐S‐14B     EWI‐S‐14B‐FD     EWI‐S‐15A     EWI‐S‐15B     EWI‐S‐16A     EWI‐S‐16B     EWI‐S‐17A     EWI‐S‐17B     EWI‐S‐18A    

  
 

    Sample Date  3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998     3/17/1998    

  

 

   
Sample Depth 

(feet)  (1‐2 feet)     (1‐2 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (1‐2 feet)     (0‐1 feet)    

Test Group  CAS  Analyte  Units 
Project Action 

Limit                                     
PAH  56‐55‐3  Benzo[a]anthracene  mg/kg  1.1  —     —     —     —     —     —     —     —     —    
PAH  50‐32‐8  Benzo[a]pyrene  mg/kg  0.11  —     —     —     —     —     —     —     —     —    
PAH  205‐99‐2  Benzo[b]fluoranthene  mg/kg  1.1  —     —     —     —     —     —     —     —     —    
PAH  191‐24‐2  Benzo[ghi]perylene  mg/kg  119  —     —     —     —     —     —     —     —     —    
PAH  207‐08‐9  Benzo[k]fluoranthene  mg/kg  11  —     —     —     —     —     —     —     —     —    
PAH  218‐01‐9  Chrysene  mg/kg  4.73  —     —     —     —     —     —     —     —     —    
PAH  53‐70‐3  Dibenz[ah]anthracene  mg/kg  0.11  —     —     —     —     —     —     —     —     —    
PAH  206‐44‐0  Fluoranthene  mg/kg  122  —     —     —     —     —     —     —     —     —    
PAH  193‐39‐5  Indeno[1,2,3‐C,D]pyrene  mg/kg  1.1  —     —     —     —     —     —     —     —     —    
PAH  91‐20‐3  Naphthalene  mg/kg  0.0994  —     —     —     —     —     —     —     —     —    
PAH  85‐01‐8  Phenanthrene  mg/kg  45.7  —     —     —     —     —     —     —     —     —    
PAH  129‐00‐0  Pyrene  mg/kg  78.5  —     —     —     —     —     —     —     —     —    
SEMIVOLATILES  84‐74‐2  Di‐n‐butyl phthalate  mg/kg  0.15  —     —     —     —     —     —     —     —     —    
VOLATILES  79‐34‐5  1,1,2,2‐Tetrachloroethane  mg/kg  0.13  —     —     —     —     —     —     —     —     —    

VOLATILES  AEC342  m‐Propyltoluene / 3‐
Propyltoluene  mg/kg  —  —    —    —    —    —    —    —    —    —   

VOLATILES  99‐87‐6  p‐Cymene  mg/kg  268  —     —     —     —     —     —     —     —     —    
VOLATILES  629‐59‐4  Tetradecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
VOLATILES  108‐88‐3  Toluene  mg/kg  5.45  —     —     —     —     —     —     —     —     —    
VOLATILES  75‐69‐4  Trichlorofluoromethane  mg/kg  16.4  —     —     —     —     —     —     —     —     —    
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                                       

  

 

    Sample ID  EWI‐S‐18A‐FD     EWI‐S‐18B     EWI‐S‐19A     EWI‐S‐19B    
EWI‐SD‐001‐
0001‐SD    

EWI‐SD‐001‐
0001‐SD‐FD    

EWI‐SD‐002‐
0001‐SD    

EWI‐SD‐003‐
0001‐SD    

EWI‐SD‐004‐
0001‐SD    

  
 

    Sample Date  3/17/1998     3/17/1998     3/17/1998     3/17/1998     8/14/2004     8/14/2004     8/14/2004     8/14/2004     8/14/2004    

  

 

   
Sample Depth 

(feet)  (0‐1 feet)     (1‐2 feet)     (0‐1 feet)     (1‐2 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.5 feet)    

Test Group  CAS  Analyte  Units 
Project Action 

Limit                                     
PAH  56‐55‐3  Benzo[a]anthracene  mg/kg  1.1  —     —     —     —     0.01  J  0.01  J  0.04  U  0.01  J  0.04  U 
PAH  50‐32‐8  Benzo[a]pyrene  mg/kg  0.11  —     —     —     —     0.01  J  0.01  J  0.04  U  0.01  J  0.04  U 
PAH  205‐99‐2  Benzo[b]fluoranthene  mg/kg  1.1  —     —     —     —     0.01  JH  0.01  JH  0.04  U  0.01  JH  0.04  U 
PAH  191‐24‐2  Benzo[ghi]perylene  mg/kg  119  —     —     —     —     0.02  J  0.02  J  0.01  J  0.01  J  0.04  U 
PAH  207‐08‐9  Benzo[k]fluoranthene  mg/kg  11  —     —     —     —     0.01  J  0.01  JM  0.04  U  0.01  JM  0.04  U 
PAH  218‐01‐9  Chrysene  mg/kg  4.73  —     —     —     —     0.01  J  0.01  J  0.04  U  0.01  J  0.04  U 
PAH  53‐70‐3  Dibenz[ah]anthracene  mg/kg  0.11  —     —     —     —     0.01  J  0.01  J  0.01  J  0.01  J  0.04  U 
PAH  206‐44‐0  Fluoranthene  mg/kg  122  —     —     —     —     0.01  J  0.01  J  0.04  U  0.02  J  0.04  U 
PAH  193‐39‐5  Indeno[1,2,3‐C,D]pyrene  mg/kg  1.1  —     —     —     —     0.02  J  0.01  J  0.0047  J  0.01  J  0.04  U 
PAH  91‐20‐3  Naphthalene  mg/kg  0.0994  —     —     —     —     0.01  J  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  85‐01‐8  Phenanthrene  mg/kg  45.7  —     —     —     —     0.01  J  0.01  J  0.04  U  0.01  J  0.04  U 
PAH  129‐00‐0  Pyrene  mg/kg  78.5  —     —     —     —     0.01  J  0.01  J  0.04  U  0.01  JH  0.04  U 
SEMIVOLATILES  84‐74‐2  Di‐n‐butyl phthalate  mg/kg  0.15  —     —     —     —     0.19  U  0.02  J  0.19  U  0.19  U  0.22  U 
VOLATILES  79‐34‐5  1,1,2,2‐Tetrachloroethane  mg/kg  0.13  —     —     —     —     0.01  U  0.01  U  0.01  U  0.01  U  0.01  U 
VOLATILES  AEC342  m‐Propyltoluene / 3‐Propyltoluene  mg/kg  —  —     —     —     —     —     —     —     —     —    
VOLATILES  99‐87‐6  p‐Cymene  mg/kg  268  —     —     —     —     0.01  U  0.01  U  0.01  U  0.01  U  0.01  U 
VOLATILES  629‐59‐4  Tetradecane  mg/kg  —  —     —     —     —     —     —     —     —     —    
VOLATILES  108‐88‐3  Toluene  mg/kg  5.45  —     —     —     —     0.01  U  0.01  U  0.01  U  0.01  U  0.01  U 
VOLATILES  75‐69‐4  Trichlorofluoromethane  mg/kg  16.4  —     —     —     —     0.01  U  0.01  U  0.01  U  0.01  U  0.01  U 
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Table 5.3‐2. Detected Constituents in Soil and Dry Sediment—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

            Location                                           

  

 

    Sample ID 
EWI‐SD‐005‐
0001‐SD    

EWI‐SD‐006‐
0001‐SD    

EWI‐SD‐007‐
0001‐SD    

EWI‐SSI‐001‐
0001‐SO    

EWI‐SSI‐001‐
0001‐SO‐FD    

EWI‐SSI‐002‐
0001‐SO    

EWI‐SSI‐003‐
0001‐SO    

  
 

    Sample Date  8/14/2004     8/14/2004     8/14/2004     8/13/2004     8/13/2004     8/13/2004     8/13/2004    

  

 

   
Sample Depth 

(feet)  (0‐0.5 feet)     (0‐0.5 feet)     (0‐0.5 feet)     (0‐1 feet)     (0‐1 feet)     (0‐1 feet)     (0‐1 feet)    

Test Group  CAS  Analyte  Units 
Project Action 

Limit                             
PAH  56‐55‐3  Benzo[a]anthracene  mg/kg  1.1  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  50‐32‐8  Benzo[a]pyrene  mg/kg  0.11  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  205‐99‐2  Benzo[b]fluoranthene  mg/kg  1.1  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  191‐24‐2  Benzo[ghi]perylene  mg/kg  119  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  207‐08‐9  Benzo[k]fluoranthene  mg/kg  11  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  218‐01‐9  Chrysene  mg/kg  4.73  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  53‐70‐3  Dibenz[ah]anthracene  mg/kg  0.11  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  206‐44‐0  Fluoranthene  mg/kg  122  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  193‐39‐5  Indeno[1,2,3‐C,D]pyrene  mg/kg  1.1  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  91‐20‐3  Naphthalene  mg/kg  0.0994  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  85‐01‐8  Phenanthrene  mg/kg  45.7  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
PAH  129‐00‐0  Pyrene  mg/kg  78.5  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U  0.04  U 
SEMIVOLATILES  84‐74‐2  Di‐n‐butyl phthalate  mg/kg  0.15  0.22  U  0.2  U  0.2  U  0.18  U  0.18  U  0.18  U  0.18  U 
VOLATILES  79‐34‐5  1,1,2,2‐Tetrachloroethane  mg/kg  0.13  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U 
VOLATILES  AEC342  m‐Propyltoluene / 3‐Propyltoluene  mg/kg  —  —     —     —     —     —     —     —    
VOLATILES  99‐87‐6  p‐Cymene  mg/kg  268  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U 
VOLATILES  629‐59‐4  Tetradecane  mg/kg  —  —     —     —     —     —     —     —    
VOLATILES  108‐88‐3  Toluene  mg/kg  5.45  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U 
VOLATILES  75‐69‐4  Trichlorofluoromethane  mg/kg  16.4  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U  0.01  U 

Notes: 

J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample. 

U = The analyte was analyzed for but was not detected above the reported sample quantitation limit. 

B = The analyte was positively identified in both the sample and the associated laboratory method blank. 

Bold indicates the analyte was detected 

Shading indicates the result exceeded the Project Action Limit 

— = Not Analyzed 

mg/kg = milligrams per kilogram 

Project Action Limits are based on the lowest value of USEPA RSL for residential soil (HQ = 1) May 2020 (USEPA 2020a); Background from BERA (MWH 2004); or USEPA Region 5 ecological soil screening benchmarks, March 2017 except for inorganics which  
use the Background from BERA (MWH 2004). 
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Table 5.3‐3. Detected Constituents in Groundwater—Explosive Waste Incinerator  
Iowa Army Ammunition Plant, Middletown, IA 

Location‐Sample ID: 

Units 

Project 
Action 
Limit 

Background 
Threshold Value 
(UTL95‐95(1)) 

FTP‐MW7‐
20030514    

FTP‐MW7‐
FBL    

FTP‐MW7‐
R10    

FTP‐MW8‐
20030514    

Date Collected:  5/14/2003     4/2/2007     7/30/2010     5/14/2003    
CAS Number  Chemical  Analyte Group                 
121‐82‐4  RDX  EXPLOSIVES  µg/L  0.97  —  0.35  J  —     —     0.52  U 
7440‐39‐3  Barium  METALS  µg/L  2000  430  130     —     —     86.8    
7440‐43‐9  Cadmium  METALS  µg/L  5  5  0.06  J  —     —     5  U 
7440‐70‐2  Calcium  METALS  µg/L  —  119,033  67400     —     —     80900    
7439‐95‐4  Magnesium  METALS  µg/L  —  45243  27200     —     —     33600    
7439‐97‐6  Mercury  METALS  µg/L  2  1  0.2  U  —     —     0.02  J 
7782‐49‐2  Selenium  METALS  µg/L  50  10  1  J  —     —     4.1  J 
7440‐23‐5  Sodium  METALS  µg/L  —  42581  11400     —     —     46400    

76‐13‐1 
1,1,2‐Trichloro‐1,2,2‐
trifluoroethane (Freon 
113) 

VOLATILES  µg/L  10000  —  3  U  1.8    1.7    3  U 

Notes: 
J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample. 
U = The analyte was analyzed for but was not detected above the reported sample quantitation limit. 
B = The analyte was positively identified in both the sample and the associated laboratory method blank. 
Bold indicates the analyte was detected 
Shading indicates the result exceeded the Project Action Limit 
— = Not Analyzed 
ug/L ‐ milligrams per liter 
pCi/L ‐ picocuries per liter 
Project Action Limits are based on the Federal MCL, April 2012 (USEPA 2012a) unless not designated, then the USEPA RSL for tap water (HQ=1), May 2020 (USEPA 2020a), HAL (lifetime), 
April 2012 (USEPA 2012a), or the VISL (HQ=1)(USEPA 2020b) are used. 
Background threshold values (BTVs) from Evaluation of Background Concentrations of Metals in Groundwater (CH2M 2020) 
(1) UTLs were calculated as 95% upper confidence bounds of the 95th percentiles of the background data. UTLs calculated without a definitive distributional assumption of the data (i.e., 
normal, gamma, or lognormal) for sample sizes less than 59 have a coverage probability less than 95%. 
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Table 5.3‐4. Data Groupings Used in the HHRA—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

Data Group ID for HHRA  Description  Sample Count 

EWI_SOIL  EWI soil (0 to 10  feet bgs)    

EWI_SS  EWI surface soil (0 to 2  feet bgs)    

EWI_GW  EWI Groundwater (Potable Use)  4 

* Sample count includes duplicates if available. 
EWI = Explosive Waste Incinerator 
 



 

  1 OF 2 

Table 5.3‐5. Samples Used in the HHRA ‐ EWI 
Iowa Army Ammunition Plant, Middletown, Iowa 

Data Group ID for 
HHRA  Matrix  Station ID  Sample ID (1)  Date Collected 

Upper Depth 
(Feet) 

Lower Depth 
(Feet) 

EWI_SS  SS  25SD0301  25SD0301‐19910814  8/14/1991  0  0.33 
EWI_SS  SS  25SS0101  25SS0101‐19910814  8/14/1991  0  0.5 
EWI_SS  SS  25SS0201  25SS0201‐19910814  8/14/1991  0  0.5 
EWI_SS  SS  EWI‐S‐1  EWI‐S‐1  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐10A  EWI‐S‐10A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐10B  EWI‐S‐10B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐11  EWI‐S‐11  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐12A  EWI‐S‐12A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐12B  EWI‐S‐12B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐13  EWI‐S‐13  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐14A  EWI‐S‐14A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐14B  EWI‐S‐14B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐15A  EWI‐S‐15A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐15B  EWI‐S‐15B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐16A  EWI‐S‐16A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐16B  EWI‐S‐16B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐17A  EWI‐S‐17A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐17B  EWI‐S‐17B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐18A  EWI‐S‐18A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐18B  EWI‐S‐18B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐19A  EWI‐S‐19A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐19B  EWI‐S‐19B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐2A  EWI‐S‐2A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐2B  EWI‐S‐2B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐3  EWI‐S‐3  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐4A  EWI‐S‐4A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐4B  EWI‐S‐4B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐5  EWI‐S‐5  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐6A  EWI‐S‐6A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐6B  EWI‐S‐6B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐7  EWI‐S‐7  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐8A  EWI‐S‐8A  3/17/1998  0  1 
EWI_SS  SS  EWI‐S‐8B  EWI‐S‐8B  3/17/1998  1  2 
EWI_SS  SS  EWI‐S‐9  EWI‐S‐9  3/17/1998  0  1 
EWI_SS  SS  EWI‐SD‐001‐0001‐SD  EWI‐SD‐001‐0001‐SD  8/14/2004  0  0.5 
EWI_SS  SS  EWI‐SD‐002‐0001‐SD  EWI‐SD‐002‐0001‐SD  8/14/2004  0  0.5 
EWI_SS  SS  EWI‐SD‐003‐0001‐SD  EWI‐SD‐003‐0001‐SD  8/14/2004  0  0.5 
EWI_SS  SS  EWI‐SD‐004‐0001‐SD  EWI‐SD‐004‐0001‐SD  8/14/2004  0  0.5 
EWI_SS  SS  EWI‐SD‐005‐0001‐SD  EWI‐SD‐005‐0001‐SD  8/14/2004  0  0.5 
EWI_SS  SS  EWI‐SD‐006‐0001‐SD  EWI‐SD‐006‐0001‐SD  8/14/2004  0  0.5 
EWI_SS  SS  EWI‐SD‐007‐0001‐SD  EWI‐SD‐007‐0001‐SD  8/14/2004  0  0.5 
EWI_SS  SS  EWI‐SSI‐001‐0001‐SO  EWI‐SSI‐001‐0001‐SO  8/13/2004  0  1 
EWI_SS  SS  EWI‐SSI‐002‐0001‐SO  EWI‐SSI‐002‐0001‐SO  8/13/2004  0  1 
EWI_SS  SS  EWI‐SSI‐003‐0001‐SO  EWI‐SSI‐003‐0001‐SO  8/13/2004  0  1 
EWI_SS  SS  R17SS0101  R17SS0101‐19920721  5/8/1995  0  0.5 
EWI_SS  SS  R17SS601  R17SS601‐19950508  5/8/1995  0  0.5 
EWI_SS  SS  R17SS602  R17SS602‐19950508  5/8/1995  0  0.5 
EWI_SOIL  SS  25SD0301  25SD0301‐19910814  8/14/1991  0  0.33 
EWI_SOIL  SS  25SS0101  25SS0101‐19910814  8/14/1991  0  0.5 
EWI_SOIL  SS  25SS0201  25SS0201‐19910814  8/14/1991  0  0.5 
EWI_SOIL  SS  EWI‐S‐1  EWI‐S‐1  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐10A  EWI‐S‐10A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐10B  EWI‐S‐10B  3/17/1998  1  2 
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Table 5.3‐5. Samples Used in the HHRA ‐ EWI 
Iowa Army Ammunition Plant, Middletown, Iowa 

Data Group ID for 
HHRA  Matrix  Station ID  Sample ID (1)  Date Collected 

Upper Depth 
(Feet) 

Lower Depth 
(Feet) 

EWI_SOIL  SS  EWI‐S‐11  EWI‐S‐11  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐12A  EWI‐S‐12A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐12B  EWI‐S‐12B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐13  EWI‐S‐13  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐14A  EWI‐S‐14A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐14B  EWI‐S‐14B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐15A  EWI‐S‐15A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐15B  EWI‐S‐15B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐16A  EWI‐S‐16A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐16B  EWI‐S‐16B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐17A  EWI‐S‐17A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐17B  EWI‐S‐17B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐18A  EWI‐S‐18A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐18B  EWI‐S‐18B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐19A  EWI‐S‐19A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐19B  EWI‐S‐19B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐2A  EWI‐S‐2A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐2B  EWI‐S‐2B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐3  EWI‐S‐3  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐4A  EWI‐S‐4A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐4B  EWI‐S‐4B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐5  EWI‐S‐5  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐6A  EWI‐S‐6A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐6B  EWI‐S‐6B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐7  EWI‐S‐7  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐8A  EWI‐S‐8A  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐S‐8B  EWI‐S‐8B  3/17/1998  1  2 
EWI_SOIL  SS  EWI‐S‐9  EWI‐S‐9  3/17/1998  0  1 
EWI_SOIL  SS  EWI‐SD‐001‐0001‐SD  EWI‐SD‐001‐0001‐SD  8/14/2004  0  0.5 
EWI_SOIL  SS  EWI‐SD‐002‐0001‐SD  EWI‐SD‐002‐0001‐SD  8/14/2004  0  0.5 
EWI_SOIL  SS  EWI‐SD‐003‐0001‐SD  EWI‐SD‐003‐0001‐SD  8/14/2004  0  0.5 
EWI_SOIL  SS  EWI‐SD‐004‐0001‐SD  EWI‐SD‐004‐0001‐SD  8/14/2004  0  0.5 
EWI_SOIL  SS  EWI‐SD‐005‐0001‐SD  EWI‐SD‐005‐0001‐SD  8/14/2004  0  0.5 
EWI_SOIL  SS  EWI‐SD‐006‐0001‐SD  EWI‐SD‐006‐0001‐SD  8/14/2004  0  0.5 
EWI_SOIL  SS  EWI‐SD‐007‐0001‐SD  EWI‐SD‐007‐0001‐SD  8/14/2004  0  0.5 
EWI_SOIL  SS  EWI‐SSI‐001‐0001‐SO  EWI‐SSI‐001‐0001‐SO  8/13/2004  0  1 
EWI_SOIL  SS  EWI‐SSI‐002‐0001‐SO  EWI‐SSI‐002‐0001‐SO  8/13/2004  0  1 
EWI_SOIL  SS  EWI‐SSI‐003‐0001‐SO  EWI‐SSI‐003‐0001‐SO  8/13/2004  0  1 
EWI_SOIL  DS  R17SA601  R17SA601‐19950508  5/8/1995  3  3 
EWI_SOIL  DS  R17SA602  R17SA602‐19950508  5/8/1995  3  3 
EWI_SOIL  SS  R17SS0101  R17SS0101‐19920721  5/8/1995  0  0.5 
EWI_SOIL  SS  R17SS601  R17SS601‐19950508  5/8/1995  0  0.5 
EWI_SOIL  SS  R17SS602  R17SS602‐19950508  5/8/1995  0  0.5 
EWI_GW  WG  FTP‐MW7  FTP‐MW7‐20030514  5/14/2003  11.0  21.0 
EWI_GW  WG  FTP‐MW7  FTP‐MW7‐FBL  4/2/2007  11.0  21.0 
EWI_GW  WG  FTP‐MW7  FTP‐MW7‐R10  7/30/2010  11.0  21.0 
EWI_GW  WG  FTP‐MW8  FTP‐MW8‐20030514  5/14/2003  41.1  51.1 
Notes: 
(1) The data were reduced such that when a normal and duplicate sample were available, the highest detected concentration 
among normal or duplicate samples was used when a chemical was detected in any sample. If both results were non‐detect, 
the lowest reported detection limit (i.e., reporting limit) was used.  
GW = Groundwater
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Table 5.3‐6. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally 
Occurring Chemicals—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium 

Residential 
receptor 

ELCR/HI Tables 
(RME) in 

Appendix A4, 
Attachment 1 

COPC/Chemical 

EWI 

EPC 
mg/kg  ELCR  HI 

Surface Soil 

(0‐2 feet) 

Adult  7.3 and 9.1 

Arsenic  5.0E+00  NA  0.01 

Chromium*  1.4E+01  NA  0.006 

Cobalt  3.9E+00  NA  0.02 

Iron  8.2E+03  NA  0.01 

Manganese  7.1E+02  NA  0.05 

Total HI:  NA  0.1 

Child  7.2 and 9.1 

Arsenic  5.0E+00  NA  0.1 

Chromium*  1.4E+01  NA  0.06 

Cobalt  3.9E+00  NA  0.2 

Iron  8.2E+03  NA  0.2 

Manganese  7.1E+02  NA  0.4 

Total HI:  NA  1 

Adult/Child 
Aggregate  7.1 and 9.1 

Arsenic  5.0E+00  7E‐06  NA 

Chromium*  1.4E+01  5E‐05  NA 

Cobalt  3.9E+00  9E‐09  NA 

Iron  8.2E+03  NA  NA 

Manganese  7.1E+02  NA  NA 

Total ELCR:  5E‐05  NA 

Soil (0‐3 feet) 

Adult  7.3 and 9.2 

Aluminum  1.3E+04  NA  0.02 

Arsenic  4.9E+00  NA  0.01 

Chromium*  1.4E+01  NA  0.006 

Cobalt  7.1E+00  NA  0.03 

Iron  1.9E+04  NA  0.03 

Manganese  7.1E+02  NA  0.05 

Vanadium  4.0E+01  NA  0.01 

Total HI:  NA  0.2 

Child  7.2 and 9.2 

Aluminum  1.3E+04  NA  0.2 

Arsenic  4.9E+00  NA  0.1 

Chromium*  1.4E+01  NA  0.06 
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Table 5.3‐6. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally 
Occurring Chemicals—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium 

Residential 
receptor 

ELCR/HI Tables 
(RME) in 

Appendix A4, 
Attachment 1 

COPC/Chemical 

EWI 

EPC 
mg/kg  ELCR  HI 

Cobalt  7.1E+00  NA  0.3 

Iron  1.9E+04  NA  0.4 

Manganese  7.1E+02  NA  0.4 

Vanadium  4.0E+01  NA  0.1 

Total HI:  NA  2 

Adult/Child 
Aggregate  7.1 and 9.2 

Aluminum  1.3E+04  NA  NA 

Arsenic  4.9E+00  7E‐06  NA 

Chromium*  1.4E+01  5E‐05  NA 

Cobalt  7.1E+00  2E‐08  NA 

Iron  1.9E+04  NA  NA 

Manganese  7.1E+02  NA  NA 

Vanadium  4.0E+01  NA  NA 

Total ELCR:  5E‐05  NA 

Notes: 
COPC = chemical of potential concern 
EPC = exposure point concentration 
HI = hazard index 
mg/kg = milligram per kilogram 
NA = not applicable 
RME = reasonable maximum exposure 
*Evaluated as hexavalent chromium; the hexavalent chromium EPC was calculated using the approach discussed in Section 
5.3.7.3 and presented on Figure 4‐1. 



 

Table 5.3‐7. Ecological Screening Table—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

Chemical (mg/kg)  CAS Number 

Frequency of 
Detection 
(FOD) 

Minimum 

Detected 
Concentration 

Average of 
Detects 

Mean Concen‐
trationa 

EPC 
(UCL)b  MDC  Location of MDC 

Region 4 
ESVc 

MDC>ESV? 
(Y/N) 

No. of 
Detects>ESV 

Screening 
HQ 

(MDC/ESV) 

EWI 
Background 

Valued 

COPEC 
Flag 
(Y/N) 

Rationale for 
Selection or 
Deletione 

1,3,5‐Trinitrobenzene  99‐35‐4  1  /  47  1.06  1.06  0.17  NA  1.06  R17SS0101  0.3  Yes  1  3.53  ND  Yes  ASL 

HMX  2691‐41‐0  1  /  47  4.8  4.8  0.53  NA  4.8  R17SS0101  16  No  0  0.3  ND  No  BSL 

RDX  121‐82‐4  1  /  47  7.07  7.07  0.25  NA  7.07  R17SS0101  2.3  Yes  1  3.07  ND  Yes  ASL 

Aluminum  7429‐90‐5  3  /  3  1,160  2,947  2,947  NA  5,980  R17SS0101  Narrative  NA  NA  NA  NA  Yes  ASL 

Arsenic  7440‐38‐2  16  /  47  1.23  5.973  4.20  4.978  10  EWI‐SD‐006‐0001‐SD  18  No  0  0.56  7.6  No  BSL 

Barium  7440‐39‐3  47  /  47  5.2  111.4  111.40  144  510  EWI‐S‐12A  330  Yes  2  1.55  160  Yes  ASL 

Beryllium  7440‐41‐7  13  /  16  0.69  0.919  0.84  0.925  1.1  EWI‐SD‐006‐0001‐SD  2.5  No  0  0.44  NA  No  BSL 

Boron  7440‐42‐8  10  /  10  3.7  4.07  4.07  4.282  4.9  EWI‐SSI‐001‐0001‐SO  7.5  No  0  0.65  NA  No  BSL 

Cadmium  7440‐43‐9  33  /  47  0.12  1.559  1.16  1.389  3.7  EWI‐S‐13  0.36  Yes  31  10.28  2.9  Yes  ASL 

Calcium  7440‐70‐2  3  /  4  160,000  223,333  167,500  NA  290,000  R17SS601  NA  NA  NA  NA  NA  Yes  NSL 

Chromium  7440‐47‐3  45  /  47  2.4  12.95  12.52  14.27  31.30  25SD0301  23  Yes  3  1.36  18  Yes  ASL 

Cobalt  7440‐48‐4  2  /  3  2.83  3.355  2.71  NA  3.88  R17SS0101  13  No  0  0.30  NA  No  BSL 

Copper  7440‐50‐8  6  /  6  4  17.19  17.19  NA  36  R17SS0101  28  Yes  1  1.29  NA  Yes  ASL 

Iron  7439‐89‐6  3  /  3  3,360  6,700  6,700  NA  8,230  R17SS602  Narrative  NA  NA  NA  NA  Yes  ASL 

Lead  7439‐92‐1  47  /  47  1.3  14.89  14.89  17.08  44  EWI‐S‐9  11  Yes  31  4  26  Yes  ASL 

Magnesium  7439‐95‐4  3  /  3  2,280  9,237  9,237  NA  23,100  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

Manganese  7439‐96‐5  3  /  3  506  613.7  613.70  NA  707  R17SS601  220  Yes  3  3.21  NA  Yes  ASL 

Mercury  7439‐97‐6  34  /  47  0.01  0.0653  0.05  0.0986  0.35  EWI‐S‐4A  0.013  Yes  30  26.92  0.05  Yes  ASL 

Nickel  7440‐02‐0  6  /  6  5.98  14.75  14.75  NA  24.2  25SD0301  38  No  0  0.64  NA  No  BSL 

Potassium  7440‐09‐7  3  /  3  433  528.7  528.70  NA  701  R17SS601  NA  NA  NA  NA  NA  Yes  NSL 

Selenium  7782‐49‐2  19  /  47  0.5  10.05  4.23  5.584  18  EWI‐S‐2A  0.52  Yes  18  34.62  6.8  Yes  ASL 

Sodium  7440‐23‐5  3  /  3  376  463.7  463.70  NA  539  R17SS601  NA  NA  NA  NA  NA  Yes  NSL 

Vanadium  7440‐62‐2  2  /  3  5.5  9.65  7.56  NA  13.8  R17SS0101  7.8  Yes  1  1.77  NA  Yes  ASL 

Zinc  7440‐66‐6  6  /  6  11  54.53  54.53  NA  98  25SS0101  46  Yes  4  2.13  NA  Yes  ASL 

1,3‐Dimethylnaphthalene  575‐41‐7  1  /  1  0.42  0.42  0.42  NA  0.42  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

2,10‐Dimethylundecane  17301‐27‐8  1  /  1  0.52  0.52  0.52  NA  0.52  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

2,6,10,14‐Tetramethylpentadecane  1921‐70‐6  1  /  1  0.63  0.63  0.63  NA  0.63  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

2,6‐Dimethylundecane  17301‐23‐4  1  /  1  1  1  1  NA  1  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

Decane  124‐18‐5  1  /  1  6.3  6.3  6.3  NA  6.3  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

Dodecane  112‐40‐3  1  /  1  2.1  2.1  2.1  NA  2.1  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

Hendecane / Undecane  1120‐21‐4  1  /  1  42  42  42  NA  42  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

Heptacosane  593‐49‐7  1  /  1  0.31  0.31  0.31  NA  0.31  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 



 

Table 5.3‐7. Ecological Screening Table—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

Chemical (mg/kg)  CAS Number 

Frequency of 
Detection 
(FOD) 

Minimum 

Detected 
Concentration 

Average of 
Detects 

Mean Concen‐
trationa 

EPC 
(UCL)b  MDC  Location of MDC 

Region 4 
ESVc 

MDC>ESV? 
(Y/N) 

No. of 
Detects>ESV 

Screening 
HQ 

(MDC/ESV) 

EWI 
Background 

Valued 

COPEC 
Flag 
(Y/N) 

Rationale for 
Selection or 
Deletione 

Heptadecane  629‐78‐7  1  /  1  0.84  0.84  0.84  NA  0.84  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

Hexadecane  544‐76‐3  1  /  1  2.1  2.1  2.1  NA  2.1  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

Octacosane  630‐02‐4  1  /  1  0.42  0.42  0.42  NA  0.42  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

Pentadecane  629‐62‐9  1  /  1  3.1  3.1  3.1  NA  3.1  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

Benzo[a]anthracene  56‐55‐3  2  /  15  0.01  0.01  0.01  NA  0.01  EWI‐SD‐001‐0001‐SD  0.73  No  0  0.01  NA  No  BSL 

Benzo[a]pyrene  50‐32‐8  2  /  15  0.01  0.01  0.01  NA  0.01  EWI‐SD‐001‐0001‐SD  0.13  No  0  0.08  NA  No  BSL 

Benzo[b]fluoranthene  205‐99‐2  2  /  15  0.01  0.01  0.01  NA  0.01  EWI‐SD‐001‐0001‐SD  2.7  No  0  0.004  NA  No  BSL 

Benzo[ghi]perylene  191‐24‐2  3  /  15  0.01  0.0133  0.01  NA  0.02  EWI‐SD‐001‐0001‐SD  0.07  No  0  0.29  NA  No  BSL 

Benzo[k]fluoranthene  207‐08‐9  2  /  15  0.01  0.01  0.01  NA  0.01  EWI‐SD‐001‐0001‐SD  0.13  No  0  0.08  NA  No  BSL 

Chrysene  218‐01‐9  2  /  15  0.01  0.01  0.01  NA  0.01  EWI‐SD‐001‐0001‐SD  3.1  No  0  0.003  NA  No  BSL 

Dibenz[ah]anthracene  53‐70‐3  3  /  15  0.01  0.01  0.01  NA  0.01  EWI‐SD‐001‐0001‐SD  0.06  No  0  0.17  NA  No  BSL 

Fluoranthene  206‐44‐0  2  /  15  0.01  0.015  0.02  NA  0.02  EWI‐SD‐003‐0001‐SD  10  No  0  0.002  NA  No  BSL 

Indeno[1,2,3‐c,d]pyrene  193‐39‐5  3  /  15  0.0047  0.0116  0.01  NA  0.02  EWI‐SD‐001‐0001‐SD  0.08  No  0  0.25  NA  No  BSL 

Naphthalene  91‐20‐3  2  /  15  0.01  0.295  0.05  NA  0.58  R17SS602  0.16  Yes  1  3.63  NA  Yes  ASL 

Phenanthrene  85‐01‐8  2  /  15  0.01  0.01  0.01  NA  0.01  EWI‐SD‐001‐0001‐SD  5.5  No  0  0.002  NA  No  BSL 

Pyrene  129‐00‐0  2  /  15  0.01  0.01  0.01  NA  0.01  EWI‐SD‐001‐0001‐SD  10  No  0  0.001  NA  No  BSL 

Di‐n‐butyl phthalate  84‐74‐2  1  /  15  0.02  0.02  0.02  NA  0.02  EWI‐SD‐001‐0001‐SD  0.011  Yes  1  1.82  NA  Yes  ASL 

m‐Propyltoluene / 3‐Propyltoluene  1074‐43‐7  1  /  1  6.3  6.3  6.3  NA  6.3  EWI‐SD‐001‐0001‐SD  NA  NA  NA  NA  NA  Yes  NSL 

p‐Cymene  99‐87‐6  1  /  11  21  21  1.92  NA  21  R17SS602  0.18  Yes  1  116.67  NA  Yes  ASL 

Tetradecane  629‐59‐4  1  /  1  4.2  4.2  4.2  NA  4.2  R17SS602  NA  NA  NA  NA  NA  Yes  NSL 

Toluene  108‐88‐3  1  /  16  0.0035  0.0035  0.00169  NA  0.0035  R17SS0101  0.15  No  0  0.02  NA  No  BSL 

Trichlorofluoromethane  75‐69‐4  2  /  16  0.0058  0.00605  0.00597  NA  0.0063  R17SS602  16.4  No  0  0.0004  NA  No  BSL 

CAS = Chemical Abstracts Registry  MDC = Maximum Detected Concentration 

COPEC = Chemical of Potential Ecological Concern  NA = Not available or not applicable 

ESV = Ecological Screening Value  UCL = Upper Confidence Limit 

HQ = Hazard Quotient 

bold = chemical is a COPEC 
a Mean concentrations presented for analyte data sets with non‐detects are Kaplan‐Meier means computed by ProUCL based on both detected and non‐detected data. Mean concentrations for data sets with 100% detects are arithmetic means. 
b UCLs are not calculated when there are an insufficient number of sample results (i.e., fewer than 8 sample results or fewer than 4 detected concentrations) to reliably calculate a 95% UCL value. In these instances "NA" (i.e., "not applicable") is entered in the "UCL" column and the MDC is 
selected as the EPC. 

c ESVs for PAHs are the most conservative available for each individual PAH (i.e., plants, invertebrates, mammals, or birds).  
d The EWI background values are presented for informational purposes only and are not used for any evaluations in this table.  

The EWI background values were determined from data collected at four locations (EWI‐BGS‐1A, EWI‐BGS‐1A, EWI‐BGS‐2A, and EWI‐BGS‐2B) in an area north and adjacent to the EWI area. Because only four EWI background surface soil samples were collected, the background value for each 
analyte is represented by the lesser of the mean plus two standard deviations and the maximum detected concentration.  
e Rationales: ASL = Above Screening Level; BSL = Below Screening Level; NSL = No Screening Level 



 

Table 5.3‐8. Weight‐of‐Evidence—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

Chemical (mg/kg)  CAS Number 

Frequency of 
Detection 
(FOD) 

Mean 
Concentrationa  EPC (UCL)  MDC 

Region 4 
ESVb 

No. of 
Detects>ESV 

EPC HQ 
(UCL/ESV) 

Mean HQ 
(Mean/ESV) 

COEC Flag 
(Y/N)  Rationale 

Explosives 

1,3,5‐Trinitrobenzene  99‐35‐4  1  /  47  0.17  NA  1.06  0.3  1  NA  0.58  No  Low FOD; mean below ESV 

RDX  121‐82‐4  1  /  47  0.25  NA  7.07  2.3  1  NA  0.11  No  Low FOD; mean below ESV 

Inorganics 

Aluminum  7429‐90‐5  3  /  3  2,947  NA  5,980  Narrative  NA  NA  NA  No 
Soil pH at Load Line 6 and comparison of site concentrations to typical soil 
concentrations of aluminum (USEPA 2003c) indicates aluminum not a concern 

Barium  7440‐39‐3  47  /  47  111.40  144  510  330  2  0.44  0.34  No  Low FOD > ESV; EPC and mean below ESV 

Cadmium  7440‐43‐9  33  /  47  1.16  1.389  3.7  0.36  31  3.86  3.22  No 
Low magnitude of exceedance of the ESV by the mean; the mean and EPC are 
below the EWI background value; and limited area of exceedancesc 

Calcium  7440‐70‐2  3  /  4  167,500  NA  290,000  No ESV  NA  NA  NA  No  Essential Nutrient 

Chromium  7440‐47‐3  45  /  47  12.52  14.27  31.30  23  3  0.62  0.54  No  Low FOD > ESV; EPC and mean below ESV 

Copper  7440‐50‐8  6  /  6  17.19  NA  36  28  1  NA  0.61  No  Mean below ESV 

Iron  7439‐89‐6  3  /  3  6,700  NA  8,230  Narrative  NA  NA  NA  No 
Soil pH at Load Line 6 and comparison of site concentrations to typical soil 
concentrations or iron (USEPA 2003d) indicates iron not a concern 

Lead  7439‐92‐1  47  /  47  14.89  17.08  44  11  31  1.55  1.35  No 

Low magnitude of exceedance of the ESV by the average site results; Detected 
site concentrations similar to reported background concentrations in Eco‐SSL 
(USEPA 2007b) 

Magnesium  7439‐95‐4  3  /  3  9,237  NA  23,100  No ESV  NA  NA  NA  No  Essential Nutrient 

Manganese  7439‐96‐5  3  /  3  613.70  NA  707  220  3  NA  2.79  No 
Detected site concentrations within reported background concentrations in 
Eco‐SSL (USEPA 2007d) 

Mercury  7439‐97‐6  34  /  47  0.05  0.0986  0.35  0.013  30  7.58  3.92  No 
Mean is equal to the EWI background value; limited area of high 
concentrationsc 

Potassium  7440‐09‐7  3  /  3  528.70  NA  701  No ESV  NA  NA  NA  No  Essential Nutrient 

Selenium  7782‐49‐2  19  /  47  4.23  5.584  18  0.52  18  10.7  8.13  No 
Low magnitude of exceedance of the ESV by the mean; the mean and EPC are 
below the EWI background value; and limited area of exceedancesc 

Sodium  7440‐23‐5  3  /  3  463.70  NA  539  No ESV  NA  NA  NA  No  Essential Nutrient 

Vanadium  7440‐62‐2  2  /  3  7.56  NA  13.8  7.8  1  NA  0.97  No  Mean below ESV 

Zinc  7440‐66‐6  6  /  6  54.53  NA  98  46  4  NA  1.19  No 
Low magnitude of exceedance of the ESV by the mean; Detected site 
concentrations similar to background concentrations in Eco‐SSL (USEPA 2007c) 

Organics 

1,3‐Dimethylnaphthalene  575‐41‐7  1  /  1  0.42  NA  0.42  No ESV  NA  NA  NA  No  No ESVd 

2,10‐Dimethylundecane  17301‐27‐8  1  /  1  0.52  NA  0.52  No ESV  NA  NA  NA  No  No ESVd 

2,6,10,14‐Tetramethylpentadecane  1921‐70‐6  1  /  1  0.63  NA  0.63  No ESV  NA  NA  NA  No  No ESVd 



 

Table 5.3‐8. Weight‐of‐Evidence—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

Chemical (mg/kg)  CAS Number 

Frequency of 
Detection 
(FOD) 

Mean 
Concentrationa  EPC (UCL)  MDC 

Region 4 
ESVb 

No. of 
Detects>ESV 

EPC HQ 
(UCL/ESV) 

Mean HQ 
(Mean/ESV) 

COEC Flag 
(Y/N)  Rationale 

2,6‐Dimethylundecane  17301‐23‐4  1  /  1  1  NA  1  No ESV  NA  NA  NA  No  No ESVd 

Decane  124‐18‐5  1  /  1  6.3  NA  6.3  No ESV  NA  NA  NA  No  No ESVd 

Dodecane  112‐40‐3  1  /  1  2.1  NA  2.1  No ESV  NA  NA  NA  No  No ESVd 

Hendecane / Undecane  1120‐21‐4  1  /  1  42  NA  42  No ESV  NA  NA  NA  No  No ESVd 

Heptacosane  593‐49‐7  1  /  1  0.31  NA  0.31  No ESV  NA  NA  NA  No  No ESVd 

Heptadecane  629‐78‐7  1  /  1  0.84  NA  0.84  No ESV  NA  NA  NA  No  No ESVd 

Hexadecane  544‐76‐3  1  /  1  2.1  NA  2.1  No ESV  NA  NA  NA  No  No ESVd 

Octacosane  630‐02‐4  1  /  1  0.42  NA  0.42  No ESV  NA  NA  NA  No  No ESVd 

Pentadecane  629‐62‐9  1  /  1  3.1  NA  3.1  No ESV  NA  NA  NA  No  No ESVd 

PAHs 

Naphthalene  91‐20‐3  2  /  15  0.05  NA  0.58  0.16  1  NA  0.30  No  Low FOD; mean below ESV 

SVOCs 

Di‐n‐butyl phthalate  84‐74‐2  1  /  15  0.02  NA  0.02  0.011  1  NA  1.82  No  Low FOD 

VOCs 

m‐Propyltoluene / 3‐Propyltoluene  1074‐43‐7  1  /  1  6.3  NA  6.3  No ESV  NA  NA  NA  No  No ESVd 

p‐Cymene  99‐87‐6  1  /  11  1.92  NA  21  0.18  1  NA  10.7  No  Low FOD 

Tetradecane  629‐59‐4  1  /  1  4.2  NA  4.2  No ESV  NA  NA  NA  No  No ESVd 

CAS = Chemical Abstracts Registry  NA = Not available or not applicable 

COEC = Chemical of Ecological Concern  PAH = Polycyclic Aromatic Hydrocarbon 

EcoSSL = Ecological Soil Screening Level  SVOC = Semi‐volatile Organic Compound 

ESV = Ecological Screening Value  UCL = Upper Confidence Limit 

HQ = Hazard Quotient  VOC = Volatile Organic Compound 

MDC = Maximum Detected Concentration 

bold = chemical is a COEC 
aMean concentrations presented for analyte data sets with non‐detects are Kaplan‐Meier means computed by ProUCL based on both detected and non‐detected data. Mean concentrations for data sets with 100% detects are arithmetic means. 
bESVs for PAHs are the most conservative available for each individual PAH (i.e., plants, invertebrates, mammals, or birds). 
cSee text (Section 5.6.2.2) for further discussion.  
dThe 14 organics with no ESV were retained for conservatism; each was only analyzed in one sample. The lack of sampling and toxicological data demonstrates that these chemicals historically have not been identified as significant risk drivers, and it is unlikely these chemicals pose an ecological risk. 
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Table 5.3‐9. Comparison of Reporting Limits to ESVs for Non‐Detected Chemicals—Explosive Waste Incinerator 
Iowa Army Ammunition Plant, Middletown, Iowa 

CAS Number  Chemical (mg/kg) 
Detection 
Frequency 

Range of  
Reporting Limits 

Region 4 
ESVa 

Region 5 
ESV 

99‐65‐0  1,3‐Dinitrobenzene  0  /  53  0.1  ‐  5  0.034  0.655 
118‐96‐7  2,4,6‐Trinitrotoluene  0  /  53  0.1  ‐  5  7.5  ‐‐ 
121‐14‐2  2,4‐Dinitrotoluene  0  /  67  0.04  ‐  5  6  1.28 
606‐20‐2  2,6‐Dinitrotoluene  0  /  67  0.04  ‐  5  4  0.0328 
35572‐78‐2  2‐Amino‐4,6‐dinitrotoluene  0  /  45  0.2  ‐  5  14  ‐‐ 
88‐72‐2  2‐Nitrotoluene  0  /  45  0.2     5  0.19  ‐‐ 
99‐08‐1  3‐Nitrotoluene  0  /  48  0.2     5  0.13  ‐‐ 
19406‐51‐0  4‐Amino‐2,6‐dinitrotoluene  0  /  45  0.2  ‐  5  12  ‐‐ 
99‐99‐0  4‐Nitrotoluene  0  /  45  0.49     5  0.14  ‐‐ 
98‐95‐3  Nitrobenzene  0  /  67  0.04  ‐  5  2.2  1.31 
479‐45‐8  Tetryl  0  /  53  0.2     5  0.018  ‐‐ 
7440‐36‐0  Antimony  0  /  8  7.14     19.6  0.27  0.142 
7440‐28‐0  Thallium  0  /  8  0.5     34.3  0.05  0.0569 
7440‐22‐4  Silver  0  /  47  0.49  ‐  1  4.2  4.04 
91‐57‐6  2‐Methylnaphthalene  0  /  7  0.032  ‐  0.26  0.11  3.24 
83‐32‐9  Acenaphthene  0  /  17  0.03  ‐  0.04  0.25  682 
208‐96‐8  Acenaphthylene  0  /  17  0.03  ‐  0.04  0.34  682 
120‐12‐7  Anthracene  0  /  17  0.03  ‐  0.71  6.8b  1480 
86‐73‐7  Fluorene  0  /  17  0.03  ‐  0.06  3.7  122 
12674‐11‐2  Aroclor 1016  0  /  7  0.32  ‐  1.4  ‐‐  ‐‐ 
11104‐28‐2  Aroclor 1221  0  /  7  1.4  ‐  1.9  ‐‐  ‐‐ 
11141‐16‐5  Aroclor 1232  0  /  7  1.4  ‐  1.9  ‐‐  ‐‐ 
53469‐21‐9  Aroclor 1242  0  /  7  1.4  ‐  1.9  ‐‐  ‐‐ 
12672‐29‐6  Aroclor 1248  0  /  7  1.9  ‐  2  ‐‐  ‐‐ 
11097‐69‐1  Aroclor 1254  0  /  7  2.3  ‐  3.8  ‐‐  ‐‐ 
11096‐82‐5  Aroclor 1260  0  /  7  0.79  ‐  2.6  ‐‐  ‐‐ 
37324‐23‐5  Aroclor 1262  0  /  3  6.3  ‐  6.3  ‐‐  ‐‐ 
1336‐36‐3  Total PCBs  0  /  7  1.8     1.8  0.041  0.000332 
1912‐24‐9  Atrazine  0  /  3  0.06     0.06  0.00005  ‐‐ 
309‐00‐2  Aldrin  0  /  7  0.33     1.3  0.03  0.00332 
319‐84‐6  alpha‐BHC  0  /  7  0.27     1.3  0.0003  0.0994 
5103‐71‐9  alpha‐Chlordane  0  /  4  0.33     0.33  0.0029  ‐‐ 
959‐98‐8  alpha‐Endosulfan / Endosulfan I  0  /  7  0.4     0.62  0.0009  0.119 
319‐85‐7  beta‐BHC  0  /  7  0.27     1.3  0.0003  0.00398 
33213‐65‐9  beta‐Endosulfan / Endosulfan II  0  /  7  0.62     2.4  ‐‐  0.119 
12789‐03‐6  Chlordane (technical)  0  /  3  0.68     0.68  0.02  0.224 
470‐90‐6  Chlorfenvinphos  0  /  3  0.92  ‐  0.92  ‐‐  ‐‐ 
72‐54‐8  DDD  0  /  7  0.06  ‐  0.27  ‐‐  0.758 
72‐55‐9  DDE  0  /  7  0.06  ‐  0.31  ‐‐  0.596 
50‐29‐3  DDT  0  /  7  0.1     0.31  ‐‐  0.0035 
319‐86‐8  delta‐BHC  0  /  7  0.21  ‐  0.27  ‐‐  9.94 
62‐73‐7  Dichlorvos  0  /  3  0.06  ‐  0.06  ‐‐  ‐‐ 
60‐57‐1  Dieldrin  0  /  7  0.07     0.31  0.0029  0.00238 
1031‐07‐8  Endosulfan sulfate  0  /  7  0.62     1.2  0.0065  0.0358 
72‐20‐8  Endrin  0  /  7  0.45     1.3  0.0019  0.0101 
7421‐93‐4  Endrin aldehyde  0  /  7  0.53     1.8  ‐‐  0.0105 
53494‐70‐5  Endrin ketone  0  /  7  0.28  ‐  0.53  ‐‐  ‐‐ 
5103‐74‐2  gamma‐Chlordane  0  /  4  0.33     0.33  0.02  ‐‐ 
76‐44‐8  Heptachlor  0  /  7  0.13     0.24  0.0016  0.00598 
1024‐57‐3  Heptachlor epoxide  0  /  7  0.33     0.48  0.00015  0.152 
465‐73‐6  Isodrin  0  /  3  0.48     0.48  ‐‐  0.00332 
58‐89‐9  Lindane  0  /  7  0.1     0.27  0.0031  0.005 
121‐75‐5  Malathion  0  /  3  0.18     0.18  0.00004  ‐‐ 
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72‐43‐5  Methoxychlor  0  /  7  0.26     0.33  0.0021  0.0199 
2385‐85‐5  Mirex  0  /  3  0.14     0.14  0.0036  ‐‐ 
56‐38‐2  Parathion  0  /  3  1.7     1.7  0.00019  0.00034 
8001‐35‐2  Toxaphene  0  /  7  2.6     12  0.00015  0.119 
120‐82‐1  1,2,4‐Trichlorobenzene  0  /  17  0.04  ‐  0.22  0.27  11.1 
95‐50‐1  1,2‐Dichlorobenzene  0  /  17  0.04  ‐  0.22  0.09  2.96 
122‐66‐7  1,2‐Diphenylhydrazine  0  /  7  0.14  ‐  0.52  ‐‐  ‐‐ 
541‐73‐1  1,3‐Dichlorobenzene  0  /  20  0.04  ‐  0.22  0.08  37.7 
106‐46‐7  1,4‐Dichlorobenzene  0  /  17  0.03  ‐  0.22  0.88  0.546 
15980‐15‐1  1,4‐Oxathiane  0  /  3  0.07  ‐  0.07  ‐‐  ‐‐ 
933‐75‐5  2,3,6‐Trichlorophenol  0  /  3  0.62  ‐  0.62  ‐‐  ‐‐ 
95‐95‐4  2,4,5‐Trichlorophenol  0  /  17  0.1  ‐  0.49  4  14.1 
88‐06‐2  2,4,6‐Trichlorophenol  0  /  17  0.06  ‐  0.22  9.94  9.94 
120‐83‐2  2,4‐Dichlorophenol  0  /  17  0.06     0.43  0.05  87.5 
105‐67‐9  2,4‐Dimethylphenol  0  /  17  0.35     3  0.04  0.01 
51‐28‐5  2,4‐Dinitrophenol  0  /  17  0.71     4.7  0.061  0.0609 
606‐22‐4  2,6‐Dinitroaniline  0  /  3  0.57  ‐  0.57  ‐‐  ‐‐ 
91‐58‐7  2‐Chloronaphthalene  0  /  17  0.03     0.24  ‐‐  0.0122 
95‐57‐8  2‐Chlorophenol  0  /  17  0.05  ‐  0.22  0.06  0.243 
95‐48‐7  2‐Cresol  0  /  17  0.02  ‐  0.09  0.1  40.4 
88‐74‐4  2‐Nitroaniline  0  /  17  0.06     3.1  0.02  74.1 
88‐75‐5  2‐Nitrophenol  0  /  17  0.14  ‐  1.1  ‐‐  1.6 
91‐94‐1  3,3'‐Dichlorobenzidine  0  /  17  0.18     6.3  0.03  0.646 
618‐87‐1  3,5‐Dinitroaniline  0  /  3  1.6  ‐  1.6  ‐‐  ‐‐ 
99‐09‐2  3‐Nitroaniline  0  /  17  0.45  ‐  3  ‐‐  3.16 
534‐52‐1  4,6‐Dinitro‐2‐cresol  0  /  17  0.55     0.87  ‐‐  0.144 
101‐55‐3  4‐Bromophenyl phenyl ether  0  /  17  0.03  ‐  0.22  ‐‐  ‐‐ 
59‐50‐7  4‐Chloro‐3‐Methylphenol  0  /  17  0.09  ‐  0.93  ‐‐  7.95 
106‐47‐8  4‐Chloroaniline  0  /  17  0.63  ‐  0.87  1  1.1 
7005‐72‐3  4‐Chlorophenyl phenyl ether  0  /  17  0.03  ‐  0.22  ‐‐  ‐‐ 
106‐44‐5  4‐Methylphenol  0  /  17  0.07  ‐  0.24  0.08  163 
100‐01‐6  4‐Nitroaniline  0  /  14  0.41  ‐  0.87  ‐‐  21.9 
100‐02‐7  4‐Nitrophenol  0  /  17  0.71  ‐  3.3  5.12  5.12 
92‐87‐5  Benzidine  0  /  14  0.85  ‐  4.3  ‐‐  ‐‐ 
65‐85‐0  Benzoic acid  0  /  17  0.71     6.1  0.01  ‐‐ 
100‐51‐6  Benzyl alcohol  0  /  17  0.03     0.87  0.002  65.8 
111‐91‐1  Bis(2‐chloroethoxy) methane  0  /  17  0.05  ‐  0.19  ‐‐  0.302 
111‐44‐4  Bis(2‐chloroethyl) ether  0  /  17  0.03  ‐  0.36  ‐‐  23.7 
108‐60‐1  Bis(2‐chloroisopropyl) ether  0  /  17  0.18  ‐  0.44  ‐‐  19.9 
117‐81‐7  Bis(2‐ethylhexyl) phthalate  0  /  17  0.18     0.62  0.02  0.925 
85‐68‐7  Butylbenzyl phthalate  0  /  17  0.07  ‐  1.8  0.59  0.239 
86‐74‐8  Carbazole  0  /  14  0.1     0.22  0.07  ‐‐ 
132‐64‐9  Dibenzofuran  0  /  17  0.03  ‐  0.09  0.15  ‐‐ 
67708‐83‐2  Dibromochloropropane  0  /  3  0.07  ‐  0.07  ‐‐  ‐‐ 
77‐73‐6  Dicyclopentadiene  0  /  3  0.57  ‐  0.57  ‐‐  ‐‐ 
84‐66‐2  Diethyl phthalate  0  /  17  0.07  ‐  0.24  0.25  24.8 
131‐11‐3  Dimethyl phthalate  0  /  17  0.06  ‐  0.17  0.35  734 
117‐84‐0  Di‐n‐octyl phthalate  0  /  17  0.19  ‐  0.43  0.91  709 
51330‐42‐8  Dithiane  0  /  3  0.06  ‐  0.06  ‐‐  ‐‐ 
118‐74‐1  Hexachlorobenzene  0  /  17  0.03  ‐  0.08  0.079  0.199 

87‐68‐3 
Hexachlorobutadiene / Hexachloro‐1,3‐
butadiene  0  /  17  0.18     0.97  0.009  0.0398 

77‐47‐4  Hexachlorocyclopentadiene  0  /  17  0.52     6.2  0.0064  0.755 
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67‐72‐1  Hexachloroethane  0  /  17  0.15     1.8  0.024  0.596 
78‐59‐1  Isophorone  0  /  17  0.03  ‐  0.39  ‐‐  139 
62‐75‐9  N‐Nitrosodimethylamine  0  /  7  0.14     0.46  ‐‐  3.21E‐05 
621‐64‐7  N‐Nitrosodi‐n‐propylamine  0  /  17  0.04  ‐  1.1  ‐‐  0.544 
86‐30‐6  N‐Nitrosodiphenylamine  0  /  17  0.04  ‐  0.29  0.545  0.545 
AEC560  p‐Chlorophenylmethyl sulfide  0  /  3  0.09  ‐  0.09  ‐‐  ‐‐ 
98‐57‐7  p‐Chlorophenylmethyl sulfone  0  /  3  0.06  ‐  0.06  ‐‐  ‐‐ 
AEC561  p‐Chlorophenylmethyl sulfoxide  0  /  3  0.32  ‐  0.32  ‐‐  ‐‐ 
87‐86‐5  Pentachlorophenol  0  /  17  0.35  ‐  1.3  2.1  0.119 
108‐95‐2  Phenol  0  /  17  0.05  ‐  0.22  0.79  120 
630‐20‐6  1,1,1,2‐Tetrachloroethane  0  /  10  0.01  ‐  0.01  0.07  225 
71‐55‐6  1,1,1‐Trichloroethane  0  /  18  0.0044  ‐  0.2  0.04  29.8 
79‐00‐5  1,1,2‐Trichloroethane  0  /  18  0.0054  ‐  0.33  0.32  28.6 
75‐34‐3  1,1‐Dichloroethane  0  /  18  0.0023  ‐  0.49  0.14  20.1 
75‐35‐4  1,1‐Dichloroethene  0  /  18  0.0039  ‐  0.27  0.04  8.28 
563‐58‐6  1,1‐Dichloropropene  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
87‐61‐6  1,2,3‐Trichlorobenzene  0  /  13  0.01  ‐  0.03  20  ‐‐ 
96‐18‐4  1,2,3‐Trichloropropane  0  /  10  0.01  ‐  0.01  ‐‐  3.36 
95‐63‐6  1,2,4‐Trimethylbenzene  0  /  10  0.01  ‐  0.01  0.09  ‐‐ 
96‐12‐8  1,2‐Dibromo‐3‐chloropropane  0  /  10  0.01  ‐  0.01  ‐‐  0.0352 
106‐93‐4  1,2‐Dibromoethane  0  /  10  0.01  ‐  0.01  ‐‐  1.23 
107‐06‐2  1,2‐Dichloroethane  0  /  18  0.0017  ‐  0.32  0.4  21.2 
78‐87‐5  1,2‐Dichloropropane  0  /  18  0.0029  ‐  0.53  0.28  32.7 
108‐67‐8  1,3,5‐Trimethylbenzene  0  /  10  0.01  ‐  0.01  0.16  ‐‐ 
142‐28‐9  1,3‐Dichloropropane  0  /  13  0.01  ‐  0.2  ‐‐  ‐‐ 
594‐20‐7  2,2‐Dichloropropane  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
78‐93‐3  2‐Butanone / Methyl Ethyl Ketone  0  /  18  0.01  ‐  4.3  1  89.6 
110‐75‐8  2‐Chloroethyl vinyl ether  0  /  8  0.01  ‐  0.5  ‐‐  ‐‐ 
95‐49‐8  2‐Chlorotoluene  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
591‐78‐6  2‐Hexanone / Methyl Butyl Ketone  0  /  18  0.01  ‐  1  0.36  12.6 
106‐43‐4  4‐Chlorotoluene  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
108‐10‐1  4‐Methyl‐2‐Pentanone / Methyl Isobutyl Ketone  0  /  18  0.01  ‐  0.63  ‐‐  443 
67‐64‐1  Acetone  0  /  18  0.01  ‐  3.3  1.2  2.5 
107‐02‐8  Acrolein  0  /  5  0.1     0.1  0.0003  5.27 
107‐13‐1  Acrylonitrile  0  /  8  0.1     2  ‐‐  0.0239 
71‐43‐2  Benzene  0  /  18  0.0015  ‐  0.1  0.12  0.255 
108‐86‐1  Bromobenzene  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
74‐97‐5  Bromochloromethane  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
75‐27‐4  Bromodichloromethane  0  /  18  0.0029  ‐  0.2  ‐‐  0.54 
75‐25‐2  Bromoform  0  /  18  0.0069  ‐  0.2  0.07  15.9 
74‐83‐9  Bromomethane  0  /  18  0.0057     0.26  0.002  0.235 
104‐51‐8  Butylbenzene  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
75‐15‐0  Carbon disulfide  0  /  18  0.0044  ‐  0.6  0.005  0.0941 
56‐23‐5  Carbon tetrachloride  0  /  18  0.007  ‐  0.31  0.05  2.98 
108‐90‐7  Chlorobenzene  0  /  18  0.0009  ‐  0.1  2.4  13.1 
75‐00‐3  Chloroethane  0  /  18  0.01  ‐  0.64  ‐‐  ‐‐ 
67‐66‐3  Chloroform  0  /  18  0.0009  ‐  0.24  0.05  1.19 
74‐87‐3  Chloromethane  0  /  18  0.0088  ‐  0.96  ‐‐  10.4 
156‐59‐2  cis‐1,2‐Dichloroethene  0  /  10  0.01  ‐  0.01  0.04  ‐‐ 
10061‐01‐5  cis‐1,3‐Dichloropropene  0  /  18  0.0032  ‐  0.6  ‐‐  0.398 

124‐48‐1 
Dibromochloromethane / 
Chlorodibromomethane  0  /  18  0.0031  ‐  0.25  ‐‐  2.05 

75‐71‐8  Dichlorodifluoromethane  0  /  10  0.01  ‐  0.01  ‐‐  39.5 
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100‐41‐4  Ethylbenzene  0  /  18  0.0017  ‐  0.19  0.27  5.16 
98‐82‐8  Isopropylbenzene  0  /  10  0.01  ‐  0.01  0.04  ‐‐ 
136777‐61‐2  m‐ and/or p‐Xylene  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
74‐95‐3  Methylene bromide / Dibromomethane  0  /  10  0.01  ‐  0.01  ‐‐  65 
75‐09‐2  Methylene chloride  0  /  18  0.01  ‐  4.4  0.21  4.05 
1634‐04‐4  Methyl‐tert‐butyl‐ether (MTBE)  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
108‐38‐3  m‐Xylene  0  /  3  0.23  ‐  0.23  ‐‐  ‐‐ 
103‐65‐1  n‐Propylbenzene / Propylbenzene  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
95‐47‐6  o‐Xylene  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
135‐98‐8  sec‐Butylbenzene  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
100‐42‐5  Styrene  0  /  18  0.0026  ‐  0.6  1.2  4.69 
98‐06‐6  tert‐Butylbenzene  0  /  10  0.01  ‐  0.01  ‐‐  ‐‐ 
127‐18‐4  Tetrachloroethene  0  /  18  0.0008  ‐  0.16  0.06  9.92 
540‐59‐0  Total 1,2‐Dichloroethene  0  /  8  0.003  ‐  0.32  0.04  ‐‐ 
25321‐22‐6  Total Dichlorobenzenes  0  /  8  0.1  ‐  0.2  ‐‐  ‐‐ 
156‐60‐5  trans‐1,2‐Dichloroethene  0  /  10  0.01  ‐  0.01  0.04  0.784 
10061‐02‐6  trans‐1,3‐Dichloropropene  0  /  18  0.0028  ‐  0.6  ‐‐  0.398 
79‐01‐6  Trichloroethene  0  /  18  0.0028  ‐  0.23  0.06  12.4 
108‐05‐4  Vinyl Acetate  0  /  8  0.0032  ‐  1  ‐‐  12.7 
75‐01‐4  Vinyl chloride  0  /  18  0.0062  ‐  1.8  0.03  0.646 
1330‐20‐7  Xylenes, mixed isomers  0  /  18  0.0015  ‐  0.78  0.1  10 
bold = Primary ESV (Region 4 followed by Region 5) is less than the maximum reporting limit 
gray = Primary ESV (Region 4 followed by Region 5) is less than the minimum reporting limit 
yellow = Available ESVs all less than minimum reporting limit 
a Unless otherwise noted, ESVs for PAHs are the most conservative available for each individual PAH (i.e., plants, invertebrates, 
mammals, or birds).  
b Value shown is for plants. 
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Hypothetical 
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Ingestion N/A N/A N/A N/A N/A N/A
Dermal Contact N/A N/A N/A N/A N/A N/A

Biota Ingestion N/A N/A N/A N/A N/A N/A

Surface Soil (3) Ingestion X X X X X X
Dermal Contact X X X X X X

Ambient Air Inhalation X X X X X X

Subsurface Soil (3) Ingestion O O X X O X
Dermal Contact O O X X O X

Ambient Air Inhalation O O X X O X

Ingestion N/A N/A N/A X N/A N/A
Dermal Contact N/A N/A N/A X N/A N/A

Trench Air (4) Inhalation N/A N/A N/A X N/A N/A

Ingestion O N/A X N/A N/A X
Dermal Contact O N/A X N/A N/A X

Volatiles from Tapwater Inhalation O N/A X N/A N/A X

Indoor Air Inhalation O N/A X N/A N/A X

LEGEND
X Potentially complete exposure pathway; O Incomplete exposure pathway; N/A Not applicable
(1) Exposure pathways for all potential human receptors are presented; however, because the hypothetical future resident is the most health-conservative of the receptor scenarios, only this receptor is evaluated 
      quantitatively for risks in the HHRA if the residential receptor risks are less than target limits. 
(2) Nearest surface water body is approximately 430 ft southeast of the site. Previous HHRA at the EWI indicates that sample locations classified as sediment were from grassed ditches with intermittant water flows that

occurr during precipitation events. Therefore, potential soil exposures are more likely than sediment exposures. Consequently, data for these samples are treated as dry soil data in the HHRA.
(3) In the HHRA, future construction/utility worker, site worker, and resident exposures to soil are assumed for the 0-10 ft depth. Exposures to soil at the 0-10 ft depth are considered potentially complete
      assuming that a commercial/industrial building or a residential house is constructed at the EWI area. However, because data are available only to a depth of 3 ft bgs, this exposure medium for all combined surface/subsurface soil 
      scenarios are presented as "soil (0-3 ft)".
(4) Depth to water ranges from 7.5 ft btoc to 13 ft btoc.
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5.4 Yard L 
This subsection summarizes RI activities at the Yard L for groundwater. There are no perennial surface 
water features or wet sediment within the site boundary. 

5.4.1 Background 
5.4.1.1 Site Description 
Yard L is located approximately 1,000 feet south of the northern boundary of the IAAAP and is bordered 
by administrative buildings to the west, Lines 5A and 5B to the south, and the Roundhouse Transformer 
Storage Area (RTSA) to the east (Figure 5.4‐1). Yard L contains three long, rectangular buildings that run 
in an east‐to‐west orientation with railroad tracks that run along the buildings for access (USACE 2008a) 
that encompass approximately 12 acres. 

5.4.1.2 Operational History 
Historical information indicates that, between 1960 and approximately 1975, a portion of Yard L 
(Warehouses L‐37‐1, L‐37‐2, and L‐37‐3) was used by the Atomic Energy Commission to provide Line 1 
storage space for classified component parts. The area of Yard L that is identified as being used by 
Atomic Energy Commission is approximately 12 acres in size (USACE 2008a). The three warehouse 
buildings were used to facilitate receipt and shipment of finished products used in the production at 
Line 1 which was used to assemble nuclear weapons. Radioactive materials handled on Line 1 were 
received in a sealed configuration and were swipe tested before use (USATHAMA 1980). There is no 
evidence that raw explosive materials were stored in these warehouses, or that the components were 
worked, machined, fabricated, or joined in Yard L (USACE 2008a). Yard L is currently in use by the 
U.S. Army for storage of inert parts and materials (Bellrichard, pers. comm. 2017). The site is located in a 
restricted zone and is closed to all recreational use. 

5.4.2 Previous Investigations and Removal Actions 
Table 5.4.1 summarizes the previous investigations conducted at Yard L, including conclusions and 
recommendations. Surface water and sediment are not present at Yard L. No soil samples have been 
collected for chemical analyses. No borings or monitoring wells have been installed in Yard L and 
groundwater has not been investigated. 

Yard L was identified as possibly being impacted by historic Atomic Energy Commission operations. As a 
result, several CERCLA actions were conducted to determine the need for remedial actions under 
FUSRAP. Based on historical data it was determined that there were no potential contaminants of 
concern in Yard L since there was no evidence of raw material storage or component 
construction/fabrication in this yard (USACE 2008a). The results of the radiological sampling for the 
FUSRAP RI indicated that Yard L was not radiologically contaminated (USACE 2008b). No removal or 
remedial actions were required under FUSRAP. 

This report continues the RI for groundwater at Yard L. Previous investigations pertinent to the RI for 
groundwater are listed below; additional details are included in Table 5.4‐1. 

Investigation Conclusion 

FUSRAP Preliminary Investigation A site visit and records review concluded that there were no historical releases at 
Yard L, however it was recommended that further activities be conducted to 
confirm any potential contamination. 
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Investigation Conclusion 

Final Iowa Army Ammunition Plant 
FUSRAP Remedial Investigation Report 
for Firing Sites Area, Yards C, E, F, G, 
and L, Warehouse 3‐01, and Area West 
of Line 5B, Middletown, Iowa (USACE 
2008b) 

No radiological contamination was detected in soil at the buildings at Yard L. 
Based on historical data, it was determined that there were no chemical 
contaminants of concern in Yard L. Therefore, no chemical sampling or further 
radiological sampling was conducted at Yard L (USACE 2008a). 

5.4.3 2018–2020 Remedial Investigation Activities 
No additional sampling was proposed during the 2018‐2019 Remedial Investigation (CH2M 2018e). 
Additionally, no groundwater sampling was warranted at Yard L because there is no soil contamination. 

5.4.4 Environmental Site Setting 
The ground surface at Yard L consists of relatively flat terrain with little changes in topography. Overland 
surface water flow in the southeastern part of Yard L (the area surrounding the three warehouse 
buildings used by the Atomic Energy Commission) drains southward into northern tributaries at the 
headwaters of Brush Creek. Each of the three warehouses in this area is approximately 500 feet long by 
50 feet wide. Concrete loading docks approximately 510 feet long by 10 feet wide are located adjacent 
to the south side of each warehouse. The loading docks are elevated approximately 5 feet from the 
adjacent rail line that is located immediately to the south (USACE 2003). A rail line is also located on the 
northern side of the three warehouses. 

No soil borings or monitoring wells have been installed in Yard L, therefore the information presented 
here is based on soil boring and monitoring well data from the surrounding area. Yard L is underlain by 
deposits of clayey silt (loess) that are expected to be 5 to 15 feet thick. Underlying the loess is a thick 
layer of glacial till (Kellersville Till). The till is composed of silty clay with some discontinuous sandy 
lenses and is expected to be between 30 to 70 feet thick in this area. The underlying bedrock consists of 
the cherty limestone of the upper Warsaw Formation (CH2M 2018e). 

Based on well data from the surrounding area, the site hydrogeology is characterized by the presence of 
two aquifers, the shallow (or drift) aquifer, and the upper bedrock aquifer. Based on the basewide 
potentiometric contour map for shallow groundwater, the flow directions in the shallow groundwater 
aquifer are similar to surface water flow patterns (Tetra Tech 2009b). Shallow groundwater flow in the 
eastern part of Yard L is to the southeast (toward Brush Creek). Depth to shallow groundwater at Yard L 
is not known, but is anticipated to be approximately 5 feet below ground surface (bgs) based on the 
water levels reported in shallow well G‐49, located approximately 300 feet east of Yard L. Based on the 
basewide potentiometric contour map for upper bedrock (Tetra Tech 2012), groundwater flow in the 
upper bedrock aquifer is generally toward the west or southwest at Yard L. 

5.4.5 Nature and Extent of Contamination 
The FUSRAP RI concluded that there was no radiological contamination and no potential chemical 
contaminants of concern for soil at Yard L (USACE 2008a). Because soil contamination was not identified 
in Yard L, groundwater sampling was not warranted (CH2M 2018e). Additionally, Yard L is located near 
the northern facility boundary and upgradient of groundwater contamination plumes from other areas 
at the IAAAP. 

5.4.6 Human Health Risk Assessment 
Yard L was addressed under the FUSRAP. The FUSRAP Remedial Investigation concluded that there was 
no radiological contamination in soil and no reason to suspect chemical contamination. Because there is 
no contaminated soil, and no surface water or sediment is present at Yard L, there are no potential 
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sources to groundwater and no contaminants in groundwater. As a result of no complete exposure 
pathways for human receptors, there are no groundwater COCs identified for Yard L. Therefore, Yard L 
qualifies for an NFA decision for groundwater. 

5.4.7 Ecological Risk Assessment 
The ERA at Yard L is presented herein, beginning with Step 1 of the ERA process (to determine if there 
are complete exposure pathways). Yard L comprises three long, rectangular warehouse buildings along 
railroad tracks encompassing approximately 12 acres in the northern portion of IAAAP. These 
warehouses were formerly used by the Atomic Energy Commission to provide storage space for 
classified component parts used at Line 1 and are currently used for storage of inert parts and materials 
by the Army. 

Yard L was addressed under the FUSRAP. The FUSRAP Remedial Investigation concluded that there was 
no radiological contamination in soil and no reason to suspect chemical contamination. As a result, there 
are no complete soil exposure pathways for ecological receptors at Yard L. There are no perennial 
surface water features within the Yard L boundary and no complete exposure pathways for sediment or 
surface water. Because there is no contaminated soil, and no surface water or sediment is present at 
Yard L, there are no potential sources to groundwater and no contaminants in groundwater. As a result 
of no complete exposure pathways for ecological receptors, the ERA process terminates with a 
conclusion of negligible (acceptable) adverse effects. 

5.4.8 Summary and Conclusions 
Based on the RI conducted under FUSRAP, there is no basis for a chemical contaminant release at Yard L. 
Because there is a not a separate groundwater site established for Yard L under the IRP, it is 
recommended that the groundwater component of Yard L be transferred to a new OU (OU‐11) and NFA 
be presented as the preferred remedy in a Proposed Plan. 
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Table 5.4‐1. Previous Investigations and Remedial Actions—Yard L 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

FUSRAP Preliminary Investigation (USACE 
2008b) 

2001  Site visit and record review to determine if former 
Atomic Energy Commission performed operations at 
Yard L. No sampling was conducted. 

The review concluded that there were no historical 
releases at Yard L, however it was recommended that 
further activities be conducted to confirm any 
potential contamination. 

Aerial radiological survey conducted at 
the IAAAP (U.S. Army Joint Munitions 
Command 2003). 

2002  In July 2002, portions of the IAAAP used by the Atomic 
Energy Commission including Yard L were designated 
by the USACE to be under the Formerly Utilized Sites 
Remedial Action Plan (FUSRAP). Yard L was evaluated 
by aerial radiological survey using a helicopter‐
mounted sodium iodine detector system.  

No indication of radioactive contamination was found 
at Yard L during the aerial radiological survey. 

Iowa Army Ammunition Plant Site 
Reconnaissance Survey for Buildings L‐37‐
1, L‐37‐2, and L‐37‐3 (USACE 2003) 

2003  USACE conducted a site reconnaissance survey 
(radiological investigation) of the three warehouses in 
Yard L that were used by the Atomic Energy 
Commission. Building exterior and interiors were 
radiologically scanned, and smear samples collected.  

The results of the survey confirmed the absence of 
detectable radiological contamination in or on the 
building surfaces (USACE 2003). 

Final Iowa Army Ammunition Plant 
FUSRAP Remedial Investigation Report for 
Firing Sites Area, Yards C, E, F, G, and L, 
Warehouse 3‐01, and Area West of Line 
5B, Middletown, Iowa (USACE 2008b) 

2005  USACE conducted gamma walkover surveys and 
collected six soil samples (Figure 5.4‐2) for 
alpha/gamma spectroscopy to investigate the potential 
presence of residual radioactive contamination in the 
area around the three buildings of Yard L. 

 The uranium results were not significantly different 
than background (USACE 2008a). No radiological 
contamination in soil at the buildings at Yard L. Based 
on historical data, it was determined that there were 
no chemical contaminants of concern in Yard L. 
Therefore, no chemical sampling or further 
radiological sampling was conducted at Yard L (USACE 
2008a).  
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5.5 Lines 4A and 4B Ammo Assembly Groundwater 
This subsection summarizes RI activities at Lines 4A/4B (IAAP‐005G). This report documents the RI for 
groundwater at Lines 4A/4B. Soil is addressed under the remedy for OU‐1 (IAAP‐005) (Leidos 2018). 
There are no perennial surface water features within the Lines 4A/4B boundary. 

5.5.1 Background 
5.5.1.1 Site Description 
Lines 4A/4B site is in the north‐central portion of the IAAAP facility and straddles the Brush Creek and 
Long Creek watersheds (Figure 5.5‐1). Line 4A is located approximately 1,700 feet east of Line 4B. Line 
5A (formerly known as the Booster Line) and Line 5B are located to the north, and Line 6, known as a 
“detonator line,” is located to the south of Lines 4A and 4B. The comprehensive watersheds work plan 
(CWWP) (Tetra Tech 2006) identified Line 4A as encompassing 21 acres and Line 4B as encompassing 16 
acres, with an overall site area of 57.82 acres, as shown on Figure 5.5‐1. Line 4A is in the Brush Creek 
watershed, while Line 4B is in the Long Creek watershed. Both lines include multiple buildings and are 
surrounded by grass‐covered areas and roadways connecting the buildings. 

5.5.1.2 Operational History 
Line 4A 

Line 4A was constructed in 1941 to manufacture fuzes for ammunition produced at IAAAP. The site 
included a fuze assembly building, mixing buildings, a lead azide service magazine, a solvent storage 
building, and a high‐explosives preparation building. Between 1946 and 1954, the site was used to 
disassemble, detonate, and convert fuzes. It entered standby status in 1954. 

In an attempt to restart operations at Line 4A, a tank farm was installed in the late 1960s generally 
southeast of Building 4A‐22 (Figure 5.5‐1). The tanks included four 30,000‐gallon solvent storage tanks, 
two 25,000‐gallon alcohol tanks, and two liquid nitrogen tanks; however, these tanks were never used 
and were removed (TN & Associates 2003). 

Line 4A was reconstructed between 1979 and 1983 and reopened in 1984 to serve as a detonator 
assembly facility. In 1981, the spray evaporation pond shown on Figure 5.5‐1 was built to receive 
desensitized water from the treatment sumps; however, the pond was never used (TN & Associates 
2003). Instead, 14 new treatment tanks that did not have secondary containment were used to 
periodically desensitize lead azide using acetic acid, sodium sulfate, sodium nitrite, and sodium 
hydroxide. A sludge consisting of settled materials accumulated at the bottom of each tank. The sludge 
was removed and shipped offsite for proper treatment and disposal in accordance with USEPA 
regulations. These treatment tanks were not used after 1991 (TN & Associates 2003). 

Concrete holding sumps for RDX‐contaminated wastewater were present near Buildings 4A‐58‐2 and 4A‐
63 (Figure 5.5‐1) and were used before stainless steel treatment sumps were installed. The 1984 NPDES 
permit (29‐00‐9‐00) describes carbon filters that could treat explosives‐contaminated wastewater at 
Building 4A‐58‐2. These carbon filter columns were used minimally and discharged wastewater to the 
sanitary sewer system (JAYCOR 1996). 

In 1996, Line 4A was renovated for a private industry to produce automotive airbag charges (TN & 
Associates 2003). Renovations included the addition of a Turbula building and interior wall and exterior 
door modifications. It was shut down in 1998. Line 4A is currently inactive and in layaway status. There 
are no current leases (Doyle, pers. comm. 2020). 
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Line 4B 

Line 4B was constructed in 1941 as an assembly facility for components manufactured elsewhere at the 
IAAAP. Operations ceased in 1945, at the end of World War II. In 1962, production resumed, and by the 
late 1960s the line was being used for missile assembly. The most recent additions to the facility, in 
1984, were three buildings surrounded by berms for high‐explosives preparation. Line 4B is currently 
active and used for warhead production. 

Hazardous substances associated with Line 4B are reported to have included 2,4,6‐trinitrotoluene, RDX, 
and Composition B. Wastewater generated at Line 4B is stored in underground or aboveground tanks 
and then removed for activated carbon treatment. A 1988 report (E&E 1988) mentions sumps in 
connection with Line 4B, but no sumps are listed in the sump survey, nor is Line 4B included in the RCRA 
Part B Permit. The only sumps located during the site inspection were three small spill collection sumps. 
The sump report (E&E 1988) suggests that past disposal may have involved discharge to surface water 
(JAYCOR 1996). 

5.5.1.3 Previous Investigations and Remedial Actions 
Numerous investigations have been conducted at IAAAP since the 1980s. Table 5.5‐1 summarizes the 
previous investigations and remedial actions conducted at Line 4A/4B, including conclusions and 
recommendations. Previous groundwater, surface water, and sediment sampling locations are shown on 
Figure 5.5‐2. Based on the results of previous investigations, soil excavation was not warranted at Lines 
4A/4B. However, sump removals have been conducted. IAAP‐005 is subject to OU‐1 LUCs, which are 
described in Table 5.5‐1. 

This report continues the RI for groundwater at the Line 4A/4B. Previous investigations. Previous 
investigations pertinent to the RI for groundwater are listed below; additional details are included in 
Table 5.5‐1. 

Investigation Conclusion 

Resource Conservation and Recovery 
Act Facility Assessment (E&E 1987) 

Groundwater samples were collected from five new wells during multiple 
sampling events. The RCRA Facility Assessment concluded that no contamination 
existed in the groundwater at Line 4A. No sampling activities were completed at 
Line 4B. 

Facility‐wide Preliminary Assessment 
(JAYCOR 1994) 

It was concluded that there may have been a potential release from the Line 4A 
sump. Soil sampling was recommended around the active treatment sumps.  

Facility‐wide Site Inspection (JAYCOR 
1992) 

No groundwater samples were collected during the facility‐wide SI. It was 
recommended that Line 4A/4B be included in the RI. 

Follow‐on Remedial Investigation 
(JAYCOR 1996) 

Groundwater samples were collected from two new wells. In groundwater, 
manganese was the only chemical to exceed its screening level at JAW‐605. At 
JAW‐604 (Line 4B), BEHP, iron, and manganese were detected above their 
screening levels. 

Groundwater Monitoring Program 
(Harza 2001) 

The Groundwater Monitoring Program was established for ongoing monitoring at 
IAAAP. Line 4A/4B monitoring wells were included in the Groundwater 
Monitoring Program at IAAAP. 

Periodic Groundwater Monitoring 
(multiple reports) 

Groundwater samples were collected from two wells during multiple sampling 
events between 1996 and 2003. Only one chemical, BEHP, was detected above its 
screening level during 2000–2003. Iron and manganese, which were detected 
above screening levels previously, were not identified as being used at the site 
and are considered naturally occurring. 

Comprehensive Watersheds Evaluation 
and Supplemental Data Collection 
(Tetra Tech 2006) 

No further investigation or action was proposed for groundwater at Line 4A/4B. 
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5.5.2 2018–2020 Remedial Investigation Activities 
No additional field work was conducted at Lines 4A/4B as part of this RI. As documented in the final Site-
specific Worksheets for Operable Unit 6 of the Uniform Federal Policy–Quality Assurance Project Plan for 
Remedial Investigation at Iowa Army Ammunition Plant, Middletown, Iowa (Packet 2) (CH2M 2018b), no 
additional investigation of groundwater was warranted for this IAAAP site (IAAP‐005G) because 
sufficient groundwater samples have already been collected for the site and contaminants in soil are not 
a source to groundwater (Table 5.5‐1). 

5.5.3 Environmental Setting 
5.5.3.1 Topography and Surface Drainage 
The topography at Lines 4A and 4B is relatively flat with a gentle slope toward the east and the 
southwest at Line 4A. Line 4A is drained by ditches or intermittent tributaries of Brush Creek, which is 
located approximately 375 feet east of Line 4A. Surface drainage at Line 4B is through overland flow and 
a southward‐trending ditch that eventually flows to the headwaters of a Long Creek tributary. 

5.5.3.2 Geology and Hydrogeology 
The geology at Lines 4A and 4B consists of overburden, which is made up of a heterogeneous mix of clay 
and silty clay with variable amounts of fine‐ to medium‐grained sand (glacial till). The loess present at 
other IAAAP sites is not present at Lines 4A and 4B due to erosion (JAYCOR 1996); see Figure 2‐5. The 
overburden is underlain by bedrock, which was not encountered at Lines 4A and 4B. However, bedrock 
was encountered at Line 6 (south of Lines 4A and 4B) at depths ranging from 87 to 136 feet bgs. 

Overburden groundwater is encountered from 3 to 12 feet bgs at Line 4A and from 1 to 11 feet bgs at 
Line 4B. There is a hydraulic divide at Lines 4A/4B, with Line 4A in the Brush Creek watershed and Line 
4B in the Long Creek watershed (Figure 5.5‐1). At Line 4A, overburden groundwater east of the hydraulic 
divide flows east‐southeast toward Brush Creek (URS 2002; HydroGeoLogic 2003). At Line 4B, 
overburden groundwater west of the hydraulic divide flows to the west‐southwest toward Long Creek. 
Hydraulic gradients are low; measured values were 0.0021 to 0.0049 at Line 4A and 0.0026 to 0.0096 at 
Line 4B (Tetra Tech 2012). No hydraulic conductivity values have been calculated for the wells at Line 4A 
or Line 4B. 

Drainage ditches at the site are relatively shallow, suggesting limited (if any) surface water/groundwater 
interaction, when surface water is present (Tetra Tech 2006). A comparison of groundwater elevations 
measured at GZ3‐04 and JAW‐605, located adjacent to drainage ditches in Line 4A, and the approximate 
ditch elevation were used to evaluate whether groundwater may be discharging to drainages in this 
area. Historical groundwater elevations at GZ3‐04 range from 712.36 to 716.60 feet amsl, and at JAW‐
605 range from 711.61 to 716.59 feet amsl. The elevation of the adjacent ditch is estimated at 717 feet 
amsl based on topography and reported depth of the ditch (less than 3 feet). These data suggest that 
groundwater is not discharging to the drainages at Line 4A or only seldomly discharges. 

5.5.4 Nature and Extent of Contamination 
This subsection describes the nature and extent of groundwater contamination at Lines 4A and 4B. Soil 
has been addressed under OU‐1. 

The sources of contamination at Lines 4A/4B are attributed to the historical production of ammunition 
(including a lead azide service magazine), solvent storage, and associated activities. Wastewater 
generated at Line 4B was treated via activated carbon and discharged elsewhere within the IAAAP plant 
(TN & Associates 2003). No documented information could be located that describes the volume and 
location of discharge. As part of the RI under OU‐1, lead was identified as a COC for soil (USEPA 1998c) 
based on one sample obtained from a drainageway south of Building 4A‐07. No soil samples at Line 4B 
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contained lead concentrations exceeding OU‐1 remedial goals. While a few explosives and VOCs were 
detected in soil, all concentrations were below OU‐1 remedial goals, including those based on 
leachability. Because the 2003 supplemental remedial design soil investigation did not identify any soil 
COCs with concentrations above OU‐1 remedial goals, it was concluded that a soil removal action was 
not warranted (Shaw 2004a). 

5.5.4.1 Groundwater 
Six overburden monitoring wells are present at Lines 4A/4B (Figure 5.5‐2). As previously discussed, 
chemical concentrations in soil indicate that historical site operations had very limited impact on the 
subsurface. To further evaluate potential environmental impacts during the RI, groundwater samples 
were collected from monitoring wells and an abandoned boring at locations adjacent to and 
surrounding the spray evaporation pond and downgradient of former sumps or discharge culverts. 

Tables 5.5‐2 and 5.5‐3 summarize the chemicals detected during the most recent sampling events 
(between 2000 and 2003) at Line 4A and Line 4B, respectively. All the analytical results from the 2003 
monitoring event are provided in Appendix H. Based on the historical site use and the COC identified in 
soil (lead), chemicals of interest in groundwater at Lines 4A/4B include explosives, VOCs, and metals in 
groundwater. No explosives were detected in groundwater between 2000 and 2003. One VOC (Freon‐
113) was detected in one well (JAW‐604) in 2002; however, it was not detected in subsequent sampling 
events (Table 5.5‐3). Six total metals (lead, arsenic, barium, cadmium, chromium, and selenium) were 
detected in groundwater; however, all concentrations were below their site characterization PALs 
(Section 4.1.1). All detected metals were also below their BTVs, except for barium in one sample (JAW‐
605; June 2001); barium concentrations at this well were reported below the BTV in previous and 
subsequent sampling events. Therefore, all six detected metals are considered naturally occurring at this 
site. 

Groundwater samples were also analyzed for SVOCs. Bis(2‐ethylhexyl) phthalate, which is a known 
laboratory contaminant, was the only SVOC detected in groundwater. It was detected above its site 
characterization PAL in 2000 at JAW‐604 and JAW‐605; however, the results from a subsequent 
sampling event were nondetect at a RL below the PAL. 

5.5.5 Fate and Transport 
No explosives, VOCs, or metals were detected in groundwater above their site characterization PALs 
during the most recent sampling event (2003). Metals were also not detected above their BTVs during 
the 2003 sampling event. Therefore, no chemicals of interest have been identified for fate and transport 
discussion at Lines 4A/4B. 

5.5.6 Human Health Risk Assessment 
An HHRA was prepared for Lines 4A/4B to evaluate potential current and future health risks from 
exposure to chemicals in site groundwater. Soil media is not included in the HHRA, as it is not a 
component of this RI; the soil RI was conducted under OU‐1. Surface water and sediment media are not 
included in the HHRA, as perennial surface water features are not present at Lines 4A/4B. The HHRA was 
conducted in accordance with the final UFP‐QAPP (CH2M 2017a), except for some deviations that were 
agreed to during meetings or correspondence with USACE and USEPA following approval of the final 
UFP‐QAPP. The approach and method used to conduct the HHRA are provided in Section 4.3.1. This 
section presents the CEM for Line 4A/4B and provides the results of the four‐step evaluation process: 

• Data evaluation 
• Exposure assessment 
• Toxicity assessment 
• Risk characterization 
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The results of the HHRA are used to determine if further action is warranted for groundwater at Lines 
4A/4B. 

5.5.6.1 Conceptual Exposure Model 
A description of Lines 4A/4B, its operational history, previous investigations, and remedial actions are 
provided in Sections 5.5.1 and 5.5.2. The soil at Lines 4A/4B is addressed under the remedy for OU‐1 
(IAAAP Site IAAP‐005) (Leidos 2018) and was not reevaluated in this HHRA. Line 4A is currently inactive 
and remains in layaway; however, buildings remain onsite at Line 4A. Line 4B is currently active and used 
for warhead production; active buildings are located onsite. Lines 4A/4B are closed to recreational 
activities, and hunting is not permitted within the site boundary. 

Groundwater is not currently being used as a potable water source, and there are no plans to use 
groundwater for potable purposes in the future; however, based on applicable CERCLA policy and 
guidance, groundwater at Lines 4A/4B is classified as Class IIB, a potential source of drinking water 
(USEPA 1989). Therefore, the HHRA for Lines 4A/4B evaluates potential exposures to groundwater due 
to its potential future use as a drinking water source. This entails the evaluation of future residential 
exposures to groundwater. 

The following potential current and future human receptors were identified in the HHRA for Lines 
4A/4B: 

• Current Site Workers. Current site workers could be exposed to indoor air (that may be impacted by 
VOCs migrating from groundwater) in active buildings at Line 4B. 

• Future Site Workers. Future site workers could contact groundwater based on potential future use 
as a drinking water source at Lines 4A/4B and could be exposed to indoor air (that may be impacted 
by VOCs migrating from groundwater) in buildings. 

• Future Construction/Utility Workers. Future construction/utility workers could contact shallow 
groundwater while replacing a culvert located within the Lines 4A/4B site. 

• Future Hypothetical Residents. Future hypothetical residents could contact groundwater based on 
potential future use as a drinking water source at Lines 4A/4B and could be exposed to indoor air 
(that may be impacted by VOCs migrating from groundwater) in buildings. 

As discussed in Section 4.3.1, potential exposures and risks and hazards to current and future site 
workers and future construction/utility workers are estimated in the HHRA only if the estimated risks 
and hazards for a hypothetical residential scenario exceed acceptable risk levels and COCs are identified 
for a residential scenario. The human health CEM presenting potential exposure media, exposure points, 
receptors (current and future), and exposure routes is provided in Appendix A‐5, Attachment 1 (Table 1), 
and depicted graphically on Figure 5.5‐3. 

5.5.6.2 Data Evaluation 
Data Used in the HHRA 

Historical groundwater samples were used in the HHRA for Lines 4A/4B. As documented in the final Site-
specific Worksheets for Operable Unit 6 of the Uniform Federal Policy–Quality Assurance Project Plan for 
Remedial Investigation at Iowa Army Ammunition Plant, Middletown, Iowa (Packet 2) (CH2M, 2018b), 
no additional investigation of groundwater was warranted for Lines 4A/4B as sufficient groundwater 
samples have already been collected for the site, contaminants in soil are not a continuing source to 
groundwater, and metals in groundwater are considered to be naturally occurring. Due to the lack of a 
continuing soil source, historical concentrations in groundwater are expected to have remained stable 
or decreased over time due to natural attenuation processes. 
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The analytical data used in the HHRA consisted of groundwater samples collected during the field events 
from June 2001 through November 2003. Historical groundwater samples were collected from 1981 
through 2000; however, these older samples were not used in the HHRA because the data from 2001 
through 2003 represent the most recent two years of monitoring data and are more likely to represent 
current site conditions. The groundwater samples collected from 2001 through 2003 were analyzed for 
explosives, VOCs, SVOCs and metals. A total of seven groundwater samples collected from two 
monitoring wells were used to evaluate potential exposures for both a potable use scenario and the VI 
pathway. The groundwater samples were not collected at multilevel wells; therefore, a separate data 
grouping (based on shallow groundwater only) was not used to evaluate the VI pathway. 

A description of the groundwater data grouping and the samples included in the HHRA are provided in 
Tables 5.5‐4 and 5.5‐5, respectively. The analytical dataset used in the HHRA is included in Excel format 
as Appendix A‐5, Attachment 2. The groundwater sampling locations included in the HHRA are depicted 
on Figure 5.5‐4. 

Screening Results for Site-related Chemicals of Potential Concern and Naturally Occurring Chemicals 

The approach and SLs used to select the COPCs (site‐related COPCs or naturally occurring chemicals) are 
described in Section 4.3.1. The results of the COPC screening process for a future hypothetical resident 
potentially exposed to groundwater are presented in Appendix A‐5, Attachment 1 (Tables 2.1 and 2.2). 
The tap water RSL for hexavalent chromium was used in the COPC screening process for total chromium 
because the groundwater samples collected at Lines 4A/4B were not analyzed for hexavalent chromium. 
As summarized below, two inorganics were identified as COPCs (site‐related COPCs or naturally 
occurring chemicals) in groundwater for a potable use scenario. No COPCs were identified in 
groundwater for the VI pathway. The COPCs (site‐related COPCs or naturally occurring chemicals) are 
addressed further in the HHRA, and potential exposures and risks and hazards were estimated for each 
COPC (site‐related COPC or naturally occurring chemical). 

Summary of Site‐related COPCs and Naturally Occurring Chemicals for Lines 4A/4B 

Groundwater (Potable Use) Groundwater (Vapor Intrusion) 

Barium 
None 

Chromium 

 

5.5.6.3 Exposure Assessment 
Line 4A is currently inactive and remains in layaway; however, Line 4B is currently active and used for 
warhead production. Buildings are currently located onsite at both Lines 4A and Line 4B. Lines 4A/4B are 
closed to recreational activities and hunting is not permitted within the site boundary. As previously 
discussed, groundwater is not currently being used as a potable water source; however, the HHRA for 
Lines 4A/4B evaluated potential exposures to groundwater due to its potential future use as a drinking 
water source. This entails evaluation of future residential exposures to groundwater. Therefore, 
ingestion and dermal contact exposures to COPCs in groundwater were estimated for future 
hypothetical residents; inhalation exposures to site groundwater are incomplete because no VOCs were 
identified as COPCs at Lines 4A/4B. The potential exposure pathways quantified in the HHRA are 
included in Appendix A‐5, Attachment 1 (Table 1) and on Figure 5.5‐3. 

In accordance with USEPA guidance Determining Groundwater Exposure Point Concentrations, 
Supplemental Guidance (USEPA 2014b), groundwater EPCs are typically calculated based on the data 
collected in the core of an apparent plume. However, based on available site data, no apparent plumes 
are present. Therefore, all results in the groundwater dataset were used to calculate the EPCs for the 
COPCs in groundwater. The MDC was selected as the EPC for barium and chromium because less than 
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eight samples were available in the groundwater dataset and a reliable UCL could not be estimated due 
to the small sample size. The groundwater EPCs used to estimate the chemical intakes for a potable use 
scenario are provided in Appendix A‐5, Attachment 1 (Table 3.1). 

The exposure factors used in the intake calculations for a future hypothetical resident scenario are 
included in Appendix A‐5, Attachment 1 (Table 4.1). The primary references for the exposure factor 
values are the standard default exposure factors presented in the HHEM, Update of Standard Default 
Exposure Factors (USEPA 2014a). 

5.5.6.4 Toxicity Assessment 
The oral toxicity values (CSFs and RfDs) used in the HHRA were obtained from the USEPA standard 
hierarchy of toxicity value sources (USEPA 2003b), as provided in Section 4.3.1. Noncancer toxicity 
values for the COPCs identified at Lines 4A/4B are provided in Appendix A‐5, Attachment 1 (Table 5.1). 
Cancer toxicity values for the COPCs are provided in Appendix A‐5, Attachment 1 (Table 6.1). 

5.5.6.5 Risk Characterization 
The risk characterization for Lines 4A/4B was completed using a four‐step process, as discussed in 
Section 4.3.1. The results of each step are discussed below. 

Step 1: Total Combined Risks and Hazards from Site-related COPCs and Naturally Occurring Chemicals 

Step 1 consists of calculating receptor‐specific ELCRs and HIs that include contributions from both site‐
related COPCs and naturally occurring chemicals. The estimated risks and hazards are summarized in 
Table 5.5‐6. 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consists of calculation of receptor‐specific ELCRs and HIs for naturally occurring chemicals. 
Chromium was identified as a naturally occurring chemical in site groundwater at Lines 4A/4B, as 
discussed in Section 5.5.4. The MDC of chromium in groundwater was less than the BTV. Therefore, the 
estimated risks and hazards for the naturally occurring chemicals in groundwater for a future 
hypothetical residential scenario are provided in Table 5.5‐7. The naturally occurring chemicals are not 
used to identify the final COCs for Lines 4A/4B. 

Step 3: Risk Characterization of Site-related COPCs 

Step 3 consists of calculating receptor‐specific ELCRs and HIs associated with site‐related COPCs. One 
metal (barium) was identified as a site‐related COPC for groundwater at Lines 4A/4B. The estimated risks 
and hazards for site‐related COPCs in groundwater for a hypothetical resident are provided in Table 
5.5‐8. 

Step 4: Final COC Determination 

The total ELCRs and HIs estimated for groundwater based on a future hypothetical residential scenario 
(adult and child) did not exceed USEPA’s acceptable risk range of 1 × 10‐6 to 1 × 10‐4 and HI target of 1. 
Therefore, no COCs were identified for groundwater at Lines 4A/4B, and Lines 4A/4B qualify for an NFA 
decision for groundwater based on the HHRA. 

5.5.6.6 Uncertainty Analysis 
The assumptions used in the HHRAs have inherent uncertainty. The general uncertainties associated 
with the HHRAs for the sites in this RI report are provided in Section 4.3.1. This section provides 
additional site‐specific uncertainties associated with the HHRA for Lines 4A/4B that are not included in 
Section 4.3.1. 

Total chromium was initially identified as a COPC in groundwater because the MDC for total chromium 
exceeded the tap water RSL for hexavalent chromium. It is likely that some or all the total chromium 
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concentrations are in the trivalent chromium form. All the groundwater chromium concentrations are 
less than the tap water RSL for trivalent chromium and the MCL and BTV for total chromium. Using the 
hexavalent chromium RSL to evaluate total chromium in the COPC selection process was a conservative 
approach in the HHRA. Total chromium was determined to be naturally occurring in groundwater at 
Lines 4A/4B. 

Chemicals that were 100 percent nondetected in an exposure medium were not included in the COPC 
identification process; however, they were evaluated in a separate screening to determine if elevated 
nondetected results were present in site media. The detailed analysis of the nondetected chemicals at 
Lines 4A/4B is provided in Appendix A‐5, Attachment 3. In summary, one metal (arsenic), five explosives 
(2,4‐dinitrotoluene, 2,6‐dinitrotoluene, 2‐nitrotoluene, nitrobenzene and RDX), 20 SVOCs and 13 VOCs 
had DLs exceeding the tap water RSLs. 

• The DL for arsenic (10 µg/L) was equivalent to the MCL and less than the IAAAP‐specific BTV. 

• Although the DLs for explosives and SVOCs exceeded their respective tap water RSLs, no explosives 
or SVOCs were detected in the groundwater samples used in the HHRA. If the nondetected 
explosives and SVOCs were actually present in site groundwater, other explosives and SVOCs likely 
would have been detected in the groundwater samples included in the HHRA. 

• Although 13 VOCs had DLs that exceeded their respective tap water RSLs, only one VOC (1,1,2‐
trichlorotrifluoroethane) was detected in 1 of 7 groundwater samples included in the HHRA. If the 
VOCs with elevated DLs were actually present in site groundwater, it is likely that other VOCs would 
have been detected in groundwater at concentrations exceeding the SLs. 

The DLs that exceeded the SLs for the nondetected chemicals at Lines 4A/4B are likely associated with 
laboratory limitations at the time of the analysis. Although technology continues to improve and 
produce more precise methodologies leading to lower analytical DLs, instruments cannot always achieve 
the desired DLs, which are typically based on a chemical’s toxicity values and SLs. As described in the 
conclusions of Appendix A‐5, Attachment 3, further evaluation of the nondetected chemicals at Lines 
4A/4B does not appear warranted based on the age of the data, laboratory limitations, and comparison 
to historically detected chemicals in groundwater at IAAAP. 

5.5.6.7 Summary of HHRA 
An HHRA was prepared for Lines 4A/4B to evaluate potential current and future health risks from 
exposure to chemicals in site groundwater. Line 4A is currently inactive and remains in layaway; 
however, buildings remain onsite at Line 4A. Line 4B is currently active and used for warhead 
production; active buildings are located onsite. Lines 4A /4B are closed to recreational activities and 
hunting is not permitted within the site boundary. There are no potential receptors or potentially 
complete exposure pathways identified for Line 4A under current site conditions. 

The following potential future human receptors were identified in the HHRA for Lines 4A /4B: 

• Current Site Workers. Current site workers could be exposed to indoor air (that may be impacted by 
VOCs migrating from groundwater) in active buildings at Line 4B. 

• Future Site Workers. Future site workers could contact groundwater based on potential future use 
as a drinking water source at Lines 4A/4B and could be exposed to indoor air (that may be impacted 
by VOCs migrating from groundwater) in buildings. 

• Future Construction/Utility Workers. Future construction/utility workers could contact shallow 
groundwater while replacing a culvert located within the Lines 4A/4B site. 

• Future Hypothetical Residents. Future hypothetical residents could contact groundwater based on 
potential future use as a drinking water source at Lines 4A/4B and could be exposed to indoor air 
(that may be impacted by VOCs migrating from groundwater) in buildings. 
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Potential exposures and risks and hazards to future site workers and construction/utility workers were 
estimated in the HHRA only if the estimated risks and hazards for a hypothetical residential scenario 
exceed acceptable risk and hazard levels and COCs were identified for a residential scenario. 

Two inorganics (barium and chromium) were identified as COPCs (site‐related COPCs or naturally 
occurring chemicals) in groundwater for a potable use scenario. The tap water RSL for hexavalent 
chromium was used in the COPC screening for total chromium because the groundwater samples 
collected at Lines 4A/4B were not analyzed for hexavalent chromium. 

The risk characterization for Lines 4A/4B were completed using a four‐step process, as discussed in 
Section 4.3.1. The total combined risks and hazards from site‐related COPCs and naturally occurring 
chemicals are summarized in Table 5.5‐6. The risks and hazards from naturally occurring chemicals are 
summarized in Table 5.5‐7. Chromium was identified as a naturally occurring chemical because 
chromium was detected below its BTV. The risks and hazards from site‐related COPCs are summarized in 
Table 5.5‐8. 

No COCs were identified in groundwater for a potable use scenario for a future hypothetical resident. 
Therefore, Lines 4A/4B qualifies for an NFA decision for groundwater. Because no COCs were identified 
for a hypothetical residential receptor, and their exposures and potential health risks and hazards are 
considered protective of other receptors, groundwater risks and hazards were not estimated for current 
and future site workers and future construction/utility workers. 

5.5.7 Ecological Risk Assessment 
The ERA for groundwater at Lines 4A/4B is presented herein, beginning with Step 1 of the ERA process 
(to determine if there are complete exposure pathways). Soil at the Lines 4A/4B is already addressed 
under the remedy for OU‐1. There are no perennial surface water features within the Lines 4A/4B 
boundary, so as a result there are no complete exposure pathways for sediment or surface water. 

Though groundwater is present onsite, ecological receptors are not exposed directly to groundwater; 
however, groundwater is a transport medium and contaminated groundwater has potential to migrate 
to and discharge to surface water bodies. Though there are ditches on site for drainage purposes, these 
are not perennial waterbodies and do not provide suitable habitat for ecological receptors. 
Furthermore, as previously noted there is not a connectivity between the ditch and groundwater. Given 
the lack of perennial surface water bodies on Lines 4A/4B, the groundwater‐to‐surface water exposure 
pathway is incomplete. As a result of there being no complete exposure pathways for ecological 
receptors, the ERA process terminates with a conclusion of negligible (acceptable) adverse effects. 

5.5.8 Conclusions and Recommendations 
An RI was conducted at Lines 4A/4B to refine the nature and extent of contamination in groundwater 
from historical activities and assess for potentially unacceptable risk to human health and the 
environment. Based on the results of the HHRA, no potentially unacceptable noncarcinogenic hazards or 
carcinogenic risks were identified from exposure to site‐related chemicals in groundwater. Therefore, 
NFA is warranted for groundwater at Lines 4A/4B. 

It is recommended that Site IAAP‐005G be transferred to a new OU (OU‐11) and NFA be presented as 
the preferred remedy in a Proposed Plan. Site IAAP‐005 will continue to be managed under OU‐1. 
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Table 5.5‐1. Previous Investigations and Remedial Actions—Lines 4A/4B 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Installation Assessment of 
IAAAP (USATHAMA 1980) 

1980  A records search was conducted to assess the use, storage, 
treatment, and disposal of toxic and hazardous materials at IAAAP 
regarding environmental quality.  

Line 4A was known as one of the "fuze lines" and was 
constructed in 1941 to produce fuzes for ammunition produced 
for IAAAP. Hazardous substances associated with production 
activities included lead azide, RDX, lead styphnate, tetracene, 
barium nitrate, antimony sulfide, and RCRA metals (lead, 
antimony, and barium). Line 4B is an assembly facility that was 
used from 1941 to 1945 and resumed activities in 1962. A 
follow‐on preliminary survey was recommended to assess 
potential contaminant migration off the facility.  

Resource Conservation and 
recovery Act Facility 
Assessment (E&E 1987) 

1987  Five monitoring wells were installed at Line 4A around the spray 
evaporation pond and sampled several times between 1981 and 
1987.  

The RCRA Facility Assessment concluded that no contamination 
existed in the groundwater at Line 4A. No sampling activities 
were completed at Line 4B. 

Federal Facility Agreement 
(USEPA 1990) 

1990  A Hazardous Waste Permit (EPA ID No. IA7213820445) was issued 
to IAAAP. 

Line 4A was included in the compliance agreement, for the Line 
4A detonator sumps. 

Facility‐wide Preliminary 
Assessment (JAYCOR 1994) 

1991  A preliminary assessment was conducted at Lines 4A and 4B to 
evaluate the potential for contamination and assess potential 
migration pathways and exposure potential if contamination were 
present. 

The preliminary assessment indicated there was a potential for 
contamination at Lines 4A and 4B. 

Facility‐wide Site Inspection 
(JAYCOR 1993) 

1991  As part of a facility‐wide site inspection, 16 soil and sediment 
samples and three sump water samples were collected at Lines 4A 
and 4B. At Line 4A, samples were collected near the treatment 
sumps and associated drainage‐ways and analyzed for metals and 
explosives. Explosives, RDX, and HMX were detected in the sump 
water samples. At Line 4B, soil samples were collected from small 
spill collection sumps, and zinc was detected above the screening 
level.  

Explosives were not detected in the soil samples and metals 
were detected within the range of USGS background 

1991–
1992 

Five surface water and two sediment samples were collected at 
Line 4A. In addition, one sediment sample was collected below a 
culvert in a drainage ditch along the eastern boundary of Line 4B 
during the site inspection. The surface water and sediment samples 
were analyzed for metals, explosives, VOCs, and SVOCs.  

No compounds were detected above the USEPA recreational‐
use Regional Screening Level (RSL), calculated using the May 
2016 RSL Calculator (USEPA 2016). 
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Table 5.5‐1. Previous Investigations and Remedial Actions—Lines 4A/4B 
Iowa Army Ammunition Plant, Middletown, Iowa 
Follow‐On Remedial 
Investigation (JAYCOR 1996) 

1992–
1995  

During the facility‐wide RI, a soil gas survey around the solvent 
storage Building 4A‐03‐2 at Line 4A and additional soil sampling 
around sumps at Lines 4A and 4B were conducted. Only 4 of 18 soil 
gas samples reported detectable concentrations of VOCs. 
Additional soil samples were collected at Line 4A and Line 4B and 
analyzed for metals and explosives. Subsurface soil samples 
collected during installation of wells JAW‐604 and JAW‐605 were 
analyzed for metals, explosives, and VOCs. Results indicated only 
lead, selenium, and silver at Line 4A and barium, cobalt, 
manganese, and selenium at Line 4B exceeding screening levels. 
However, although samples were collected to 3 feet bgs, 
exceedances were only noted to 1.5 feet bgs, indicating limited 
migration of chemicals in the soil. 

No further action was recommended following the soil gas 
survey because the range of VOC concentrations was not 
considered significant. The site characterization concluded that 
although explosives were detected in soil, metals primarily 
exceeded but their depth was limited and laterally, they were 
also limited to 15 to 20 feet from the sumps. 

One new monitoring well (JAW‐605) was installed at the 
southeastern downgradient extent of Line 4A, and one new 
monitoring well (JAW‐604) was installed at Line 4B. Both wells were 
sampled and analyzed for explosives, metals, PAHs, PCBs, 
pesticides, SVOCs, and VOCs.  

In groundwater, manganese was the only chemical to exceed its 
screening level at JAW‐605. At JAW‐604 (Line 4B), BEHP, iron, 
and manganese were detected above their screening levels.  

Three ponded water samples, called surface water samples in the 
facility‐wide RI, were collected from sumps at Line 4A buildings 4A‐
22, 4A‐63, and 4A‐58‐2 and analyzed for explosives.  

Low concentrations of explosives were detected from these 
sumps; however, these are not representative of 
environmental conditions. 

Sump Removal Action (OHM 
1996) 

1995  One in‐ground sump was removed at Line 4A.  Closed under RCRA. 

RCRA Closure (Beling 
Consultants 1995) 

1995  Five containment structures and two concrete structures were 
removed, clean and disposed of in accordance with closure 
procedures at Line 4A. Confirmation soil samples were collected 
from the below removed structures and analyzed for RCRA metals, 
reactivity, pH, and explosives. Soil borings were installed for vertical 
profiling and background samples were collected. 

Based on confirmation samples, surface soils were over‐excavated 
around the south side of containments 1 and 2 at Line 4A and 
additional confirmation soil samples were collected from the 
excavation footprint. 

RCRA closure achieved for Line 4A.  

Record of Decision for Soils 
OU‐1 (USAEC 1997, Harza 
1998) 

1998  Soil contamination was addressed under OU‐1.  The selected remedy included excavation of soil containing lead 
greater than RGs. 
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Table 5.5‐1. Previous Investigations and Remedial Actions—Lines 4A/4B 
Iowa Army Ammunition Plant, Middletown, Iowa 
Groundwater Monitoring 
Program (Harza 2001) 

2001  The Groundwater Monitoring Program was established for on‐going 
monitoring at IAAAP. Wells at Line 4A/4B were identified to be 
sampled for explosives and natural attenuation parameters.  

Line 4A/4B were included in the Groundwater Monitoring 
Program at IAAAP. 

Periodic Groundwater 
Monitoring (HydroGeoLogic 
2003) 

1996–
2003 

Wells JAW‐605 (Line 4A) and JAW‐604 (Line 4B) were sampled 
multiple times and analyzed for explosives, metals, PAHs, SVOCs, 
and VOCs. Although methylene chloride was detected previously in 
groundwater at Lines 4A and 4B, it was not detected during the six 
monitoring events over this 7‐year span.  

Only one chemical, BEHP, was detected above its screening 
level during 2000–2003. Iron and manganese, which were 
detected above screening levels previously, were not identified 
as being used at the site and are considered naturally occurring.  

Phase 4 Remedial Design 
Investigation (TN & 
Associates, 2003b; Shaw, 
2004a; Shaw, 2005b) 

2003  Additional building areas were evaluated through a historical 
document review. Based on the evaluation, soil samples were 
collected from 55 locations at Line 4A and from 12 locations at Line 
4B. Samples were analyzed for explosives, VOCs, SVOCs, PCBs, total 
metals, and mercury.  

The supplemental historical document review and associated 
2003 and 2004 data collection activities conducted for the 
Phase 4 sites indicated that no known areas of contaminant 
concentrations remained above remediation levels within the 
soils at the Line 4A and Line 4B. Therefore, the soil media at 
these sites require no further action. 

2003  Although the tank farm was never used, two soil samples were 
collected from the former footprint to evaluate whether there 
were potential impacts to the environment. The samples were 
analyzed for VOCs, SVOCs, PAHs, metals, and explosives.  

As documented in the CWWP, no concentrations were reported 
above OU‐1 remediation goals.  

Comprehensive Watersheds 
Evaluation and 
Supplemental Data 
Collection Work Plan (Tetra 
Tech 2006) 

2005  Lines 4A and 4B were reevaluated as part of the CWWP, which 
concluded that soil, groundwater, surface water, and sediment had 
been adequately characterized and no adverse impacts from the 
sumps to the environment were identified based on extensive 
historical sampling results. 

No further investigation or action was proposed for Line 4A/4B. 

Explanation of Significant 
Differences for the Records 
of Decision Soils OU‐1 
(Leidos 2018)  

2018  Documented the addition of LUC s to the selected remedy for the 
Soils ROD to provide overall protectiveness of human health and 
the environment. 

The Explanation of Significant Differences changes will apply to 
soil at Line 4A/4B.  

OU‐1 Land Use Controls 
Implementation Plan 
(Leidos 2019a) 

2019  Outlined the process for implementation and maintenance of LUCs 
as a component of the selected remedy for OU‐1. Institutional 
controls will be used to restrict land use at OU‐1 Areas to military, 
commercial/industrial, agricultural, and permitted hunting and 
prohibit residential use. Engineering controls (fencing, signs) will be 
used to prevent general access to areas.  

The scope of the LUCIP applies to Line 4A/4B.  

BEHP = bis(2‐ethylhexyl)phthalate 



Table 5.5‐2. Detected Constituents in Groundwater—Line 4A
Iowa Army Ammunition Plant, Middletown, IA

Location
Sample ID

Sample Date

Test Group CAS Analyte Unit Screening Level*
Background Threshold 
Value (UTL95‐95(1))

SEMIVOLATILES 117‐81‐7 Bis(2‐ethylhexyl) phthalate µg/L 6 ‐‐ 10 U 18 5 U ‐‐ ‐‐
METALS 7439‐92‐1 Lead µg/L 15 18.1 2.3 J 10 U 4.9 J 10 U 10 U
METALS 7440‐39‐3 Barium µg/L 2,000 430 130 135 J 1,660 123 J 138 J
METALS 7440‐43‐9 Cadmium µg/L 5 5 0.4 U 0.9 J 5 U 5 U 5 U
METALS 7440‐47‐3 Chromium µg/L 100 31 1.8 U 0.5 J 1.2 J 10 U 10 U
METALS 7782‐49‐2 Selenium µg/L 50 10 2.6 U 10 U 4.6 J 10 U 10 U

Notes:
J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
B = The analyte was positively identified in both the sample and the associated laboratory method blank.
Bold indicates the analyte was detected
Shading indicates the result exceeded screening criteria
‐‐ = Not Analyzed
µg/L = micrograms per liter
*Screening level is the MCL. If no MCL is available, the greater of the HAL and the tap water RSL is selected as the delineation screening level
MCL = Maximum Contaminant Level
Source: EPA's Regional Screening Levels (May 2020). Available online: https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables.
Source: EPA's MCLs and HALs (March 2018). Available online: https://www.epa.gov/sdwa/2018‐drinking‐water‐standards‐and‐advisory‐tables.

Source: Background threshold values (BTVs) from Evaluation of Background Concentrations of Metals in Groundwater  (CH2M, 2020a)

Note that explosives were analyzed but not detected.

JAW‐605‐20030603

(1) UTLs were calculated as 95% upper confidence bounds of the 95th percentiles of the background data. UTLs calculated without a definitive distributional assumption of the data (i.e., normal, gamma, or lognormal) for sample sizes less than 59 have a coverage 
probability less than 95%.

JAW‐605JAW‐605 JAW‐605 JAW‐605 JAW‐605

5/20/2000 11/17/2000 6/14/2001 6/5/2002 6/3/2003
JAW‐605‐052000 JAW‐605‐20001117 JAW‐605‐20010614 JAW‐605‐20020605
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Table 5.5‐3. Detected Constituents in Groundwater—Line 4B
Iowa Army Ammunition Plant, Middletown, IA

Location
Sample ID

Sample Date

Test Group CAS Analyte Unit Screening Level*
Background Threshold 
Value (UTL95‐95(1))

SEMIVOLATILES 117‐81‐7 Bis(2‐ethylhexyl) phthalate µg/L 6 ‐‐ 37 17 5 U ‐‐ ‐‐ ‐‐
VOLATILES 76‐13‐1 Freon 113 µg/L 10,000 ‐‐ ‐‐ 3 U 3 U 18 3 U 3 U
METALS 7439‐92‐1 Lead µg/L 15 18.1 3.6 J 10 U 3.2 J 10 U 10 U 10 U
METALS 7440‐38‐2 Arsenic µg/L 10 33.3 3.8 J 10 U 10 U 10 U 10 U 10 U
METALS 7440‐39‐3 Barium µg/L 2,000 430 118 96.5 J 84.3 J 80.7 J 124 J 120 J
METALS 7440‐47‐3 Chromium µg/L 100 31 3.3 J 0.7 J 10 U 10 U 10 U 3.2 J
METALS 7782‐49‐2 Selenium µg/L 50 10 2.6 U 1.9 J 3 J 10 U 10 U 10 U

Notes:
J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
Bold indicates the analyte was detected
Shading indicates the result exceeded screening criteria
‐‐ = Not Analyzed
µg/L = micrograms per liter
*Screening level is the MCL. If no MCL is available, the greater of the HAL and the tap water RSL is selected as the delineation screening level
MCL = Maximum Contaminant Level
Source: EPA's Regional Screening Levels (May 2020). Available online: https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables.
Source: EPA's MCLs and HALs (March 2018). Available online: https://www.epa.gov/sdwa/2018‐drinking‐water‐standards‐and‐advisory‐tables.
Source: Background threshold values (BTVs) from Evaluation of Background Concentrations of Metals in Groundwater  (CH2M, 2020a)

Note that explosives were analyzed but not detected.
Freon 113 = 1,1,2‐Trichloro‐1,2,2‐trifluoroethane

11/19/2003
JAW‐604‐052200 JAW‐604‐20001116 JAW‐604‐20010616 JAW‐604‐20020627 JAW‐604‐20031119

5/22/2000 11/16/2000

(1) UTLs were calculated as 95% upper confidence bounds of the 95th percentiles of the background data. UTLs calculated without a definitive distributional assumption of the data (i.e., normal, gamma, or lognormal) for sample sizes less than 59 have a coverage probability less than 95%

JAW‐604
JAW‐604‐20030604

6/4/2003

JAW‐604JAW‐604 JAW‐604 JAW‐604 JAW‐604

6/16/2001 6/27/2002
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Table 5.5‐4. Data Groupings Used in the HHRA ‐ Lines 4A/4B
Iowa Army Ammunition Plant, Middletown, Iowa

Data Group ID for HHRA Description Sample Count
Lines4A_4B_GW Lines 4A/4B Groundwater (Potable Use and Vapor Intrusion) 7



Table 5.5‐5. Samples Used in the HHRA—Lines 4A/4B
Iowa Army Ammunition Plant, Middletown, Iowa

Data Group ID for HHRA Matrix Station ID Sample ID (1) Date Collected

Upper 
Depth 
(Feet)

Lower 
Depth  
(Feet)

Lines4A_4B_GW GW JAW‐604 JAW‐604‐20010616 6/16/2001 NA NA

Lines4A_4B_GW GW JAW‐604 JAW‐604‐20020627 6/27/2002 NA NA

Lines4A_4B_GW GW JAW‐604 JAW‐604‐20030604 6/4/2003 NA NA

Lines4A_4B_GW GW JAW‐604 JAW‐604‐20031119 11/19/2003 NA NA

Lines4A_4B_GW GW JAW‐605 JAW‐605‐20010614 6/14/2001 7 17

Lines4A_4B_GW GW JAW‐605 JAW‐605‐20020605 6/5/2002 7 17

Lines4A_4B_GW GW JAW‐605 JAW‐605‐20030603 6/3/2003 7 17

Notes:

(1) The data were reduced such that when a normal and duplicate sample were available, the highest detected 

      concentration among normal or duplicate samples was used when a chemical was detected in any sample. If both 

      results were non‐detect, the lowest reported detection limit (i.e., reporting limit) was used. 

GW = Groundwater

NA = Not Available
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Table 5.5‐6. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally 
Occurring Chemicals —Lines 4A/4B 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor a 

ELCR/HI Tables 
(RME) in Appendix 
A‐7, Attachment 1  COPC/Chemical 

Lines 4A/4B 

EPC 
(µg/L)  ELCR  HI 

Groundwater (Tap 
Water) 

Adult  7.1 and 9.1 

Barium  1660  NA  0.3 

Chromium b  3.2  NA  0.05 

Total HI:  NA  0.3 

Child  7.2 and 9.2 

Barium  1660  NA  0.4 

Chromium b  3.2  NA  0.07 

Total HI:  NA  0.5 

Adult/Child 
Aggregate  7.3 and 9.3 

Barium  1660  NA  NA 

Chromium b  3.2  9E‐05  NA 

Total ELCR:  9E‐05  NA 

Notes: 
a ELCRs were estimated for the adult/child aggregate receptor based on lifetime exposure and noncarcinogenic HIs were 
estimated separately for adult and child residents. 

b Evaluated as hexavalent chromium. 

µg/L = microgram per liter 

COPC = chemical of potential concern 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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Table 5.5‐7. Summary of Risk and Hazard Estimates for Naturally Occurring Chemicals—Lines 4A/4B 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor a 

ELCR/HI Tables 
(RME) in Appendix 
A‐7, Attachment 1  Chemical 

Lines 4A/4B 

EPC 
(µg/L)  ELCR  HI 

Groundwater  

(Tap Water) 

Adult  7.4 and 9.4 
Chromium b  3.2  NA  0.05 

Total HI:  NA  0.05 

Child  7.5 and 9.5 
Chromium b  3.2  NA  0.05 

Total HI:  NA  0.5 

Adult/Child 
Aggregate  7.6 and 9.6 

Chromium b  3.2  9E‐05  NA 

Total ELCR:  9E‐05  NA 

Notes: 
a ELCRs were estimated for the adult/child aggregate receptor based on lifetime exposure and noncarcinogenic HIs were 
estimated separately for adult and child residents. 

b Evaluated as hexavalent chromium. 

µg/L = microgram per liter 

COPC = chemical of potential concern 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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Table 5.5‐8. Summary of Risk and Hazard Estimates for Site‐Related COPCs —Lines 4A/4B 

Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor a 

ELCR/HI Tables 
(RME) in Appendix 
A‐7, Attachment 1  COPC 

Lines 4A/4B 

EPC 
(µg/L)  ELCR  HI 

Groundwater 

(Tap Water) 

Adult  7.7 and 9.7 
Barium  1660  NA  0.3 

Total HI:  NA  0.3 

Child  7.8 and 9.8 
Barium  1660  NA  0.4 

Total HI:  NA  0.4 

Adult/Child 
Aggregate  7.9 and 9.9 

Barium  1660  NA  NA 

Total ELCR:  NA  NA 

Notes: 
a ELCRs were estimated for the adult/child aggregate receptor based on lifetime exposure and noncarcinogenic HIs were 
estimated separately for adult and child residents. 

µg/L = microgram per liter 

COPC = chemical of potential concern 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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Current

Primary Source
Primary Release 
Mechanism

Secondary 
Source

Secondary 
Release 

Mechanism

Tertiary 
Source

Exposure 
Media
(1)

Exposure 
Route

Site Worker
(Adult)

Site Worker
(Adult)

Construction/ 
Utility Worker

(Adult)

Hypothetical 
Resident
(Adult and 
Child)

Surface Soil Ingestion (1) (1) (1) (1)
Dermal (1) (1) (1) (1)

Ambient Air Inhalation (1) (1) (1) (1)

Subsurface Soil Ingestion (1) (1) (1) (1)
Dermal (1) (1) (1) (1)

Ambient Air Inhalation (1) (1) (1) (1)

Leaching Groundwater Groundwater(2) Ingestion X(3) X(3) X
Dermal X(3) X(3) X

Inhalation N/A X(3) X

Soil Gas Indoor Air Inhalation X(3) X(3) X

Legend

X ‐ Potentially complete exposure pathway; N/A ‐ Not applicable

(1)   Soil is being addressed under the Operable Unit 1 Remedial Action.

(2)  Groundwater is not currently being used as a potable water source and there are no plans to use groundwater for potable purposes in the future; however, based on applicable CERCLA 

       policy and guidance, groundwater at Lines 4A/4B is classified as Class IIB, a potential source of drinking water. Therefore, the HHRA includes an evaluation of potential exposures to groundwater due to 

       its potential future use as a drinking water source. This requires the evaluation of future residential exposures to groundwater.

(3)  Potential exposures to groundwater are only estimated for a site worker and future construction worker if the estimated risks for a hypothetical residential scenario exceed acceptable risk levels

       and COCs are identified for a residential scenario.

Figure 5.5‐3
Human Health Conceptual Exposure Model ‐ Lines 4A/4B

Iowa Army Ammunition Plant, Middletown, Indiana
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5.6 Line 6 Ammo Production (Detonator) Groundwater 
This subsection summarizes RI activities at the Line 6 Ammo Production Area, which includes three 
HQAES Database sites (Detonator site, IAAP‐007G; Inside Blast Radius site, IAAP‐002‐R‐01; and Outside 
Blast Radius site, IAAP‐002‐R‐02). These sites will collectively be referred to as Line 6 throughout this 
section. 

This report documents the RI for groundwater at Line 6. Soil is addressed under the remedy for OU‐1 
(Site IAAP‐007) (Leidos 2018) and MEC and MC are addressed under the remedy for OU‐5 (IAAP‐002‐R‐
01 and IAAP‐002‐R‐02) (CB&I 2014). There are no perennial surface water features within the Line 6 site 
boundary. 

5.6.1 Background 
5.6.1.1 Site Description 
Line 6 is in the north‐central portion of the IAAAP facility, within the Brush Creek watershed (Figure 5.6‐
1). It encompasses approximately 95.2 acres that historically included 34 buildings and 97 structures, 
most of which have been demolished or are scheduled for demolition. Line 6 is bounded by Line 9 to the 
south and agricultural lands and vegetated drainage ditches to the north, south, east, and west. The Line 
6 Detonator site encompasses 30 acres within the production area (Tetra Tech 2006). 

The Line 6 Inside Blast Radius site is defined by the blast radii of two historical explosions and 
encompasses former buildings and grass‐covered areas over approximately 8 acres. The Line 6 Outside 
Blast Radius includes the areas outside of these historical explosion radii, approximately 87 acres. 

5.6.1.2 Operational History 
Operations at Line 6 began in 1941 with the production, storage, and shipping of detonators, delays, and 
relays. These operations were temporarily ceased between 1945 and 1949 to prepare for extended 
storage, during which time buildings, equipment, and sumps were cleaned, and some wooden 
structures were burned. Prior to 1960, mercury fulminate was used for site operations at Buildings 6‐91, 
6‐89, and 6‐90. Between 1956 and 1963, Line 6 operated only sporadically for special production 
contracts (TN & Associates 2003). Following this period, Line 6 produced primers, detonators, and rocket 
igniters until the late 1960s, when the focus of production shifted to a combination of detonators, 
grenade fuses, and mines. 

During the 1980s, a range of munitions was produced. A black powder–destroying facility was installed 
to desensitize black powder using a water‐soaking method (JAYCOR 1996, TN & Associates 2003). 
Wastewater from the black powder–desensitizing process flowed from the operation areas through 
stainless steel troughs to treatment sumps. The treated water was emptied into limestone gravel filter 
beds (also referred to as seepage pits), allowing the desensitized wastewater to percolate into the 
surrounding soil. To avoid overflow out of the filter beds, surface drainage ditches were created to 
direct the water leaving the filter beds into an intermittent tributary of Brush Creek (JAYCOR 1996). An 
NPDES permit once existed for these desensitized wastes from the Line 6 area (TN & Associates 2003). 

Two explosions occurred at Line 6, in 1968 and 1970, resulting in the dispersion of MEC. The 1968 
explosion occurred at former Building 6‐34‐2, which contained a high volume of detonators, and the 
1970 explosion occurred at former Building 6‐92, which reportedly contained fuse adaptors and loaded 
base charge assemblies, loaded grenade fusses, detonators, and nitrocellulose base (Figure 5.6‐1) (Tetra 
Tech 2013). 

When Building 6‐68 was operational, it contained 20 RCRA‐permitted aboveground tanks that were used 
for the treatment of waste black powder. Outside of the building, two in‐ground tanks were used for the 
treatment of supernatant liquids generated during the treatment of waste black powder. 
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Production had decreased in the late 1980s. By 1992, operations had ended, and the building floors, 
equipment, and sumps were cleaned. Line 6 remains in extended storage (TN & Associates 2003). Most 
buildings at Line 6 were recently demolished. No buildings are currently used, and no wastewater is 
generated. 

5.6.1.3 Previous Investigations and Remedial Actions 
Numerous investigations have been conducted at IAAAP since the 1980s. Table 5.6‐1 summarizes the 
previous investigations and remedial actions conducted at Line 6, including conclusions and 
recommendations. Previous groundwater sample locations are shown on Figure 5.6‐1. Based on the 
results of previous investigations, soil removals have been conducted and LUCs have been implemented; 
excavation areas and fencing are shown on Figure 5.6‐1. 

This report continues the RI for groundwater at Line 6. Previous investigations pertinent to the RI for 
groundwater are listed below; additional details are included in Table 5.6‐1. 

Investigation Conclusion 

Groundwater Quality Assessment 
(AEHA 1985) 

Groundwater samples were collected from five new monitoring wells. Analytical 
data presented in the 1985 assessment did not indicate groundwater 
contaminants above detection limits or generally acceptable background levels. 

RCRA Facility Assessment (E&E 1987) Groundwater samples were collected from new and existing monitoring wells. 
Explosives were not detected, and no chemicals were detected above screening 
levels in groundwater. 

Facility‐wide Preliminary Assessment 
(JAYCOR 1994) 

It was concluded that potentially contaminated runoff associated with production 
operations may have migrated to the drainage ditches. Groundwater sampling 
was recommended to confirm the results of previous sampling activities. 

Facility‐wide Site Inspection (JAYCOR 
1992) 

A groundwater sample was collected from one existing well to confirm previous 
cyanide detections. No cyanide contamination was reported in the confirmation 
sample.  

Follow‐On Remedial Investigation 
(JAYCOR 1996) 

Groundwater samples were collected from existing wells during multiple 
sampling events. In groundwater, only iron and antimony were detected 
sporadically above respective screening levels (T‐13 exceeded the screening level 
for iron in 1993, and both T‐10 and T‐19 exceeded screening level for antimony in 
1994). There were no other chemicals detected above screening levels. 

Groundwater Monitoring Program 
(Harza 2001) 

The Groundwater Monitoring Program was established for ongoing monitoring at 
IAAAP. No groundwater contamination had been identified at Line 6; therefore 
Line 6 was not included in the Ground Water Monitoring Program. 

Comprehensive Watersheds Evaluation 
and Supplemental Data Collection 
(Tetra Tech 2006) 

The data gap evaluation concluded groundwater sampling should be conducted 
to confirm the absence or presence of 2,4‐DNT in site groundwater. 

Periodic Groundwater Monitoring 
(Tetra Tech 2005b, 2009c) 

Groundwater samples were collected from two to nine existing wells in 2005 and 
2006. All chemical concentrations in groundwater, except for manganese, were 
below screening levels. 

Historical Records Review and Site 
Inspection, MMRP (URS 2007a, 2007b) 

A potential for MEC to be present at the Line 6 was identified during the historical 
records review. It was determined the Line 6 Ammo Production MRS would move 
directly to the RI phase. 
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Investigation Conclusion 

OU‐5 RI, MMRP (URS 2011) Visual survey, surface clearance, geophysical survey, and soil sampling were 
conducted. Groundwater sampling was not warranted based on the soil analytical 
results. Also, groundwater investigation was being conducted under OU‐6. The RI 
split Line 6 Ammo Production (IAAP‐002‐R‐01) MRS into two MRSs, Line 6 Ammo 
Production (Inside Blast Radii) and Line 6 Ammo Production (Outside Blast Radii). 
The RI recommended a Feasibility Study for MEC, Line 6 (Inside Blast Radii) and 
NFA for MC in soil and groundwater, Line 6 (Outside Blast Radii). 

OU‐5 ROD, MMRP (CB&I 2014) The selected remedy included LUCs for Line 6 (Inside Blast Radius). The ROD 
documented that there is no action necessary to address MC in soil and 
groundwater at Line 6 (Outside Blast Radius). 

 

5.6.2 2018–2020 Remedial Investigation Activities 
No additional field work was conducted at Line 6 as part of this RI. As documented in the final Site-
specific Worksheets for Operable Unit 6 of the Uniform Federal Policy–Quality Assurance Project Plan for 
Remedial Investigation at Iowa Army Ammunition Plant, Middletown, Iowa (Packet 2) (CH2M 2018b) or 
as summarized in Table 5.6‐1, no additional investigation of groundwater was warranted for the Line 6 
Detonator site, as sufficient groundwater samples have already been collected for the site, 
contaminants in soil are not a source to groundwater, and metal exceedances in groundwater are 
considered to be naturally occurring. 

Based on the RI conducted under OU‐5 (Table 5.6‐1), and as documented in the final Site-specific 
Worksheets for Operable Unit 5 of the Uniform Federal Policy–Quality Assurance Project Plan for 
Remedial Investigation at Iowa Army Ammunition Plant, Middletown, Iowa (CH2M 2018a), groundwater 
investigation at the Inside Blast Radius site (IAAP‐002‐R‐01) and Outside Blast Radius (Site IAAP‐002‐R‐
02) is not warranted because geophysical, MEC, and soil data do not indicate a release to groundwater. 

5.6.3 Environmental Setting 
Topography at Line 6 is relatively flat, sloping in a general south‐southeasterly direction. Surface 
drainage is provided by a series of ditches that flow southward into an intermittent tributary of Brush 
Creek (Figure 5.6‐1). 

The site is underlain by loess and till (overburden) as shown on Figure 2‐5. Where the loess is present, it 
forms the surface layer overlying the till to depths ranging from 8 to 17 feet and consists of medium to 
stiff silty clay with a trace of sand grading upward to a clayey silty loam at the surface. The glacial till, 
which is more prominent at the Line 6, consists of medium to hard (generally stiff to very stiff) sandy 
silty clay with occasional interspersed sand seams (TN & Associates 2003). The depth of the till is 
estimated at 88 feet and greater (TN & Associates 2003). 

The depth to groundwater at the sites ranges from approximately 4 to 25 feet bgs in overburden and 25 
to 48 feet bgs in the bedrock, based on gauging data collected in 2015. Groundwater in the overburden 
and bedrock flows generally south (Figure 5.6‐2). The horizontal hydraulic gradient is estimated on 
average to be 0.005 foot per foot. Groundwater elevation data at monitoring well clusters indicates that 
the vertical groundwater gradient has a downward flow. The hydraulic conductivity in the aquifer is 
relatively low, ranging from 8.1 × 10‐6 to 4.5 × 10‐4 centimeters per second (cm/s) in the overburden and 
3.5 × 10‐6 to 8.5 × 10‐5 cm/s in the bedrock (Tetra Tech 2012). 
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5.6.4 Nature and Extent of Contamination 
This subsection describes the nature and extent of groundwater contamination at Line 6. Soil has been 
addressed under OU‐1 and OU‐5. MEC and MD have also been addressed under OU‐5. There are no 
perennial surface water features associated with this site. 

The source of contamination at Line 6 is attributed to historical explosives‐related operations at site 
buildings and sump locations, as discussed in Section 5.2.1.2. No new releases from site operations have 
occurred as operations at the site ended by 1992. As part of the RI under OU‐1, RDX, mercury, and lead 
were identified as COCs for soil (Tetra Tech 2009a). There were no COCs for soil under OU‐5 (URS 
2011b). There is no continuing source of soil contamination to groundwater (Table 5.6‐1). 

Thirty‐five monitoring wells are present at Line 6. Twenty‐six of the wells are screened in the 
overburden to depths ranging from 10 to 70 feet bgs, and nine are screened in the bedrock to depths 
ranging from 106 to 159.5 feet bgs (Figure 5.6‐1). The RI for OU‐5 concluded that no additional 
investigation of groundwater was warranted at the blast areas based on limited detections of MC in soil. 
The RI for OU‐6 collected groundwater samples adjacent to and downgradient of potential release areas 
associated with production activities, such as, gravel filter beds and sumps. Based on the historical site 
use and COCs identified in soil, chemicals of interest in groundwater at Line 6 are explosives and metals. 
Table 5.6‐2 presents the concentrations of chemicals detected in groundwater samples during the most 
recent 2005 and 2006 RI sampling events. A summary of all the analytical results from the 2005 and 
2006 activities are provided in the Appendix H. 

5.6.4.1 Explosives 
Explosives were not detected in groundwater during the 2005 and 2006 sampling events (Appendix H). 
This includes RDX, which was the only explosive COC identified in soil. The only explosives historically 
detected in groundwater at Line 6 were 2,4‐dinitrotoluene (DNT) during the 1985 sampling event and 
2,6‐DNT during the 1994 sampling event. Neither of these chemicals were detected in groundwater in 
later sampling events. 

5.6.4.2 Metals 
During the most recent sampling events, in 2005 and 2006, 16 metals were detected in groundwater 
(Table 5.6‐2). Two metals (beryllium and manganese) were detected above their BTVs (CH2M 2020a). In 
addition, one metal (cobalt) could not be compared to background, as a BTV could not be established 
for this metal. Cobalt was not detected in the groundwater background data set, which ranged from 0.6 
U to 25 U µg/L (CH2M 2020a). No other metals were detected above their BTV. Metals below BTVs are 
considered consistent with background and likely naturally occurring. 

Only one metal (manganese) was detected above its site characterization PAL (Section 4.1.1) and BTV. 
Manganese (total and dissolved) was detected in three monitoring wells (T‐12, T‐19, and T‐31) above its 
PAL of 430 µg/L. Total manganese was detected above its BTV of 580 µg/L in these same three wells. 
Total and dissolved concentrations were similar in monitoring wells T‐19 and T‐31, while the dissolved 
concentration was approximately half of the total concentration at monitoring well T‐12. T‐19 and T‐31 
are screened in the overburden, while T‐12 is a bedrock monitoring well. Manganese was not detected 
above its PAL in the adjacent monitoring wells (T‐10 and T‐22, which were sampled between 2005 and 
2006). 

Based on the distribution of manganese in groundwater, elevated concentrations are likely associated 
with temporary, localized geochemical conditions rather than a site release. In addition, there are no 
records of manganese being used as part of line operations. As shown on Figure 5.6‐3, monitoring wells 
T‐12, T‐19, and T‐31 are spread across the site, and there is no apparent spatial pattern or source 
associated with the elevated concentrations. Monitoring well T‐12 is along the upgradient site 
boundary, T‐19 is downgradient of former Building 6‐68 in the southeast area of the site, and T‐31 is 
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downgradient of former Building 6‐91 in the southwest area of the site. Turbidity values in these wells 
were below 10 NTU, at values similar to those in other wells; therefore, elevated concentrations are not 
attributed to turbidity in the wells. Geochemical site conditions are discussed in Section 5.6.5. 

Total manganese concentrations in earlier groundwater sampling were an order of magnitude lower 
than the 2005/2006 concentrations, which further indicates that the elevated concentrations may have 
been temporal, and not associated with a historical site release. Total manganese concentrations at T‐12 
were 584 µg/L when it was previously sampled in 1992, compared to 1,440 µg/L in 2006. As previously 
noted, operations at Line 6 ceased in 1992. At T‐19, total manganese was detected between 8 and 82 
µg/L, when previously sampled in the 1990s. At T‐31, total manganese was detected between 120 and 
482 µg/L, when previously sampled in the 1990s. These concentrations are similar to or below the BTV. 

5.6.5 Fate and Transport 
Elevated manganese concentrations in groundwater at Line 6 during the 2005/2006 sampling events are 
likely naturally occurring due to localized geochemical conditions. There may have been a high level of 
total dissolved solids (TDS) present at the upgradient well T‐12 at the time of sampling. Although TDS 
was not analyzed for, the specific conductivity value was measured at 833 microsiemens per centimeter 
(µS/cm), which is 200 to 400 µS/cm higher than observed in the other wells during this period. 

As described in Section 4.2, metals are not volatile under normal temperature and pressure conditions; 
however, their sorption potential is a complex function of pH, organic content, oxide coatings, and other 
factors; therefore, Kd is not easily estimated by methods other than site‐specific testing (USEPA 1996). 
At monitoring wells T‐19 and T‐31, ORP values were indicative of more reducing conditions with values 
measured below ‐70 millivolts (mV). Under reducing conditions, manganese oxides that are present in 
the natural soil matrix can be naturally transformed to more soluble forms. Transport and partitioning of 
inorganic constituents, such as manganese, is dependent on the oxidation state of the constituent and 
on interactions with other materials (such as organic matter). pH, which was measured between 7 and 
7.5 during the sampling events, also factors into inorganic fate and transport; higher pH levels generally 
favor higher levels of sorption for manganese and may account for the higher total concentrations. 

5.6.6 Human Health Risk Assessment 
An HHRA was prepared was prepared for Line 6 to evaluate potential current and future health risks and 
hazards from exposure to chemicals in site groundwater. Soil media is not included in the HHRA, as it 
not a component of this RI; the soil RI was conducted under OU‐1. Surface water and sediment media 
are not included in the HHRA as perennial surface water features are not present at Line 6. The HHRA 
was conducted in accordance with the final UFP‐QAPP (CH2M 2017a), except for some deviations that 
were agreed to during meetings or correspondence with USACE and USEPA following approval of the 
final UFP‐QAPP. The approach and method used to conduct the HHRA are provided in Section 4.3.1. This 
section presents the CEM for Line 6 and provides the results of the four‐step evaluation process 
comprising: 

• Data evaluation 
• Exposure assessment 
• Toxicity assessment 
• Risk characterization 

The results of the HHRA are used to determine if further action is warranted for groundwater at Line 6. 

5.6.6.1 Conceptual Exposure Model 
A description of Line 6, its operational history, previous investigations, and remedial actions are 
provided in Sections 5.6.1 and 5.6.2. The soil at Line 6 is addressed under the remedy for OU‐1 (IAAAP 
Site IAAP‐007; Leidos 2018) and MEC and MC are addressed under the remedy for OU‐5 (IAAP‐002‐R‐01 
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and IAAP‐002‐R‐02) (CB&I 2014). As part of the RI under OU‐1, RDX, mercury, and lead were identified 
as COCs for soil (Tetra Tech 2009a). There were no COCs for soil under OU‐5 (URS 2011b). There is no 
continuing source of soil contamination to groundwater at Line 6 (Table 5.6‐1). Therefore, soil at Line 6 
was not reevaluated in this HHRA. 

Line 6 remains in extended storage (TN & Associates 2003). Additionally, the site is closed to 
recreational activities and hunting is not permitted within the site boundary. There are no potential 
receptors or potentially complete exposure pathways identified under current site conditions. It is 
assumed the site could become active or redeveloped in the future. 

Groundwater is not currently being used as a potable water source and there are no plans to use 
groundwater for potable purposes in the future; however, based on applicable CERCLA policy and 
guidance, groundwater at Line 6 is classified as Class IIB, a potential source of drinking water (USEPA 
1989). Therefore, the HHRA for Line 6 evaluates potential exposures to groundwater due to its potential 
future use as a drinking water source. This entails the evaluation of future residential exposures to 
groundwater. 

The following potential future human receptors were identified in the HHRA for Line 6: 

• Future Site Workers. Future site workers could contact groundwater based on potential future use 
as a drinking water source at Line 6. Potential exposures to VOCs in indoor air because of vapor 
intrusion from groundwater are incomplete since VOCs were not detected in groundwater. 

• Future Construction/Utility Workers. Future construction/utility workers could contact shallow 
groundwater while replacing a culvert located within Line 6. 

• Future Hypothetical Residents. Future hypothetical residents could contact groundwater based on 
potential future use as a drinking water source at Line 6. Potential exposures to VOCs in indoor air 
because of vapor intrusion from groundwater are incomplete since VOCs were not detected in 
groundwater. 

As discussed in Section 4.3.1, potential exposures and risks and hazards to future site workers and 
construction/utility workers are estimated in the HHRA only if the estimated risks and hazards for a 
hypothetical residential scenario exceed acceptable risk levels and COCs are identified for a residential 
scenario. The human health CEM presenting potential exposure media, exposure points, receptors 
(current and future), and exposure routes is provided in Appendix A‐6, Attachment 1 (Table 1), and 
depicted graphically on Figure 5.6‐4. 

5.6.6.2 Data Evaluation 
Data Used in the HHRA 

Historical groundwater samples were used in the HHRA for Line 6. As noted in the final UFP‐QAPP site‐
specific worksheets (CH2M 2017b, 2018a), no additional sample collection was warranted for Line 6 as 
part of recent (2018–2020) field activities because sufficient groundwater samples have already been 
collected for Line 6, no new releases from site operations have occurred as operations at the site ended 
by 1992, groundwater investigation was not warranted for munitions associated with OU‐5, and 
contaminants in soil are not a continuing source to groundwater (Table 5.6‐1). Due to the lack of a 
continuing soil source, historical concentrations in groundwater are expected to have remained stable 
or decreased over time due to natural attenuation processes. 

The analytical data used in the HHRA consisted of groundwater samples collected during the field events 
in September and October 2005 and April 2006. Historical groundwater samples were collected from 
1981 through 1994; however, these samples were not used in the HHRA because the data from 2005 
and 2006 are more likely to represent current site conditions. Furthermore, the early groundwater data 
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was generally collected before removal actions at Line 6, which were conducted between 1984 and 
1990. The groundwater samples from 2005 and 2006 were collected based on recommendations 
provided in the CWWP, which concluded that additional groundwater sampling was needed at Line 6 to 
reassess concentrations, since site monitoring wells had not been sampled since 1994 (Tetra Tech 2006). 
Historical groundwater samples were analyzed for explosives, herbicides, pesticides, radionuclides, 
VOCs, SVOCs, and metals. It was concluded that only metals and explosives were preliminary COPCs 
based on exceedances of conservative SLs, historical site use, and soil COCs (JAYCOR 1996; Tetra Tech 
2006, 2012). Nine monitoring wells (GZ2‐01, T‐10, T‐13, T‐16, T‐19, T‐22, T‐25, T‐28, T‐31) were sampled 
in 2005 and two monitoring wells (T‐12 and T‐15) were sampled in 2006. The groundwater samples 
were analyzed for metals and explosives. 

A description of the groundwater data grouping and the samples included in the HHRA are provided in 
Tables 5.6‐3 and 5.6‐4, respectively. The analytical dataset used in the HHRA is included in Excel format 
as Appendix A‐6, Attachment 2. The groundwater sampling locations included in the HHRA are depicted 
on Figure 5.6‐5. 

Screening Results for Site-related Chemicals of Potential Concern and Naturally Occurring Chemicals 

The approach and SLs used to select the COPCs (site‐related COPCs or naturally occurring chemicals) are 
described in Section 4.3.1. The results of the COPC screening process for a future hypothetical resident 
potentially exposed to groundwater are presented in Appendix A‐6, Attachment 1 (Table 2.1). The tap 
water RSL for hexavalent chromium was used in the COPC screening process for total chromium because 
the groundwater samples collected at Line 6 were not analyzed for hexavalent chromium. As 
summarized in the table below, five inorganics were identified as COPCs (site‐related COPCs or naturally 
occurring chemicals) in groundwater for a potable use scenario. The COPCs (site‐related COPCs or 
naturally occurring chemicals) are addressed further in the HHRA, and potential exposures and risks and 
hazards were estimated for each COPC (site‐related COPC or naturally occurring chemical). 

Summary of Site Related COPCs and Naturally 
Occurring Chemicals for Line 6 

Groundwater (Potable Use) 

Arsenic 

Chromium 

Cobalt 

Manganese 

Vanadium 

 

5.6.6.3 Exposure Assessment 
Line 6 is currently inactive; no buildings are currently used, and no wastewater is generated at the site. 
Additionally, the site is closed to recreational activities and hunting is not permitted at the site. There 
are no potentially complete exposure pathways identified under current site conditions. As previously 
discussed, groundwater is not currently being used as a potable water source; however, the HHRA for 
Line 6 evaluated potential exposures to groundwater due to its potential future use as a drinking water 
source. This entails evaluation of future residential exposures to groundwater. Therefore, ingestion and 
dermal contact exposures to COPCs in groundwater were estimated for future hypothetical residents; 
inhalation exposures to site groundwater are incomplete because no VOCs were detected in 
groundwater at Line 6. The potential exposure pathways quantified in the HHRA are included in 
Appendix A‐6, Attachment 1 (Table 1) and on Figure 5.6‐4. 
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In accordance with USEPA guidance Determining Groundwater Exposure Point Concentrations, 
Supplemental Guidance (USEPA 2014b), groundwater EPCs are typically calculated based on the data 
collected in the core of an apparent plume. However, based on available site data, no apparent plumes 
are present. Therefore, all results in the groundwater dataset were used to calculate the EPCs for the 
COPCs in groundwater. Three COPCs (chromium, manganese, and vanadium) had at least four detected 
concentrations and eight samples available in the groundwater data set; therefore, UCLs were 
calculated for these COPCs using USEPA’s ProUCL software (USEPA 2016a), and the UCLs were selected 
at the EPCs. For the other two COPCs (arsenic and cobalt), the MDC was selected as the EPC because less 
than four detected concentrations were available in the groundwater dataset and a reliable UCL could 
not be estimated due to the limited number of detected concentrations. The groundwater EPCs used to 
estimate the chemical intakes for a potable use scenario are provided in Appendix A‐6, Attachment 1 
(Table 3.1). The ProUCL output files are provided in Appendix A‐6, Attachment 3. 

The exposure factors used in the intake calculations for a future site worker and hypothetical residential 
scenario are included in Appendix A‐6, Attachment 1 (Table 4.1); exposure factors used in the intake 
calculations for a future construction/utility worker are included in Appendix A‐6, Attachment 1 (Table 
4.2). The primary references for the exposure factor values are the standard default exposure factors 
presented in the HHEM, Update of Standard Default Exposure Factors (USEPA 2014a). 

5.6.6.4 Toxicity Assessment 
The oral toxicity values (CSFs and RfDs) used in the HHRA were obtained from the USEPA standard 
hierarchy of toxicity value sources (USEPA 2003b), as provided in Section 4.3.1. Noncancer toxicity 
values for the COPCs identified at Line 6 are provided in Appendix A‐6, Attachment 1 (Table 5.1). Cancer 
toxicity values for the COPCs are provided in Appendix A‐6, Attachment 1 (Table 6.1). 

5.6.6.5 Risk Characterization 
The risk characterization for Line 6 was completed using a four‐step process, as discussed in Section 
4.3.1. The results of each step are discussed below. 

Step 1: Total Combined Risks and Hazards from Site-related COPCs and Naturally Occurring Chemicals 

Step 1 consists of calculating receptor‐specific ELCRs and HIs that include contributions from both site‐
related COPCs and naturally occurring chemicals. The estimated risks and hazards are summarized in 
Table 5.6‐5. 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consists of calculation of receptor‐specific ELCRs and HIs for naturally occurring chemicals. Three 
COPCs (arsenic, chromium, and vanadium) were identified as naturally occurring chemicals in site 
groundwater at Line 6, as discussed in Section 5.6.4. The MDCs of arsenic, chromium, and vanadium in 
groundwater were less than their respective BTVs. Manganese may also be a naturally occurring 
chemical in groundwater at Line 6 based on the lines of evidence presented in Section 5.6.4. However, 
there are no recent data to verify this assumption. Therefore, manganese was carried forward as a site‐
related COPC in this HHRA. The estimated risks and hazards for the naturally occurring chemicals in 
groundwater for a future hypothetical residential scenario are provided in Table 5.6‐6. The naturally 
occurring chemicals are not used to identify the final COCs for Line 6 and are not discussed further in the 
HHRA after this step. 

Step 3: Risk Characterization of Site-related COPCs 

Step 3 consists of calculating receptor‐specific ELCRs and HIs associated with site‐related COPCs. Two 
site‐related COPCs (cobalt and manganese) were identified for groundwater at Line 6. Although there is 
no record of cobalt being used at Line 6, cobalt can be a component of the metal alloy used for munition 
production. A BTV could not be estimated for cobalt because it was not detected in the groundwater 
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background data set, which ranged from 0.6 U to 25 U µg/L (CH2M 2020a). Cobalt was not identified as 
a COC in soil at Line 6 based on the investigations and remedial actions associated with OU‐1 and OU‐5 
(Tetra Tech 2009a, URS 2011b). The estimated risks and hazards for cobalt and manganese in 
groundwater for a future hypothetical residential scenario are provided in Table 5.6‐7. An ELCR could 
not be estimated for cobalt and manganese because oral and dermal CSFs have not been established for 
either chemical, based on the hierarchy of toxicity sources used in the HHRA (USEPA 2003b). 

Step 4: Final COC Determination 

For groundwater potable use by future hypothetical residents, the target organ–specific HIs exceeded 
USEPA’s threshold of 1 due to manganese. Potential hazards were also estimated for cobalt using the 
filtered groundwater results, as provided in Appendix A‐6, Attachment 4. The estimated HIs for cobalt 
(dissolved) for a future hypothetical resident were 0.1 (adult) and 0.2 (child), which are also less than 
the USEPA’s acceptable HI of 1. The potential hazards were not estimated for manganese using the 
filtered groundwater results because filtered results were similar to total results. 

Manganese was identified as a COC in groundwater for future hypothetical residents. Therefore, 
potential exposures and risks and hazards were also estimated for future site workers and construction/
utility workers (summarized in Table 5.6‐7). 

For potable use of groundwater by future site workers, the target organ–specific HIs were less than 
USEPA’s threshold of 1. For contact with shallow groundwater by future construction/utility workers, 
the target organ–specific HIs were less than USEPA’s threshold of 1. As mentioned previously, an ELCR 
could not be estimated for cobalt and manganese because oral and dermal CSFs have not been 
established for either chemical, based on the hierarchy of toxicity sources used in the HHRA (USEPA 
2003b). 

5.6.6.6 Uncertainty Analysis 
The assumptions used in the HHRAs have inherent uncertainty. The general uncertainties associated 
with the HHRAs for the sites in this RI report are provided in Section 4.3.1. This section provides 
additional site‐specific uncertainties associated with the HHRA for Line 6 that are not included in Section 
4.3.1. 

Total chromium was identified as a COPC in groundwater because the MDC for total chromium 
exceeded the tap water RSL for hexavalent chromium. It is likely that some or all the total chromium 
concentrations are in the trivalent chromium form. All the groundwater chromium concentrations are 
less than the tap water RSL for trivalent chromium and the MCL and BTV for total chromium. Using the 
hexavalent chromium RSL to evaluate total chromium in the COPC selection process was a conservative 
approach in the HHRA. Total chromium was determined to be naturally occurring in groundwater at 
Line 6. 

The MDC was used as the EPC for the only site‐related COPC (cobalt) because there were less than four 
samples with detected concentrations. The use of the MDC as the EPC likely overestimates the hazards 
associated with potential exposures to groundwater because it is not likely that a receptor would be 
exposed to the maximum detected concentration for the full assumed exposure duration; additionally, 
there is the potential that concentrations have decreased over time through biodegradation and natural 
attenuation. 

Chemicals that were 100 percent nondetected in an exposure medium were not included in the COPC 
identification process; however, they were evaluated in a separate screening to determine if elevated 
nondetected results were present in site media. The detailed analysis of the nondetected chemicals at 
Line 6 is provided in Appendix A‐6, Attachment 5. In summary, two explosives (2,6‐dinitrotoluene and 
nitrobenzene) and one metal (thallium) in site groundwater had DLs exceeding the tap water RSLs. If 
2,6‐dinitroluene and nitrobenzene were actually present in site groundwater, other explosives would 
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have likely been detected in the groundwater samples included in the HHRA. No other explosives were 
detected in site groundwater at Line 6. Additionally, although the thallium DLs exceeded the tap water 
RSL, there is a high degree of uncertainty associated with the thallium screening RfD used to estimate 
the tap water RSL. As stated in the PPRTV document for thallium (USEPA 2012a), 

It is inappropriate to derive a subchronic or chronic provisional RfD for thallium. However, 
information is available which, although insufficient to support derivation of a provisional toxicity 
value, under current guidelines, may be of limited use to risk assessors.… Users of screening toxicity 
values in an appendix to a PPRTV assessment should understand that there is considerably more 
uncertainty associated with the derivation of a supplemental screening toxicity value than for a value 
presented in the body of the assessment. 

The thallium DLs are consistent with the laboratory technologies that were used at the time of the 
analysis. The groundwater samples used in the HHRA were collected and analyzed prior to the release of 
the current tap water RSL for thallium (USEPA 2021a), which is based on the conservative PPRTV 
screening RfD. As described in the conclusions of Appendix A‐6, Attachment 5, further evaluation of the 
nondetected chemicals at Line 6 does not appear warranted based on the age of the data, laboratory 
limitations, and comparison to historically detected chemicals in groundwater at IAAAP. 

Potential ELCRs for ingestion and dermal contact exposures to cobalt and manganese in groundwater 
could not be estimated because oral and dermal CSFs have not been established for these chemicals. As 
described in the PPRTV document for cobalt (USEPA 2008), studies for evaluation of the oral 
carcinogenic potential for cobalt could not be located in the literature. 

5.6.6.7 Summary of HHRA 
An HHRA was prepared for Line 6 to evaluate potential future health risks and hazards from exposure to 
chemicals in site groundwater. Line 6 remains in extended storage. Most buildings at Line 6 were 
recently demolished. No buildings are currently used, and no wastewater is generated. Line 6 is closed 
to recreational activities, and hunting is not permitted within the site boundary. There are no potential 
receptors or potentially complete exposure pathways identified under current site conditions. 

The following potential future human receptors were identified in the HHRA for Line 6: 

• Future Site Workers. Future site workers could contact groundwater based on potential future use 
as a drinking water source at Line 6. Potential exposures to VOCs in indoor air because of vapor 
intrusion from groundwater are incomplete since VOCs were not detected in groundwater. 

• Future Construction/Utility Workers. Future construction/utility workers could contact shallow 
groundwater while replacing a culvert located within Line 6. 

• Future Hypothetical Residents. Future hypothetical residents could contact groundwater based on 
potential future use as a drinking water source at Line 6. Potential exposures to VOCs in indoor air 
because of vapor intrusion from groundwater are incomplete since VOCs were not detected in 
groundwater. 

Potential exposures and risks and hazards to future site workers and construction/utility workers were 
estimated in the HHRA only if the estimated risks and hazards for a hypothetical residential scenario 
exceed acceptable risk and hazard levels and COCs were identified for a residential scenario. 

Five inorganics (arsenic, chromium, cobalt, manganese, and vanadium) were identified as COPCs (site‐
related COPCs or naturally occurring chemicals) in groundwater for a potable use scenario. The tap 
water RSL for hexavalent chromium was used in the COPC screening for total chromium because the 
groundwater samples collected at Line 6 were not analyzed for hexavalent chromium. 

The risk characterization for Line 6 was completed using a four‐step process, as discussed in Section 
4.3.1. The total combined risks and hazards from site‐related COPCs and naturally occurring chemicals 
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are summarized in Table 5.6‐5. Risks and hazards from naturally occurring chemicals are summarized in 
Table 5.6‐6. Arsenic, chromium, and vanadium were identified as naturally occurring chemicals. Risks 
and hazards from site‐related COPCs are summarized in Table 5.6‐7; cobalt and manganese were 
identified as site‐related COPCs. Although there is uncertainty as to whether manganese in groundwater 
is a site‐related COPC at Line 6, there are no recent data to verify that it is naturally occurring. 

Unacceptable groundwater risks and hazards were identified in Step 3 for hypothetical residents, and in 
Step 4, manganese was identified as a COC for future hypothetical residents. Therefore, groundwater 
risks and hazards were also estimated for future site workers and construction/utility workers. No COCs 
were identified for future site workers and construction/utility workers. 

5.6.7 Ecological Risk Assessment 
The ERA for groundwater at Line 6 is presented herein, beginning with Step 1 of the ERA process (to 
determine if there are complete exposure pathways). Soil at the Line 6 is already addressed under the 
remedy for OU‐1 and OU‐5. There are no perennial surface water features within the Line 6 boundary, 
so as a result there are no complete exposure pathways for sediment or surface water. 

Though groundwater is present onsite, ecological receptors are not exposed directly to groundwater; 
however, groundwater is a transport medium and contaminated groundwater has potential to migrate 
to and discharge to surface water bodies. There are not perennial waterbodies present on Line 6. Given 
the lack of perennial surface water bodies on Line 6, the groundwater‐to‐surface water exposure 
pathway is incomplete. As a result of no complete exposure pathways for ecological receptors, the ERA 
process terminates with a conclusion of negligible (acceptable) adverse effects. 

5.6.8 Conclusions and Recommendations 
RIs were conducted at Line 6 to refine the nature and extent of contamination in groundwater from 
historical activities and assess for potentially unacceptable risk to human health and the environment. 
The OU‐5 RI concluded that there is no basis for a contaminant release to groundwater from munitions. 
An HHRA and an ERA were conducted to quantify potential risks and hazards to human health and the 
environment from exposure to contaminants at Line 6. The following conclusions were made based on 
the risk assessments: 

• The HHRA identified potentially unacceptable risks for the following media and receptors: 

-  Future Hypothetical Residents. For groundwater, potentially unacceptable risks and hazards 
were identified from exposure to manganese. 

- Future Site Workers. No potentially unacceptable risks or hazards were identified for exposure 
to groundwater. 

Although manganese was identified as a COC in groundwater at Line 6, it may be a naturally occurring 
chemical in groundwater. There are no records of manganese being used as part of line operations. In 
addition, the distribution of manganese concentrations at Line 6 is not indicative of a release at the site, 
as elevated concentrations were observed in an upgradient monitoring well. However, there is no recent 
data to verify that manganese is not site‐related. Therefore, further investigation is recommended to 
evaluate the elevated manganese concentrations and verify whether they are naturally occurring. 

Site IAAP‐002‐R‐01 will continue to be managed under OU‐5; the OU‐5 remedy does not need to be 
revised to address groundwater. Site IAAP‐002‐R‐02 has been closed as NFA under the OU‐5 ROD (CB&I 
2014). Site IAAP‐007 will continue to be managed under OU‐1. 
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Table 5.6‐1. Previous Investigations and Remedial Actions—Line 6 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Installation Assessment of 
IAAAP (USATHAMA 1980) 

1980  A records search was conducted to assess the use, storage, 
treatment, and disposal of toxic and hazardous materials at IAAAP 
regarding environmental quality. Sump removalsa were performed in 
the 1950s and 1960s. However, no information is available regarding 
whether contaminated soil was removed during these activities. 

Line 6 was identified as a site that large detonator 
production and storage. Line 6 activities generated 
wastewater and wastewater treatment sludge. A follow‐
on preliminary survey was recommended to assess 
potential contaminant migration off the facility.  

Groundwater Quality 
Assessment (AEHA 1985) 

1981–
1984 

Site investigation activities began at the Line 6 with the installation 
of five monitoring wells in 1980. The five wells were sampled in 1981 
and analyzed for explosives, herbicides, metals, general chemistry 
parameters (including sulfate, nitrate, and total organic carbon), 
pesticides, radionuclides, and semivolatile organic compounds 
(SVOCs).  

Analytical data presented in the 1985 assessment did not 
indicate contaminants above detection limits or generally 
acceptable background levels.  

In 1983, soil samples were collected from an intermittent tributary 
of Brush Creek on the east side of Line 6 and at discharge points 
from gravel filter beds located at Buildings 6‐68, 6‐88, 6‐89, and 6‐25 
(Figure 5.3‐1). Samples were analyzed for extraction procedure 
toxicity concentrations for a combination of barium, sodium, heavy 
metals, and/or Royal Demolition Explosive (RDX).  

Three samples from filter beds located at Buildings 6‐88 
exceeded the extraction procedure toxicity 
concentration standard for lead; otherwise, the samples 
were not extraction procedure toxic (TN & Associates, 
Inc., 2003). 

Gravel filter beds near Buildings 6‐18‐1, 6‐25, 6‐35, 6‐68, 6‐89, and 6‐
91 were removed in 1984. 

Remedial action performed at Line 6. 

RCRA Facility Assessment 
(RFA) (E&E 1987) 

1986  A Resource Conservation and Recovery Act (RCRA) Facility 
Assessment (RFA) was conducted and involved the analysis of metals 
and explosives in five soil and four intermittent stream sediment 
samples.  

The soil and sediment samples collected on the south 
side of Line 6 (in or very near the drainage ditches at the 
line) contained concentrations of lead above the RG. 

Select wells were resampled for explosives, metals, and volatile 
organic compounds (VOCs). One explosive (2,4‐dinitrotoluene [DNT]) 
was detected in 1985 at GZ2‐19 (3.52 micrograms per liter μg/L) and 
GZ2‐18 (4.66 μg/L). Wells T‐19, T‐20, and T‐21 were subsequently 
installed approximately 400 feet west of the former GZ2‐19 location, 
and downgradient of former Building 6‐68.  

Explosives were not detected, and no chemicals were 
detected above screening levels in groundwater. 

Soil Removal (OHM 1994)  1987, 
1990 

In 1987 and 1990, soil containing concentrations of lead in excess of 
100 mg/kg was removed from major drainage ditches. 

Remedial action performed at Line 6. 
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Table 5.6‐1. Previous Investigations and Remedial Actions—Line 6 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Follow‐up Investigation 
(Terracon 1989) 

1988  Twenty‐seven monitoring wells were installed downgradient of 
buildings with historic gravel filter beds and at the perimeter of the 
site (Figure 5.6‐1) and sampled for explosives, metals, organics, and 
SVOCs.  

Only cyanide (2 μg/L) was detected in bedrock well T‐30. 
There were no other chemicals detected above screening 
levels. 

Sump Removal Action 
(Mason and Hanger‐Silas 
1990) 

1990  Three explosives‐collection sumps were removed from Line 6 near 
Building 6‐35 and the Chemistry Laboratory. A fourth sump near 
Building 6‐91 was identified for demolition and closure on a different 
Army Corps of Engineers project.    

The sumps were identified as inactive. There was no 
recommendation for their replacement.  

Facility‐wide Preliminary 
Assessment 
(JAYCOR 1994) 

1991  A preliminary assessment was conducted at Line 6 to evaluate the 
potential for contamination and assess potential migration pathways 
and exposure potential if contamination were present. 

The preliminary assessment indicated there was a 
potential for contamination at Line 6. It was concluded 
that potentially contaminated run‐off associated with 
production operations may have migrated to the 
drainage ditches. Groundwater sampling was 
recommended to confirm the results of previous 
sampling activities. 

Facility‐wide Site Inspection 
(JAYCOR 1992) 

1992  A groundwater sample was collected from one existing well to 
confirm previous cyanide detections. 

No cyanide contamination was reported in the 
confirmation sample. 

Soil Removal (OHM 1995)  1993–
1994 

Additional soil contaminated with lead, barium, and antimony was 
excavated near the gravel filter beds in 1993 and 1994. The 
excavations ranged between 3 and 6 feet deep, and up to 10 feet in 
one instance near Building 6‐35. 

Remedial action performed at Line 6. 

Follow‐On Remedial 
Investigation (JAYCOR 1996) 

1995  Select wells were resampled seven times between 1992 and 1994 for 
explosives, metals, and total organic halogens.  

Only iron and antimony were detected sporadically in 
groundwater above respective screening levels (T‐13 
exceeded the screening level for iron in 1993, and T‐10 
and T‐19 both exceeded screening level for antimony in 
1994). There were no other chemicals detected above 
screening levels. 

Additional surface water, sediment, and soil sampling was conducted 
during the RI. Surface water and sediment were collected from 
intermittent tributaries south of Line 6 and analyzed for metals, 
explosives, VOCs, SVOCs, pesticides, and PCBs. Soil samples were 
analyzed for metals and explosives. 

Surface water and sediment samples reported were 
below applicable screening levels. Three of the samples 
from sumps indicated concentrations above the RG for 
RDX in Sump 31 (at Building 6‐19), mercury in Sump 32 
(at Building 6‐98), and mercury and lead in Sump 33 
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Table 5.6‐1. Previous Investigations and Remedial Actions—Line 6 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

(near Building 6‐96); however, these sumps were later 
excavated. 

RCRA Closure (Line 6, 
Building 6‐68) (Beling 
Consultants 1995, Terracon 
2000) 

1995  Treatment of black powder was performed in Building 6‐68 as part of 
the RCRA closure, 800 cubic yards of contaminated soil were 
removed. Sumps were removed, and soil was excavated near 
Buildings 6‐19 and 6‐98 in 1995. One cubic yard was estimated to 
have been removed from each excavation. A third sump was 
excavated at Building 600‐86‐2 and backfilled on May 22, 1995, 
following confirmation sampling. Confirmation soil samples were 
collected for RCRA metals, reactivity, and pH. 

RCRA closure achieved, however the Interim ROD under 
OU‐1 requires the removal of approximately 445 cubic 
yards of contaminated soil not addressed under the 
RCRA closure. 

Record of Decision for Soils 
OU‐1 (Harza 1998) 

1998  Soil contamination was addressed under OU‐1.  The selected remedy included excavation of soil 
containing lead and antimony greater than RGs adjacent 
to the Building 6‐96 sump. 

Groundwater Monitoring 
Program (Harza 2001) 

2001  The Groundwater Monitoring (GWM) Program was established for 
on‐going monitoring at IAAAP.  

No groundwater contamination had been identified at 
Line 6, therefore Line 6 was not included in the GWM 
Program. 

Historical Records Review 
(TN & Associates 2004) 

2004  A historical records review was conducted for Line 6, Line 800, the 
CTA, and the Deactivation Furnace. 

The assessment identified that there was a potential for 
unexploded ordnance (UXO) at this site. 

MEC Density Survey Report 
(MKM 2005b) 

2004  A geophysical survey was completed over 32 acres within Line 6 to 
evaluate the subsurface MEC densities. The survey area for Line 6 
was approximately 2255 by 820 feet. Results of the geophysical 
survey were used to locate and collect additional soil samples at 
locations with a high probability for explosive hazards. Twenty soil 
samples were collected and analyzed for explosives.  

No MEC items were identified during the surface 
investigation. A total of 8,630 EM61 anomalies were 
picked from the geophysical data, although many of the 
anomalies corresponded with cultural features such as 
buildings, active power lines, buried utilities, and ditches. 
Results of the soil samples were all below the 0.1% 
explosives by weight, and unlikely to exist at 
concentrations that would affect the immediate health 
and safety of workers at the sites. 

Comprehensive Watersheds 
Evaluation and 
Supplemental Data 
Collection Work Plan (Tetra 
Tech 2006) 

2005  A comprehensive evaluation was conducted of all IAAAP sites and 
the four primary watersheds (Brush Creek, Spring Creek, Long Creek, 
and Skunk River) to identify data gaps and additional data needed to 
complete a feasibility study for surface water and groundwater at 
each of the IAAAP sites.  

The data gap evaluation concluded groundwater  
sampling should be conducted to confirm the absence or 
presence of 2,4‐DNT in site groundwater. 
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Table 5.6‐1. Previous Investigations and Remedial Actions—Line 6 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Site Reconnaissance (Tetra 
Tech 2005a) 

2005  A paper site reconnaissance was conducted in Summer 2005, which 
consisted of a review of the historical drawing in the HRR and 
historical aerial photos. Site reconnaissance performed in Fall 2005 
was minimal, primarily consisting of UXO avoidance. 

Reconnaissance information was used to support 
supplemental remedial investigations. 

Periodic Groundwater 
Monitoring (Tetra Tech 
2005b, 2009c) 

2005‐
2006 

Groundwater samples were collected from nine monitoring wells in 
2005 (two of which were resampled in April 2006) and analyzed for 
explosives and metals.  

All chemical concentrations, except for manganese, were 
below screening levels.  

Remedial Action for OU‐1 
Soils Phase 5, 7, and 8 Sites 
(Tetra Tech 2009a) 

2006  Three excavations up to 3 feet bgs were completed near Buildings 6‐
98, 6‐34‐2, and 6‐96. Fifty‐six cubic yards of soil contaminated with 
lead, mercury, and RDX were removed. Although no sump removal 
information is available, the sump at Building 6‐96 (Sump 33) 
coincides with the location of the one of the excavation areas.  

Confirmation sampling from these removal actions 
confirmed that soil containing chemicals above OU1 RGs 
(including leachability) had been removed. The 
excavations were backfilled with clean fill. 

Historical Records Review, 
Military Munitions Response 
Program (URS 2007b) 

2007  A records search was conducted to document historical and other 
known information for MMRP sites at IAAAP. 

The assessment concluded that the potential exists for 
MEC to be present at the Line 6. 

Site Inspection, Military 
Munitions Response 
Program (URS 2007a) 

2007  No MEC investigative activities were completed at Line 6 during the 
MMRP SI. 

Based on the USEPA Dispute Resolution dated December 
20, 2006, and HRR (URS 2007) findings, it was 
determined that the Line 6 Ammo Production MRS would 
move directly to the RI phase. 

OU‐5 Remedial 
Investigation, Military 
Munitions Response 
Program (URS 2011b) 

2008  The OU‐5 RI was conducted to identify and define the nature and 
extent of potential MEC and munitions debris (MD) and determine 
whether munitions constituents (MC) had been released to the 
environment. Visual survey and surface clearance activities were 
completed within approximately 8 acres at Line 6. The DGM survey 
from 2005 was used during this investigation. A total of 130 target 
anomaly locations were identified and intrusively investigated at the 
Line 6. An additional visual survey and surface clearance were 
performed between 2008 and 2009.  

Four surface soil and subsurface soil samples each were collected for 
explosives and metals. Groundwater sampling was not warranted 
because no MCs were detected in soil above screening criteria. 

Five MEC items and 27 MD items were identified during 
the intrusive investigation from the upper 12 inches of 
soil. Combined MEC and MD items consisted of 75 
percent M24 detonators and 25 percent M42 primers. 
No MCs were detected above human health or ecological 
screening criteria in surface and subsurface soil. The 
subsequent visual survey and surface clearance 
completed in 2008‐2009 did not detect additional MEC 
or MD.  

The RI split Line 6 Ammo Production (IAAP‐002‐R‐01) 
MRS into two MRSs, Line 6 Ammo Production (Inside 
Blast Radii) and Line 6 Ammo Production (Outside Blast 
Radii). The RI recommended a feasibility study for MEC, 
Line 6 (Inside Blast Radii) and no further action for MC, 
Line 6 (Outside Blast Radii).  
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Table 5.6‐1. Previous Investigations and Remedial Actions—Line 6 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Feasibility Study, 
Amendment (Shaw 2012) 

2012  Remedial alternatives were developed and evaluated to address 
MMRP sites (OU‐5). Line 6 was included due to the potential 
presence of MEC.  

Three alternatives were evaluated, which included no 
action, land use controls, and, removal with off‐site 
disposal.  

Record of Decision (CB&I 
2014) 

2014  Documented the selected remedial action for MMRP sites at IAAAP.   The selected remedy included LUCs for Line 6 (Inside 
Blast Radius). The ROD documented that there is no 
action necessary to address MC at Line 6 (Outside Blast 
Radius).  

After Action Report for 
Fence Installation (ERRG 
2017a) 

2017  Fencing was installed at Line 6, per the OU‐5 remedy. Approximately 
2,553 linear feet of fencing was constructed around the large blast 
radius, and the small blast radius was enclosed by installing gates 
and physically blocking possible entrances.  

Engineering controls were installed to restrict access to 
Line 6. Annual maintenance and inspections to verify 
adequacy of the fencing and signage. 

OU‐5 Land Use Controls 
Implementation Plan (ERRG 
2017b) 

2017  Outlined the process for implementation and maintenance of LUCs 
as a component of the selected remedy for OU‐5. LUCs will be used 
to control unauthorized access; prevent intrusive ground activities, 
development, and/or use of the sites unless MEC hazards are 
adequately controlled; and prohibit development and use of the 
property for residential housing, elementary and secondary schools, 
childcare facilities, and playgrounds. 

 Engineering controls will consist of fencing and warning signs. 
Institutional controls will be used to restrict access and recreational 
activities, provide lease restrictions, and include environmental use 
restrictions for any property transfer. 

The scope of the LUCIP applies to Line 6 (Inside Blast 
Radius).  

Explanation of Significant 
Differences for the Records 
of Decision Soils OU‐1 
(Leidos 2018)  

2018  Documented the addition of LUCs to the selected remedy for the 
Soils ROD to provide overall protectiveness of human health and the 
environment. 

The ESD changes will apply to soil at Line 6.  

OU‐1 Land Use Controls 
Implementation Plan (Leidos 
2019a) 

2019  Outlined the process for implementation and maintenance of LUCs 
as a component of the selected remedy for OU‐1. Institutional 
controls will be used to restrict land use at OU‐1 Areas to military, 
commercial/industrial, agricultural, and permitted hunting and 
prohibit residential use. Engineering controls (fencing, signs) will be 
used to prevent general access to areas.  

The scope of the LUCIP applies to Line 6.  



6 OF 6 

Table 5.6‐1. Previous Investigations and Remedial Actions—Line 6 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Annual Land Use Controls 
Implementation Report OU‐
5 (ERRG 2020) 

2020  Describes the LUC inspection and maintenance activities completed 
in 2020 at the OU‐5 MRSs.  

The scope of the Annual LUC Implementation Report 
applies to Line 6.  

a Sump removal references include Mason & Hanger‐Silas Mason Co (1990), JAYCOR (1993), OHM (1996), and CDM (1995). 



Table 5.6‐2. Detected Constituents in Groundwater—Line 6
Iowa Army Ammunition Plant, Middletown, IA

Location
Sample ID

Sample Date

Test Group CAS Analyte Unit Screening Level*
Background Threshold 
Value (UTL95‐95(1))

METALS 7429‐90‐5 Aluminum µg/L 20,000 11,272 16 U 16 U 93.1 B 166 B 112 B 107 B 16 U 16 U
METALS 7440‐36‐0 Antimony µg/L 6 2.22 2.2 U 2.2 U 6.8 U 2.2 U 6.8 U 6.8 U 2.2 U 2.2 U
METALS 7440‐38‐2 Arsenic µg/L 10 33.3 2.9 U 2.9 U 2.8 U 5.7 B 2.8 U 2.8 U 3.7 B 2.9 U
METALS 7440‐39‐3 Barium µg/L 2,000 430 74.5 B 54.5 B 162 B 131 B 225 233 147 B 113 B
METALS 7440‐41‐7  Beryllium µg/L 4 0.8 0.7 U 0.87 B 0.8 U 0.99 B 0.8 U 0.8 U 1.2 B 0.7 U
METALS 7440‐47‐3 Chromium µg/L 100 31 0.56 B 1.1 B 0.6 U 2.4 B 0.6 U 0.6 U 0.5 U 0.5 U
METALS 7440‐48‐4 Cobalt µg/L 6 NE(2) 0.4 U 0.4 U 4.5 B 0.4 U 0.6 U 0.6 U 0.4 U 0.89 B
METALS 7440‐50‐8 Copper µg/L 1300 16 0.8 U 0.8 U 1 U 0.8 U 1.2 B 1 U 0.8 U 0.8 U
METALS 7439‐89‐6 Iron µg/L 14,000 9,736 7.5 U 7.5 U 81 B 987 35 B 29 B 7.5 U 387
METALS 7439‐92‐1 Lead µg/L 15 18.1 1.2 U 2.3 B 3.3 B 2.5 B 1.7 U 1.7 U 2.8 B 3.8 B
METALS 7439‐96‐5 Manganese µg/L 430 580 1.1 B 0.2 U 1440 396 38 29.7 1.8 B 1740
METALS 7439‐97‐6 Mercury µg/L 2 1 0.08 U 0.08 U 0.27 B 0.08 U 0.1 U 0.12 B 0.08 U 0.08 U
METALS 7440‐02‐0 Nickel µg/L 390 51 1.1 U 1.3 B 9.6 B 6.2 B 1.5 B 1.1 B 1.1 U 2 B
METALS 7440‐22‐4 Silver µg/L 94 10 0.9 U 0.9 U 0.9 U 0.9 U 0.9 U 0.9 U 0.9 U 0.9 U
METALS 7440‐62‐2 Vanadium µg/L 86 14.9 1.4 B 1.1 B 1.1 U 0.81 B 11.2 B 11.4 B 0.79 B 0.6 U
METALS 7440‐66‐6 Zinc µg/L 6,000 789 0.8 U 0.8 U 6 B 17 B 3.6 B 3.8 B 5.3 B 8.6 B

METALS‐DISS 7429‐90‐5 Aluminum µg/L 20,000 ‐ 16 U 16 U 92.9 B 16 U 104 B 106 B 16 U 16 U
METALS‐DISS 7440‐36‐0 Antimony µg/L 6 ‐ 2.2 U 8.8 U 6.8 U 2.4 B 6.8 U 6.8 U 2.2 U 2.2 U
METALS‐DISS 7440‐38‐2 Arsenic µg/L 10 ‐ 2.9 U 2.9 U 2.8 U 2.9 U 2.8 U 2.8 U 2.9 U 2.9 U
METALS‐DISS 7440‐39‐3 Barium µg/L 2,000 ‐ 75.6 B 53.4 B 138 B 116 B 209 204 141 B 97 B
METALS‐DISS 7440‐41‐7 Beryllium µg/L 4 ‐ 0.7 U 0.7 U 0.8 U 0.7 U 0.97 B 0.82 B 0.7 U 0.7 U
METALS‐DISS 7440‐47‐3 Chromium µg/L 100 ‐ 0.5 U 0.81 B 1.1 B 0.5 U 0.6 U 0.6 U 0.5 U 0.5 U
METALS‐DISS 7440‐48‐4 Cobalt µg/L 6 ‐ 0.4 U 0.4 U 1.4 B 0.4 U 0.6 U 0.6 U 0.4 U 0.52 B
METALS‐DISS 7440‐50‐8 Copper µg/L 1300 ‐ 0.8 U 0.8 U 1 U 0.8 U 1 U 1 U 0.8 U 0.8 U
METALS‐DISS 7439‐89‐6 Iron µg/L 14,000 ‐ 7.5 U 7.5 U 15 U 7.5 U 15 U 15 U 7.5 U 23.7 B
METALS‐DISS 7439‐92‐1 Lead µg/L 15 ‐ 1.4 B 1.2 U 1.7 U 1.2 U 1.7 U 1.7 U 1.3 B 1.4 B
METALS‐DISS 7439‐96‐5 Manganese µg/L 430 ‐ 0.44 B 0.2 U 672 345 4.1 B 8.3 B 1.3 B 1560
METALS‐DISS 7439‐97‐6 Mercury µg/L 2 ‐ 0.08 U 0.08 U 0.1 U 0.08 U 0.1 U 0.1 U 0.08 U 0.08 U
METALS‐DISS 7440‐02‐0 Nickel µg/L 390 ‐ 1.1 U 1.1 U 5 B 2.4 B 0.8 U 0.87 B 1.1 U 1.2 B
METALS‐DISS 7440‐22‐4 Silver µg/L 94 ‐ 0.9 U 0.9 U 0.92 B 0.9 U 0.9 U 0.9 U 0.9 U 0.9 U
METALS‐DISS 7440‐62‐2 Vanadium µg/L 86 ‐ 1.4 B 0.6 U 1.5 B 0.75 B 10.4 B 10.2 B 0.86 B 0.6 U
METALS‐DISS 7440‐66‐6 Zinc µg/L 6,000 ‐ 3.7 B 0.8 U 4 B 3.8 B 3.2 B 3.3 B 0.8 U 0.99 B

Notes:

U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
B = The analyte was positively identified in both the sample and the associated laboratory method blank.
Bold indicates the analyte was detected
Shading indicates the result exceeded screening criteria
‐‐ = Not Analyzed
µg/L = micrograms per liter

MCL = Maximum Contaminant Level

Note that explosives were analyzed but not detected.

(2) Due to uncertainty associated with the method detection limit from the 1992 sampling event, a BTV was not 

(1) UTLs were calculated as 95% upper confidence bounds of the 95th percentiles of the background data. UTLs 
calculated without a definitive distributional assumption of the data (i.e., normal, gamma, or lognormal) for 
sample sizes less than 59 have a coverage probability less than 95%.

J = The analyte was positively identified: the associated numerical value is the approximate concentration of the 
analyte in the sample.

*Screening level is the MCL. If no MCL is available, the greater of the HAL and the tap water RSL is selected as the 
delineation screening level.

Source: EPA's Regional Screening Levels (May 2020). Available online: 
https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables.
Source: EPA's MCLs and HALs (March 2018). Available online: https://www.epa.gov/sdwa/2018‐drinking‐water‐
standards‐and‐advisory‐tables.
Source: Background threshold values (BTVs) from Evaluation of Background Concentrations of Metals in 
Groundwate r (CH2M, 2020a)

4/21/2006

GZ2‐01

9/30/2005

T‐10 T‐15 T‐15

10/4/2005

T‐19

10/4/2005

T‐13

10/4/2005

T‐16

10/4/20054/21/2006 4/21/2006
F05‐GZ2‐1‐GW‐REG F05‐T‐10‐GW‐REG S06‐T‐12‐GW‐REG F05‐T‐13‐GW‐REG S06‐T‐15‐GW‐FD S06‐T‐15‐GW‐REG F05‐T‐16‐GW‐REG F05‐T‐19‐GW‐REG

T‐12
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Table 5.6‐2. Detected Constituents in Groundwater—Line 6
Iowa Army Ammunition Plant, Middletown, IA

Location
Sample ID

Sample Date

Test Group CAS Analyte Unit Screening Level*
Background Threshold 
Value (UTL95‐95(1))

METALS 7429‐90‐5 Aluminum µg/L 20,000 11,272
METALS 7440‐36‐0 Antimony µg/L 6 2.22
METALS 7440‐38‐2 Arsenic µg/L 10 33.3
METALS 7440‐39‐3 Barium µg/L 2,000 430
METALS 7440‐41‐7  Beryllium µg/L 4 0.8
METALS 7440‐47‐3 Chromium µg/L 100 31
METALS 7440‐48‐4 Cobalt µg/L 6 NE(2)
METALS 7440‐50‐8 Copper µg/L 1300 16
METALS 7439‐89‐6 Iron µg/L 14,000 9,736
METALS 7439‐92‐1 Lead µg/L 15 18.1
METALS 7439‐96‐5 Manganese µg/L 430 580
METALS 7439‐97‐6 Mercury µg/L 2 1
METALS 7440‐02‐0 Nickel µg/L 390 51
METALS 7440‐22‐4 Silver µg/L 94 10
METALS 7440‐62‐2 Vanadium µg/L 86 14.9
METALS 7440‐66‐6 Zinc µg/L 6,000 789

METALS‐DISS 7429‐90‐5 Aluminum µg/L 20,000 ‐
METALS‐DISS 7440‐36‐0 Antimony µg/L 6 ‐
METALS‐DISS 7440‐38‐2 Arsenic µg/L 10 ‐
METALS‐DISS 7440‐39‐3 Barium µg/L 2,000 ‐
METALS‐DISS 7440‐41‐7 Beryllium µg/L 4 ‐
METALS‐DISS 7440‐47‐3 Chromium µg/L 100 ‐
METALS‐DISS 7440‐48‐4 Cobalt µg/L 6 ‐
METALS‐DISS 7440‐50‐8 Copper µg/L 1300 ‐
METALS‐DISS 7439‐89‐6 Iron µg/L 14,000 ‐
METALS‐DISS 7439‐92‐1 Lead µg/L 15 ‐
METALS‐DISS 7439‐96‐5 Manganese µg/L 430 ‐
METALS‐DISS 7439‐97‐6 Mercury µg/L 2 ‐
METALS‐DISS 7440‐02‐0 Nickel µg/L 390 ‐
METALS‐DISS 7440‐22‐4 Silver µg/L 94 ‐
METALS‐DISS 7440‐62‐2 Vanadium µg/L 86 ‐
METALS‐DISS 7440‐66‐6 Zinc µg/L 6,000 ‐

Notes:

U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
B = The analyte was positively identified in both the sample and the associated laboratory method blank.
Bold indicates the analyte was detected
Shading indicates the result exceeded screening criteria
‐‐ = Not Analyzed
µg/L = micrograms per liter

MCL = Maximum Contaminant Level

Note that explosives were analyzed but not detected.

(2) Due to uncertainty associated with the method detection limit from the 1992 sampling event, a BTV was not 

(1) UTLs were calculated as 95% upper confidence bounds of the 95th percentiles of the background data. UTLs 
calculated without a definitive distributional assumption of the data (i.e., normal, gamma, or lognormal) for 
sample sizes less than 59 have a coverage probability less than 95%.

J = The analyte was positively identified: the associated numerical value is the approximate concentration of the 
analyte in the sample.

*Screening level is the MCL. If no MCL is available, the greater of the HAL and the tap water RSL is selected as the 
delineation screening level.

Source: EPA's Regional Screening Levels (May 2020). Available online: 
https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables.
Source: EPA's MCLs and HALs (March 2018). Available online: https://www.epa.gov/sdwa/2018‐drinking‐water‐
standards‐and‐advisory‐tables.
Source: Background threshold values (BTVs) from Evaluation of Background Concentrations of Metals in 
Groundwate r (CH2M, 2020a)

16 U 16 U 16 U 16 U 16 U
2.2 U 2.2 U 2.2 U 2.2 U 2.2 U
2.9 U 8.8 B 2.9 U 2.9 U 2.9 U
96.9 B 144 B 125 B 130 B 115 B
0.7 U 0.7 U 0.7 U 0.7 U 1.4 B
0.5 U 0.5 U 0.5 U 0.5 U 1.8 B
0.4 U 0.4 U 0.4 U 0.4 U 1.2 B
0.8 U 0.8 U 0.8 U 0.8 U 0.8 U
7.5 U 7.5 U 7.5 U 7.5 U 346
1.2 U 2.4 B 2.5 B 2.6 B 2.2 B
0.99 B 512 0.2 U 0.27 B 1740
0.08 U 0.08 U 0.08 U 0.08 U 0.08 U
1.1 U 4.2 B 1.1 U 1.1 U 5.9 B
0.9 U 0.9 U 0.9 U 0.9 U 0.9 U
0.84 B 0.77 B 0.91 B 0.77 B 0.84 B
0.8 U 4.9 B 0.8 U 1 B 6.9 B
16 U 16 U 16 U 16 U 16 U
2.2 U 2.2 U 2.2 U 2.2 U 2.2 U
2.9 U 2.9 U 2.9 U 2.9 U 2.9 U
91.4 B 129 B 120 B 124 B 91.8 B
0.7 U 0.7 U 0.7 U 0.7 U 0.7 U
0.5 U 0.51 B 0.5 U 0.5 U 0.5 U
0.4 U 0.4 U 0.4 U 0.4 U 1.4 B
0.8 U 0.8 U 0.8 U 0.8 U 0.8 U
7.5 U 7.5 U 7.5 U 7.5 U 7.5 U
1.5 B 1.4 B 1.8 B 1.2 U 1.9 B
2.2 B 449 0.94 B 0.64 B 1550
0.08 U 0.08 U 0.08 U 0.08 U 0.08 U
1.1 U 3.9 B 1.4 B 1.1 U 5.1 B
0.9 U 0.9 U 0.9 U 0.9 U 0.9 U
1.2 B 0.87 B 1.1 B 0.94 B 0.73 B
1.3 B 1 B 0.8 U 2.1 B 0.8 U

T‐28

10/4/200510/4/200510/4/2005

T‐28T‐22 T‐25

10/4/2005

T‐31

10/4/2005
F05‐T‐22‐GW‐REG F05‐T‐25‐GW‐REG F05‐T‐28‐GW‐FD F05‐T‐28‐GW‐REG F05‐T‐31‐GW‐REG
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Table 5.6‐3. Data Groupings Used in the HHRA ‐ Line 6
Iowa Army Ammunition Plant, Middletown, Iowa

Data Group ID for HHRA Description Sample Count
Line6_GW Groundwater (Potable Use) 11
Line6_GW‐Shallow Shallow Groundwater (DTW ≤ 10 feet) in trench/culvert 9



Table 5.6‐4. Samples Used in the HHRA ‐ Line 6
Iowa Army Ammunition Plant, Middletown, Iowa

Data Group ID for HHRA
Data Group ID for 

HHRA Matrix Station ID Sample ID (1) Date Collected
Upper Depth 

(Feet)
Lower Depth  

(Feet)
Line6_GW‐Potable Line6_GW‐Shallow GW T‐10 F05‐T‐10‐GW‐REG 10/4/2005 14 24.5
Line6_GW‐Potable Line6_GW‐Shallow GW T‐16 F05‐T‐16‐GW‐REG 10/4/2005 10 20
Line6_GW‐Potable Line6_GW‐Shallow GW T‐19 F05‐T‐19‐GW‐REG 10/4/2005 10 20
Line6_GW‐Potable Line6_GW‐Shallow GW T‐22 F05‐T‐22‐GW‐REG 10/4/2005 14 24
Line6_GW‐Potable Line6_GW‐Shallow GW T‐25 F05‐T‐25‐GW‐REG 10/4/2005 10 20
Line6_GW‐Potable Line6_GW‐Shallow GW T‐28 F05‐T‐28‐GW‐REG 10/4/2005 10 20
Line6_GW‐Potable Line6_GW‐Shallow GW T‐31 F05‐T‐31‐GW‐REG 10/4/2005 10 20
Line6_GW‐Potable Line6_GW‐Shallow GW GZ2‐01 F05‐GZ2‐1‐GW‐REG 9/30/2005 44 54
Line6_GW‐Potable GW T‐12 S06‐T‐12‐GW‐REG 4/21/2006 111 121
Line6_GW‐Potable Line6_GW‐Shallow GW T‐13 F05‐T‐13‐GW‐REG 10/4/2005 20 30
Line6_GW‐Potable GW T‐15 S06‐T‐15‐GW‐REG 4/21/2006 96.5 106.5

Notes:

(1) The data were reduced such that when a normal and duplicate sample were available, the highest detected 

      concentration among normal or duplicate samples was used when a chemical was detected in any sample. If both 

      results were non‐detect, the lowest reported detection limit (i.e., reporting limit) was used. 

GW = Groundwater

NA = Not Available
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Table 5.6‐5. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally 
Occurring Chemicals—Line 6 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor a 

ELCR/HI Tables 
(RME) in Appendix 
A‐8, Attachment 1  COPC/Chemical 

Line 6 

EPC 
(µg/L)  ELCR  HI 

Groundwater (Tap 
Water) 

Adult  7.1 and 9.1 

Arsenic  8.8  NA  0.9 

Chromium b  1.25  NA  0.02 

Cobalt  4.5  NA  0.5 

Manganese  1534  NA  2 

Vanadium  6.06  NA  0.04 

Total HI:  NA  4 

Child  7.2 and 9.2 

Arsenic  8.8  NA  1 

Chromium b  1.25  NA  0.03 

Cobalt  4.5  NA  0.7 

Manganese  1534  NA  4 

Vanadium  6.06  NA  0.07 

Total HI:  NA  6 

Adult/Child 
Aggregate  7.3 and 9.3 

Arsenic  8.8  2E‐04  NA 

Chromium b  1.25  3E‐05  NA 

Cobalt  4.5  NA  NA 

Manganese  1534  NA  NA 

Vanadium  6.06  NA  NA 

Total ELCR:  2E‐04  NA 

Notes: 
a ELCRs were estimated for the adult/child aggregate receptor based on lifetime exposure and noncarcinogenic HIs were 
estimated separately for adult and child residents. 

b Evaluated as hexavalent chromium. 

µg/L = microgram per liter 

COPC = chemical of potential concern 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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Table 5.6‐6. Summary of Risk and Hazard Estimates for Naturally Occurring Chemicals—Line 6 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor a 

ELCR/HI Tables 
(RME) in 

Appendix A‐8, 
Attachment 1  Chemical 

Line 6 

EPC 
(µg/L)  ELCR  HI 

Groundwater (Tap 
Water) 

Adult  7.4 and 9.4 

Arsenic  8.8  NA  0.9 

Chromium b  1.25  NA  0.02 

Vanadium  6.06  NA  0.04 

Total HI:  NA  0.9 

Child  7.5 and 9.5 

Arsenic  8.8  NA  1 

Chromium b  1.25  NA  0.03 

Vanadium  6.06  NA  0.07 

Total HI:  NA  2 

Adult/Child 
Aggregate  7.6 and 9.6 

Arsenic  8.8  2E‐04  NA 

Chromium b  1.25  3E‐05  NA 

Vanadium  6.06  NA  NA 

Total ELCR:  2E‐04  NA 

Notes: 
a ELCRs were estimated for the adult/child aggregate receptor based on lifetime exposure and noncarcinogenic HIs were 
estimated separately for adult and child residents. 

b Evaluated as hexavalent chromium. 

µg/L = microgram per liter 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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Table 5.6‐7. Summary of Risk and Hazard Estimates for Site‐Related COPCs—Line 6 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor  

ELCR/HI Tables 
(RME) in 

Appendix A‐8, 
Attachment 1  COPC 

Line 6 

EPC 
(µg/L)  ELCR  HI 

Groundwater  

(Tap Water) 

Site Worker 

(Adult) 
7.7 and 9.7 

Cobalt  4.5  NA  0.1 

Manganese  1534  NA  0.6 

Total HI and ELCR:  NA  0.7 

Groundwater 
(Trench water)  

Construction/Utility 
Worker 

(Adult) 
7.8 and 9.9 

Cobalt  1.2  NA  0.000002 

Manganese  947.7  NA  0.3 

Total HI and ELCR:  NA  0.3 

Groundwater (Tap 
Water) 

Hypothetical 
Resident 

(Adult) 
7.9 and 9.9 

Cobalt  4.5  NA  0.5 

Manganese  1534  NA  2 

Total HI:  NA  3a 

Hypothetical 
Resident 

(Child) 
7.10 and 9.10 

Cobalt  4.5  NA  0.7 

Manganese  1534  NA  4 

Total HI:  NA  4a 

Hypothetical 
Resident 

(Adult/Child 
Aggregate) 

7.11 and 9.11 

Cobalt  4.5  NA  NA 

Manganese  1534  NA  NA 

Total ELCR:  NA  NA 

Notes: 
a The HIs for nervous (due to manganese) exceed 1 – Appendix A‐8, Attachment 1 (see Tables 9.7 and 9.8 and Tables 10.1 
and 10.2). 

µg/L = microgram per liter 

COPC = chemical of potential concern 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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Legend

X Potentially complete exposure pathway; O Incomplete exposure pathway; N/A Not applicable

(1) There are no potentially complete exposure pathways identified under current site conditions. All buildings have been demolished and no wastewater is generated. The site is closed 

      to recreational activities and hunting is not permitted at Line 6.

(2) Soil is being addressed under the Operable Unit 1 Remedial Action.

(3)  Groundwater is not currently being used as a potable water source and there are no plans to use groundwater for potable purposes in the future; however, based on applicable CERCLA 

       policy and guidance, groundwater at Line 6 is classified as Class IIB, a potential source of drinking water. Therefore, the HHRA for Line 6 evaluates potential exposures to groundwater due to 

       its potential future use as a drinking water source. This requires the evaluation of future residential exposures to groundwater.

(4)  Potential exposures to groundwater are only estimated for a site worker and construction worker if the estimated risks for a hypothetical residential scenario (potable use) exceed acceptable risk levels 

       and COCs are identified for a residential scenario.

(5)  Volatile constituents were not detected in the groundwater samples; therefore, inhalation exposures to groundwater are incomplete.
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Notes:
1. Samples used in the human health risk assessment are shown.
2. Sample dates include September 2005, October 2005, and April 2006.
3. Sump locations are approximated based on historical information.
4. Historic explosions occurred at Buildings 6-34-2 and 6-92.
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SECTION 5 – SITE‐SPECIFIC REMEDIAL INVESTIGATION  

 5‐75 

5.7 Line 8 Ammo Load, Assemble, and Pack (Fuse/Rocket) 
Groundwater 

This subsection summarizes RI activities at Line 8 (IAAP‐009G). This RI report addresses groundwater 
media (IAAP‐009G). Soil is addressed under the remedy for OU‐1 (IAAP‐009) (Leidos 2018). There are no 
perennial surface water features within the Line 8 site boundary. 

Although there is no basis for a release to groundwater in this area, IAAP‐009G was created in 2012 as 
part of a large‐scale administrative effort to facilitate management of IAAAP sites within the Army 
database (HQAES/AEDB) under different OUs (Section 1.2.4). Several IAAAP reports have documented 
that investigation of groundwater is not warranted at Line 8. This includes the Preliminary Site 
Characterization Reports for Iowa AAP Sites (JAYCOR 1993a, 1993b, 1993c, 1993d), revised draft final 
Remedial Investigation Report (JAYCOR 1996), and the final CWWP (Tetra Tech 2006). However, because 
the previous RI for groundwater was not finalized (Tetra Tech 2014), the site closure process has not 
been initiated for IAAP‐009G. This RI report provides formal documentation under the CERCLA process 
that no groundwater investigation is warranted for Line 8 (IAAP‐009G). 

5.7.1 Background 
5.7.1.1 Site Description 
Line 8 is in the central portion of the IAAAP facility and on the western edge of the 40‐millimeter 
fragmentation zone, approximately ⅜ of a mile west of Line 7 and Line 9 (Figure 5.7‐1). The site 
encompasses a predominantly tree‐covered area measuring approximately 600 by 1,600 feet 
(approximately 22 acres) and is bisected by a service road that runs north–south. An intermittent 
tributary to Long Creek also runs north–south, parallel to the road. All buildings have been demolished 
at the site. 

5.7.1.2 Operational History 
Line 8 was used for producing Amatol (an explosive composed of TNT and ammonium nitrate) during 
World War II, and for fertilizer manufacturing and fuze and rocket igniter LAP operations following the 
war. Operations ceased at Line 8 around 1950. 

When the site was operational, it contained a gate house, compressor house, service house, and a tank 
farm composed of 13 aboveground tanks that was used to store ammonium nitrate liquor. After 
operations ceased in 1950, the tank farm was removed, and the two buildings were burned. 

5.7.1.3 Previous Investigations and Remedial Actions 
Numerous investigations have been conducted at IAAAP since the 1980s. Table 5.7‐1 provides a 
summary of the previous investigations and remedial actions conducted at Line 8, including conclusions 
and recommendations. Previous sample locations are shown on Figure 5.7‐2. Based on the results of 
previous investigations, soil excavation was not warranted at Line 8. IAAP‐009 is subject to OU‐1 LUCs, 
which are described in Table 5.7‐1. 

This report documents the RI for groundwater at Line 8. Previous investigations pertinent to the RI for 
groundwater are listed below; additional details are included in Table 5.7‐1. 

Investigation Conclusion 

Facility‐wide Preliminary Assessment 
(JAYCOR 1994) 

Line 8 was identified as a site of concern. No known spills have occurred in the 
Line 8 area, but the potential existed for explosive contaminants in the Line 8 
area. No groundwater sampling was recommended.  
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Investigation Conclusion 

Facility‐wide Site Inspection (JAYCOR 
1992) 

No groundwater samples were collected during the SI based on the Preliminary 
Assessment. It was recommended that Line 8 be included in the RI.  

Follow‐On Remedial Investigation 
(JAYCOR 1996) 

Phase I RI soil screening data and historical information indicated that only 
shallow soil contamination existed at Line 8. Therefore, no groundwater wells 
were deemed necessary during the follow‐on RI. The RI concluded that no 
groundwater impact was expected.  

Comprehensive Watersheds Evaluation 
and Supplemental Data Collection 
(Tetra Tech 2006) 

The data gap evaluation concluded that surface water, sediment, and soil had 
been adequately characterized at Line 8. The soil at Line 8 has a high clay content 
and retards migration of metals to groundwater. The report concluded that 
groundwater impact was unlikely. No further investigation or remediation is 
warranted for Line 8. 

 

5.7.2 2018–2020 Remedial Investigation Activities 
No additional field work was conducted at Line 8 as part of this RI. As documented in the final Site-
specific Worksheets for Operable Unit 6 of the Uniform Federal Policy–Quality Assurance Project Plan for 
Remedial Investigation at Iowa Army Ammunition Plant, Middletown, Iowa (Packet 2) (CH2M 2018b) and 
previous site investigations (Table 5.7‐1), groundwater investigation at Site IAAP‐009G is not warranted. 

5.7.3 Environmental Setting 
Line 8 falls within the Long Creek watershed (Figure 2‐1). The topography at the IAAAP site slopes 
downward from both the eastern and western boundaries of the site, converging in a topographic low 
represented by an intermittent tributary of Long Creek that parallels the service road. All surface water 
runoff in the area flows into this tributary, eventually emptying into Mathes Lake approximately 2,000 
feet south of the Line 8 boundary. 

Limited site‐specific geologic and hydrogeologic information is available for Line 8, given that few soil 
borings have been advanced and no groundwater wells have been installed at the site. Based on soil 
sampling, overburden at the site was identified as high‐clay‐content loess (Tetra Tech 2006). The 
geology is considered to be consistent with the facility‐wide description provided in Section 2.5. 

Groundwater was not encountered during previous investigations to 3 feet bgs at Line 8. The depth to 
groundwater in the overburden was measured at 37 feet bgs at monitoring well 14‐E, which is 
approximately 450 feet north of Line 8, during the 2017 well inventory. Facility‐wide groundwater levels 
suggest that the overall flow direction in this area is to the southeast (Figure 2‐2). 

5.7.4 Nature and Extent of Contamination 
This subsection describes the nature and extent of contamination at Line 8. Soil has been addressed 
under OU‐1. No perennial surface water features are associated with this site. 

The potential source of contamination at Line 8 is from the production of Amatol before 1950. As part of 
the RI under OU‐1, lead was the only COC identified for soil (USEPA, 1998c); however, exceedances were 
ascribed to local variability in soil conditions (JAYCOR 1996). No explosives were identified as COCs. 
Because the 2003 supplemental soil investigation did not identify any soil with concentrations above 
OU‐1 remedial goals (including those based on leachability), it was concluded that a soil removal action 
was not warranted (Shaw 2004a). 

Based on the environmental setting and its chemical properties, lead in soil would not have impacted 
groundwater at Line 8. This conclusion is supported by the following lines of evidence: 

• The lack of explosives detections in soil suggests that no site release has occurred at Line 8. 
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• Potential lead contamination in soil was delineated in shallow subsurface soil (approximately 2 feet 
bgs), which is expected to be more than 30 feet above groundwater. 

• Lead is relatively immobile in all matrices due to its strong tendency to be sorbed by iron and 
manganese oxides and the insolubility of many lead minerals (ERG 2005). 

• The shallow geology beneath the site, consisting primarily of high‐content‐clay loess, would further 
retard leaching, or the vertical migration, of lead. 

• Lead concentrations in sediment and surface water from the intermittent tributaries were generally 
below BTVs (CH2M 2020b), further indicating limited to no migration of lead in soil. Total lead 
concentrations in surface water (when present) slightly exceeded the Long Creek BTV of 3.3 µg/L at 
two locations: LCT06‐H (5.2 µg/L) and R09SW0201 (3.58 µg/L); sample locations are shown on Figure 
5.7‐2. However, lead was not detected (2.6 U µg/L) at LCT06‐H when this location was sampled 
again. All intermittent surface water concentrations for lead were below the human health PAL (15 
µg/L) and ecological PAL (7.7 µg/L), in addition to the groundwater PAL (15 µg/L). Lead 
concentrations in sediment slightly exceeded the Long Creek BTV of 28.8 milligrams per kilogram 
(mg/kg) at one location, LCT06‐H (30.9 mg/kg). As with intermittent surface water, this sediment 
concentration was below the human health PAL (400 mg/kg) and ecological PAL (35.8 mg/kg). 

5.7.5 Conclusions and Recommendations 
Based on the CSM for Line 8 and the chemical properties of lead, there is no basis for a contaminant 
release to groundwater. Therefore, NFA is warranted for Line 8. It is recommended that Site IAAP‐009G 
be transferred to a new OU (OU‐11) and NFA be presented as the preferred remedy in a Proposed Plan. 
Line 8 soil (IAAP‐009) will continue to be managed under OU‐1. 



This page intentionally left blank. 



  1 OF 2 

Table 5.7‐1. Previous Investigations and Remedial Actions—Line 8 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Installation Assessment of 
IAAAP (USATHAMA 1980) 

1980  A records search was conducted to assess the use, storage, 
treatment, and disposal of toxic and hazardous materials at 
IAAAP regarding environmental quality.  

Line 8 was identified as a site that was used in explosives 
production. A follow‐on preliminary survey was 
recommended to assess potential contaminant migration off 
the facility.  

Underground Pollution 
Investigation (SCS 1982) 

1981  An environmental contamination survey was conducted, during 
which soil, surface water, and sediment samples were collected 
at Line 8 and analyzed for explosives, anions, metals, priority 
pollutant organic chemicals, pesticides, and PCBs.  

No surface water or sediment samples were found to exceed 
screening levels; however, elevated concentrations of lead 
were measured in two soil samples. Analyses of lead in 
surface water and sediment downstream from these 
locations indicated that it was not migrating from the soil to 
either of these media. 

Facility‐wide Preliminary 
Assessment (JAYCOR 1994) 

1991  Preliminary assessments were completed for the 43 IAAAP 
sites. 

Line 8 was identified as a site of concern. A follow‐on visual 
inspection, as well as soil, surface water, and sediment 
sampling were recommended to determine whether 
contamination exists. 

Facility‐wide Site Inspection 
(JAYCOR 1992) 

1991  Nine soil samples, two sediment samples, and one surface 
water sample were collected and analyzed for metals, 
explosives, nitrates, and sulfates. One soil sample, collected 
from the former tank farm, was also analyzed for VOCs and 
SVOCs, and yielded low‐level detections of PAHs. 

Explosives and metals were detected in surface water, and 
metals were detected in soil and sediment. Given that the 
detected PAH compounds are ubiquitous in the environment 
and are likely to be of anthropogenic origin, and 
concentrations did not exceed screening criteria, their 
presence was not considered significant. 

Follow‐On Remedial 
Investigation (JAYCOR 1996) 

1992–
1995  

Additional 6 surface water, 6 sediment, and 157 soil samples 
were collected at Line 8 and analyzed for explosives and metals; 
soil was also analyzed for SVOCs, PCBs, and nitrates. Ten of the 
samples were collected and analyzed for PAHs to evaluate the 
extent of PAHs detected in 1991. No groundwater wells were 
deemed necessary at Line 8 and none were installed. 

Explosives (RDX and HMX) were detected in one of six surface 
water samples, and metals were detected in several sediment 
samples. Numerous metals were detected in soil (however, 
only lead exceeded the SI evaluation criterion). Only one PAH 
was detected in one sample, supporting the conclusion that 
the detects in 1991 were anthropogenic background as they 
were only within the tank farm and did not appear to be 
related to a release. 

Record of Decision for Soils 
OU‐1 (Harza 1998) 

1998  Soil contamination was addressed under OU‐1.  The selected remedy included excavation of soil containing 
chemical constituents greater than RGs. 
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Table 5.7‐1. Previous Investigations and Remedial Actions—Line 8 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Supplemental RD Work Plan 
(Shaw 2004a) 

2003  Historical aerial photographs and historical drawings were 
reviewed to select additional soil sampling locations. Eight soil 
samples and three sediment samples were collected and 
analyzed for explosives, metals, VOCs, and SVOCs, and were 
generally below screening levels. One sample collected from 
the former tank farm (Figure 5.7‐1) exceeded for two PAHs, 
benzo(a)anthracene and benzo(a)pyrene. 

Samples indicated that asphalt is present in the tank farm 
area and likely contributed to the PAH concentrations noted 
in 1991. Also, PAHs are ubiquitous in the environment. Since 
the metals detections in soil were confined to a depth of 
approximately 2 feet, and their migration is impeded by the 
high clay content of the overburden, it was concluded that no 
impact to groundwater is expected. 

Comprehensive Watersheds 
Evaluation and 
Supplemental Data 
Collection Work Plan (Tetra 
Tech 2006) 

2005  A comprehensive evaluation was conducted of all IAAAP sites 
and the four primary watersheds (Brush Creek, Spring Creek, 
Long Creek, and Skunk River) to identify data gaps and 
additional data needed to complete a feasibility study for 
surface water and groundwater at each of the IAAAP sites.  

The data gap evaluation concluded that surface water, 
sediment, and soil had been adequately characterized at Line 
8 and that no further investigation or remediation is 
warranted.  

Explanation of Significant 
Differences for the Records 
of Decision Soils OU‐1 
(Leidos 2018)  

2018  Documented the addition of LUCs to the selected remedy for 
the Soils ROD to provide overall protectiveness of human 
health and the environment. 

The explanation of significant differences changes will apply 
to soil at Line 8.  

OU‐1 Land Use Controls 
Implementation Plan 
(Leidos 2019a) 

2019  Outlined the process for implementation and maintenance of 
LUCs as a component of the selected remedy for OU‐1. 
Institutional controls will be used to restrict land use at OU‐1 
Areas to military, commercial/industrial, agricultural, and 
permitted hunting and prohibit residential use. Engineering 
controls (fencing, signs) will be used to prevent general access 
to areas.  

The scope of the LUCIP applies to Line 8.  
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5.8 Maneuver Area 
This subsection summarizes RI activities at the MA (IAAP‐006‐R‐02). This RI report addresses 
groundwater media associated with IAAP‐006‐R‐02. 

This IAAAP site has been investigated under the MMRP (OU‐5). The final Remedial Investigation Report 
for the Military Munitions Response Program concluded that NFA was warranted for the MA for all 
media, including groundwater (URS 2011a). The NFA decision was documented in the final Record of 
Decision Operable Unit 5, Military Munitions Response Program, Iowa Army Ammunition Plant, 
Middletown, Iowa (CB&I 2014). This RI report provides formal documentation under the CERCLA process 
that no groundwater investigation is warranted for the MA. 

5.8.1 Background 
5.8.1.1 Site Description 
The MA site (IAAP‐006‐R‐02) encompasses approximately 486 acres in the southeastern portion of the 
IAAAP between Spring Creek and the eastern boundary of the IAAAP facility (Figure 5.8‐1). It is 
vegetated with trees, tall grass, and shrubs and is mostly undeveloped. Although the InDA sites (IAAP‐
013, IAAP‐013G, IAAP‐006‐R‐01) are located within the MA, it is not part of the MA site itself, and will be 
evaluated separately. 

5.8.1.2 Operational History 
Starting in approximately 1969, the MA was used for training exercises by the Iowa Air National Guard; 
however, the MA has not been used for live fire training since September 2001 (URS 2007a). During 
training exercises, ammunition blanks and pyrotechnics may have been used. Emplacement and 
breaching of obstacles, inert minefield emplacement, inert demolition, and simulated nuclear‐biological‐
chemical training were also potentially performed (CB&I 2014). 

5.8.1.3 Previous Investigations and Remedial Actions 
Numerous investigations have been conducted at IAAAP since the 1980s. Table 5.8‐1 provides a 
summary of the previous investigations conducted at the MA, including conclusions and 
recommendations. 

This report documents the RI for groundwater at the MA. Previous investigations pertinent to the RI for 
groundwater are listed below; additional details are included in Table 5.8‐1. 

Investigation Conclusion 

Historical Records Review and Site 
Inspection, MMRP (URS 2007a, 2007b) 

A potential for MEC to be present at the MA was identified during the historical 
records review. It was determined the MA MRS would move directly to the RI 
phase. 

OU‐5 RI, MMRP (URS 2011) A magnetometer‐assisted visual survey and surface clearance were conducted. 
Minor amounts of cultural debris at two locations were identified, but no MEC or 
MD were encountered on the ground surface. Because no suspect areas were 
identified following the survey, it was concluded that soil and groundwater 
sampling were not warranted at the site, as there is no evidence of a site release.  

OU‐5 ROD, MMRP (CB&I 2014) It was concluded in the ROD that no action is necessary to protect health of 
welfare or the environment at the MA. 
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5.8.2 2018–2020 Remedial Investigation Activities 
No additional field work was conducted at the MA as part of this RI. As documented in the final Site-
specific Worksheets for Operable Unit 5 of the Uniform Federal Policy–Quality Assurance Project Plan for 
Remedial Investigation at Iowa Army Ammunition Plant, Middletown, Iowa (CH2M 2018a) and previous 
site investigations (Table 5.8‐1), groundwater investigation at the MA is not warranted. 

5.8.3 Environmental Setting 
MA topography is hilly, with areas occupied by streams, flood plains, and flat fields. Spring Creek is along 
the western boundary of the site. 

Limited site‐specific geologic and hydrogeologic information is available for the MA, since minimal 
intrusive investigation has been conducted. However, site geology is expected to be similar to that 
observed elsewhere at the IAAAP, which consists of a sequence of unconsolidated glacial deposits 
overlying sedimentary bedrock units, as described in Section 2.5. The glacial tills extend to depths in 
excess of 100 feet in portions of the northern half of the IAAAP and have been observed to greater than 
50 feet bgs within the InDA, which is located within the MA. 

The depth to groundwater in the overburden aquifer ranged from 4 to 32 feet bgs in monitoring wells 
surrounding the MA perimeter (Figure 5.8‐1). However, groundwater inside the MA has been observed 
deeper, up to 44 feet bgs during the most recent investigation at the InDA. Facility‐wide groundwater 
levels suggest that the overall flow direction in the bedrock is to the south and west towards Spring 
Creek when not intercepted by incised surface drainages (URS 2011a). 

5.8.4 Nature and Extent of Contamination 
There is no documented release of hazardous substances, pollutants, or contaminants to the 
environment at the MA (CB&I 2014). To confirm that the MA was not impacted by historical training 
activities, the site was investigated under OU‐5. Target anomalies uncovered during the OU‐5 RI were 
identified as cultural debris; neither MEC nor MD were found. The MMRP RI concluded that due to the 
lack of a release at the site, that groundwater would not have been impacted and investigation was not 
warranted. 

5.8.5 Conclusions and Recommendations 
Based on the RI conducted under OU‐5, there is no basis for a contaminant release at the MA. Site IAAP‐
006‐R‐02 has already been closed as NFA under the OU‐5 ROD (CB&I 2014); therefore no further action 
is required. 
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Table 5.8‐1. Previous Investigations and Remedial Actions—Maneuver Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Historical Records Review, 
Military Munitions Response 
Program (URS 2007b) 

2007  The MMRP was established to address DoD sites with MEC 
located on current and former military installations. A records 
search was conducted to document historical and other known 
information for MMRP sites at IAAAP. 

The Maneuver Area was used by the Iowa Army National 
Guard to perform training exercises, which included the 
use of ammunition blanks and pyrotechnics. The 
Maneuver Area was identified during the HRR as an MSR 
site and added to the MMRP Site Inspection.  

Site Inspection, Military 
Munitions Response Program 
(URS 2007a) 

2007  No MEC investigative activities were completed at the Maneuver 
Area during the MMRP SI. 

Based on the USEPA Dispute Resolution dated  December 
20, 2006, and HRR (URS 2007) findings, it was determined 
that the Maneuver Area MRS would move directly to the 
RI phase. 

OU‐5 Remedial Investigation, 
Military Munitions Response 
Program (URS 2011b) 

2008  The OU‐5 RI was conducted to identify and define the nature and 
extent of potential MEC and MD and determine whether MC had 
been released to the environment. At the Maneuver Area, a 
magnetometer‐assisted visual survey and surface clearance using 
100‐foot transect spacing were conducted due to the large areal 
extent. 

Minor amounts of cultural debris at two locations were 
identified, but no MEC or MD were encountered on the 
ground surface. Because no suspect areas were identified 
following the survey, it was concluded that soil and 
groundwater sampling were not warranted at the site. An 
MEC hazard assessment concluded that there was little or 
no evidence of residual MEC present that would pose a 
hazard to human health.  

Record of Decision (CB&I 
2014) 

2014  Documented the selected remedial action for MMRP sites at 
IAAAP.  

It was concluded in the ROD that no action is necessary to 
protect health of welfare or the environment at the 
Maneuver Area. 
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5.9 Possible Demolition Site (South Yard G) Groundwater 
This subsection summarizes RI activities at the PDS (IAAP‐018G [South Yard G] and IAAP‐004‐R‐01). This 
report documents the RI for groundwater at the PDS. Soil is addressed under the remedy for OU‐1 
(IAAP‐018) (Leidos 2018), and MEC and MC are addressed under the remedy for OU‐5 (IAAP‐004‐R‐01) 
(CB&I 2014). There are no perennial surface water features within the PDS (South Yard G) site boundary 
(IAAP‐018G). Long Creek and intermittent tributaries flow through the MMRP site boundary (IAAP‐004‐
R‐01). 

5.9.1 Background 
5.9.1.1 Site Description 
The PDS is an inactive site near the southern IAAAP property boundary within the Long Creek watershed 
(Figure 5.9‐1). A 40‐acre area (IAAP‐004‐R‐01) has been identified as a Munitions Response Site (MRS). 
The MRS does not include the active small‐arms firing range that is present in the northwest part of the 
PDS due to its operational use. A former small‐arms firing range, referred to as the historical small‐arms 
range (HSAR), was in the northwestern portion of the PDS (Figure 5.9‐1). South Yard G is an approximate 
15‐acre area to the south of Plant Road K and is associated with demolition activities (Figure 5.9‐1). This 
area is predominantly wooded and undeveloped (CB&I 2014). 

Plant Road K runs east–west through the northern part of the site, and an overhead electric utility right‐
of‐way runs along the northern boundary of the site. Long Creek passes through the western boundary 
of the site. Fencing is in place around the perimeter of the PDS as part of the USEPA Dispute Resolution 
in December 1996. 

There are no structures or remains of structures currently present. Archaeological sites are present, 
typically as homesteads (CB&I 2014). 

5.9.1.2 Operational History 
Operational activities that supported IAAAP’s primary mission were conducted in the South Yard G 
portion of the PDS. South Yard G was used as a demolition area for ammunition items and for 
demilitarizing white phosphorus rounds during the 1940s and possibly into the early 1950s. A drawing of 
contaminated areas dated October 1945 reviewed during the historical records review, included the PDS 
(Shaw 2005a). The original site (IAAP‐018G), an irregularly shaped area approximately 128 by 105 feet, 
was located east of Long Creek and south‐southwest of Plant Road K as identified by Day & Zimmerman 
(1945) (Figure 5.9‐1). There are no site records to substantiate demolition activities or the kind of 
ammunition items disposed of at the site (JAYCOR 1996). A 1957 aerial photo shows a scarred or 
disturbed area of approximately 3 acres that may indicate a demolition area; however, it was not in the 
same location identified as the PDS in the 1945 drawing. During a historical records review, few 
interviewees recalled this area as a possible disposal site but noted that they had heard a lot of material 
being exploded, and there was the potential for unexploded ordnance (UXO) buried about 3 feet bgs. 
Those interviewed did not think the area was used past the 1940s (Shaw 2005a). The MRS (IAAP‐004‐R‐
01) boundary originally correlated with the South Yard G boundary. However, during the MMRP RI (URS 
2011a), the MRS boundary was expanded to the 40 acres currently shown to evaluate a larger area for 
potential MEC and MD. 

The HSAR operated in the northwestern portion of the PDS (Figure 5.9‐1) as a pistol and rifle range from 
the 1960s to the 1980s. The historical use of small arms at the HSAR for target practice resulted in small‐
arms bullets hitting the embankment west of Long Creek. The MCs of concern are antimony, copper, 
lead, and zinc, the primary metals used in bullets during that timeframe (CB&I 2013). 
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5.9.1.3 Previous Investigations and Remedial Actions 
Numerous investigations have been conducted at IAAAP since the 1980s. Table 5.9‐1 summarizes the 
previous investigations and remedial actions conducted at the PDS, including conclusions and 
recommendations. Previous groundwater, surface water, and sediment sample locations are shown on 
Figure 5.9‐2. Based on the results of previous investigations, soil removals have been conducted and 
LUCs have been implemented; excavation areas and fencing are shown on Figure 5.9‐1. 

This report documents the RI for groundwater at the PDS. Previous investigations pertinent to the RI for 
groundwater are listed below; additional details are included in Table 5.9‐1. 

Investigation Conclusion 

Facility‐wide Preliminary Assessment 
(JAYCOR 1994) 

Based on previous operations, it was concluded that possible contamination from 
metals and explosives may be present at the PDS. Soil sampling was 
recommended.  

Facility‐wide Site Inspection (JAYCOR 
1992) 

No groundwater samples were collected during the SI based on the PA. The SI 
data indicated that contamination was not significant enough to warrant 
inclusion in the RI and further investigation was not recommended. 

OU‐4 and OU‐7 Supplemental Remedial 
Investigations (Tetra Tech 2011a) 

Site reconnaissance; UXO avoidance measures, including a magnetometer sweep; 
soil sampling; and collection of one DPT groundwater sample were undertaken. 
Several craters were identified across the PDS. The magnetometer sweep 
identified several small areas containing high metal and ferrous content in the 
northeastern portion of the PDS. Four explosives were detected below screening 
levels in groundwater. Additional groundwater investigation was recommended. 

Historical Records Review MMRP (URS 
2007a) 

A potential for MEC to be present at the PDS was identified during the historical 
records review.  

OU‐5 RI, MMRP (URS 2011) Visual survey, surface clearance, geophysical survey, soil sampling, and one DPT 
groundwater sample was collected. Due to the finding of MEC and MD, the PDS 
was expanded during the RI by 25 acres, including the area north of Plant Road K. 
No impacts to groundwater were observed and it was concluded that the vertical 
extent of explosives was sufficiently defined and RDX was not migrating vertically 
to groundwater. 

OU‐5 ROD, MMRP (CB&I 2014) The selected remedy included soil removal with offsite disposal to address RDX in 
soil and LUCs for the PDS. Based on the OU‐5 RI, no action was warranted to 
address MC in groundwater.  

 

5.9.2 2018–2020 Remedial Investigation Activities 
Additional field work was conducted at the CTA below to resolve data gaps needed to complete the RI 
for groundwater. As documented in the final UFP‐QAPP (CH2M 2017a), metals and explosives were not 
adequately characterized at the PDS within the South Yard G portion (IAAP‐018G). To address this data 
gap, four new monitoring wells were installed and sampled at the PDS. RI activities were completed in 
accordance with the UFP‐QAPP (CH2M 2017a). 

Over July 31 and August 1, 2018, four new monitoring wells (PDS‐MW1, PDS‐MW2, PDS‐MW3, and PDS‐
MW4) were drilled and installed at the PDS using a combined DPT/HSA drill rig (Figure 5.9‐2). At each 
boring, continuous soil samples were collected to 20 feet bgs and logged for lithologic characterization. 
Boring logs are provided in Appendix C. Following initial sampling, boreholes were reamed with 8‐inch‐
outer‐diameter augers to the identified well depth. Each monitoring well was completed with a 2‐inch‐
nominal‐diameter Schedule 40 PVC screen and riser. Monitoring wells were screened across the 
saturated interval from 6 to 16 feet bgs at PDS‐MW1 and PDS‐MW2 and from 5 to 15 feet bgs at PDS‐
MW3 and PDS‐MW4. The wells were constructed with a certified‐clean 20/40 silica sand filter pack from 



SECTION 5 – SITE‐SPECIFIC REMEDIAL INVESTIGATION  

 5‐83 

the base of the borehole to 2 feet above the top of the screen. A bentonite seal (2 to 3‐feet thick) was 
placed to 1‐foot bgs above the filter pack sand and hydrated. A cement grout was placed above the 
bentonite seal and wells were completed as aboveground (stick‐up) monuments with a locking steel well 
vault. Three bollards were installed around each well pad. Well completion diagrams are provided in 
Appendix C. Table 5.9‐2 summarizes the monitoring well construction details for the new monitoring 
wells. 

Monitoring wells were allowed to sit for 24 hours and were developed August 2–3, 2018. Monitoring 
wells were developed through a series of surging and pumping. Groundwater quality parameters (pH, 
temperature, turbidity, and specific conductivity) were collected during development. Development 
continued until measured field parameters were stabilized, except at PDS‐MW3, which purged dry 
before parameters could stabilize. Well development logs are included in Appendix C. 

Following development, monitoring wells PDS‐MW1 through PDS‐MW4 were allowed to recharge and 
were sampled via low‐flow purging and sampling techniques (with a peristaltic pump) on August 6, 
2018. Prior to sampling, a sitewide water level survey was completed (Figure 5.9‐3). Wells were sampled 
and shipped for laboratory analysis of explosives by Method SW8330A and total RCRA metals by 
Method SW6020A. Data were managed and validated as discussed in Section 3.3. Laboratory reports are 
provided in Appendix B. Water quality parameters measured during sampling are provided in Table 
5.9‐3. 

Soil cuttings from drilling activities and purge water from groundwater sampling activities were 
managed in accordance with Section 3.2.8. 

Monitoring wells PDS‐MW1 through PDS‐MW4 were surveyed by Bruner, Cooper, and Zuck, Inc., 
licensed Iowa surveyors, on October 15, 2018, in accordance with Section 3.2.7. Survey data are 
provided in Appendix E. 

5.9.3 Environmental Setting 
The PDS is generally flat with a gentle slope toward Long Creek and steeper slope in the far northeastern 
portion. The site is between 541 and 543 feet amsl within the Long Creek floodplain. 

A west‐southwest‐flowing intermittent drainage cuts through the center of the PDS and South Yard G, 
providing drainage for rain events and snowmelt. A southwest‐flowing intermittent stream (Figure 5.9‐
2) is present on the southeastern flank of the site. Given the lack of slope toward these two drainages, 
sheet flow southwest toward Long Creek would be the primary surface drainage at PDS; however, the 
presence of heavy vegetation would impede sheet flow in all but the heaviest rainfall events. Perennial, 
south‐flowing Long Creek is west of South Yard G. The creek is dammed to form Mathes Lake 
approximately 1.6 miles upstream of the site and flows to the Skunk River approximately 4,000 feet 
south of the PDS. 

The subsurface at the PDS has been predominantly characterized by silty clay. Along Long Creek and 
north of the intermittent drainage line as seen in PDS‐MW4, alluvium is present, which is composed of 
silty clay at the surface and a sand/gravel layer encountered at approximately 8 feet bgs (Figure 2‐5). 
These overburden units are underlain by bedrock, which was not encountered in the area to a depth of 
20 feet bgs. Deep subsurface investigation has not been conducted at the PDS; however, previous 
studies suggest the till may be shallow or nonexistent in the southern portion of the IAAAP. Limestone 
bedrock outcrops on the west side of the HSAR, along the west bank of Long Creek (CB&I 2013). 

The groundwater flow direction is west‐southwest toward Long Creek, based on topography and facility‐
wide water level gauging (CB&I 2013). The depth to groundwater in 2018 ranged from 9.36 to 10.87 feet 
bgs. Water level elevations from the four newly installed monitoring wells confirmed groundwater flow 
to the west‐southwest (Figure 5.9‐3). Groundwater likely discharges in this area to Long Creek through 
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seeps at the glacial till and bedrock outcrops (CB&I 2013). Hydraulic conductivity has not been 
calculated at the PDS. 

5.9.4 Nature and Extent of Contamination 
This subsection describes the nature and extent of groundwater, surface water, and sediment 
contamination at the PDS. Soil has been addressed under OU‐1 and OU‐5. MEC and MD have also been 
addressed under OU‐5. 

Potential sources of contamination at the PDS are attributed to the demolition of ammunition items, 
demilitarizing of white phosphorus rounds, and the discharge of small arms at the HSAR for target 
practice between the 1960s and 1980s. There is no record of hexavalent chromium being used at the 
site. As part of the RI under OU‐4 and OU‐7 (Tetra Tech 2011a), 2,4,6‐TNT, copper, lead, and mercury 
were identified as COCs for soil, which is now addressed under OU‐1 (Tetra Tech 2008). RDX was initially 
identified as a COC for soil under OU‐5 (CB&I 2014); however, after additional soil sampling, it was 
concluded that this was an isolated hot spot that was removed during the intrusive MEC investigation 
(CB&I 2014). Since soil and MD/MEC were removed under both OU‐1 and OU‐5, there is no continuing 
source of soil contamination to groundwater. 

5.9.4.1 Groundwater 
Groundwater samples have been collected at the PDS from temporary borings and newly installed 
monitoring wells (Figure 5.9‐3). During the OU‐4 Supplemental Remedial Investigation (SRI), 
groundwater samples were collected in 2005 and 2006 from one location (PDS‐TTTW‐001; 12 feet bgs) 
within the PDS area identified on a 1945 drawing (Shaw 2005a; Tetra Tech 2006). In the OU‐5 RI, a DPT 
groundwater sample was collected in 2009 from one location (PDS‐GW01; 35 feet bgs) where RDX in soil 
exceeded the OU‐1 remedial goal (prior to soil removal). During 2018 RI activities, four new monitoring 
wells were installed at the downgradient edges of soil removal areas and the South Yard G boundary 
(Figure 5.9‐2), in accordance with the final UFP‐QAPP Packet 1 (CH2M 2017b). Table 5.9‐4 present the 
concentrations of chemicals detected in groundwater samples during the 2018 RI sampling events. 
Summary tables of all the analytical results from the 2018 RI activities are provided in Appendix G. 
Summary tables of all the historical analytical results from the RDS (2005–2006) are provided in 
Appendix H. 

Explosives 

No explosives were detected in groundwater at the PDS above their site characterization PALs (Section 
4.1.1). Four explosives (RDX, HMX, 2‐amino‐4,6‐DNT, and 4‐amino‐2,6‐DNT) were detected at low levels, 
below their PALs in the groundwater DPT sample collected in 2005 (Appendix H). During the 2018 
sampling event, only two explosives were detected (HMX and 4‐amino‐2,6‐DNT). The highest explosives 
concentrations were detected at PDS‐MW3. At this location, 4‐amino‐2,6‐DNT was detected at 0.11 J 
µg/L and HMX was detected at 0.14 J µg/L, both orders of magnitude below the respective PALs of 39 
µg/L and 1,000 µg/L. RDX and 2‐amino‐4,6‐DNT were not detected in groundwater in 2018. 

Metals 

Twenty total metals were detected in the groundwater DPT sample collected in 2005. However, 
dissolved (filtered) metals concentrations, where detected, were lower by an order of magnitude or 
more than total (nonfiltered) metals, indicating that the total metals concentrations were impacted by 
turbidity in the samples. Samples collected from DPT points are often turbid and may be expected to 
contain relatively high concentrations of total metals. The 2009 groundwater DPT sample, which was 
filtered by the laboratory, only had detectable levels of zinc. 

During the recent 2018 sampling event, four metals (barium, cadmium, chromium, and lead) were 
detected in groundwater (Table 5‐10.4). Barium was detected in all four newly installed monitoring wells 
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in 2018 below screening level (2,000 µg/L) and below the BTV (430 µg/L). The maximum concentration 
of barium was detected at PDS‐MW1 at 140 µg/L. Cadmium, chromium, and lead were also detected at 
PDS‐MW2 at concentrations of 0.26 J µg/L, 4.5 J µg/L, and 6.5 µg/L, respectively, all below SLs and BTVs. 
Metals below BTVs are considered to be consistent with background and likely naturally occurring. 

White Phosphorus 

The 2005 groundwater sample was analyzed for white phosphorus based on the PDS site history. It was 
not detected in the groundwater sample (URS 2011a). 

5.9.4.2 Sediment and Surface Water 
There are no perennial surface water features within South Yard G. Five co‐located sediment and 
surface water samples were collected from Long Creek, which traverses the MRS site boundary, 
between 1992 and 2005 as part of the various RIs (Figure 5.9‐2). Tables 5.9‐5 and 5.9‐6 present the 
historical chemical concentrations detected in surface water and sediment, respectively. Explosives 
were not detected in any of the sediment and surface water samples. Only barium exceeded SLs in 
sediment, however concentrations were below BTVs and are therefore considered naturally occurring. 
In surface water, bis(2‐ethylhexyl)phthalate was the only compound that exceeded the screening level in 
May 2000; however, when the surface water was sampled 4 months later, bis(2‐ethylhexyl)phthalate 
was not detected (Tetra Tech 2006). No human health or ecological contaminants of potential concern 
were identified in surface water or sediment in the action memorandum for the HSAR (CB&I 2013). 

5.9.5 Fate and Transport 
Neither explosives nor metals were detected in groundwater above their site characterization PALs 
during the most recent sampling event (2018). Metals were also not detected above their BTVs during 
the 2018 sampling event. Therefore, no chemicals of interest have been identified for fate and transport 
discussion at the PDS. 

5.9.6 Human Health Risk Assessment 
An HHRA was prepared for the PDS to evaluate potential current and future health risks and hazards 
from exposure to chemicals in site groundwater. Soil media is not included in the HHRA, as it not a 
component of this RI; the soil RI was conducted under OU‐1 and OU‐5. Surface water and sediment 
media are not included in the HHRA as perennial surface water features are not present at the PDS. The 
HHRA was conducted in accordance with the final UFP‐QAPP (CH2M 2017a), except for some deviations 
that were agreed to during meetings or correspondence with USACE and USEPA following approval of 
the final UFP‐QAPP. The approach and method used to conduct the HHRA are provided in Section 4.3.1. 
This section presents the CEM for the PDS and provides the results of the four‐step evaluation process 
comprising: 

• Data evaluation 
• Exposure assessment 
• Toxicity assessment 
• Risk characterization 

The results of the HHRA are used to determine if further action is warranted for groundwater at the 
PDS. 

5.9.6.1 Conceptual Exposure Model 
A description of the PDS, its operational history, previous investigations, and remedial actions are 
provided in Sections 5.9.1 and 5.9.2. The soil at the PDS is addressed under the remedies for OU‐1 and 
OU‐5 and was not reevaluated in this HHRA. The PDS is currently inactive and there are no structures or 
remains of structures currently present onsite. The PDS is closed to recreational activities and hunting is 
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not permitted within the site boundary. Additionally, there are no culverts located at the PDS; therefore, 
potential exposures to groundwater for construction/utility workers are incomplete at the PDS. 

Groundwater is not currently being used as a potable water source and there are no plans to use 
groundwater for potable purposes in the future; however, based on applicable CERCLA policy and 
guidance, groundwater at the PDS is classified as Class IIB, a potential source of drinking water (EPA 
1989). Therefore, the HHRA for the PDS evaluates potential exposures to groundwater due to its 
potential future use as a drinking water source. This entails the evaluation of future residential 
exposures to groundwater. 

The following potential future human receptors were identified in the HHRA for the PDS: 

• Future Site Workers. Future site workers could contact groundwater based on potential future use 
as a drinking water source at the PDS. Potential exposures to VOCs in indoor air because of vapor 
intrusion from groundwater are incomplete since VOCs were not detected in groundwater. 

• Future Hypothetical Residents. Future hypothetical residents could contact groundwater based on 
potential future use as a drinking water source at the PDS. Potential exposures to VOCs in indoor air 
because of vapor intrusion from groundwater are incomplete since VOCs were not detected in 
groundwater. 

As discussed in Section 4.3.1, potential exposures and risks and hazards to current and future site 
workers are estimated in the HHRA only if the estimated risks and hazards for a hypothetical residential 
scenario exceed acceptable risk levels and COCs are identified for a residential scenario. The human 
health CEM presenting potential exposure media, exposure points, receptors (current and future), and 
exposure routes is provided in Appendix A‐7, Attachment 1 (Table 1), and depicted graphically on Figure 
5.9‐4. 

5.9.6.2 Data Evaluation 
Data Used in the HHRA 

The analytical data used in the HHRA consisted of groundwater samples collected during the field events 
from August 2018. Historical groundwater samples were collected in 2005 and 2006; however, these 
older samples were not used in the HHRA because the data from 2018 represent the most recent 
monitoring data and are more likely to represent current site conditions. The groundwater samples 
collected in August 2018 were analyzed for explosives and metals. A total of four groundwater samples 
collected from four monitoring wells were used to evaluate potential exposures for a potable use 
scenario. 

A description of the groundwater data grouping and the samples included in the HHRA are provided in 
Tables 5.9‐7 and 5.9‐8, respectively. The analytical dataset used in the HHRA is included in Excel format 
as in Appendix A‐7, Attachment 2. The groundwater sampling locations are depicted on Figure 5.9‐5. 

Screening Results for Site-related Chemicals of Potential Concern and Naturally Occurring Chemicals 

The approach and SLs used to select the COPCs (site‐related COPCs or naturally occurring chemicals) are 
described in Section 4.3.1. The results of the COPC screening process are presented in Appendix A‐7, 
Attachment 1 (Table 2.1). One inorganic (chromium) was identified as a COPC (site‐related COPC or 
naturally occurring chemical) in groundwater for a potable use scenario. The tap water RSL for 
hexavalent chromium was used in the COPC screening for total chromium because the groundwater 
samples collected at the PDS were not analyzed for hexavalent chromium. Chromium was addressed 
further in the HHRA, and potential exposures and risks and hazards were estimated for chromium. 
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5.9.6.3 Exposure Assessment 
The PDS is currently inactive and there are no structures located onsite. The PDS is closed to recreational 
activities and hunting is not permitted within the site boundary. As previously discussed, groundwater is 
not currently being used as a potable water source; however, the HHRA for the PDS evaluated potential 
exposures to groundwater due to its potential future use as a drinking water source. This entails 
evaluation of future residential exposures to groundwater. Therefore, ingestion and dermal contact 
exposures to the COPC (chromium) in groundwater were estimated for future hypothetical residents; 
inhalation exposures to site groundwater are incomplete because no VOCs were identified as COPCs at 
the PDS. The potential exposure pathways quantified in the HHRA are included in Appendix A‐7, 
Attachment 1 (Table 1) and on Figure 5.9‐4. 

In accordance with USEPA guidance Determining Groundwater Exposure Point Concentrations, 
Supplemental Guidance (USEPA 2014b), groundwater EPCs are typically calculated based on the data 
collected in the core of an apparent plume. However, based on available site data, no apparent plumes 
are present. Therefore, all results in the groundwater dataset were used to calculate the EPCs for the 
COPCs in groundwater. The MDC was selected as the EPC for chromium because less than eight samples 
were available in the groundwater dataset and a reliable UCL could not be estimated due to the small 
sample size. The groundwater EPC for chromium that was used to estimate the chemical intakes for a 
potable use scenario is provided in Appendix A‐7, Attachment 1 (Table 3.1). 

The exposure factors used in the intake calculations for a future hypothetical resident scenario are 
included in Appendix A‐7, Attachment 1 (Table 4.1). The primary references for the exposure factor 
values are the standard default exposure factors presented in the HHEM, Update of Standard Default 
Exposure Factors (USEPA 2014b). 

5.9.6.4 Toxicity Assessment 
The oral toxicity values (CSF and RfD) used in the HHRA were obtained from the USEPA standard 
hierarchy of toxicity value sources (USEPA 2003b), as provided in Section 4.3.1. Noncancer toxicity 
values for chromium are provided in Appendix A‐7, Attachment 1 (Table 5.1). Cancer toxicity values for 
chromium are provided in Appendix A‐7, Attachment 1 (Table 6.1). 

5.9.6.5 Risk Characterization 
The risk characterization for the PDS was completed using a four‐step process, as discussed in Section 
4.3.1. The results of each step are discussed below. 

Step 1: Total Combined Risks and Hazards from Site-related COPCs and Naturally Occurring Chemicals 

Step 1 consists of calculating receptor‐specific ELCRs and HIs that include contributions from both site‐
related COPCs and naturally occurring chemicals. The estimated risks and hazards are summarized in 
Table 5.9‐9. 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consisted of calculation of receptor‐specific ELCRs and HIs for naturally occurring chemicals. 
Chromium is identified as a naturally occurring chemical because it was detected in only one 
groundwater sample at the PDS and the concentration (4.5 µg/L) was less than the BTV (31 µg/L), as 
discussed in Section 5.9.4. Therefore, the estimated risks and hazards for the naturally occurring 
chemicals in groundwater for a future hypothetical residential scenario are provided in Table 5.9‐9. 
Naturally occurring chemicals are not used to identify final COCs for the PDS. 

Step 3: Risk Characterization of Site-related COPCs 

Step 3 consists of calculating receptor‐specific ELCRs and HIs associated with site‐related COPCs. This 
step was not conducted for the PDS because no site‐related COPCs were identified in groundwater. 
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Step 4: Final COC Determination 

No COCs were identified for the PDS because chromium was determined to be naturally occurring in 
groundwater at the PDS. No site‐related COPCs were identified in groundwater for a potable use 
scenario for a future hypothetical resident. Therefore, the PDS qualifies for an NFA decision for 
groundwater. 

5.9.6.6 Uncertainty Analysis 
The assumptions used in the HHRAs have inherent uncertainty. The general uncertainties associated 
with the HHRAs for the sites in this RI report are provided in Section 4.3.1. This section provides 
additional site‐specific uncertainties associated with the HHRA for PDS that are not included in Section 
4.3.1. 

Total chromium was identified as a COPC in groundwater because the MDC for total chromium 
exceeded the tap water RSL for hexavalent chromium. It is likely that some or all the total chromium 
concentrations are in the trivalent chromium form. All the groundwater chromium concentrations are 
less than the tap water RSL for trivalent chromium and the MCL and BTV for total chromium. Using the 
hexavalent chromium RSL to evaluate total chromium in the COPC selection process was a conservative 
approach in the HHRA. Total chromium was determined to be naturally occurring in groundwater at the 
PDS. 

Chemicals that were 100 percent nondetect in an exposure medium were not included in the COPC 
identification process; however, they were evaluated in a separate screening to determine if elevated 
nondetect results were present in site media. The detailed analysis of the nondetected chemicals at the 
PDS is provided in Appendix A‐7, Attachment 3. In summary, one nondetect metal (arsenic) and one 
nondetect explosive (2,6‐dinitrotoluene) had DLs and RLs greater than SLs, and two nondetect 
explosives (2‐nitrotoluene and nitrobenzene) had DLs less than the SLs but RLs greater than the SLs. The 
DL (8 µg/L) and RL (10 µg/L) for arsenic were less than or equal to the MCL and less than the IAAAP‐
specific BTV (33 µg/L). Although the DLs and/or RLs for the three mentioned explosives exceeded their 
respective tap water RSLs, no explosives were detected at concentrations greater than the tap water 
RSLs in the groundwater samples used in the HHRA. The DLs that exceeded the SLs for the nondetect 
chemicals at the PDS are likely associated with laboratory limitations at the time of the analysis. 
Although technology continues to improve and produce more precise methodologies leading to lower 
analytical DLs, instruments cannot always achieve the desired DLs, which are typically based on a 
chemical’s toxicity values and SLs. As described in the conclusions of Appendix A‐7, Attachment 3, 
further evaluation of the 100 percent nondetect chemicals at the PDS does not appear warranted based 
on the age of the data, laboratory limitations, and comparison to historically detected chemicals in 
groundwater at IAAAP. 

5.9.6.7 Summary of HHRA 
An HHRA was prepared for the PDS to evaluate potential current and future health risks and hazards 
from exposure to chemicals in site groundwater. The PDS is currently inactive and there are no 
structures or remains of structures currently present onsite. The PDS is closed to recreational activities, 
and hunting is not permitted within the site boundary. Additionally, there are no culverts located at the 
PDS; therefore, potential exposures to groundwater for construction/utility workers are incomplete at 
the PDS. There are no potential receptors or potentially complete exposure pathways identified under 
current site conditions. 

The following potential future human receptors were identified in the HHRA for the PDS: 

• Future Site Workers. Future site workers could contact groundwater based on potential future use 
as a drinking water source at the PDS. Potential exposures to VOCs in indoor air because of vapor 
intrusion from groundwater are incomplete since VOCs were not detected in groundwater. 
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• Future Hypothetical Residents. Future hypothetical residents could contact groundwater based on 
potential future use as a drinking water source at the PDS. Potential exposures to VOCs in indoor air 
because of vapor intrusion from groundwater are incomplete since VOCs were not detected in 
groundwater. 

Potential exposures and risks and hazards to future site workers were estimated in the HHRA only if the 
estimated risks and hazards for a hypothetical residential scenario exceed acceptable risk and hazard 
levels and COCs were identified for a residential scenario. 

One inorganic (chromium) was identified as a COPC (site‐related COPC or naturally occurring chemical) 
in groundwater for a potable use scenario. The tap water RSL for hexavalent chromium was used in the 
COPC screening for total chromium because the groundwater samples collected at the PDS were not 
analyzed for hexavalent chromium. 

The risk characterization for the PDS was completed using a four‐step process, as discussed in Section 
4.3.1. The total combined risks and hazards from site‐related COPCs and naturally occurring chemicals 
are summarized in Table 5.9‐9; and risks and hazards from naturally occurring chemicals are summarized 
in Table 5.9‐10. Chromium was identified as a naturally occurring chemical because it was detected in 
only one groundwater sample at the PDS and the concentration (4.5 μg/L) was less than the BTV (31 
μg/L). No site‐related COPCs were identified in groundwater for the PDS. 

No COCs were identified in groundwater for a potable use scenario for a future hypothetical resident. 
Therefore, the PDS qualifies for an NFA decision for groundwater. 

5.9.7 Ecological Risk Assessment 
ERA evaluations are summarized below for groundwater at the PDS. There are no perennial surface 
water features within South Yard G (IAAP‐018G). Because multiple IAAAP sites may contribute to 
chemicals present in the creeks at the IAAAP facility, surface and sediment samples collected from Long 
Creek will be evaluated as part of a separate watershed risk assessment deliverable (CH2M 2018c). 

The ERA for groundwater at the PDS is presented herein, beginning with Step 1 of the ERA process (to 
determine if there are complete exposure pathways). Soil at the PDS is already addressed under the 
remedy for OU‐1 and OU‐5. There are no perennial surface water features within the South Yard G. 

Though there are sediment and surface water samples collected within Long Creek, these samples were 
collected from intermittent tributary and drainage features, and complete pathways from the site 
groundwater to Long Creek are considered insignificant. Furthermore, because multiple IAAAP sites may 
contribute to chemicals present in the creeks at the IAAAP facility, surface and sediment samples 
collected from Long Creek will be evaluated as part of a separate watershed risk assessment deliverable 
(CH2M 2018c). Because there are no complete exposure pathways for ecological receptors, the ERA 
process terminates with a conclusion of negligible (acceptable) adverse effects. 

5.9.8 Conclusions and Recommendations 
RIs were conducted at the PDS to refine the nature and extent of contamination in groundwater from 
historical activities and assess for potentially unacceptable risk to human health and the environment. 
The OU‐5 RI concluded that there is no basis for a contaminant release to groundwater from munitions. 
Based on the results of the HHRA, no potentially unacceptable noncarcinogenic hazards or carcinogenic 
risks were identified from exposure to site‐related chemicals in groundwater. Therefore, NFA is 
warranted for groundwater at the PDS. 

It is recommended that Site IAAP‐018G be transferred to a new OU (OU‐11) and NFA be presented as 
the preferred remedy in a Proposed Plan. Site IAAP‐004‐R‐01 will continue to be managed under OU‐5; 
the OU‐5 remedy does not need to be revised to address groundwater. Site IAAP‐018 will continue to be 
managed under OU‐1. 
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Table 5.9‐1. Previous Investigations and Remedial Actions—Possible Demolition Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Installation Assessment of IAAAP 
(USATHAMA 1980) 

1980  A records search was conducted to assess the use, storage, 
treatment, and disposal of toxic and hazardous materials at 
IAAAP regarding environmental quality.  

The PDS was identified as a site used in the 1940s and 
1950s as a demolition area for ammunition items, 
however there were no site records of demolition 
activities or the kind of ammunition items disposed at the 
site. Earlier reports indicate explosive components were 
burned, detonated, and lost at this site (MHC 1989). A 
follow‐on preliminary survey was recommended to 
assess potential contaminant migration off the facility.  

Contamination Evaluation Survey 
(ERG 1982) 

1981  An environmental contamination survey was completed to 
assess the extent of contamination and the potential for 
contamination to migrate from the IAAAP facility. One soil 
sample, one surface water sample, and one groundwater 
sample were near the PDS.  

The one soil sample that was collected at the PDS was 
ultimately considered to be unreliable as the reporting 
limits for explosives and inorganics were above screening 
levels. The surface water sample did not exceed 
screening levels and groundwater did not identify any 
COCs. 

Facility‐wide Preliminary 
Assessment (JAYCOR 1994) 

1991  Preliminary assessments were completed for the 43 IAAAP 
sites.  

Based on previous operations, it was concluded that 
possible contamination from metals and explosives may 
be present at the PDS. Soil sampling was recommended. 

Facility‐wide Site Inspection 
(JAYCOR 1992) 

1991  During the 1991 preliminary assessment/site inspection 
(PA/SI), surface soil samples were collected for explosives and 
inorganics.  

Elevated concentrations of arsenic and chromium in soil 
samples were detected above the screening levels but 
below the SI background levels (either the naturally 
occurring range in uncultivated B Horizon soils as 
compiled by USGS for the area or the revised RI 
background level). Explosives were not detected in soil. 
Based on SI data, further investigation was not 
recommended. 

Follow‐on Remedial Investigation 
(JAYCOR 1996) 

1992  A surface water and sediment sample set was collected 
downstream of the scarred area at the PDS and analyzed for 
explosives, metals, SVOCs, and VOCs.  

No explosives were detected in either surface water or 
sediment, and only barium and bis(2‐
ethylhexyl)phthalate concentrations were detected 
above screening levels in surface water. 

Baseline Ecological Risk 
Assessment (MWH 2004) 

2000  Sediment and surface water samples were collected as part of 
the BERA and analyzed for metals, explosives, SVOCs, 
pesticides/PCBs, and herbicides.  

No explosives were detected in either surface water or 
sediment. Bis(2‐ethylhexyl)phthalate exceeded screening 
levels in May 2000 but was nondetect in September 2000 
in surface water. The only other exceedances observed 
were metals and were concluded to reflect naturally 
occurring sources. 
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Table 5.9‐1. Previous Investigations and Remedial Actions—Possible Demolition Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

OU‐4 and OU‐7 Supplemental 
Remedial Investigations (Tetra 
Tech 2009a, 2011a) 

2004–
2005 

Site reconnaissance and UXO avoidance measures were 
conducted at the PDS, including a magnetometer sweep of the 
site. 

During the OU‐7 SRI, multipoint incremental soil samples and 
grab surface soil samples were collected for inorganics, 
explosives, and total phosphorus. A DPT groundwater sample 
(PDS‐TTTW‐001) was collected as part of the OU7 SRI and 
analyzed for explosives and total and dissolved inorganics. 

Several craters were identified across the PDS. The 
magnetometer sweep identified several small areas 
containing high metal and ferrous content in the 
northeastern portion of the PDS. 

Exceedances of 2,4,6‐TNT and lead were detected in 
surface soil samples from the north‐central portion of the 
site and the far south portion of the site. Mercury 
exceeded the screening level in surface and subsurface 
soil in the central portion of the site. Four explosives 
were detected below screening levels in groundwater. 
Additional groundwater investigation was recommended. 

Historical Records Review (Shaw 
2005a) 

2005  A Historical Records Review was conducted for nine areas at 
IAAAP. 

Historical environmental report, aerial photographs, and 
interviews were conducted as part of the HRR. Aerial 
photos show the site may have been in use in 1962‐1963. 
According to limited interviews, the PDS may have buried 
UXO.  

Remedial Action for OU‐1 Soils 
Phase 5, 7, and 8 Sites (Tetra 
Tech 2009a) 

2006‐2007  Approximately 3,952 cubic yards of contaminated soil were 
removed from three excavations at the PDS to remediate lead, 
mercury, and TNT (Figure 5.10‐1). The soil excavations were 
conducted to depths between 2 and 6 feet bgs. Confirmation 
soil samples were collected from the excavation sidewalls and 
floors and analyzed for soil COCs. Additional soil excavation 
was conducted as needed if confirmation soil samples 
exceeded RGs. The excavations were backfilled with clean fill. 
Excavation areas were also seeded with grass to prevent 
erosion.  

Based on Phase 2 confirmation sampling, no soil 
containing chemicals above OU‐1 RGs remains at the PDS.  

Historical Records Review, 
Military Munitions Response 
Program (URS 2007b) 

2007  A records search was conducted to document historical and 
other known information for MMRP sites at IAAAP. 

The assessment concluded that the potential exists for 
MEC to be present at the PDS. 

Explanation of Significant 
Differences for Interim Action 
Record of Decision Soils OU‐1 
(Tetra Tech 2008)  

2008  Three areas were transferred from the Installation‐Wide OU 
(OU‐4) to OU‐1 to address chemically‐contaminated soil 
consistent with the remediation strategy defined for the OU‐1. 
These areas included the Incendiary Disposal Area, the 
Possible Demolition Area, and the Central Test Area.  

The PDS was added to the OU‐1 remedy.  
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Table 5.9‐1. Previous Investigations and Remedial Actions—Possible Demolition Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

OU‐5 Remedial Investigation, 
Military Munitions Response 
Program (URS 2011b) 

2008  The OU‐5 RI was conducted to identify and define the nature 
and extent of potential MEC and MD and determine whether 
munitions constituents had been released to the environment. 
Visual survey and surface clearance activities were completed 
within approximately 48 acres at the PDS. No MEC items were 
found, however significant MD (68 items) was found on the 
surface. 

Subsurface geophysics was performed and identified a high 
density of anomalies in the majority of the MRS. Out of the 
identified 11,233 subsurface target anomalies, a total of 940 
subsurface target anomalies were investigated and 8 were 
found to be MEC and 232 found to be MD. 

Due to the finding of MEC and MD, the PDS was 
expanded during the RI by 25 acres, including the area 
north of Plant Road K.  

OU‐5 Remedial Investigation, 
Military Munitions Response 
Program (URS 2011b) 

2009  Surface and subsurface soil samples and one groundwater 
sample (from a DPT boring) were collected and analyzed for 
explosives and inorganics. RDX was found in soil (PDS‐SD09‐
02) at a depth of 0.5 to 2 feet bgs, adjacent to a fuze 
component. No other detections were observed in deeper 
subsurface soil samples. The groundwater sample collected 
was nondetect for explosives.  

No impacts to groundwater were observed and it was 
concluded that the vertical extent of explosives was 
sufficiently defined and RDX was not migrating vertically 
to groundwater. 

Action Memorandum for the 
Historical Small Arms Range 
(CB&I 2013) 

2012  Soil, surface water, and sediment samples were collected from 
the flat former firing points on the eastern side and the steep 
western bank of Long Creek and analyzed for lead and select 
inorganics (copper, antimony, and zinc). All soil sample 
locations were analyzed for lead in the field via XRF, to provide 
real‐time results to rapidly delineate the extent of lead. 
Surface water and sediment samples were collected from Long 
Creek upstream and downstream of the HSAR.  

Lead concentrations in soil exceeded the screening level 
on the west side of Long Creek behind the former targets. 
Lead was not detected above the screening level in either 
surface water or sediment. The risk evaluation identified 
no unacceptable risks to ecological receptors including 
the endangered Indiana bat. A small removal action was 
proposed to address approximately 156 cubic yards of 
lead‐contaminated soil from the HSAR.  

After Action Report for Fence 
Installation (Shaw 2013) 

2013  Fencing was installed at the PDS, per an Interim Action at two 
MRSs. Approximately 9,196 linear feet of fencing were 
constructed at the PDS south of K Road (5,704 feet of fencing) 
and north of K Road (3,492 feet of fencing).  

Engineering controls were installed to restrict access to 
the PDS. Annual maintenance and inspections to verify 
adequacy of the fencing and signage. A long‐term 
management plan was recommended as part of the final 
remedy. 

Record of Decision (CB&I 2014)  2014  Documented the selected remedial action for MMRP sites at 
IAAAP.  

The selected remedy included soil removal with offsite 
disposal to address RDX in soil and LUCs for the PDS.  
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Table 5.9‐1. Previous Investigations and Remedial Actions—Possible Demolition Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Non‐Time‐Critical Removal 
Action for the Historical Small 
Arms Range (CB&I 2017) 

2016  A non‐time‐critical removal action was completed at the HSAR 
to remove 312.44 tons (or an estimated 269 cubic yards) of 
lead‐contaminated soil. The depth of excavation was 
conducted to bedrock across most of the removal area. 
Following excavation activities 18 confirmatory samples were 
collected for analysis of lead; all concentrations were below 
the remedial goal of 400 mg/kg. One sediment sample was 
collected from a downgradient depositional area within Long 
Creek. This sample, HSAR‐SD1, had very low lead levels (6.37 
mg/kg). 

All lead‐contaminated soil was removed to below 
residential standards. No Further Action was 
recommended for the HSAR. A 2018 letter from the Army 
to the USEPA documented that a proposed plan was not 
necessary, as the site‐specific report adequately 
documented the removal action.  

OU‐5 Land Use Controls 
Implementation Plan (ERRG 
2017) 

2017  Outlined the process for implementation and maintenance of 
LUCs as a component of the selected remedy for OU‐5. LUCs 
will be used to control unauthorized access; prevent intrusive 
ground activities, development, and/or use of the sites unless 
MEC hazards are adequately controlled; and prohibit 
development and use of the property for residential housing, 
elementary and secondary schools, childcare facilities, and 
playgrounds. 

Engineering controls will consist of fencing and warning signs. 
Institutional controls will be used to restrict access and 
recreational activities, provide lease restrictions, and include 
environmental use restrictions for any property transfer. 

The scope of the LUCIP applies to the PDS.  

Explanation of Significant 
Differences for the Records of 
Decision Soils OU‐1 (Leidos 2018)  

2018  Documented the addition of LUCs to the selected remedy for 
the Soils ROD to provide overall protectiveness of human 
health and the environment. 

The ESD changes will apply to soil at the PDS.  

OU‐1 Land Use Controls 
Implementation Plan (Leidos 
2019a) 

2019  Outlined the process for implementation and maintenance of 
LUCs as a component of the selected remedy for OU‐1. 
Institutional controls will be used to restrict land use at OU‐1 
Areas to military, commercial/industrial, agricultural, and 
permitted hunting and prohibit residential use. Engineering 
controls (fencing, signs) will be used to prevent general access 
to areas.  

The scope of the LUCIP applies to the PDS.  

 



Table 5.9‐2. Monitoring Well Construction Details—Possible Demolition Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Well 
Location 

Screen Interval 
(feet bgs) 

Filter Pack Interval 
(feet bgs) 

Borehole Depth 
(feet bgs) 

Well Casing 
Diameter 
(inches) 

Top of Casing 
Elevation 
(feet amsl) 

PDS‐MW1  6 to 16  4 to 16  20  2  542.72 

PDS‐MW2  6 to 16  3 to 16  20  2  544.35 

PDS‐MW3  5 to 15  3 to 15  20  2  544.41 

PDS‐MW4  5 to 15  3 to 15  20  2  550.07 

Notes: 

Borehole diameter for monitoring wells was 8 inches.  

amsl = above mean sea level 

bgs = below ground surface 

 



Table 5.9‐3. Groundwater Quality Parameters—Possible Demolition Site
Iowa Army Ammunition Plant, Middletown, IA

Depth to Water Conductivity DO ORP pH Temperature Turbidity
(ft btoc) (µS/cm) (mg/L) (mV) (pH Units) (°C) (NTU)

PDS‐MW1 08/06/2018 10.00 543 0.37 127.1 7 17.9 8.98
PDS‐MW2 08/06/2018 10.87 382 0.82 86.4 6.66 21.4 6.12
PDS‐MW3 08/06/2018 9.62 432 6.95 201.4 6.98 18.6 9.3
PDS‐MW4 08/06/2018 9.36 348 0.67 191.1 6.82 18.5 8.88
Notes:
Water quality parameters were measured in the field using a YSI multi‐meter.
NM = Not Measured

°C = degrees Celsius
DO = dissolved oxygen
mV = millivolt(s)
NTU = nephelometric turbidity unit
ORP = oxidation‐reduction potential
µg/L = microgram(s) per liter
µS/cm = microsiemen(s) per centimeter
ft = feet
btoc = below top of casing

Sample 
Location

Sample Date



Table 5.9‐4. Detected Constituents in Groundwater—Possible Demolition Site
Iowa Army Ammunition Plant, Middletown, IA

Location
Sample ID

Sample Date

Test Group CAS Analyte Unit Screening Level*
Background Threshold 
Value (UTL95‐95(1))

METALS 7440‐39‐3 Barium µg/L 2,000 430 140 120 81 92
METALS 7440‐43‐9 Cadmium µg/L 5 5 0.4 U 0.26 J 0.4 U 0.4 U
METALS 7440‐47‐3 Chromium µg/L 100 31 8 U 4.5 J 8 U 8 U
METALS 7439‐92‐1 Lead µg/L 15 18.1 2 U 6.5 2 U 2 U

EXPLOSIVES 19406‐51‐0 4‐Amino‐2,6‐dinitrotoluene µg/L 1.9 ‐‐ 0.11 U 0.1 U 0.11 J 0.1 U
EXPLOSIVES 2691‐41‐0 HMX µg/L 1,000 ‐‐ 0.12 J 0.1 U 0.14 J 0 U

Notes:
HMX = 1,3,5,7‐tetranitro‐1,3,5,7‐tetrazocane
RDX = 1,3,5‐trinitro‐1,3,5‐triazine
J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
B = The analyte was positively identified in both the sample and the associated laboratory method blank.
Bold indicates the analyte was detected
Shading indicates the result exceeded screening criteria
‐‐ = Not Analyzed
µg/L = micrograms per liter
*Screening level is the MCL. If no MCL is available, the greater of the HAL and the tap water RSL is selected as the delineation screening level
MCL = Maximum Contaminant Level
Source: EPA's Regional Screening Levels (May 2020). Available online: https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables.
Source: EPA's MCLs and HALs (March 2018). Available online: https://www.epa.gov/sdwa/2018‐drinking‐water‐standards‐and‐advisory‐tables.
Source: Background threshold values (BTVs) from Evaluation of Background Concentrations of Metals in Groundwater  (CH2M, 2020a)
(1) UTLs were calculated as 95% upper confidence bounds of the 95th percentiles of the background data. UTLs calculated without a definitive distributional assumption of the data (i.e., normal, gamma, or lognormal) for sample sizes less than 59 
have a coverage probability less than 95%.

PDS‐MW1

8/6/2018

PDS‐MW2

8/6/2018 8/6/2018

PDS‐MW4

8/6/2018
PDS‐MW1‐0818 PDS‐MW2‐0818 PDS‐MW3‐0818 PDS‐MW4‐0818

PDS‐MW3
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Table 5.9‐5. Detected Constituents in Surface Water—Possible Demolition Site
Iowa Army Ammunition Plant, Middletown, IA

Location
Sample ID

Sample Date

Test Group CAS Analyte Unit Screening Level*
Background Threshold 
Value (UTL95‐95(1))

GENERAL TDS Total dissolved solids µg/L ‐‐ ‐‐ 363000 ‐ ‐ 400000 ‐ ‐ 362000 ‐ ‐
GENERAL TSS Total suspended solids µg/L ‐‐ ‐‐ 8000 ‐ ‐ 22000 ‐ ‐ 7000 ‐ ‐
METALS 7429‐90‐5 Aluminum µg/L 87 5,900 222 ‐ ‐ 196 J ‐ ‐ 209 ‐ ‐
METALS 7440‐36‐0 Antimony, dissolved µg/L 101 4 2.9 J ‐ ‐ 2.2 U ‐ ‐ 2.2 U ‐ ‐
METALS 7440‐38‐2 Arsenic µg/L 11.7 8 5.8 J ‐ ‐ 2.9 U ‐ ‐ 2.9 U ‐ ‐
METALS 7440‐39‐3 Barium µg/L 220 236 85 J ‐ ‐ 84.6 J ‐ ‐ 85.5 J ‐ ‐
METALS 7440‐39‐3 Barium, dissolved µg/L 220 210 78.3 J ‐ ‐ 79.2 J ‐ ‐ 77.5 J ‐ ‐
METALS 7440‐70‐2 Calcium µg/L 116,000 ‐‐ 46600 ‐ ‐ 46200 ‐ ‐ 46500 ‐ ‐
METALS 7440‐70‐2 Calcium, dissolved µg/L 116,000 ‐‐ 44600 ‐ ‐ 45800 ‐ ‐ 45000 ‐ ‐
METALS 7440‐47‐3 Chromium µg/L 0.66 6.4 0.6 J ‐ ‐ 0.5 U ‐ ‐ 0.5 J ‐ ‐
METALS 7440‐47‐3 Chromium, dissolved µg/L 0.66 8 0.5 U ‐ ‐ 0.5 U ‐ ‐ 0.52 J ‐ ‐
METALS 7440‐48‐4 Cobalt µg/L 19 1.4 0.4 U ‐ ‐ 0.4 U ‐ ‐ 0.44 J ‐ ‐
METALS 7439‐89‐6 Iron, dissolved µg/L 1,000 104 17.7 J ‐ ‐ 7.5 U ‐ ‐ 7.5 U ‐ ‐
METALS 7439‐95‐4 Magnesium µg/L 82,000 ‐‐ 22800 ‐ ‐ 22700 ‐ ‐ 23100 ‐ ‐
METALS 7439‐95‐4 Magnesium, dissolved µg/L 82,000 ‐‐ 22500 ‐ ‐ 23200 ‐ ‐ 22500 ‐ ‐
METALS 7439‐96‐5 Manganese µg/L 93 120.0 41.9 ‐ ‐ 39.5 ‐ ‐ 45.7 ‐ ‐
METALS 7440‐02‐0 Nickel µg/L 93 5 2 J ‐ ‐ 1.3 J ‐ ‐ 1.9 J ‐ ‐
METALS 7440‐02‐0 Nickel, dissolved µg/L 93 2.2 1.7 J ‐ ‐ 1.4 J ‐ ‐ 1.4 J ‐ ‐
METALS 7440‐09‐7 Potassium µg/L 53,000 ‐‐ 2720 J ‐ ‐ 2760 J ‐ ‐ 2850 J ‐ ‐
METALS 7440‐09‐7 Potassium, dissolved µg/L 53,000 ‐‐ 2900 J ‐ ‐ 3010 J ‐ ‐ 2940 J ‐ ‐
METALS 7440‐23‐5 Sodium µg/L 680,000 ‐‐ 16200 ‐ ‐ 16200 ‐ ‐ 16500 ‐ ‐
METALS 7440‐23‐5 Sodium, dissolved µg/L 680,000 ‐‐ 15600 ‐ ‐ 16100 ‐ ‐ 15600 ‐ ‐
METALS 7440‐62‐2 Vanadium µg/L 27 12 1.8 J ‐ ‐ 1.6 J ‐ ‐ 1.6 J ‐ ‐
METALS 7440‐62‐2 Vanadium, dissolved µg/L 27 8 0.66 J ‐ ‐ 0.67 J ‐ ‐ 0.6 U ‐ ‐

Notes:
HMX = 1,3,5,7‐tetranitro‐1,3,5,7‐tetrazocane
RDX = 1,3,5‐trinitro‐1,3,5‐triazine
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample
Bold indicates the analyte was detected
Shading indicates the result exceeded screening criteria
‐‐ = Not Analyzed
µg/L = micrograms per liter
*Screening levels is the lower of the Human Health Recreational Surface Water RSL and the regional ecological screening level
Source: EPA's Regional Screening Levels (May 2020). Available online: https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables.
Source: Background threshold values (BTVs) from Evaluation of Background Concentrations of Metals in Sediment and Surface Water  (CH2M, 2020b)

Note that explosives were analyzed for but not detected.

(1) UTLs were calculated as 95% upper confidence bounds of the 95th percentiles of the background data. UTLs calculated without a definitive distributional assumption of the data (i.e., normal, gamma, or lognormal) for sample sizes less than 59 have a coverage probability less than 95%.

PDS‐TTSW‐003
PDS‐TTSW‐001 PDS‐TTSW‐001‐A
10/28/2005 3/9/2006 10/28/2005

PDS‐TTSW‐002 PDS‐TTSW‐003 PDS‐TTSW‐003‐A
10/28/2005 3/9/2006

PDS‐TTSW‐002PDS‐TTSW‐001
PDS‐TTSW‐002‐A

3/9/2006
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Table 5.9‐6. Detected Constituents in Sediment—Possible Demolition Site
Iowa Army Ammunition Plant, Middletown, IA

Location
Sample ID

Sample Depth (ft)
Sample Date

Test Group CAS Analyte Unit Screening Level*
Background Threshold 
Value (UTL95‐95(1))

GENERAL SOLID Solids % ‐‐ ‐‐ 68.9 60.9 52.2
METALS 7429‐90‐5 Aluminum µg/g 25,000 16,000 2290 3760 4690
METALS 7440‐36‐0 Antimony µg/g 2 1.3 0.36 B 0.49 B 0.69 B
METALS 7440‐38‐2 Arsenic µg/g 9.8 18.6 1.5 2.9 2.5
METALS 7440‐39‐3 Barium µg/g 20 440 38.1 71.6 75.1
METALS 7440‐41‐7 Beryllium µg/g 2,250 1.01 0.23 B 0.099 U 0.1 U
METALS 7440‐70‐2 Calcium µg/g ‐‐ ‐‐ 7640 17000 13900
METALS 7440‐47‐3 Chromium µg/g 43.4 30.7 3.9 5.8 7
METALS 7440‐48‐4 Cobalt µg/g 50 23.7 3.1 B 4.5 B 4.8 B
METALS 7440‐50‐8 Copper µg/g 31.6 35.9 3.6 7.7 9.1
METALS 7439‐89‐6 Iron µg/g 20,000 32,300 5300 7860 8680
METALS 7439‐92‐1 Lead µg/g 35.8 28.8 4.4 B 8.3 B 9.4 B
METALS 7439‐95‐4 Magnesium µg/g ‐‐ ‐‐ 2090 3250 3470
METALS 7439‐96‐5 Manganese µg/g 460 2,300 264 449 324
METALS 7439‐97‐6 Mercury µg/g 0.180 0.035 0.02 B 0.04 B 0.09 B
METALS 7440‐02‐0 Nickel µg/g 22.7 31.5 5.9 8.5 10.2
METALS 7440‐09‐7 Potassium µg/g ‐‐ ‐‐ 260 B 507 B 602 B
METALS 7782‐49‐2 Selenium µg/g 0.72 3.05 0.87 B 0.96 B 1 B
METALS 7440‐23‐5 Sodium µg/g ‐‐ ‐‐ 81.8 B 81 B 78.5 B
METALS 7440‐62‐2 Vanadium µg/g 5,660 49.7 7.8 10.3 13.2
METALS 7440‐66‐6 Zinc µg/g 121 113 14.6 25.7 29.7

Notes:
HMX = 1,3,5,7‐tetranitro‐1,3,5,7‐tetrazocane
RDX = 1,3,5‐trinitro‐1,3,5‐triazine
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
B = The analyte was positively identified in both the sample and the associated laboratory method blank.
Bold indicates the analyte was detected
Shading indicates the result exceeded screening criteria
‐‐ = Not Analyzed
µg/g = micrograms per gram
*Screening level is the lower of the selected Human Health and Ecological screening levels (see Appendix F)
Source: EPA's Regional Screening Levels (May 2020). Available online: https://www.epa.gov/risk/regional‐screening‐levels‐rsls‐generic‐tables.
Source: Background threshold values (BTVs) from Evaluation of Background Concentrations of Metals in Sediment and Surface Water  (CH2M, 2020b)

Note that explosives were analyzed for but not detected.

PDS‐TTSD‐003

10/28/2005

(1) UTLs were calculated as 95% upper confidence bounds of the 95th percentiles of the background data. UTLs calculated without a definitive distributional assumption of the data (i.e., normal, gamma, or lognormal) 
for sample sizes less than 59 have a coverage probability less than 95%.

PDS‐TTSD‐002
PDS‐TTSD‐002

10/28/2005
0 ‐ 0.3 0 ‐ 0.3 0 ‐ 0.3

PDS‐TTSD‐001

10/28/2005

PDS‐TTSD‐001
PDS‐TTSD‐003
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Table 5.9‐7. Data Groupings Used in the HHRA ‐ Possible Demolition Site ([PDS] South Yard G)
Iowa Army Ammunition Plant, Middletown, Iowa

Data Group ID for 
HHRA

Description Sample Count

PDS_GW PDS Groundwater (Potable Use) 4



Table 5.9‐8. Samples Used in the HHRA—Possible Demolition Site
Iowa Army Ammunition Plant, Middletown, Iowa

Data Group ID for HHRA Matrix Station ID Sample ID (1)
Date 

Collected

Upper 
Depth 
(Feet)

Lower 
Depth  
(Feet)

PDS_GW GW PDS‐MW1 PDS‐MW1‐0818 8/6/2018 NA NA
PDS_GW GW PDS‐MW2 PDS‐MW2‐0818 8/6/2018 NA NA
PDS_GW GW PDS‐MW3 PDS‐MW3‐0818 8/6/2018 NA NA
PDS_GW GW PDS‐MW4 PDS‐MW4‐0818 8/6/2018 NA NA

Notes:
(1) The data were reduced such that when a normal and duplicate sample were available, the highest detected 
      concentration among normal or duplicate samples was used when a chemical was detected in any sample. If both 
      results were non‐detect, the lowest reported detection limit (i.e., reporting limit) was used. 
GW ‐ Groundwater
NA ‐ Not Available



  1 OF 1 

Table 5.9‐9. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally Occurring 
Chemicals—PDS 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor a 

ELCR/HI Tables 
(RME) in 

Appendix A‐9, 
Attachment 1  COPC/Chemical 

PDS 

EPC 
(µg/L)  ELCR  HI 

Groundwater (Tap 
Water) 

Adult  7.1 and 9.1 
Chromium b  4.5  NA  0.07 

Total HI:  NA  0.07 

Child  7.2 and 9.2 
Chromium b  4.5  NA  0.1 

Total HI:  NA  0.1 

Adult/Child 
Aggregate  7.3 and 9.3 

Chromium b  4.5  1E‐04  NA 

Total ELCR:  1E‐04  NA 

Notes: 
a ELCRs were estimated for the adult/child aggregate receptor based on lifetime exposure and noncarcinogenic HIs were 
estimated separately for adult and child residents. 

b Evaluated as hexavalent chromium. 

µg/L = microgram per liter 

COPC = chemical of potential concern 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 



\\DC1VS01\GISPROJ\U\USACE\IAAAP_679172\MAPFILES\PDS\FIG_5_10-1_PDS_SITE_LAYOUT.MXD  GTWIGG 9/25/2020 2:02:36 PM

!.

@A

@A

@A

@A

Possible Demolition Site
Based on Day &
Zimmermann 1945

Observed
in 1975 Aerial

Long Creek

IAAP-018G

Approximate Detonation Crater
IAAP-018G

IAAP-004-R-01
Possible

Demolotion Site
Tower

Plant Road "K"

PDS-TTTW-001
PDS-MW1

PDS-MW2

PDS-MW3

PDS-MW4

LEGEND
@A Shallow Overburden Well

!. Abandoned
D D Perimeter Fence

Intermittent Stream

Perennial Stream

Waterbody

Site Boundary

Soil Removal Area
Approximate Boundary of
2016 Soil Removal Action

Demolished Building

Ground Scarring 1975 Aerial

Possible Demolition 1945

Approximate Detonation Crater

Active Small Arms Firing Range

Historical Small Arms Range

Figure 5.9-1
Possible Demolition Site and
South  Site Map
Iowa Army Ammunition Plant
Middletown, Iowa

0 125 250

Feet$

Skunk River
Watershed

Long Creek
Watershed

Brush Creek
Watershed

Spring Creek
Watershed

Site
Location



\\DC1V S01\GISPRO J\U\USACE\IAAAP_ 679172\M APFILES\PDS\FIG_ 5_ 10-2_ PDS_ PLUM E_ M AP.M XD  GTW IGG 9/25/2020 12:54:30 PM

D
D

D
D

D
D

D
D

D
D

D
D

D

D

D

D

D

D

D

D

D

D

D

D
D

D
D

D
D

D
D

D
D

D
DD

DD
D

D
D

D
D

D
D

D
D

DDDDD

D
D

D
D

D
D

D
D

D
D

D

DDDDD
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D D D D D D D D D D D D D D D D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D

D
D

D
D

D
D

D
D

D

D

D

D

D

D

D

D
D

D
D

D
D

D
D

D
D

D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
DDDDDDDDDDDDDDDD

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
DD

D
D

D
D

D
D

D
D

D
D

D
D

D D D D D D D D D D D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D

D

D

D

D

D

D

D

D

D

D
D

D
D

D

D

D

!.

!.

@A

@A

@A

@A

!>

!>

!>

!>

!<>

!<>

!<>

!>!<>

!<>

!<>

Long Creek

PDS-MW1

PDS-MW2

PDS-MW3

PDS-MW4

PDS-TTTW-001
Pb 09/05 31.9
As 09/05 11.8
Hg 09/05 7.7

PDS-SS-004-0001-SD

PDS-TTSD-001

PDS-TTSD-002

PDS-TTSD-003

PDS-TTSW-001

PDS-TTSW-002

PDS-TTSW-003

RBWSD5501
RBWSW5501

7N1

IAAP-018G
South IAAP-004-R-01

Possible
Demolotion Site

Pla nt Ro a d "K"
PDS-GW01-35

LEGEND
@A Sha llo w O verb urden W ell
!> Sedim ent Sa m ple
!<> Sedim ent a nd Surfa c e W a ter Sa m ple
!. Ab a ndo ned

D D Perim eter Fenc e
Interm ittent Strea m
Perennia l Strea m
W a terb o dy
Site Bo unda ry
Ac tive Sm a ll Arm s Firing Ra nge

Figure 5.9-2
Possible Demolition Site and South  
Metals Exceedances in Groundwater 
Iowa Army Ammunition Plant
Middletown, Iowa

0 200
Feet$

Skunk River
Watershed

Long Creek
Watershed

Brush Creek
Watershed

Spring Creek
Watershed

Site
Location

No tes:
1) As - Arsenic
2) Hg - M erc ury
3) Pb  - Lea d
4) Co nc entratio n da ta is sho wn in m ic ro gra m s
    per liter (μg/L).
5) Lo c a tio n o f PDS-GW 01-35 is estim a ted.

Pro jec t Ac tio n Levels
Pb  - 15 µg/L
As - 10 µg/L
Hg - 2 µg/L

6) Lo c a tio ns witho ut da ta listed indic a te the c o m po unds
    were no t detec ted o r were detec ted b elo w the Pro jec t
    Actio n Level.
7) The lo c a tio n a nd c o nc entratio n da ta  fo r a b a ndo ned 
    tem po rary well PDS-TTTW -001 is presented o n the 
    figure to  suppo rt the na ture a nd extent eva luatio n.
8) W ells were sa m pled in Septem b er 2005, April 2006,
    a nd August 2018.



brooksidefiles \\DC1VS01\GISPROJ\U\USACE\IAAAP_679172\MAPFILES\PDS\FIG_5_10-3_PDS_POT_MAP.MXD  GTWIGG 9/21/2020 10:10:15 AM

D
D

D
D

D
D

D
D

D
D

D
D

D

D

D

D

D

D

D

D

D

D

D

D
D

D
D

D
D

D
D

D
D

D
DD

DD
D

D
D

D
D

D
D

D
D

DDDDD

D
D

D
D

D
D

D
D

D
D

D

DDDDD
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D D D D D D D D D D D D D D D D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D

D
D

D
D

D
D

D
D

D

D

D

D

D

D

D

D
D

D
D

D
D

D
D

D
D

D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
DDDDDDDDDDDDDDDD

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
DD

D
D

D
D

D
D

D
D

D
D

D
D

D D D D D D D D D D D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D
D

D

D

D

D

D

D

D

D

D

D

D
D

D
D

D

D

D

@A

@A

@A

@A

Long Creek

PDS-MW1
535.50

PDS-MW2
536.34

PDS-MW3
537.53

PDS-MW4
543.55540

540

570

580

550

560

57054
0

550

560

IAAP-018G
South IAAP-004-R-01

Possible
Demolotion Site

Plant Road "K"

LEGEND
@A Shallow Overburden Well

Shallow Groundwater Contour
(feet above mean sea level)

Generalized Groundwater Flow Direction
D D Perimeter Fence

Intermittent Stream

Perennial Stream

Waterbody

Site Boundary

Active Small Arms Firing Range

Notes:
1. Contours are based on facility-wide gauging conducted by Tetra Tech in 2014 and have been

revised based on 2018 data from new monitoring wells PDS-MW1 through PDS-MW4.

Figure 5.9-3
Possible Demolition Site and South  
Potentiometric Surface
Iowa Army Ammunition Plant
Middletown, Iowa

0 200

Feet$

Skunk River
Watershed

Long Creek
Watershed

Brush Creek
Watershed

Spring Creek
Watershed

Site
Location



Primary Source
Primary Release 
Mechanism

Secondary 
Source

Secondary 
Release 

Mechanism

Tertiary 
Source

Exposure 
Media
(1)

Exposure 
Route

Site Worker
(Adult)

Construction/ 
Utility Worker

(Adult)

Hypothetical 
Resident
(Adult and 
Child)

Surface Soil Ingestion (1) (1) (1)
Dermal (1) (1) (1)

Ambient Air Inhalation (1) (1) (1)

Subsurface Soil Ingestion (1) (1) (1)
Dermal (1) (1) (1)

Ambient Air Inhalation (1) (1) (1)

Leaching Groundwater Groundwater(3) Ingestion X(4) O (2) X
Dermal X(4) O (2) X

Inhalation N/A O (2),(5) O (5)

Soil Gas Indoor Air Inhalation O (5) N/A O (5)

Legend

X Potentially complete exposure pathway; O Incomplete exposure pathway; N/A Not applicable
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(2)  There are no culverts located at the PDS site; therefore, potential exposures to groundwater are incomplete for construction/utility workers.

(3)  Groundwater is not currently being used as a potable water source and there are no plans to use groundwater for potable purposes in the future; however, based on applicable CERCLA 

       policy and guidance, groundwater at the PDS is classified as Class IIB, a potential source of drinking water. Therefore, the HHRA includes an evaluation of potential exposures to groundwater due to 
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       and COCs are identified for a residential scenario.

(5)  Volatile constituents were not detected in the groundwater samples; therefore, inhalation exposures to groundwater are incomplete.

Figure 5.9‐4
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5.10 Roundhouse Transformer Storage Area Groundwater 
This subsection summarizes RI activities at the Roundhouse (IAAP‐040G). This RI report addresses 
groundwater media (IAAP‐040G). Soil is addressed under the remedy for OU‐1 (Site IAAP‐040) (Leidos 
2018). There are no perennial surface water features within the Roundhouse boundary. 

Although there is no basis for a release to groundwater in this area, IAAP‐040G was created in 2012 as 
part of a large‐scale administrative effort to facilitate management of IAAAP sites within the Army 
database (HQAES/AEDB) under different OUs (see Section 1.2.4). Several IAAAP reports have 
documented that investigation of groundwater is not warranted at the Roundhouse area, including the 
Preliminary Site Characterization Reports for Iowa AAP Sites (JAYCOR 1993a), revised draft final 
Remedial Investigation Report (JAYCOR 1996), and the CWWP (Tetra Tech 2006). However, because the 
previous RI for OU‐6 was not finalized (Tetra Tech 2014) the site closure process has not been initiated 
for Site IAAP‐040G. This RI report provides formal documentation under the CERCLA process that no 
groundwater investigation is warranted for Roundhouse (IAAP‐040G). 

5.10.1 Background 
5.10.1.1 Site Description 
The Roundhouse area is in the northeast central portion of the IAAAP facility, approximately 1,000 feet 
from the north site boundary, within the Spring Creek watershed (Figure 5.11‐1). The site is 
approximately 4.5 acres and encompasses a graded, flat storage area with a compacted clay foundation 
overlain by crushed stone. 

5.10.1.2 Operational History 
Prior to 1980, the Roundhouse was used for storing all unused transformers for the IAAAP. Transformer 
fluid, which was used to top off the transformers, was brought in by the contractor that provided 
maintenance for the transformers and was not stored onsite (JAYCOR 1996). In 1980, IAAAP operations 
moved transformers with greater than 500 milligrams per kilogram (mg/kg) PCBs to an offsite 
warehouse, whereas all other transformers remained at the outside storage area. Eventually, 
transformers with greater than 50 mg/kg PCBs were also moved to the offsite warehouse. No 
transformers are currently stored at the Roundhouse site. 

5.10.1.3 Previous Investigations and Remedial Actions 
Numerous investigations have been conducted at IAAAP since the 1980s. Table 5.10‐1 summarizes the 
previous investigations and remedial actions conducted at the Roundhouse, including conclusions and 
recommendations. Previous sample locations are shown on Figure 5.10‐1. Based on the results of 
previous investigations, soil excavation was not warranted at the Roundhouse site. IAAP‐040 is subject 
to OU‐1 LUCs, which are described in Table 5.10‐1. 

This report documents the RI for groundwater at Roundhouse. Previous investigations pertinent to the 
RI for groundwater are listed below; additional details are included in Table 5.10‐1. 

Investigation Conclusion 

Facility‐wide Preliminary Assessment 
(JAYCOR 1994) 

It was concluded that previous leaks by transformers could have released PCBs to 
the storage area. Soil sampling was recommended to determine if the 
environment may have been impacted by historic spills or leaks.  

Facility‐wide Site Inspection (JAYCOR 
1992) 

No groundwater samples were collected during the SI. It was recommended that 
Roundhouse be included in the RI. 
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Investigation Conclusion 

Remedial Investigation (JAYCOR 1993e) No groundwater samples were collected during the Phase I RI. Further 
investigation was recommended to delineate the nature and extent of PCB 
contamination in soil. No further investigation was warranted for groundwater. 

Follow‐On Remedial Investigation 
(JAYCOR 1996) 

No groundwater samples were collected during the Phase II (Follow‐On) RI. PCB 
contamination was identified in shallow soil (less than 2 feet bgs). In general, PCB 
concentrations were low (generally less than 2 mg/kg). PCBs are expected to be 
immobile in soil and not transferred to groundwater or surface water. 

Comprehensive Watershed Evaluation 
and Supplemental Data Collection Work 
Plan (Tetra Tech 2006) 

The data gap evaluation concluded that groundwater investigation was not 
warranted for the Roundhouse Transformer Storage Area. This was based on the 
relatively nonsoluble nature of PCB‐containing oils and PCBs would have been 
more likely to migrate via surface runoff, as opposed to infiltration and leaching. 

 

5.10.2 2018–2020 Remedial Investigation Activities 
No additional field work was conducted at the Roundhouse as part of this RI. As documented in the final 
Site-specific Worksheets for Operable Unit 6 of the Uniform Federal Policy–Quality Assurance Project 
Plan for Remedial Investigation at Iowa Army Ammunition Plant, Middletown, Iowa (Packet 2) (CH2M 
2018b) and previous site investigations (Table 5.10‐1), groundwater investigation at Site IAAP‐040G is 
not warranted. 

5.10.3 Environmental Setting 
The Roundhouse is covered in 6 inches of gravel overlying compacted clay, which was constructed to 
restrict vertical migration. The geology is considered to be consistent with the facility‐wide description 
provided in Section 2.5. Limited site‐specific geologic and hydrogeologic information is available for 
Roundhouse, given that soil borings have been relatively shallow and no groundwater wells have been 
installed. Overburden soil is characterized by glacial till consisting primarily of lean clay and clay with 
occasional discontinuous, silty sand lenses. The loess present within other areas of the IAAAP is not 
present at this site. Bedrock was not encountered at this site because the deepest soil boring was 
advanced to only 2 feet bgs. 

Groundwater was not encountered during previous investigations to 2 feet bgs at the Roundhouse site. 
The depth to groundwater in the overburden has been observed within 10 feet bgs at Line 1 and Lines 
5A/5B; these sites are approximately 1,500 and 4,000 feet, respectively, from the Roundhouse site. 

There are no perennial surface water features within the site boundary. Runoff from parts of the storage 
area flows to the sewer system and is treated by the wastewater treatment plant. The remaining runoff 
flows into drainage ditches east of the site or into agriculture fields south and west of the pad. Surface 
water in intermittent tributaries, which are located outside of the Roundhouse boundary, eventually 
flows into Spring Creek. 

5.10.4 Nature and Extent of Contamination 
This subsection describes the nature and extent of contamination at the Roundhouse. Soil has been 
addressed under OU‐1. There are no perennial surface water features associated with this site. 

The potential source of contamination at the Roundhouse is from the historical storage of transformers. 
As part of the RI under OU‐1, PCBs were identified as COCs for soil (AEC 1997). Only two PCBs (Aroclor 
1254 and Aroclor 1260) were detected in soil at the Roundhouse. However, because PCB concentrations 
were below OU‐1 remedial goals during the 2003 supplemental remedial design investigation (Shaw 
2004a), no soil excavation was needed at the site. 
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Based on the environmental setting and the chemical properties of PCBs, Aroclor 1254 and Aroclor 1260 
in soil would not have impacted groundwater at the Roundhouse site. This conclusion is supported by 
the fact that there have been only low‐level detections of two PCBs in soil at the site, and PCBs have 
very limited mobility due to their chemical properties, as detailed below: 

• Soil contamination was delineated in shallow subsurface soil (< 2 feet bgs), which is expected to be 
more than 5 feet above groundwater. 

• The octanol‐water partition coefficients for the two PCBs identified in soil are very high 
(>1,000,000 mg/kg), whereas their water solubilities are very low (<0.1 milligram per liter) (ATSDR 
2020). Therefore, these PCBs have a strong tendency to sorb to soil and are unlikely to leach. 

• The geology beneath the site, consisting primarily of clays, would further retard leaching, or the 
vertical migration, of PCBs. The immediate surface is composed of a compacted clay layer, which is 
then underlain by the predominant lean clay of the glacial till. 

• Clay not only has a low permeability but is also more likely to adsorb chemicals than sand. 

• PCBs are subject to volatilization and biodegradation, making it likely that residual contamination 
would attenuate before leaching to groundwater. 

• No additional sources have been identified at the site, and no transformers are currently stored at 
the Roundhouse site. 

5.10.5 Conclusions and Recommendations 
Based on the CSM for the Roundhouse and the chemical properties of PCBs, there is no basis for a 
contaminant release to groundwater. Therefore, NFA is warranted for groundwater at the Roundhouse. 
It is recommended that Site IAAP‐040G be transferred to a new OU (OU‐11) and NFA be presented as 
the preferred remedy in a Proposed Plan. Site IAAP‐040 will continue to be managed under OU‐1. 
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Table 5.10‐1. Previous Investigations and Remedial Actions—Roundhouse Transformer Storage Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Preliminary Assessment 
(JAYCOR 1994) 

1991  A desktop data evaluation and field reconnaissance were conducted 
for 43 IAAAP sites. Historic production and waste handling and 
disposal practices were evaluated. 

The PA recommended that samples be collected at the 
Roundhouse Transformer Storage Area to determine if 
the environment may have been impacted by historic 
spills or leaks.  

Site Inspection (JAYCOR 1992)  1991  Five soil samples were collected at the site. Surface and subsurface 
soil samples were analyzed for PCBs and select explosives, 
herbicides, pesticides, semi‐volatile organic compounds, and 
volatile organic compounds. 

Aroclor‐1260 was detected in soil samples, indicating 
that there may have been a release of transformer fluid 
during historic site operations. Remedial investigation of 
the site was recommended.  

Follow‐on Remedial 
Investigation (JAYCOR and 
CDM 1992; JAYCOR 1993; 
1996; TN&A 2003) 

 
 

1992  In preparation for the Phase I RI, previous site data was evaluated, 
and a work plan was developed for IAAAP sites.  

The work plan concluded that any spills at the 
Roundhouse Transformer Storage Area would likely have 
migrated versus surface runoff, as opposed to infiltrating 
into the subsurface, due to the storage platform being 
constructed on compacted clay. Only soil sampling was 
included in the RI for this site. 

Phase I Remedial 
Investigation (JAYCOR 1993) 

1992  Ten surface and subsurface soil samples were collected and 
analyzed for PCBs and pesticides. One sediment sample was 
collected from an intermittent drainage ditch, outside of the site 
boundary and southeast of Yard A and analyzed for PCBs and 
pesticides; no surface water was present in the ditch. Although not 
directly associated with the investigation at the Roundhouse 
Transformer Storage site, a surface water/sediment sample set was 
also collected from the intermittent tributary to Spring Creek, 
approximately 3,900 feet southeast of the site, and analyzed for 
PCBs, explosives, metals, pesticides, SVOCs, and VOCs.  

Aroclor‐1260 was detected in five of the soil samples. 
Aroclor‐1260 was also detected below OU‐1 RGs in the 
sediment sample collected from the drainage ditch; and, 
it was not detected in the Spring Creek tributary 
samples. Further investigation was recommended to 
delineate the nature and extent of PCB contamination in 
soil. No further investigation was warranted for 
groundwater. 

Phase II Remedial 
Investigation (JAYCOR 1996) 

1993  One hundred seventeen soil samples were collected from 57 
locations on a 50‐foot grid interval to horizontally and vertically 
delineate PCBs. The samples were screened onsite using two 
immunoassay field screening kits; D TECH kits (117 samples) and 
Ensys kits (114 samples). In addition, D TECH submitted 23 samples 
for fixed laboratory gas chromatography (GC) analysis of PCBs while 
JAYCOR submitted 10 soil samples for GC analysis of pesticides.  

PCB contamination was identified in shallow soil (less 
than 2 feet bgs). In general, PCB concentrations were low 
(generally less than 2 mg/kg). PCBs are expected to be 
immobile in soil and not transferred to groundwater or 
surface water.  
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Table 5.10‐1. Previous Investigations and Remedial Actions—Roundhouse Transformer Storage Area 
Iowa Army Ammunition Plant, Middletown, Iowa 
Focused Feasibility Study 
(Engineered Efficiency 1997) 

1997  Remedial alternatives were developed and evaluated to address 
sites with potential unacceptable risk in soil under the soil operable 
unit (OU1). 

The Roundhouse Transformer Storage Area was included because 
Aroclor‐1260 was detected at elevated concentrations at two 
locations in the northeast corner of the former pad.  

Three alternatives were evaluated, which included 
excavation of soil, including 599 cubic yards at the 
Roundhouse Transformer Storage Area.  

Pre‐Design Excavation 
Delineation (USACE‐Omaha 
1998) 

1998  Twelve soil samples were collected. Surface and subsurface soil 
samples were analyzed for explosives and metals.  

No explosives were detected in the soil samples. Lead 
was detected in one sample; however, concentrations 
were below the OU‐1 remedial goal. 

Interim Action Record of 
Decision (Army 1997) 

1997  Documented the selected interim remedial action for contaminated 
soils at 15 IAAAP sites.  

The selected remedy included excavation of 
contaminated soils at Roundhouse Transformer Storage 
Area. A cleanup goal of 10 ppb for PCBs was established.  

Phase I and II Site 
Characterization for Soil 
Remedial Action (ECC 2001) 

1999  During the Phase I event, 123 soil samples were collected. Surface 
and subsurface samples were analyzed for explosives. Select 
samples were also analyzed for metals, VOCs, SVOCs, pesticides and 
PCBs. During the Phase II event, 15 soil samples were collected and 
analyzed for explosives.  

No contamination was identified in the soil samples. It 
was concluded that excavation was not warranted for 
explosives.  

Supplemental Remedial 
Design Investigation for Phase 
4 Soils (Shaw 2004) 

2003  Surface and subsurface soil samples were collected on a 34‐foot grid 
throughout the site. A total of 113 soil samples were collected at 50 
borings and analyzed for PCBs. A subset of the samples was also 
analyzed for inorganics. 

None of the soil sample results exceeded OU1 remedial 
goals. Therefore, it was concluded that the excavation 
for PCBs was no longer warranted. 

Comprehensive Watersheds 
Evaluation and Supplemental 
Data Collection Work Plan 
(Tetra Tech 2006) 

2006  A comprehensive evaluation was conducted of all IAAAP sites and 
the four primary watersheds (Brush Creek, Spring Creek, Long 
Creek, and Skunk River) to identify data gaps and additional data 
needed to complete a feasibility study for surface water and 
groundwater at each of the IAAAP sites.  

The data gap evaluation concluded that groundwater 
investigation was not warranted for the Roundhouse 
Transformer Storage Area. This was based on the 
relatively non‐soluble nature of PCB‐containing oils and 
PCBs would have been more likely to migrate via surface 
runoff, as opposed to infiltration and leaching.  

Explanation of Significant 
Differences for the Records of 
Decision Soils OU1 (Leidos 
2019)  

2019  Documented the addition of LUCs to the selected remedy for the 
Soils ROD to provide overall protectiveness of human health and the 
environment. 

The explanation of significant differences changes will 
apply to soil at the Roundhouse Transformer Storage 
Area.  
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Table 5.10‐1. Previous Investigations and Remedial Actions—Roundhouse Transformer Storage Area 
Iowa Army Ammunition Plant, Middletown, Iowa 
OU1 Land Use Controls 
Implementation Plan (Leidos 
2019) 

2019  Outlined the process for implementation and maintenance of LUCs 
as a component of the selected remedy for OU‐1. Institutional 
controls will be used to restrict land use at OU‐1 Areas to military, 
commercial/industrial, agricultural, and permitted hunting and 
prohibit residential use. Engineering controls (fencing, signs) will be 
used to prevent general access to areas.  

The scope of the LUCIP applies to the Roundhouse 
Transformer Storage Area.  
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5.11 Unidentified Substance Waste Site 
This subsection summarizes RI activities at the USWS for soil (IAAP‐022) and groundwater (IAAP‐022G). 
There are no perennial surface water features or wet sediment within the site boundary. 

5.11.1 Background 
5.11.1.1 Site Description 
The USWS (IAAP‐022/022G) is an area of approximately 20 feet by 20 feet and located approximately 15 
to 20 feet south of the railroad track bed (Figure 5.11‐1) (Tetra Tech 2006). The site is located in the 
central portion of the IAAAP, northwest of Yard O along the south side of the railroad track, 
approximately 750 feet west of Plant Road I. The Construction Debris Landfill (CDL) is located to the 
south. The site is located in recreational zone 5A and is unmaintained forest (Figure 5.11‐1). 

5.11.1.2 Operational History 
The USWS area was not used as an operational line and no buildings are associated with the USWS. The 
area was defined after detection of an unidentified substance, believed to be road surfacing oil, was 
discovered on July 16, 1985 in area located 15 to 20 feet south of the railroad track bed. The spill was 
thought to have been from a leaking railroad tank car. According to site personnel, the spill area was 
subsequently covered with approximately 10 feet of fill sloping away from the railroad tracks (Tetra 
Tech 2006). 

5.11.2 Previous Investigations and Remedial Actions 
Table 5.11‐1 summarizes the previous investigations conducted at the USWS, including conclusions and 
recommendations. Surface water and sediment are not present at the USWS. Groundwater has not 
been investigated at the USWS. However, three groundwater wells (JAW‐08, JAW‐09, and JAW‐10) were 
installed for the adjacent CDL (Figure 5.11‐2). JAW‐10 is located southwest and downgradient of USWS. 
These wells have been sampled for explosives, metals, VOCs, and SVOCs. No VOC or SVOC constituents 
have been detected (Tetra Tech 2006). Remedial actions have not been completed in the USWS. 

This report continues the RI for groundwater at the USWS. Previous investigations pertinent to the RI for 
groundwater are listed below; additional details are included in Table 5.11‐1. 

Investigation Conclusion 

RCRA Facility Assessment (Ecology & 
Environment, Inc. 1987) 

No significant levels of contaminants were detected in the composite soil sample 
collected from the suspected spill area (Ecology & Environment, Inc. 1987). 

Site Investigation (JAYCOR and CDM 
Federal Programs Corporation 1992). 

The SI concluded that there did not appear to be significant or widespread soil 
contamination at this site. This site did not warrant inclusion in the RI (JAYCOR 
1996). 

Comprehensive Watersheds Evaluation 
and Supplemental Data Collection Work 
Plan (Tetra Tech 2006) 

The CWWP concluded that no further investigation was required at the site 
because it was adequately characterized. Groundwater was not likely impacted 
because soil contamination was minimal. 

5.11.3 2018–2020 Remedial Investigation Activities 
As part of the 2018‐2020 RI, a records evaluation, site reconnaissance, and personnel interview with an 
IAAAP employee familiar with the spill at USWS lead to an approximate location of the historical spill. At 
the spill location, debris including concrete pieces and culvert were visible and partially covered with 
soil. A soil boring (IAAP022HA001; Figure 5.11‐2) was drilled and one soil sample (IAAP022HA001‐SO) 
was collected at a depth (4.5 to 6 feet bgs) where native soil was encountered during soil boring. The 
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sample was analyzed for VOCs, SVOCs, and metals. Field logs for soil sampling are provided in Appendix 
C. Summary tables of all the analytical results from the 2019 RI activities are provided in Appendix F. 

5.11.4 Environmental Site Setting 
Surface topography at the USWS is relatively flat. Surface water runoff originating in the location of the 
spill area during precipitation events collects in a drainage depression which parallels the track bed 
(Figure 5.11‐1). The location of the spill area is moderately to densely vegetated with small to medium 
trees. The site is approximately 450 feet north of the nearest tributary of Long Creek. 

Area‐specific geology information is not available for the USWS. However, based on soil borings from 
the adjacent CDL, the thickness of the Kellerville Till is likely greater than 26 feet. The groundwater in 
the vicinity of the CDL flows southwest toward an unnamed tributary of Long Creek (Tetra Tech 2006). 

5.11.5 Nature and Extent of Contamination 
The USWS is believed to be an area contaminated by road surfacing oil that was thought to have been 
from a leaking railroad tank car. No new releases are occurring as this site has not been used for 
operational purposes. Soil sampling has been conducted at the USWS. No surface water or sediment is 
present at the USWS. Groundwater has not been sampled at the USWS. 

A summary of the soil/dry sediment data is presented in Table 5.11‐2. For the purpose of this RI, the 
soil/dry sediment sample was evaluated against soil PALs. Eleven metals, 10 PAHs, 1 SVOC, and 2 VOCs 
were detected in soil at the USWS. No explosives, PCBs, or pesticides were detected in the soil samples. 

5.11.5.1 Metals 
Two metals, arsenic and selenium, were the only metals to exceed the PAL. Arsenic was detected in 
sample 22SD0101 collected in 1991 at a concentration of 18.4 mg/kg as compared to the PAL of 15.37 
mg/kg (background). Selenium was detected in the 2019 sample (IAAP022HA001) at a concentration 3.1 
mg/kg as compared to the PAL of 0.71 mg/kg (background). For both metals, the background values are 
greater than the ESL and for arsenic, the background value is also greater than the RSL. 

5.11.5.2 SVOCs 
The PAHs were detected at low concentrations and did not exceed the PALs except for bis(2‐ethylhexyl) 
phthalate (BEHP). BEHP was detected at a concentration of 4.4 mg/kg in the dry sediment sample 
(22SD0101) collected in 1991 and exceeded the PAL of 0.925 mg/kg (ESL). The concentration, however, 
was below the USEPA residential RSL of 39 mg/kg. This compound is a common laboratory artifact which 
may indicate this detection is not representative of the site. 

5.11.5.3 VOCs 
Acetone and toluene were detected in soil samples collected at the USWS; however, only acetone was 
detected above the PAL. Acetone was detected in the 2019 subsurface sample (IAAP022HA001) 
collected from 4.5 to 6 feet depth at a concentration of 19J mg/kg as compared to the PAL of 2.5 mg/kg 
(ESL). Acetone is a common laboratory contaminant, so this detection is likely insignificant. 

5.11.6 Fate and Transport 
Two metals, arsenic and selenium, were the only metals to exceed the PAL. Additionally, 
bis(2‐ethylhexyl) phthalate and acetone exceeded the PAL. The CSM identified that because clean soil 
has been placed over the spill location at the USWS, transport of contaminates by volatilization, fugitive 
dust or by surface runoff is unlikely. Transport of contaminants by infiltration or leaching to 
groundwater would also be insignificant as metals are typically either sorbed on the surface of the soil 
or fixed to the interior of the soil, where they are unavailable for release to groundwater. BEHP adsorbs 
strongly to soil and sediment, and therefore biodegradation in aerobic environment would be slow. It 
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also has a low water solubility and low vapor pressure (USEPA 1999b). Volatilization and leaching are the 
two primary transport properties affecting the fate of acetone in soils with volatilization more significant 
than leaching. The extent of leaching depends on soil characteristics. Acetone also has a tendency to 
degrade rapidly in soil (USEPA 1999b). 

5.11.7 Human Health Risk Assessment 
An HHRA was prepared for the USWS to evaluate potential current and future health risks and hazards 
from exposure to chemicals in soil. The HHRA was conducted in accordance with the final UFP‐QAPP 
(CH2M 2017a), with the exception of some deviations that were agreed to during meetings or 
correspondence with USACE and USEPA following approval of the final UFP‐QAPP. The approach and 
method used to conduct the HHRA are provided in Section 4.3.1. This section presents the CEM for the 
USWS and provides the results of the four‐step evaluation process comprising: 

• Data evaluation 
• Exposure assessment 
• Toxicity assessment 
• Risk characterization 

The results of the HHRA are used to determine if NFA is warranted for soil at the USWS. 

5.11.7.1 Conceptual Exposure Model 
A description of the USWS, its operational history, and previous investigations are provided in Sections 
5.11.1 and 5.11.2. To date, surface and subsurface soil sampling has been conducted at the USWS. 
Contaminant leaching to groundwater was not evaluated as a potential exposure pathway at the USWS 
due to the absence of contamination in the soil. For this reason, no groundwater samples were collected 
at the USWS. 

The following potential current and future human receptors were identified in the HHRA for the USWS: 

• Current and Future Hunter/Recreators. The USWS is currently zoned as Recreational Zone 5A at the 
IAAAP, which permits recreational activities such as mushroom picking, berry picking, and hunting 
turkey, small game, and deer. Direct contact with surface soil is likely to be a complete exposure 
pathway during current and future large/small game hunting and berry/mushroom gathering 
activities. 

• Future Site Workers. Currently site workers do not work routinely at the USWS. However, future 
site workers are evaluated at the USWS because of the predominantly Commercial/Industrial Land 
Use activities at the IAAAP. Direct contact with surface soil and combined surface and subsurface 
soil is likely to be a complete exposure pathway. 

• Future Construction/Utility Workers. The construction/utility worker was not evaluated under 
current land use because there are no construction activities occurring at the USWS. Future 
excavation/construction activities are possible for the USWS that could lead to direct contact 
exposures to combined surface and subsurface soil. 

• Future Hypothetical Residents. The current and expected future land uses at the IAAAP do not 
include Residential Land Use. However, future hypothetical Residential Land Use is being evaluated 
for informational purposes to represent an unrestricted land use scenario. Future hypothetical 
residents have direct contact exposure with surface soil and combined surface and subsurface soil. 

As discussed in Section 4.3.1, potential exposures and risks and hazards to hunter/recreators, site 
workers, and construction/utility workers are estimated in the HHRA only if the estimated risks and 
hazards for a hypothetical residential scenario exceed acceptable risk levels and COCs are identified for a 
residential scenario. The human health CEM presenting potential exposure media, exposure points, 
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receptors (current and future), and exposure routes is provided in Appendix A‐8, Attachment 1 (Tables 
1a and 1b), and depicted graphically in Figure 5.11‐3. 

5.11.7.2 Data Evaluation 
Data Used in the HHRA 

The analytical data used in the HHRA consisted of three samples. During the SI field work conducted in 
August 1991, 1 surface soil sample (22SA0201) was collected immediately adjacent to the unidentified 
substance location and one surface soil/dry sediment sample (22SD0101) was collected in a 
downgradient ditch. Both samples were analyzed for explosives, metals, VOCs, SVOCs, PAHs, pesticides, 
and PCBs. During the RI field work conducted in April 2019, one subsurface soil sample was collected 
(IAAP022HA001‐SO) and analyzed for VOCs, SVOCs, and RCRA metals. No surface water or wet sediment 
is present at the USWS. 

Presentations of the data groupings and the samples included in the HHRA are provided in Tables 5.11‐3 
and 5.11‐4, respectively. The analytical dataset used in the HHRA is included in Appendix A‐8, 
Attachment 2. Soil data were collected to a maximum depth of 6 feet bgs and were segregated into two 
separate data sets for use in the HHRA. Surface soil data were used from samples collected from within 
the 0 to 0.5 feet bgs depth interval and combined surface and subsurface soil data were used from 
samples collected from within the 0 to 6 feet bgs depth interval. The maximum subsurface depth 
defined by the vertical extent to which data have been collected (i.e., 6 feet bgs) differs from that of the 
conceptual exposure depth in the CEM (i.e., the shallower of 10 feet bgs or the depth at which 
groundwater is first encountered). Therefore, based on data availability, the combined 
surface/subsurface soil depth interval being evaluated for the future site worker, construction/utility 
worker, and future hypothetical resident is henceforth referred to as the “soil (0 to 6 feet bgs)” depth 
interval. A dry sediment sample collected from a downgradient drainage ditch was evaluated as a 
surface soil sample because the occurrence of surface water in the ditch is ephemeral. The sampling 
locations included in the HHRA are depicted in Figure 5.11‐2. 

Screening Results for Site-related Chemicals of Potential Concern and Naturally Occurring Chemicals 

The approach and SLs used to select the COPCs (including both site‐related COPCs and naturally 
occurring chemicals) are described in Section 4.3.1. The results of the COPC screening process for 
receptors potentially exposed to soil are presented in Appendix A‐8, Attachment 1 (Tables 2.1 and 2.2). 
The RSL for hexavalent chromium (USEPA 2021a) was used in the COPC screening process for total 
chromium because the soil samples collected at the USWS were not analyzed for hexavalent chromium. 

The surface soil (0 to 0.5 feet bgs) and soil (0 to 6 feet bgs) COPCs identified for the USWS are presented 
in the table below. The COPCs (site‐related COPCs or naturally occurring chemicals) identified in soil are 
addressed further in the HHRA, and potential exposures and risks and hazards were estimated for each 
COPC (site‐related COPC or naturally occurring chemical). 

Summary of Site‐related COPCs and Naturally Occurring 
Chemicals for the USWS  

Surface Soil (0 to 0.5 feet bgs) Soil (0 to 6 feet bgs) 

Arsenic Arsenic 

Chromium Chromium 

— Benzo(a)anthracene 

— Benzo(a)pyrene 
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Summary of Site‐related COPCs and Naturally Occurring 
Chemicals for the USWS  

Surface Soil (0 to 0.5 feet bgs) Soil (0 to 6 feet bgs) 

— Benzo(b)fluoranthene 

— Naphthalene 

 

5.11.7.3 Exposure Assessment 
Currently, the USWS consists of unmaintained forest which is located adjacent to a railroad line. Because 
the site is located in recreational zone 5A, current and future land use includes recreational activities 
such as mushroom hunting, berry picking, and hunting of turkey, small game, and deer. Therefore, 
adolescent (aged 8 to 16 years) and adult hunter/recreator receptors are evaluated in the HHRA. 

For future land use, a site worker is evaluated due to the predominantly Commercial/Industrial Land Use 
activities at the IAAAP. A construction/utility worker is evaluated in the HHRA because construction 
activities are typically a component of both Commercial/Industrial Land Use, as well as future 
hypothetical redevelopment for Residential Land Use. Although the planned future land use at IAAAP 
does not include residential, a hypothetical future Residential Land Use scenario is evaluated for 
informational purposes to represent an unrestricted land use scenario. Hypothetical residents include 
children (0 to 6 years) and adults. 

All receptors are assumed to be exposed to soil through incidental ingestion, dermal contact, and 
inhalation of dust and/or VOCs. The potential exposure pathways quantified in the HHRA are included in 
Appendix A‐8, Attachment 1 (Tables 1a and 1b) and in Figure 5.11‐3. 

Typically, UCLs are calculated using USEPA’s ProUCL software (USEPA 2016a). However, for all COPCs 
(arsenic, chromium, benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, and naphthalene), the 
MDC was selected as the EPC because less than four detected concentrations were available in the 
dataset and a reliable UCL could not be estimated due to the limited number of detected 
concentrations. The EPCs used to estimate the chemical intakes for soil exposures are provided in 
Appendix A‐8, Attachment 1 (Tables 3.1 and 3.2). 

Because there are no hexavalent chromium soil data available for the USWS and because total 
chromium is being evaluated as hexavalent chromium, the method presented on Figure 4‐1 is applied 
for estimating the hexavalent chromium EPC for use in the risk characterization. The exposure factors 
used in the intake calculations are included in Appendix A‐8, Attachment 1 (Tables 4.1 through 4.4). The 
primary references for the exposure factor values are the standard default exposure factors presented 
in the HHEM, Update of Standard Default Exposure Factors (USEPA 2014). 

5.11.7.4 Toxicity Assessment 
The oral toxicity values (CSFs and RfDs) and inhalation toxicity values (IURs and RfCs) used in the HHRA 
were obtained from the USEPA standard hierarchy of toxicity value sources (USEPA 2003b), as provided 
in Section 4.3.1. Chronic and subchronic noncancer oral and inhalation toxicity values for the COPCs 
identified at the USWS are provided in Appendix A‐8, Attachment 1 (Tables 5.1 and 5.2, respectively). 
Oral and inhalation cancer toxicity values for the COPCs are provided in Appendix A‐8, Attachment 1 
(Tables 6.1 and 6.2 respectively). 

5.11.7.5 Risk Characterization 
The risk characterization for the USWS was completed using a four‐step process, as discussed in Section 
4.3.1. The results of each step are discussed below. 
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Step 1: Total Combined Risks and Hazards from Site-related COPCs and Naturally Occurring Chemicals 

Step 1 consists of calculating receptor‐specific ELCRs and HIs that include contributions from both site‐
related COPCs and naturally occurring chemicals. The estimated risks and hazards for future 
hypothetical residents are summarized in Table 5.11‐5 for both surface soil and soil (0 to 6 feet bgs). 

For consistency with Figure 4‐1, total chromium was evaluated in this step of the risk characterization 
process under the assumption that 100 percent of the total chromium EPC is composed of hexavalent 
chromium. Based on the quantitative risk and hazard evaluations of hypothetical future residential 
exposures to surface soil at the USWS, the total receptor ELCR equals the 1 × 10‐4 target limit; the total 
HI for the resident adult is less than the target limit of 1; and the total HI for the resident child is less 
than the target limit of 1. 

Based on the quantitative risk and hazard evaluations of hypothetical future residential exposures to soil 
(0 to 6 feet bgs) at the USWS, the total receptor ELCR (2 × 10‐4) exceeds the 1 × 10‐4 target limit; the total 
HI for the resident adult is less than the target limit of 1; and the total HI for the resident child is less 
than the target limit of 1. The most predominant contributor to the total residential ELCR for soil (0 to 6 
feet bgs) exposures is hexavalent chromium for which it is assumed that 100 percent of the total 
chromium EPC is hexavalent chromium. 

Because the total ELCR for soil (0 to 6 feet bgs) exceeds the target limit of 1 × 10‐4 for hypothetical future 
residential exposures at the USWS, further evaluations are necessary in the risk characterization for this 
receptor scenario.. 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consists of calculation of receptor‐specific ELCRs and HIs for naturally occurring chemicals. 
However, as discussed in Section 4.3.1.5, no IAAAP‐specific soil BTVs are currently available for use in 
determining naturally occurring chemicals. Therefore, evaluations in this step of the risk characterization 
process were not performed. 

Step 3: Risk Characterization of Site-related COPCs 

Step 3 consists of calculating ELCRs and HIs associated with site‐related COPCs. 

Table 5.11‐6 presents the estimated risks and hazards to residents from exposure to site‐related COPCs 
in surface soil and soil (0 to 6 feet bgs). Because there are no available IAAAP‐specific soil BTVs to 
determine naturally occurring chemicals in Step 2, all COPCs and naturally occurring chemicals evaluated 
quantitatively during Step 1 are assumed to be site‐related COPCs in this step of the risk 
characterization. For consistency with Figure 4‐1, total chromium was evaluated in this step of the risk 
characterization process under the assumption that 3 percent of the total chromium EPC is composed of 
hexavalent chromium, which was determined as previously described in Section 5.11.7.3. Based on the 
quantitative risk and hazard evaluations of hypothetical future residential exposures to surface soil and 
soil (0 to 6 feet bgs) at the USWS, the total receptor ELCRs are below the 1 × 10‐4 target limit; the total 
HIs for the resident adult are less than the target limit of 1; and the total HIs for the resident child are 
less than the target limit of 1. 

Step 4: Final COC Determination 

As shown in Table 5.11‐6, the total cancer risks and noncancer HIs for residents are acceptable. 
Therefore, no COCs were identified for residents at the USWS and this area qualifies for a decision of 
NFA for soil. 

5.11.7.6 Uncertainty Analysis 
The assumptions used in the HHRAs have inherent uncertainty. The general uncertainties associated 
with the HHRAs for the OU‐11 sites are provided in Section 4.3.1. This section provides additional site‐
specific uncertainties associated with the HHRA for the USWS that are not included in Section 4.3.1. 
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The analytical data sets used in the HHRA were developed from samples collected from past 
investigations in 1991 and more recent data collected in 2019. Samples were collected in the area 
suspected of having the greatest potential for contamination (e.g., the spill area) and the exposure unit 
is small (i.e., approximately 20 by 20 feet). Therefore, ELCRs and HIs calculated for residential exposures 
to surface soil at the USWS may be biased high, though the detected concentrations of chromium are 
consistent with IAAAP‐specific background (i.e., naturally occurring). 

Total chromium was identified as a COPC in surface and subsurface soil because the MDC for total 
chromium exceeded the residential soil RSL for hexavalent chromium. However, it is likely that most of 
the total chromium is in the less toxic trivalent form, particularly because all chromium concentrations 
were less than the BTV (and therefore are assumed to be naturally occurring). The trivalent form is 
generally more stable and more common in naturally occurring soils. All the soil chromium 
concentrations are less than the residential soil RSL for trivalent chromium. Using the hexavalent 
chromium RSL to evaluate total chromium in the COPC selection process is a conservative approach in 
the HHRA. 

The MDC was used as the EPC for all COPCs because the datasets were small and did not meet the UFP‐
QAPP requirements for calculating a UCL (i.e., a minimum of eight samples with four detections). The 
use of the MDC as the EPC likely overestimates the risks and hazards associated with potential 
exposures to soil because it is not likely that a receptor would be exposed to the MDC for the full 
assumed exposure duration; additionally, there is the potential that concentrations have decreased over 
time through fate and transport processes. 

Chemicals that were 100 percent nondetected in an exposure medium were not included in the COPC 
identification process; however, they were evaluated in a separate screening to determine if elevated 
nondetected results were present in site media. The detailed analysis of the nondetected chemicals at 
the USWS is provided in Appendix A‐8, Attachment 5. One (1) explosive, one (1) metal, two (2) PAHs, six 
(6) PCBs, eight (8) pesticides, seven (7) SVOCs, and seventeen (17) VOCs had RLs exceeding the 
residential soil RSLs. 

Note, although the thallium RLs exceeded the residential soil RSL, there is a high degree of uncertainty 
associated with the thallium toxicity value used to estimate the RSL. As stated in the PPRTV document 
for thallium (USEPA 2012a), 

It is inappropriate to derive a subchronic or chronic provisional RfD for thallium. However, 
information is available which, although insufficient to support derivation of a provisional toxicity 
value, under current guidelines, may be of limited use to risk assessors.… Users of screening toxicity 
values in an appendix to a PPRTV assessment should understand that there is considerably more 
uncertainty associated with the derivation of a supplemental screening toxicity value than for a value 
presented in the body of the assessment. 

Some of the chemicals with RLs exceeding the risk‐based screening level are from samples collected to 
support the SI in 1991. Uncertainty in the HHRA exists pertaining to chemicals with RLs greater than risk‐
based screening values. In such cases, concentrations that cause adverse effects may be present in 
environmental media but not detected using the existing analytical methods. This may be due to 
limitations in the laboratory analytical methods used. In instances where RLs are greater than risk‐based 
screening values, chemicals potentially could be present at concentrations equal to or greater than the 
screening value ELCR and HI targets (i.e., ELCR of 1E‐06 and HQ of 0.1), resulting in underestimation of 
site risks and hazards. The degree of underestimation is unknown. 

Potential cancer and/or noncancer risks for exposures to multiple chemicals could not be estimated 
because toxicity values have not been established. These chemicals include: benzo(g,h,i)perylene, 
Aroclor 1262, endosulfan I, endosulfan II, delta‐BHC, endrin aldehyde, endrin ketone, isodrin, 1,3‐
dichlorobenzene, 1,4‐oxathiane, 2,3,6‐trichlorophenol, 2,6‐dinitroaniline, 2‐nitrophenol, 3,5‐
dinitroaniline, 3‐nitroaniline, 4‐bromophenyl phenyl ether, 4‐chlorophenyl phenyl ether, 4‐nitrophenol, 
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carbazole, dibromochloropropane, dimethyl phthalate, dithiane, p‐chlorophenylmethyl sulfide, p‐
chlorophenylmethyl sulfone, p‐chlorophenylmethyl sulfoxide, 1,1‐dichloropropene, 1,3‐
dichlorobenzene, 1‐chlorohexane, 1‐methyl‐4‐(1‐methylethyl)benzene, 2,2‐dichloropropane, and 2‐
chloroethylvinyl ether. Lack of toxicity value for these chemicals may result in underestimation of actual 
total risk from exposure to soils at the USWS. 

5.11.7.7 Summary of the Human Health Risk Assessment 
An HHRA was prepared for the USWS to evaluate potential current and future risks and hazards from 
exposure to chemicals in surface and subsurface soil. The USWS was identified after detection of an 
unidentified substance, believed to be road surfacing oil, was discovered south of the railroad track bed. 
The spill was thought to have been from a leaking railroad tank car. The USWS is located in recreational 
zone 5A, which permits recreational activities such as mushroom picking, berry picking, and hunting 
turkey, small game, and deer. 

The following potential future human receptors were identified in the HHRA for the USWS: 

• Current and Future Hunter/Recreators. The USWS is currently zoned as Recreational Zone 5A at the 
IAAAP, which permits recreational activities such as mushroom picking, berry picking, and hunting 
turkey, small game, and deer. Direct contact with surface soil is likely to be a complete exposure 
pathway during current and future large/small game hunting and berry/mushroom gathering 
activities. 

• Future Site Workers. Currently site workers do not work routinely at the USWS. However, future 
site workers are evaluated at the USWS because of the predominantly Commercial/Industrial Land 
Use activities at the IAAAP. Direct contact with surface soil and combined surface and subsurface 
soil is likely to be a complete exposure pathway. 

• Future Construction/Utility Workers. The construction/utility worker was not evaluated under 
current land use because there are no construction activities occurring at the USWS. Future 
excavation/construction activities are possible for the USWS that could lead to direct contact 
exposures to combined surface and subsurface soil. 

• Future Hypothetical Residents. The current and expected future land uses at the IAAAP do not 
include residential land use. However, future hypothetical residential land use is being evaluated for 
informational purposes to represent an unrestricted land use scenario. Future hypothetical 
residents have direct contact exposure with surface soil and combined surface and subsurface soil. 

Two inorganics (arsenic and chromium) were identified as COPCs (site‐related COPCs or naturally 
occurring chemicals) in surface soil (0 to 0.5 feet bgs). In soil (0 to 6 feet bgs), arsenic, chromium, and 
four carcinogenic PAHs (i.e., benzo[a]anthracene, benzo[a]pyrene, benzo[b]fluoranthene, and 
naphthalene) were identified as COPCs. The residential soil RSL for hexavalent chromium was used in 
the COPC screening for total chromium because soil samples collected at the USWS were not analyzed 
for hexavalent chromium. 

The risk characterization for the USWS was completed using a four‐step process, as discussed in Section 
4.3.1. The total combined risks and hazards from site‐related COPCs and naturally occurring chemicals 
are summarized in Table 5.11‐5 for the Step 1 risk characterization. ELCRs and HIs calculated for 
hypothetical future residential exposures to COPCs in surface soil (0 to 0.5 feet bgs) and soil (0 to 6 feet 
bgs) at the USWS were within target limits. For soil (0 to 6 feet bgs), the HIs calculated for hypothetical 
future residential exposures to COPCs were within the target limit, but the total receptor ELCR (2 × 10‐4) 
exceeded the target limit of 1 × 10‐4, predominantly due to chromium being evaluated under the 
assumption that 100 percent of the total chromium is hexavalent. The identification of naturally 
occurring chemicals and presentation of the associated risks and hazards could not be performed in Step 
2 because of no available IAAAP‐specific soil BTVs; therefore all COPCs and naturally occurring chemicals 
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were evaluated in Step 3 as site‐related COPCs. During Step 3, total chromium was evaluated under the 
assumption that 3 percent of the total chromium EPC is composed of hexavalent chromium, which was 
determined as described in Section 5.11.7.3 and Figure 4‐1. Based on the quantitative risk and hazard 
evaluations of hypothetical future residential exposures to surface soil and soil (0 to 6 feet bgs) during 
the Step 3 risk characterization, the total receptor ELCRs are below the 1 × 10‐4 target limit; the total HIs 
for the resident adult are less than the target limit of 1; and the total HIs for the resident child are less 
than the target limit of 1. Therefore, none of the COPCs in surface soil (0 to 0.5 feet bgs) and soil (0 to 6 
feet bgs) were identified as COCs for the USWS, and the USWS qualifies for an NFA decision for these 
media. Because no COCs were identified for a hypothetical residential receptor and their exposures and 
potential health risks and hazards are considered protective of other receptors, soil risks and hazards 
were not estimated for future site workers, current and future hunter/recreators, or future 
construction/utility workers. Although no groundwater data were collected from the USWS, 
groundwater was deemed not of concern based on the CSM indicating no soil impacts. 

5.11.8 Ecological Risk Assessment 
The ERA at USWS is presented herein, beginning with Step 1 of the ERA process (to determine if there 
are complete exposure pathways). The USWS covers an area of approximately 20 feet by 20 feet. After 
the spill was discovered in 1985, the unidentified substance, believed to be road surfacing oil from a 
leaking railroad tank car, was covered with approximately 10 feet of fill sloping away from the railroad 
tracks (Tetra Tech 2006). There are no complete soil exposure pathways for ecological receptors at the 
USWS since the historical spill area is reported to have been covered with fill. There are no perennial 
surface water features within the USWS boundary and there are no complete exposure pathways for 
sediment or surface water. 

Though groundwater is present onsite, ecological receptors are not exposed directly to groundwater; 
however, groundwater is a transport medium and contaminated groundwater has potential to migrate 
to and discharge to surface water bodies. Per the final CWWP, based on the absence of significant soil 
contamination, groundwater is not considered a potential pathway and the groundwater‐to‐surface 
water exposure pathway is incomplete for ecological receptors. As a result of no complete exposure 
pathways for ecological receptors, the ERA process terminates with a conclusion of negligible 
(acceptable) adverse effects. 

5.11.9 Conclusions and Recommendations 
An RI was conducted at the USWS to define the nature and extent of contamination in soil and 
groundwater from historical activities and assess for potentially unacceptable risk to human health and 
the environment. Based on the results of the HHRA, no potentially unacceptable noncarcinogenic 
hazards or carcinogenic risks were identified from exposure to site‐related chemicals in soil and 
groundwater. Although no groundwater data were collected from the USWS, groundwater was deemed 
not of concern based on the CSM indicating no soil impacts. The ERA process terminated with a 
conclusion of negligible (acceptable) adverse effects. Therefore, NFA is warranted for the USWS. 

It is recommended that sites IAAP‐022/022G be transferred to a new OU (OU‐11) and NFA be presented 
as the preferred remedy in a Proposed Plan. 
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Table 5.11‐1. Previous Investigations and Remedial Actions—Unidentified Substance Waste Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

RCRA Facility Assessment (RFA) (E&E 
1987) 

1986  Five aliquots were collected from the spill area (Area 
W), which was approximately 20 feet in diameter. The 
aliquots were homogenized into a single waste sample 
(i.e., mucky organic soil and spilled substance), which 
was analyzed for VOCs, SVOCs, and PCBs.  

No significant levels of contaminants in the sample 
(E&E 1987) 

Site Investigation (JAYCOR and CDM 
Federal Programs Corporation 1992).  

1991  Two soil samples were collected to assess possible 
contamination immediately adjacent to the 
unidentified substance location (22SA0201) and in a 
ditch (22SD0101) downgradient of the suspected spill 
area (Figure 5.11‐2). The samples were analyzed for 
explosives, metals, VOCs, SVOCs, pesticides, and PCBs 
(JAYCOR 1996).  

The SI concluded that there did not appear to be 
significant or widespread contamination at this site. 
The metals concentrations were within the 
background concentration ranges compiled by the 
U.S. Geological Survey. Both samples contained low 
concentrations of SVOCs (pyrene, fluoranthene, and 
phenanthrene), which are constituents of asphalt and 
tar, but the concentrations were within typical 
background ranges that had been established for 
SVOCs in soils in agricultural areas (JAYCOR 1996). No 
soil staining occurred in the area. This site did not 
warrant inclusion in the RI (JAYCOR 1996). 

Comprehensive Watersheds Evaluation 
and Supplemental Data Collection Work 
Plan (Tetra Tech 2006) 

2006  No samples collected.  The CWWP concluded that no further investigation 
was required at the site because it was adequately 
characterized. Groundwater was not likely impacted 
because soil contamination was minimal. 
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Table 5.11‐2. Detected Constituents in Soil—Unidentified Waste Substance Site 
Iowa Army Ammunition Plant, Middletown, IA 

Location‐Sample ID: 
22SA0201‐
19910809    

22SD0101‐
19910809    

IAAP022HA001‐
SO    

Date Collected  8/9/1991     8/9/1991     4/23/2019    
Sample Depth (feet)  (0‐0.5  feet)     (0‐0.5  feet)     (4.5‐6  feet)    

CAS Number  Chemical  Analyte Group  Units  Project Action Limit             
7440‐38‐2  Arsenic  METALS  mg/kg  15.37  8.46     18.4     7.1    
7440‐39‐3  Barium  METALS  mg/kg  368.4  230     233     140  J 
7440‐41‐7  Beryllium  METALS  mg/kg  1.69  1.02     0.97     —    
7440‐43‐9  Cadmium  METALS  mg/kg  0.97  1.2  U  1.2  U  0.2    
7440‐47‐3  Chromium  METALS  mg/kg  35.23  31.2     27.5     14    
7440‐50‐8  Copper  METALS  mg/kg  2445  25.1     17.4     —    
7439‐92‐1  Lead  METALS  mg/kg  1210  40     36     17    
7439‐97‐6  Mercury  METALS  mg/kg  0.14  0.05  U  0.05  U  0.023  J 
7440‐02‐0  Nickel  METALS  mg/kg  78.99  21.6     26.1     —    
7782‐49‐2  Selenium  METALS  mg/kg  0.71  0.44  U  0.44  U  3.1    
7440‐66‐6  Zinc  METALS  mg/kg  1670  113     220     —    
91‐57‐6  2‐Methylnaphthalene   PAH  mg/kg  —  —     —     0.0015  J 
208‐96‐8  Acenaphthylene  PAH  mg/kg  682  0.03  U  0.03  U  0.002  J 
56‐55‐3  Benzo(a)anthracene  PAH  mg/kg  1.1  0.04  U  0.04  U  0.0021  J 
50‐32‐8  Benzo(a)pyrene  PAH  mg/kg  0.11  1.2  U  1.2  U  0.0019  J 
205‐99‐2  Benzo(b)fluoranthene  PAH  mg/kg  1.1  0.31  U  0.31  U  0.0039  J 
218‐01‐9  Chrysene  PAH  mg/kg  4.73  0.03  U  0.03  U  0.0034  J 
206‐44‐0  Fluoranthene  PAH  mg/kg  122  0.12     0.03  U  0.0041  J 
91‐20‐3  Naphthalene  PAH  mg/kg  0.0994  0.77  U  0.77  U  0.004  J 
85‐01‐8  Phenanthrene  PAH  mg/kg  45.7  0.03  U  0.24     0.0051  J 
129‐00‐0  Pyrene  PAH  mg/kg  78.5  0.24     11     0.0031  J 
117‐81‐7  Bis(2‐ethylhexyl)phthalate  SEMIVOLATILES  mg/kg  0.925  0.48  U  4.4     1.1  U 
67‐64‐1  Acetone  VOLATILES  mg/kg  2.5  3.3  U  3.3  U  19  J 
108‐88‐3  Toluene  VOLATILES  mg/kg  5.45  0.1  U  0.44     1.8  UJ 
Notes: 
J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample. 
U = The analyte was analyzed for but was not detected above the reported sample quantitation limit. 
B = The analyte was positively identified in both the sample and the associated laboratory method blank. 
Bold indicates the analyte was detected 
Shading indicates the result exceeded the Project Action Limit 
— = Not Analyzed 
Project Action Limits are based on the lowest value of USEPA RSL for residential soil (HQ = 1) May 2020 (USEPA 2020a); Background from BERA (MWH 2004); or USEPA Region 5 ecological 
soil screening benchmarks, March 2017 except for inorganics which use the Background from BERA (MWH 2004).
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Table 5.11‐3. Data Groupings and Sample Counts of the Data Sets to be Used in the HHRA—Unidentified Waste 
Substance Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Area of Concern  Description  Sample Count* 

USWS_ALL  Grouping for All USWS soil and dry sediment samples  3 

* Sample count includes duplicates if available. There were no field duplicates collected at the USWS. 
USWS ‐ Unidentified Substance Waste Site 
 

 

Table 5.11‐4. Samples to be Used in the HHRA—Unidentified Waste Substance Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Data Group ID 
for HHRA  Matrix  Station ID  Sample ID 

Date 
Collected 

Sample 
Type 

Upper 
Depth 
(Feet) 

Lower 
Depth 
(Feet) 

USWS_ALL  SS  22SA0201  22SA0201‐19910809  8/9/1991  N  0.0  0.5 

USWS_ALL  SB  IAAP022HA001  IAAP022HA001‐SO  4/23/2019  N  4.5  6.0 

USWS_ALL  SD  22SD0101  22SD0101‐19910809  8/9/1991  N  0.0  0.5 

Notes: 
USWS ‐ Unidentified Substance Waste Site 
USWS_ALL ‐ Grouping for All USWS surface soil and dry sediment samples. 
N ‐ normal sample 
SS ‐ surface soil; SB ‐ subsurface soil; SD ‐ sediment (dry sediment sample evaluated as surface soil).
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Table 5.11‐5. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally 
Occurring Chemicals—Hypothetical Resident at Unidentified Substance Waste Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium  Receptor 

ELCR/HI Tables 
(RME) in 

Appendix A‐12, 
Attachment 1  COPC/Chemical 

USWS 

EPC 
mg/kg  ELCR  HI 

Surface Soil 

Resident Adult  7.1 and 9.1 

Arsenic  18.4  NA  0.05 

Chromium *  31.2  NA  0.01 

Total HI:  NA  0.07 

Resident Child  7.2 and 9.1 

Arsenic  18.4  NA  0.5 

Chromium *  31.2  NA  0.1 

Total HI:  NA  0.7 

Resident 
Adult/Child 
Aggregate 

7.3 and 9.1 

Arsenic  18.4  3E‐05  NA 

Chromium *  31.2  1E‐04  NA 

Total ELCR:  1E‐04  NA 

Soil (0 to 6 feet 
bgs) 

Resident Adult  7.4 and 9.1 

Arsenic  18.4  NA  0.05 

Chromium *  31.2  NA  0.01 

Benzo(a)anthracene  2.1  NA  NA 

Benzo(a)pyrene  1.9  NA  0.01 

Benzo(b)fluoranthene  3.9  NA  NA 

Naphthalene  4.0  NA  0.03 

Total HI:  NA  0.1 

Resident Child  7.5 and 9.1 

Arsenic  18.4  NA  0.5 

Chromium *  31.2  NA  0.1 

Benzo(a)anthracene  2.1  NA  NA 

Benzo(a)pyrene  1.9  NA  0.1 

Benzo(b)fluoranthene  3.9  NA  NA 

Naphthalene  4.0  NA  0.03 

Total HI:  NA  0.8 
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Table 5.11‐5. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally 
Occurring Chemicals—Hypothetical Resident at Unidentified Substance Waste Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium  Receptor 

ELCR/HI Tables 
(RME) in 

Appendix A‐12, 
Attachment 1  COPC/Chemical 

USWS 

EPC 
mg/kg  ELCR  HI 

 
Resident 
Adult/Child 
Aggregate 

7.6 and 9.1 

Arsenic  18.4  3E‐05  NA 

Chromium *  31.2  1E‐04  NA 

Benzo(a)anthracene  2.1  2E‐06  NA 

Benzo(a)pyrene  1.9  2E‐05  NA 

Benzo(b)fluoranthene  3.9  3E‐06  NA 

Naphthalene  4.0  5E‐06  NA 

Total ELCR:  2E‐04  NA 

Notes: 
COPC = chemical of potential concern 
ELCR = excess lifetime cancer risk 
EPC = exposure point concentration 
HI = hazard index 
NA = not applicable 
RME = reasonable maximum exposure 
*Evaluated as hexavalent chromium; the hexavalent chromium EPC was calculated using the approach discussed in Section 
5.11.7.3 and presented on Figure 4‐1. 
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Table 5.11‐6. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs—Resident at 
Unidentified Substance Waste Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium  Receptor 

ELCR/HI Tables (RME) 
in Appendix A‐8, 
Attachment 1  COPC/Chemical 

USWS 

EPC 
mg/kg  ELCR  HI 

Surface Soil 

Resident Adult  7.7 and 9.2 

Arsenic  18.4  NA  0.05 

Chromium *  0.936  NA  0.0004 

Total HI:   NA  0.05 

Resident Child  7.8 and 9.2 

Arsenic  18.4  NA  0.5 

Chromium *  0.936  NA  0.004 

Total HI:   NA  0.5 

Resident 
Adult/Child 
Aggregate 

7.9 and 9.2 

Arsenic  18.4  3E‐05  NA 

Chromium *  0.936  3E‐06  NA 

Total HI:   3E‐05  NA 

Soil (0 to 6 feet 
bgs) 

Resident Adult  7.10 and 9.2 

Arsenic  18.4  NA  0.05 

Chromium *  0.936  NA  0.0004 

Benzo(a)anthracene  2.1  NA  NA 

Benzo(a)pyrene  1.9  NA  0.01 

Benzo(b)fluoranthene  3.9  NA  NA 

Naphthalene  4.0  NA  0.03 

Total HI:  NA  0.1 

Resident Child  7.11 and 9.2 

Arsenic  18.4  NA  0.5 

Chromium *  0.936  NA  0.004 

Benzo(a)anthracene  2.1  NA  NA 

Benzo(a)pyrene  1.9  NA  0.1 

Benzo(b)fluoranthene  3.9  NA  NA 

Naphthalene  4.0  NA  0.03 

Total HI:  NA  0.7 
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Table 5.11‐6. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs—Resident at 
Unidentified Substance Waste Site 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium  Receptor 

ELCR/HI Tables (RME) 
in Appendix A‐8, 
Attachment 1  COPC/Chemical 

USWS 

EPC 
mg/kg  ELCR  HI 

 
Resident 

Adult/Child 
Aggregate 

7.12 and 9.2 

Arsenic  18.4  3E‐05  NA 

Chromium *  0.936  3E‐06  NA 

Benzo(a)anthracene  2.1  2E‐06  NA 

Benzo(a)pyrene  1.9  2E‐05  NA 

Benzo(b)fluoranthene  3.9  3E‐06  NA 

Naphthalene  4.0  5E‐06  NA 

Total ELCR:  6E‐05  NA 

Notes: 
COPC = chemical of potential concern 
ELCR = excess lifetime cancer risk 
EPC = exposure point concentration 
HI = hazard index 
NA = not applicable 
RME = reasonable maximum exposure 
*Evaluated as hexavalent chromium; the hexavalent chromium EPC was calculated using the ratio approach discussed in 
Section 5.11.7.3 and presented on Figure 4‐1. The OU‐9 soil ratio of 0.03 was applied to calculate the soil EPC for hexavalent 
chromium. 
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5.12 Incendiary Disposal Area East Yard D Groundwater 
This subsection summarizes RI activities at the InDA (IAAP‐006‐R‐01) and the InDA East Yard D 
Groundwater (Site IAAP‐013G). This report documents the RI for groundwater at the InDA. Soil is 
addressed under the remedy for OU‐1 (Site IAAP‐013) (Leidos 2018). MEC and MC are addressed under 
the remedy for OU‐5 (IAAP‐006‐R‐01) (CB&I 2014). There are no perennial surface water features within 
the InDA site boundary. 

5.12.1 Background 
5.12.1.1 Site Description 
The InDA is an inactive area that originally occupied approximately 3.6 acres before subsequent 
investigations expanded the MRS area (IAAP‐006‐R‐01) to approximately 34 acres. The area is located 
within the Spring Creek watershed in the southeastern portion of the IAAAP (Figure 5.12‐1). The InDA is 
a densely wooded area adjacent to an intermittent tributary of Spring Creek (west of the former 
disposal area) and is bound by Plant K Road to the east. The area is located inside of the MA but is not 
part of the MA (Figure 5.8‐1). Only the remains of physical structures are present onsite, such as an old 
fence situated in the central portion of the site (Figure 5.12‐1). In 2011, new fencing was installed 
around the perimeter of the InDA as part of the dispute resolution and finalization of the OU‐5 RI 
(USEPA 2014c; Shaw 2013). 

5.12.1.2 Operational History 
The InDA was reportedly used by a contractor from 1940 to 1946 as a high‐explosives demolition area 
and/or for burial of unknown materials (USATHAMA 1980). There are no records indicating the types of 
munitions detonated at the InDA or definitive mention of its period of use. Historical drawings indicated 
that the East Yard D portion of the InDA was small (approximately 40 feet by 60 feet), encompassing 
three depressions reported to be burial pits for incendiary materials (JAYCOR 1996) and surrounded by a 
barbed wire fence (Figure 5.12‐1). This is supported by a subsequent document referencing two Army 
employees who describe an area that was fenced with signs, east of Yard D, with World War II material 
buried in it (Mason‐Hanger 1989). However, through various investigations (Table 5.12‐1), the extent of 
MEC items was found to be larger. As a result, the InDA MRS boundary was expanded to its current 
extent (Figure 5.12‐1). 

5.12.2 Previous Investigations and Remedial Actions 
Numerous investigations have been conducted at IAAAP since the 1980s. Table 5.12‐1 summarizes the 
previous investigations and remedial actions conducted at the InDA, including conclusions and 
recommendations. Previous groundwater sample locations are shown on Figure 5.12‐2. Based on the 
results of previous investigations, soil removals have been conducted and LUCs have been implemented; 
excavation areas and fencing are shown on Figure 5.12‐1. Although soil and MEC contamination has 
been addressed under OU‐5, previous investigations of these media is provided to support the CSM. 

This report documents the RI for groundwater at the InDA. Previous investigations pertinent to the RI for 
groundwater are listed below; additional details are included in Table 5.12‐1. 

Investigation Conclusion 

Facility‐wide Preliminary Assessment 
(JAYCOR 1994) 

Records were not available for the site, and very little information was known. 
Soil sampling was recommended to assess if the site was contaminated by 
incendiary material.  
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Investigation Conclusion 

Facility‐wide Site Inspection (JAYCOR 
1992) 

No groundwater samples were collected during the SI. The SI concluded that the 
InDA did not contain contamination requiring additional soil and groundwater 
investigation under the RI. 

OU‐4 and OU‐7 Supplemental Remedial 
Investigations (Tetra Tech 2011) 

Two attempts to collect a groundwater sample downgradient of the InDA were 
made using a DPT screen point sampler. Groundwater was only encountered in 
one boring and only one sample could be collected. Due to a lack of site‐related 
exceedances in groundwater, the InDA was eliminated from further consideration 
in the OU‐7 RI. 

Historical Records Review, MMRP (URS 
2007b) 

Four additional MRSs were identified for inclusion in the Active Army MMRP, 
including the InDA. Historical documents indicate the InDA was 10 acres; 
however, the area was increased to 12 acres to incorporate the detonation 
craters observed in 2005. 

OU‐5 RI, MMRP (URS 2011) Visual survey, surface clearance, geophysical survey, and soil sampling were 
conducted. Groundwater sampling was not warranted based on the soil analytical 
results. No MCs were detected above human health screening levels in surface 
and subsurface soil. The RI recommended NFA for MC in soil and groundwater. 

USEPA Letter (USEPA 2012b) In a letter dated May 25, 2012, USEPA indicated that groundwater was not 
adequately characterized at the site. A more robust evaluation of lead associated 
with InDA operations was warranted. 

OU‐5 ROD, MMRP (CB&I 2014) The selected remedy included LUCs for the InDA. No action was necessary to 
address MC at the InDA because fencing was already installed in May 2012 as an 
interim action. 

 

5.12.3 2018–2020 Remedial Investigation Activities 
Additional field work was conducted at the InDA to resolve data gaps needed to complete the RI for 
groundwater. As documented in the final UFP‐QAPP (CH2M 2018b), lead in groundwater was not 
adequately characterized at the InDA (Figure 5.12‐2). To address this data gap, new groundwater 
monitoring wells were proposed for installation. Fieldwork completed at the InDA was conducted in 
accordance with the UFP‐QAPP (CH2M 2018b), except for the deviations discussed below. 

All activities at the InDA were completed with a UXO technician onsite, for UXO avoidance measures. On 
March 12, 2020, proposed drilling locations InDA‐MW‐001 through InDA‐MW‐003 were marked in the 
field. A temporary crossing across Spring Creek was constructed April 7, 2020 by AO to allow for work at 
the InDA, in lieu of repairs to Bridge H‐18. Vegetation clearance to each drilling location was completed 
between April 14 and May 4, 2020. During clearance activities, monitoring well locations were adjusted 
due to access issues, including dense vegetation, steep slopes, and possible historic denotation craters. 

The UFP‐QAPP proposed three overburden monitoring wells near detonation craters, downgradient of 
the detonation craters, and between the InDA tributary and historical exceedances of lead in soil to 
characterize lead in groundwater. Wells were to be installed to no more than 25 feet bgs. This relatively 
shallow depth was based on the fact that the geology at the site is clay and lead is not anticipated to have 
migrated far into the subsurface; this is indicated by the fact that elevated lead concentrations were only 
observed in soil up to a depth of 2 feet bgs. If groundwater was not encountered during drilling, the hole 
was to be abandoned. 

On May 6, 2020, all three proposed well locations (InDA‐MW‐001 through InDA‐MW‐003) were hand 
augered to 5 feet bgs for subsurface utility clearance and anomaly avoidance. Over May 8–10, 2020, 
drilling activities were completed at the InDA. All locations were drilled with an HSA Geoprobe 8040 DT 
drill rig with 6‐inch outer‐diameter augers in accordance with Section 3.2.3. Boring logs are provided in 
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Appendix C. InDA‐MW‐001 and InDA‐MW‐002 were drilled to 27 feet bgs. No groundwater was 
encountered during drilling activities in these two boreholes; therefore, soil borings were left open 
overnight. Because no groundwater infiltrated the boreholes, they were subsequently abandoned, on 
May 11, 2020, and no permanent monitoring wells were installed, per the decision logic in the final UFP‐
QAPP Packet 2 (CH2M 2018b). 

The location for InDA‐MW‐003 was relocated approximately 105 feet northeast due to dense vegetation 
and steep topography. The adjusted location still meets the objectives of the RI, as the monitoring well is 
downgradient of the detonation craters. Because InDA‐MW‐003 was moved to higher topographic area 
(see Section 5.12.3), this well was drilled deeper than the proposed depth in the QAPP (approximately 
25 feet bgs), to a depth of 49 feet bgs, to account for the difference in ground elevation. Groundwater 
was observed in the borehole during the drilling activities and a permanent monitoring well was 
constructed at InDA‐MW‐003, screened across the perceived water table from 38.5 to 48.5 feet bgs. 
Well construction details are provided in Table 5.12‐2. The monitoring well was completed with a 2‐
inch‐nominal‐diameter Schedule 40 PVC screen and riser and 0.5‐foot Schedule 40 PVC end cap. The 
monitoring well was screened with a machine‐slotted, 0.010‐inch, 10‐foot screen. The monitoring well 
was constructed with a certified‐clean silica sand filter pack from the base of the borehole to 2 feet 
above the top of the screen. A bentonite layer was placed above the filter pack sand and hydrated. The 
well was grouted to the surface and a steel stick‐up well protector was installed and surrounded by 
three bollards. Well completion diagrams are included in Appendix C. 

On May 11, 2020, monitoring well InDA‐MW‐003 was developed in accordance with Section 3.2.4. InDA‐
MW‐003 was pumped dry after more than three casing volumes were purged and was considered 
developed due to the slow recharge. Well development logs are provided in Appendix C. 

Monitoring well InDA‐MW‐003 was sampled via low‐flow purging and sampling techniques on May 12, 
2020. Samples were collected for total and dissolved metals by Method SW6020A/SW7471A. Purge logs 
are included in Appendix C. Data were managed and validated as discussed in Section 3.3. Laboratory 
reports are provided in Appendix B. 

All IDW generated during activities (soil and purge water) was disposed of in accordance with 
management activities discussed in Section 3.2.9. Waste management documentation is provided in 
Appendix D. 

Monitoring well InDA‐MW‐003 was surveyed on June 3 and 4, 2020, in accordance with Section 3.2.7. 
Survey information is included in Appendix E. 

5.12.4 Environmental Setting 
The topography of the InDA slopes moderately to the west toward the adjacent tributary, although 
some areas in the central and western portions have steeper slopes. The slope facing the adjacent 
tributary contains prevalent craters (Figure 5.12‐1) and undulating terrain presumed to be a result of 
former operations at the site (MKM 2005a). Surface drainage occurs generally as sheet flow or in 
channels to the adjacent tributary, which ultimately flows to Spring Creek approximately 900 feet 
downstream of the site. 

The subsurface geology at InDA is characterized by lean clay, with no indication of more‐permeable or 
saturated layers. Underlying the unconsolidated unit is bedrock, which was not encountered at a 
maximum boring depth of 60 feet bgs on a bluff approximately 30 feet above the adjacent tributary of 
Spring Creek (JAYCOR 1996). Bedrock was also not encountered to 100 feet bgs in shallow well G‐26, 
located approximately 1,500 feet northeast of the InDA. The geology is considered to be consistent with 
the facility‐wide description provided in Section 2.5. 

Groundwater was encountered at only one boring location during the 2020 RI field activities. At InDA‐
MW‐003, groundwater was observed at approximately 41 feet bgs. Historically, groundwater was 



INCENDIARY DISPOSAL AREA EAST YARD D GROUNDWATER 

5‐108 

encountered at approximately 4 feet bgs in the tributary’s floodplain, but it was not encountered at the 
60‐foot boring approximately 30 feet from the tributary (JAYCOR 1996). Based on the spring 2006 
facility‐wide potentiometric surface, overburden groundwater is anticipated to generally follow the 
topography and flow to the west/southwest. However, since there is only one well at this site, a 
potentiometric surface map is not available. 

5.12.5 Nature and Extent of Contamination 
This subsection describes the nature and extent of groundwater contamination at the InDA. Soil has 
been addressed under OU‐1 and OU‐5. MEC and MD have also been addressed under OU‐5. There are 
no perennial surface water features associated with this site. 

Potential sources of contamination at the InDA include historical demolition of explosives and burial of 
incendiary materials, which may have included magnesium. The InDA has not been active since World 
War II, and no new releases from site operations are occurring. As part of the Risk Assessment under 
OU‐1, lead was the only COC for soil identified at the InDA (Tetra Tech 2009a). There were no COCs for 
soil under OU‐5, however, lead and mercury were identified as COPECs (URS 2011a). As part of the OU‐7 
SRI, aluminum, arsenic, barium, beryllium, cadmium, chromium, cobalt, iron, lead, manganese, mercury, 
nickel, and vanadium were identified as COPCs for groundwater (Tetra Tech 2011b). There is no 
continuing source of soil contamination to groundwater (Table 5.12‐1). 

Two groundwater samples have been collected at the InDA. Based on the historical site use and COCs 
identified in soil, chemicals of interest in groundwater at the InDA are metals. In spring 2006, a 
groundwater sample was collected and analyzed for explosives, total and dissolved metals, and 
perchlorate. In 2020, a groundwater sample was collected from the newly installed well and sampled for 
metals. Table 5.12‐3 presents the concentrations of chemicals detected in groundwater samples in 2006 
and 2020. A summary of all the analytical results from the 2020 sampling event are provided in the 
Appendix G. 

5.12.5.1 Metals 
In 2006, thirteen total metals were detected in one groundwater sample at the InDA above their PALs 
and BTVs (Table 5.12‐3). These metals were not detected in the dissolved samples collected from the 
same DPT boring (InDA‐TTTW‐001). Groundwater samples collected from DPT borings can be highly 
turbid because, unlike in a monitoring well, there is no filter pack to screen out fine‐grained soil, and the 
boring is not developed to remove fine‐grained soil. Although no quantitative turbidity measurements 
were recorded, groundwater at InDA‐TTTW‐001 was noted to be turbid, whereas turbidity of the newly 
installed well (InDA‐MW‐003) was 59.3 NTU at the time of sampling (Table 5.12‐4). The differential 
between the total and dissolved metals concentrations at the InDA‐TTTW‐001 boring further indicates 
that the total metals concentrations were elevated due to turbidity. Dissolved concentrations of arsenic, 
chromium, and lead were below detection limits (Appendix H) whereas dissolved concentrations of 
aluminum, iron, and manganese were at least three orders of magnitude lower than their respective 
total concentrations (Table 5.12‐3). Therefore, these total metals concentrations in the 2006 sample are 
not considered to be representative of groundwater at the InDA. 

In 2020, there were no metals concentrations in groundwater that exceeded PALs or BTVs in the 
recently installed InDA‐MW‐003. Metals below BTVs are considered to be consistent with background 
and likely naturally occurring. Of the dissolved metal concentrations, none of the metals identified as 
COCs in soil were detected. 

5.12.6 Fate and Transport 
Lead was the only site‐related COC identified in soil. Lead concentrations exceeded the OU‐1 RG in 10 
soil samples at depths ranging from 0 to 2 feet bgs, with concentrations above the OU‐1 RG ranging 
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from 1,050 to 3,740 mg/kg (Tetra Tech 2007). The lead exceedances occurred in two areas, one in the 
northern portion of the site and one west of the fence/northwest of the 1945 area boundary (Figure 
5.12‐1). The lead contamination was addressed in a remedial action where lead‐contaminated soil was 
removed to 4 feet bgs. 

Although total metals were historically detected above their PALs, they are not considered to be 
representative of groundwater due to elevated turbidity. As described in Section 4.2, metals are not 
volatile under normal temperature and pressure conditions; however, their sorption potential is a 
complex function of pH, organic content, oxide coatings, and other factors; therefore, Kd is not easily 
estimated by methods other than site‐specific testing (USEPA 1996). Generally, metals adsorption 
increases with pH and they most often sorb to clay minerals, organic matter, and iron and manganese 
oxyhydroxides. The shallow concentrations of metal contamination in soil (less than 2 feet bgs) and 
depth to groundwater in the source area (greater than 40 feet bgs) indicated that the lead would not 
have migrated to groundwater. These characteristics are consistent with its limited detection in the 
recent 2020 groundwater data at the InDA. 

5.12.7 Human Health Risk Assessment 
An HHRA was prepared for the InDA to evaluate potential current and future health risks and hazards 
from exposure to chemicals in site groundwater. Soil media is not included in the HHRA, as it not a 
component of this RI; the soil RI was conducted under OU‐1 and MEC and MC are addressed under the 
remedy for OU‐5. Surface water and sediment media are not included in the HHRA as perennial surface 
water features are not present at the InDA. The HHRA was conducted in accordance with the final UFP‐
QAPP (CH2M 2017a), except for some deviations that were agreed to during meetings or 
correspondence with USACE and USEPA following approval of the final UFP‐QAPP. The approach and 
method used to conduct the HHRA are provided in Section 4.3.1. This section presents the CEM for the 
InDA and provides the results of the four‐step evaluation process: 

• Data evaluation 
• Exposure assessment 
• Toxicity assessment 
• Risk characterization 

The results of the HHRA are used to determine if further action is warranted for groundwater at the 
InDA. 

5.12.7.1 Conceptual Exposure Model 
A description of the InDA site, its operational history, previous investigations, and remedial actions is 
provided in Sections 5.12.1 and 5.12.2. The soil at the InDA is addressed under the remedy for OU‐1 
(Site IAAP‐013) (Leidos 2018), and MEC and MC are addressed under the remedy for OU‐5 (Site IAAP‐
006‐R‐01) (CB&I 2014). As part of the RI under OU‐1, lead was the only COC for soil identified at the 
InDA (Tetra Tech 2009a). There were no COCs for soil under OU‐5 (URS 2011b). There is no continuing 
source of soil contamination to groundwater at the InDA (Table 5.12‐1). Therefore, soil at the InDA was 
not reevaluated in this HHRA. Additionally, there are no culverts located at the InDA; therefore, 
potential exposures to construction/utility workers are incomplete at the InDA. 

The InDA is an inactive site and only the remains of structures are present onsite, such as an old fence 
situated in the central portion of the site. The land around the InDA is open to recreational activities and 
hunting; however, the InDA boundary is completely fenced in and would prohibit any recreational 
activities from occurring within this area boundary (Figure 5.12‐1). Therefore, as indicated above, soil is 
not evaluated in this HHRA, and there are no perennial surface water features at the site. There are no 
potential receptors or potentially complete exposure pathways identified under current site conditions 
for groundwater. It is assumed that the site could become active or redeveloped in the future. 
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Groundwater is not currently being used as a potable water source, and there are no plans to use 
groundwater for potable purposes in the future; however, based on applicable CERCLA policy and 
guidance, groundwater at the InDA is classified as Class IIB, a potential source of drinking water (USEPA 
1989). Therefore, the HHRA for the InDA evaluates potential exposures to groundwater due to its 
potential future use as a drinking water source. This entails the evaluation of future residential 
exposures to groundwater. 

The following potential future human receptors were identified in the HHRA for the InDA: 

• Future Site Workers. Future site workers could contact groundwater based on potential future use 
as a drinking water source at the InDA. Potential exposures to VOCs in indoor air because of vapor 
intrusion from groundwater are incomplete since VOCs were not detected in groundwater. 

• Future Hypothetical Residents. Future hypothetical residents could contact groundwater based on 
potential future use as a drinking water source at the InDA. Potential exposures to VOCs in indoor 
air because of volatilization from domestic use of groundwater or vapor intrusion from groundwater 
are incomplete since VOCs were not detected in groundwater. 

As discussed in Section 4.3.1, potential exposures and risks and hazards to future site workers are 
estimated in the HHRA only if the estimated risks and hazards for a hypothetical residential scenario 
exceed acceptable risk levels and COCs are identified for a residential scenario. The human health CEM 
presenting potential exposure media, exposure points, receptors (current and future), and exposure 
routes is provided in Appendix A‐9, Attachment 1 (Table 1), and depicted graphically on Figure 5.12‐3. 

5.12.7.2 Data Evaluation 
Data Used in the HHRA 

The analytical data used in the HHRA consists of one groundwater sample collected during the field 
event in May 2020 and one historical groundwater sample collected in April 2006. The groundwater 
sample from May 2020 was collected to address data gaps needed to complete the RI for groundwater. 
Historical groundwater samples were analyzed for explosives, SVOCs, and total and dissolved metals; 
there were no detections of explosives or SVOCs (Attachment 2 in Appendix A‐9). It was concluded that 
only metals were preliminary COPCs based on exceedances of SLs (Tetra Tech 2011). One monitoring 
well was sampled in 2020 and analyzed for total and dissolved metals. Total and dissolved metals from 
the 2006 sample were not used in the HHRA because the data from 2020 are more likely to represent 
site conditions. 

A description of the groundwater data grouping and the samples included in the HHRA is provided in 
Tables 5.12‐5 and 5.12‐6, respectively. The analytical dataset used in the HHRA is included in Excel 
format as Attachment 2 in Appendix A‐9. The groundwater sampling locations included in the HHRA are 
depicted on Figure 5.12‐4. 

Screening Results for Site-related Chemicals of Potential Concern and Naturally Occurring Chemicals 

The approach and SLs used to select the COPCs (site‐related COPCs or naturally occurring chemicals) are 
described in Section 4.3.1. The results of the COPC screening process for a future hypothetical resident 
potentially exposed to groundwater are presented in Appendix A‐9, Attachment 1 (Table 2.1). The tap 
water RSL for hexavalent chromium was used in the COPC screening process for total chromium because 
the groundwater samples collected at the InDA were not analyzed for hexavalent chromium. As 
summarized in the table below, six inorganics were identified as COPCs (site‐related COPCs or naturally 
occurring chemicals) in groundwater for a potable use scenario. The COPCs (site‐related COPCs or 
naturally occurring chemicals) are addressed further in the HHRA, and potential exposures and risks and 
hazards were estimated for each COPC (site‐related COPC or naturally occurring chemical). 
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Summary of Site‐related COPCs and 
Naturally Occurring Chemicals for the InDA 

Groundwater (Potable Use) 

Aluminum 

Barium 

Chromium 

Cobalt 

Iron 

Manganese 

 

5.12.7.3 Exposure Assessment 
The InDA is currently inactive, and only the remains of structures are present onsite. Fencing around the 
InDA prevents recreational activities and hunting at the site; thus, potential exposures to 
hunters/recreators are not evaluated in this HHRA because soil exposures are not being reevaluated the 
InDA, and there are no perennial surface water features at the InDA. There are no potentially complete 
exposure pathways identified under current site conditions. As previously discussed, groundwater is not 
currently being used as a potable water source; however, the HHRA for the InDA evaluated potential 
exposures to groundwater due to its potential future use as a drinking water source. This entails 
evaluation of future residential exposures to groundwater. Therefore, ingestion and dermal contact 
exposures to COPCs in groundwater were estimated for future hypothetical residents; inhalation 
exposures to site groundwater are incomplete because no volatile constituents were detected in 
groundwater at the InDA. The potential exposure pathways quantified in the HHRA are indicated in 
Appendix A‐9, Attachment 1 (Table 1) and on Figure 5.12‐3. 

In accordance with Determining Groundwater Exposure Point Concentrations, Supplemental Guidance 
(USEPA 2014a), groundwater EPCs are typically calculated based on the data collected in the core of an 
apparent plume. However, based on available site data, no apparent plumes are present. The MDC was 
selected as the EPC for all COPCs because fewer than eight samples and four detected concentrations 
were available in the groundwater dataset and a reliable UCL could not be estimated due to the limited 
detected concentrations. The groundwater EPCs used to estimate the chemical intakes for a potable use 
scenario are provided in Appendix A‐9, Attachment 1 (Table 3.1). 

The exposure factors used in the intake calculations for a future hypothetical residential scenario are 
included in Appendix A‐9, Attachment 1 (Table 4.1). The primary references for the exposure factor 
values are the standard default exposure factors presented in the HHEM Update of Standard Default 
Exposure Factors (USEPA 2014a). 

5.12.7.4 Toxicity Assessment 
The oral toxicity values (CSFs and RfDs) used in the HHRA were obtained from the USEPA standard 
hierarchy of toxicity value sources (USEPA 2003b), as provided in Section 4.3.1. Noncancer toxicity 
values for the COPCs identified at the InDA are provided in Appendix A‐9, Attachment 1 (Table 5.1). 
Cancer toxicity values for the COPCs are provided in Appendix A‐9, Attachment 1 (Table 6.1). 

5.12.7.5 Risk Characterization 
The risk characterization for the InDA was completed using a four‐step process, as discussed in Section 
4.3.1. The results of each step are discussed below. 
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Step 1: Total Combined Risks and Hazards from Site-related COPCs and Naturally Occurring Chemicals 

Step 1 consists of calculating receptor‐specific ELCRs and HIs that included contributions from site‐
related COPCs and naturally occurring chemicals. The estimated risks and hazards are summarized in 
Table 5.12‐7. 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consists of calculation of receptor‐specific ELCRs and HIs for naturally occurring chemicals. Four 
COPCs (aluminum, chromium, iron, and manganese) were identified as naturally occurring chemicals in 
site groundwater at the InDA, as discussed in Section 5.12.4. The MDC of these chemicals in 
groundwater were less than their respective BTV. The estimated risks and hazards for the naturally 
occurring chemicals in groundwater for a future hypothetical residential scenario are provided in Table 
5.12‐8. The naturally occurring chemicals are not used to identify the final COCs for the InDA and are not 
discussed further in the HHRA after this step. 

Step 3: Risk Characterization of Site-related COPCs 

Step 3 consists of calculating receptor‐specific ELCRs and HIs associated with site‐related COPCs. Two 
site‐related COPCs (barium and cobalt) were identified for groundwater at the InDA. Although there is 
no record of cobalt being used at the InDA, cobalt can be a component of the metal alloy used for 
munitions production. A BTV could not be estimated for cobalt because it was not detected in the 
groundwater background data set, which ranged from 0.6 U to 25 U µg/L (CH2M 2020). Barium and 
cobalt were not identified as COCs in soil based on the investigations and remedial actions associated 
with OU‐5 (URS 2011b). The estimated risks and hazards for barium and cobalt in groundwater for a 
future hypothetical residential scenario are provided in Table 5.12‐9. ELCRs could not be estimated for 
barium or cobalt because oral and dermal CSFs have not been established for barium or cobalt, based on 
the hierarchy of toxicity sources used in the HHRA (USEPA 2003b). 

Step 4: Final COC Determination 

The HIs estimated for barium and cobalt based on a future hypothetical residential scenario (adult and 
child) were less than the USEPA’s acceptable HI of 1. Potential risks and hazards were also estimated for 
barium and cobalt using the filtered groundwater results, as provided in Appendix A‐9, Attachment 3. 
Cobalt was not detected in the filtered groundwater samples. The estimated HIs for barium (dissolved) 
for a future hypothetical resident were 0.1 (adult) and 0.2 (child), which are also less than the USEPA’s 
acceptable HI of 1. Therefore, cobalt and barium were not identified as COCs for groundwater at the 
InDA based on a potable use scenario for a future hypothetical resident, and the InDA qualifies for an 
NFA decision for groundwater. 

5.12.7.6 Uncertainty Analysis 
The assumptions used in the HHRAs have inherent uncertainty. The general uncertainties associated 
with the HHRAs for the sites in this RI report are provided in Section 4.3.1. This section provides 
additional site‐specific uncertainties associated with the HHRA for the InDA that are not included in 
Section 4.3.1. 

Total chromium was identified as a COPC in groundwater because the MDC for total chromium 
exceeded the tap water RSL for hexavalent chromium. It is likely that some or all the total chromium 
concentrations are in the trivalent chromium form. All the groundwater chromium concentrations are 
less than the tap water RSL for trivalent chromium and the MCL and BTV for total chromium. Using the 
hexavalent chromium RSL to evaluate total chromium in the COPC selection process was a conservative 
approach in the HHRA. Total chromium was concluded to be naturally occurring in groundwater at the 
InDA. 
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Chemicals that were 100 percent nondetect in groundwater were not included in the COPC 
identification process; however, they were evaluated in a separate screening to determine if elevated 
nondetected results were present in site groundwater. The detailed analysis of the nondetected 
chemicals at the InDA is provided in Appendix A‐9, Attachment 4. In summary, two explosives (2,6‐
dinitrotoluene and nitrobenzene) had DLs exceeding SLs, and two metals (arsenic and thallium) had DLs 
and RLs exceeding the SLs. 

Although the thallium RL and DL exceeded the tap water RSL, there is a high degree of uncertainty 
associated with the thallium screening RfD used to estimate the tap water RSL. As stated in the PPRTV 
document for thallium (USEPA 2012a), 

It is inappropriate to derive a subchronic or chronic provisional RfD for thallium. However, 
information is available which, although insufficient to support derivation of a provisional toxicity 
value, under current guidelines, may be of limited use to risk assessors.… Users of screening toxicity 
values in an appendix to a PPRTV assessment should understand that there is considerably more 
uncertainty associated with the derivation of a supplemental screening toxicity value than for a value 
presented in the body of the assessment. 

The thallium DLs are consistent with the laboratory technologies that were used at the time of the 
analysis. The groundwater samples used in the HHRA were collected and analyzed prior to the release of 
the current tap water RSL for thallium (USEPA 2021a), which is based on the conservative PPRTV 
screening RfD. 

Although there is significantly less uncertainty in the toxicity associated with arsenic when compared to 
thallium toxicity, the maximum arsenic RL is equal to the arsenic MCL of 10 µg/L and the maximum DL of 
8 µg/L is less than the arsenic MCL. As a result, even if the RL or DL were to be used for risk estimation, 
arsenic would not be identified as a COC. As described in the conclusions of Appendix A‐9, Attachment 
4, further evaluation of the nondetected chemicals at the InDA does not appear warranted based on the 
age of the data, laboratory limitations, comparison to historically detected chemicals in groundwater at 
IAAAP, and comparison to MCLs. 

Potential ELCRs could not be estimated for three naturally occurring chemicals (aluminum, iron, and 
manganese) and two site‐related COPCs (barium and cobalt) identified in groundwater because oral and 
dermal CSFs have not been established for these chemicals. Therefore, if these chemicals are potential 
carcinogens, it is possible that carcinogenic risks could be underestimated in the HHRA. 

5.12.7.7 Summary of HHRA 
An HHRA was prepared for the InDA to evaluate potential current and future health risks from exposure 
to chemicals in site groundwater. The InDA is an inactive site and only the remains of structures are 
present onsite, such as an old fence situated in the central portion of the site. There are no perennial 
surface water features at the site. There are no potential receptors or potentially complete exposure 
pathways identified under current site conditions for groundwater. 

The following potential future human receptors were identified in the HHRA for the PDS: 

• Future Site Workers. Future site workers could contact groundwater based on potential future use 
as a drinking water source at the InDA. Potential exposures to VOCs in indoor air because of vapor 
intrusion from groundwater are incomplete since VOCs were not detected in groundwater. 

• Future Hypothetical Residents. Future hypothetical residents could contact groundwater based on 
potential future use as a drinking water source at the InDA. Potential exposures to VOCs in indoor 
air because of vapor intrusion from groundwater are incomplete since VOCs were not detected in 
groundwater. 
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Potential exposures and risks and hazards to future site workers were estimated in the HHRA only if the 
estimated risks and hazards for a hypothetical residential scenario exceed acceptable risk and hazard 
levels and COCs were identified for a residential scenario. 

Six inorganics (aluminum, barium, chromium, cobalt, iron, and manganese) were identified as a COPC 
(site‐related COPC or naturally occurring chemical) in groundwater for a potable use scenario. The tap 
water RSL for hexavalent chromium was used in the COPC screening for total chromium because the 
groundwater samples collected at the PDS were not analyzed for hexavalent chromium. 

The risk characterization for the InDA was completed using a four‐step process, as discussed in Section 
4.3.1. The total combined risks and hazards from site‐related COPCs and naturally occurring chemicals 
are summarized in Table 5.12‐7; and risks and hazards from naturally occurring chemicals are 
summarized in Table 5.12‐8. Four COPCs (aluminum, chromium, iron, and manganese) were identified as 
naturally occurring chemicals in site groundwater at the InDA. Risks and hazards from site‐related COPCs 
are summarized in Table 5.12‐9; two site‐related COPCs (barium and cobalt) were identified for 
groundwater. 

No unacceptable risks or hazards were identified for a hypothetical residential receptor; therefore, no 
COCs were identified for the InDA, based on a potable use scenario for a future hypothetical resident, 
and the InDA qualifies for an NFA decision for groundwater. 

5.12.8 Ecological Risk Assessment 
The ERA for groundwater at the InDA, is presented herein, beginning with Step 1 of the ERA process (to 
determine if there are complete exposure pathways). Soil at the InDA is already addressed under the 
remedy for OU‐1 and OU‐5. There are no perennial surface water features within the InDA boundary, so 
as a result there are no complete exposure pathways for sediment or surface water. 

Though groundwater is present onsite, ecological receptors are not exposed directly to groundwater; 
however, groundwater is a transport medium and contaminated groundwater has potential to migrate 
to and discharge to surface water bodies. Given the lack of perennial surface water bodies on InDA, the 
groundwater‐to‐surface water exposure pathway is incomplete. Because of no complete exposure 
pathways for ecological receptors, the ERA process terminates with a conclusion of negligible 
(acceptable) adverse effects. 

5.12.9 Conclusions and Recommendations 
An RI was conducted for the InDA to refine the nature and extent of contamination in groundwater from 
historical activities and assess for potentially unacceptable risk to human health and the environment. 
Based on the results of the HHRA, no potentially unacceptable noncarcinogenic hazards or carcinogenic 
risks were identified from exposure to site‐related chemicals in groundwater. Therefore, NFA is 
warranted for groundwater at the InDA. 

It is recommended that Site IAAP‐013G be transferred to a new OU (OU‐11) and NFA be presented as 
the preferred remedy in a Proposed Plan. Site IAAP‐006‐R‐01 will continue to be managed under OU‐5; 
the OU‐5 remedy does not need to be revised to address groundwater. Site IAAP‐013 will continue to be 
managed under OU‐1. 
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Table 5.12‐1. Previous Investigations and Remedial Actions – Incendiary Disposal Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Previous 
Investigations/Actions 

Date of 
Activity  Description  Conclusions/Recommendations 

Installation Assessment of IAAAP 
(USATHAMA 1980) 

1980  A records search was conducted to assess the use, storage, 
treatment, and disposal of toxic and hazardous materials at 
IAAAP regarding environmental quality.  

The InDA was identified as a fenced in contractor‐used 
site for the demolition of explosives and burial of 
unknown material from 1940 to 1946.  

Facility‐wide Preliminary 
Assessment (JAYCOR 1994)  

1991    Preliminary assessments were completed for the 43 IAAAP 
sites. 

Records were not available for the site and very little 
information was known. Soil sampling was 
recommended to assess if the site was contaminated 
by incendiary material. 

Facility‐wide Site Inspection 
(JAYCOR 1992) 

1991  A preliminary assessment/site inspection (PA/SI) was 
performed at the InDA. Two three‐point composite surface soil 
samples were collected for analysis of explosives and metals, 
one using aliquots from three rectangular pits (that may have 
been possible burial pits) and one using aliquots from three of 
the many crater‐like depressions at the site. Magnesium fuses 
may have been buried at this location. 

The SI concluded that the InDA did not contain 
contamination requiring additional soil and 
groundwater investigation under the RI. 

Baseline Ecological Risk 
Assessment (MWH 2004) 

2000  One surface water sample (SCT01‐H) was collected in spring 
from the adjacent tributary, near the northwest corner of the 
site, and in the fall, one co‐located sediment/surface water 
sample was collected from the same location. Samples were 
analyzed for SVOCs, explosives, metals, PAHs, PCBs, pesticides 
(sediment only), and herbicides (sediment only).  

Results did not indicate the presence of SVOCs, PAHs, 
explosives, metals, PCBs, pesticides, and herbicides 
above their respective screening levels. 
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Table 5.12‐1. Previous Investigations and Remedial Actions – Incendiary Disposal Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

OU‐4 and OU‐7 Supplemental 
Remedial Investigations (MKM 
2004, Tetra Tech 2009b, 2011a) 

2004–2005  Although the SI indicated that no further investigations were 
warranted at the InDA, the site was further investigated during 
this OU‐7 RI. The following RI activities were conducted at InDA: 

1) Six multipoint incremental (MPI) surface soil samples (0 to 1 
foot bgs) were collected from within established grids/subgrids 
for analysis of explosives, metals, and phosphorus. Explosives 
were not detected. Lead was detected at concentrations above 
its maximum background value of 32.5 milligrams per kilogram 
(mg/kg) in three samples; however, concentrations were below 
the OU‐1 RG of 1,000 mg/kg. Phosphorus was also detected, 
but there was no available screening level. 

2) Four surface soil samples were collected from pock marks 
found in two subgrids and three surface soil and three 
subsurface soil samples (1 to 4 feet bgs) were collected at three 
additional locations and analyzed for explosives and metals. 

3) Three sediment samples were collected just above the water 
line (0 to 0.5 foot bgs) from the InDA tributary upstream, 
adjacent, and downstream of the InDA to evaluate the potential 
impacts to sediment. The samples were analyzed for explosives 
and metals. 

The facility‐wide evaluation of historical data, 
conducted between 2004 and 2005, concluded that 
previous investigations did not adequately characterize 
soil or groundwater at the InDA; however, surface 
water and sediment were adequately characterized 
and required no further investigation. 

Historical Records Review (Shaw 
2005) 

2005  A Historical Records Review was conducted for nine areas at 
IAAAP. 

Historical environmental investigation documents and 
aerial photographs were reviewed, and interviews 
were conducted with former and present employees of 
IAAAP.  
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Table 5.12‐1. Previous Investigations and Remedial Actions – Incendiary Disposal Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Additional Site Characterization 
(Tetra Tech 2009a, 2011a) 

2005–2006  Thirty‐one soil samples were collected from 13 locations and 
analyzed for explosives, metals, and phosphorus to evaluate the 
location of additional areas of potential contamination; 
characterize soil at areas not sampled; delineate known soil 
contamination; and characterize surface water and 
groundwater. 

Two hundred twenty‐eight soil samples from 119 detonation 
craters across the site were sampled from 1 to 2 feet bgs and 
analyzed for metals. 

Three surface water samples were collected adjacent to 
historical sediment sample locations for analysis of total and 
dissolved explosives and metals. Additional surface water 
samples were collected at these three locations for analysis of 
perchlorate. 

Two attempts to collect a groundwater sample downgradient of 
the InDA were made using a DPT screen point sampler. During 
the first attempt, the boring was advanced near a detonation 
crater to a total depth of 60 feet bgs, but groundwater was not 
encountered. During the second attempt, groundwater was 
encountered between 4 and 8 feet bgs (within the floodplain of 
the adjacent tributary), and a sample was analyzed for 
explosives, total and dissolved metals, and perchlorate. 

Metals concentrations in discrete soil samples were 
below screening levels, except for lead. Soil samples 
with OU‐1 RG exceedances were subsequently 
addressed during a remedial action. 

Although surface water results indicated dissolved 
antimony and thallium exceed respective Safe Drinking 
Water Act Maximum Contaminant Levels at one 
location each, the associated total fractions of 
antimony and thallium in these samples were not 
detected, indicating anomalous results, and were not 
considered indicative of site contamination. 

In the groundwater sample collected, no organic 
chemicals exceeded screening levels. Twelve total 
metals exceeded their respective screening levels, but 
their elevated concentrations were attributed to 
turbidity from using the DPT screen point sampling 
method. Metals were either not detected or detected 
below screening levels in dissolved samples. Due to a 
lack of site‐related exceedances in groundwater, the 
InDA was eliminated from further consideration in the 
OU‐7 RI. 

Historical Records Review, 
Military Munitions Response 
Program (URS 2007b) 

2007  A records search was conducted to document historical and 
other known information for MMRP sites at IAAAP. 

Four additional MRSs were identified for inclusion in 
the Active Army MMRP, including the InDA. Seven 
MRSs were carried forward to the SI phase. Historical 
documents indicate the InDA was 10 acres, however 
the area was increased to 12 acres to incorporate the 
detonation craters observed in 2005. 
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Table 5.12‐1. Previous Investigations and Remedial Actions – Incendiary Disposal Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

OU‐5 Remedial Investigation, 
Military Munitions Response 
Program (URS 2011b) 

2007  The OU‐5 RI was conducted to identify and define the nature 
and extent of potential MEC and MD and determine whether 
MC had been released to the environment. Visual survey and 
surface clearance activities were completed across 35 acres at 
InDA. Four MEC items and a significant number of MD items 
(190) were recovered. Subsurface geophysics identified high‐
density areas near former demolition areas, with lower‐density 
areas near the edges of the MRS. The geophysical survey 
identified 6,371 subsurface target anomalies. A statistical 
percentage of the anomalies was selected for investigation 
using Visual Sample Plan to confirm with 95 percent confidence 
that 95 percent of the anomalies are not MEC. A total of 613 
subsurface target anomalies were investigated, with five found 
to be MEC and 144 found to be MD, primarily in the central 
part of the MRS at the InDA. Surface soil and subsurface soil 
samples were collected at the InDA for MC. 

No MCs were detected above human health screening 
levels in surface and subsurface soil; therefore, no 
groundwater sampling was required.  

OU‐1 Remedial Action Phase 5, 7, 
and 8 (Tetra Tech 2009a) 

2007  179 cubic yards of contaminated soil were removed from 10 
excavations at the InDA to remediate lead. 

Based on confirmation sampling, no soil containing 
chemicals above OU‐1 RGs remains. The excavations 
were backfilled with clean fill as detailed in the final 
Remedial Action Completion Report. 

Explanation of Significant 
Differences for Interim Action 
Record of Decision Soils OU‐1 
(Tetra Tech 2008)  

2008  Three areas were transferred from the Installation‐Wide OU 
(OU‐4) to OU‐1 to address chemically‐contaminated soil 
consistent with the remediation strategy defined for the OU‐1. 
These areas included the Incendiary Disposal Area, the Possible 
Demolition Area, and the Central Test Area.  

The InDA was added to the OU‐1 remedy.  

USEPA Letter (USEPA 2012b)  2012  In a letter dated May 25, 2012, USEPA indicated that 
groundwater was not adequately characterized at the site.  

A more robust evaluation of geology, depth to 
groundwater, hydraulic conductivity, and lead 
associated with InDA operations was warranted. 

After Action Report for Fence 
Installation (Shaw 2013) 

2012  Fencing was installed at the InDA, per an Interim Action at two 
MRSs. Approximately 5,225 linear feet of fencing were 
constructed at the InDA.  

Engineering controls were installed to restrict access to 
the InDA. Annual maintenance and inspections to 
verify adequacy of the fencing and signage. A long‐
term management plan was recommended as part of 
the final remedy. 

OU‐5 Record of Decision (CB&I 
2014) 

2014  Documented the selected remedial action for MMRP sites at 
IAAAP.  

The selected remedy included LUCs for the InDA. No 
action was necessary to address MC at the InDA 
because fencing was already installed in May 2012 as 
an interim action. 
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Table 5.12‐1. Previous Investigations and Remedial Actions – Incendiary Disposal Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

OU‐5 Land Use Controls 
Implementation Plan (ERRG 
2017b) 

2017  Outlined the process for implementation and maintenance of 
LUCs as a component of the selected remedy for OU‐5. LUCs 
will be used to control unauthorized access; prevent intrusive 
ground activities, development, and/or use of the sites unless 
MEC hazards are adequately controlled; and prohibit 
development and use of the property for residential housing, 
elementary and secondary schools, childcare facilities, and 
playgrounds. 

Engineering controls will consist of fencing and warning signs. 
Institutional controls will be used to restrict access and 
recreational activities, provide lease restrictions, and include 
environmental use restrictions for any property transfer. 

The scope of the LUCIP applies to the InDA.  

Explanation of Significant 
Differences for the Records of 
Decision Soils OU‐1 (Leidos 2018)  

2018  Documented the addition of LUCs to the selected remedy for 
the Soils ROD to provide overall protectiveness of human health 
and the environment. 

The ESD changes will apply to soil at the InDA.  

OU‐1 Land Use Controls 
Implementation Plan (Leidos 
2019a) 

2019  Outlined the process for implementation and maintenance of 
LUCs as a component of the selected remedy for OU‐1. 
Institutional controls will be used to restrict land use at OU‐1 
Areas to military, commercial/industrial, agricultural, and 
permitted hunting and prohibit residential use. Engineering 
controls (fencing, signs) will be used to prevent general access 
to areas.  

The scope of the LUCIP applies to the InDA.  

OU‐5 Land Use Controls 
Implementation Report (ERRG 
2020) 

2020  Document the LUC inspection and maintenance activities 
conducted in accordance with the OU‐5 LUCIP.  

The scope of the LUC Implementation Report applies to 
the InDA. No deficiencies were identified during the 
2020 inspection. 

 



Table 5.12-2. InDA Monitoring Well Construction Details

Incendiary Disposal Area

Iowa Army Ammunition Plant, Middletown, IA

Well Location
Screen 
Interval 

(feet bgs) 

Filter Pack 
Interval 

(feet bgs) 

Borehole 
Depth 

(feet bgs) 

Well Casing 
Diameter 
(inches) 

Top of 
Casing 

Elevation 
(feet amsl) 

InDA-MW-003 38.5 to 48.5 37 to 49 49 2 606.33

Notes: 

Borehole diameter for monitoring well was 6 inches.  

amsl = above mean sea level 

bgs = below ground surface 



Table 5.12-3. Detected Constituents in Groundwater
Incendiary Disposal Area
Iowa Army Ammunition Plant, Middletown, IA

Location

Sample ID

Sample Depth (ft)

Sample Date

Test Group CAS Analyte Unit Screening Level
Background Threshold 

Value (UTL95-95(1))
METALS 7429-90-5 Aluminum µg/L 20,000 11,272 212000 2400 J
METALS 7440-38-2 Arsenic µg/L 10 33.3 93.3 8 U
METALS 7440-39-3 Barium µg/L 2000 430 7220 680 J
METALS 7440-41-7 Beryllium µg/L 4 0.8 21.5 0.4 U
METALS 7440-43-9 Cadmium µg/L 5 5 13.1 0.4 U
METALS 7440-70-2 Calcium µg/L -- 119,033 116000 - -
METALS 7440-47-3 Chromium µg/L 100 31 364 19
METALS 7440-48-4 Cobalt µg/L 6 NE 377 1 J
METALS 7440-50-8 Copper µg/L 1300 16 363 2.8 J
METALS 7439-89-6 Iron µg/L 14000 9,736 381000 2200 J
METALS 7439-92-1 Lead µg/L 15 18.1 283 1.1 J
METALS 7439-95-4 Magnesium µg/L -- 45,243 61100 - -
METALS 7439-96-5 Manganese µg/L 430 580 73700 73 J
METALS 7439-97-6 Mercury µg/L 2 1 2.8 - -
METALS 7440-02-0 Nickel µg/L 390 51 606 10 U
METALS 7440-09-7 Potassium µg/L -- 2,540 17500 - -
METALS 7782-49-2 Selenium µg/L 50 10 10.1 4 U
METALS 7440-23-5 Sodium µg/L -- 42,581 10900 - -
METALS 7440-62-2 Vanadium µg/L 86 14.9 503 5.7 J
METALS 7440-66-6 Zinc µg/L 6000 789 1060 7.6 J

METALS-DISS 7429-90-5 Aluminum, Dissolved µg/L 20,000 -- 78 B 66
METALS-DISS 7440-39-3 Barium, Dissolved µg/L 2000 -- 53.9 B 730 J
METALS-DISS 7440-70-2 Calcium, Dissolved µg/L -- -- 49800 - -
METALS-DISS 7440-50-8 Copper, Dissolved µg/L 1300 -- 2 B 2.5 U
METALS-DISS 7439-89-6 Iron, Dissolved µg/L 14000 -- 30.8 B 81 J
METALS-DISS 7439-95-4 Magnesium, Dissolved µg/L -- -- 15100 - -
METALS-DISS 7439-96-5 Manganese, Dissolved µg/L 430 -- 63.2 39 J
METALS-DISS 7440-02-0 Nickel, Dissolved µg/L 390 -- 1.6 B 2.9 U
METALS-DISS 7440-09-7 Potassium, Dissolved µg/L -- -- 709 B - -
METALS-DISS 7782-49-2 Selenium, Dissolved µg/L 50 -- 2.8 B 4 U
METALS-DISS 7440-23-5 Sodium, Dissolved µg/L -- -- 5220 B - -
METALS-DISS 7440-66-6 Zinc, Dissolved µg/L 6000 -- 4.6 B 15 U

Notes:
J = The analyte was positively identified: the associated numerical value is the approximate concentration of the analyte in the sample.
U = The analyte was analyzed for, but was not detected above the reported sample quantitation limit.
B = The analyte was positively identified in both the sample and the associated laboratory method blank.
Bold indicates the analyte was detected
Shading indicates the result exceeded screening criteria
-- = Not Analyzed
NE = Not established
µg/L = micrograms per liter
*Screening level is the MCL. If no MCL is available, the greater of the HAL and the tap water RSL is selected as the delineation screening level.
MCL = Maximum Contaminant Level
Source: EPA's Regional Screening Levels (May 2020). Available online: https://www.epa.gov/risk/regional-screening-levels-rsls-generic-tables.
Source: EPA's MCLs and HALs (March 2018). Available online: https://www.epa.gov/sdwa/2018-drinking-water-standards-and-advisory-tables.
Source: Background threshold values (BTVs) from Evaluation of Background Concentrations of Metals in Groundwater  (CH2M, 2020b)
(1) UTLs were calculated as 95% upper confidence bounds of the 95th percentiles of the background data. UTLs calculated without a definitive distributional assumption 
of the data (i.e., normal, gamma, or lognormal) for sample sizes less than 59 have a coverage probability less than 95%.

INDA-MW-003INDA-TTTW-001

lnDA-mw-003-0520INDA-TTTW-001

39 - 490 - 0

5/12/20204/25/2006

Page 1 of 1



Table 5.12-4. Groundwater Quality Parameters—Incendiary Disposal Area
Iowa Army Ammunition Plant, Middletown, IA

Depth to Water Conductivity DO ORP pH Temperature Turbidity
(ft btoc) (uS/cm) (mg/L) (mV) (pH Units) (°C) (NTU)

InDA-MW-003 5/12/2020 44.23 716 10.74 132.7 7.73 13.3 59.3

Notes:

Water quality parameters were measured in the field using a YSI multi-meter.

°C = degrees Celsius

DO = dissolved oxygen

mV = millivolt(s)

NTU = nephelometric turbidity unit

ORP = oxidation-reduction potential

ug/L = microgram(s) per liter

uS/cm = microsiemen(s) per centimeter

ft = feet

btoc = below top of casing

Sample Location Sample Date



Table 5.12-5. Data Groupings Used in the HHRA - Incendiary Disposal Area (InDA) East Yard D
Iowa Army Ammunition Plant, Middletown, Iowa

Data Group ID for HHRA Description Sample Count
InDA_GW-Potable InDA Groundwater (Potable Use) 2



Table 5.12-6. Samples Used in the HHRA—Incendiary Disposal Area 
Iowa Army Ammunition Plant, Middletown, Iowa

Data Group ID for HHRA Matrix Station ID Sample ID (1) Date Collected
Upper Depth 

(Feet)
Lower Depth  

(Feet)
InDA_GW-Potable GW INDA-MW-003 lnDA-mw-003-0520 5/12/2020 39 49
InDA_GW-Potable GW INDA-TTTW-001 INDA-TTTW-001 4/25/2006 0 0

Notes:
(1) The data were reduced such that when a normal and duplicate sample were available, the highest detected 
      concentration among normal or duplicate samples was used when a chemical was detected in any sample. If both 
      results were non-detect, the lowest reported detection limit (i.e., reporting limit) was used. 
GW = Groundwater
NA = Not Available
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Table 5.12‐7. Summary of Total Combined Risk and Hazard Estimates for Site‐Related COPCs and Naturally Occurring 
Chemicals—InDA 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor a 

ELCR/HI Tables 
(RME) in 

Appendix A‐11, 
Attachment 1  COPC/Chemical 

InDA 

EPC 
(µg/L)  ELCR  HI 

Groundwater (Tap 
Water) 

Adult  7.1 and 9.1 

Aluminum  2400  NA  0.07 

Barium  680  NA  0.1 

Chromium b  19  NA  0.3 

Cobalt  1  NA  0.1 

Iron  2200  NA  0.09 

Manganese  73  NA  0.1 

Total HI:  NA  0.8 

Child  7.2 and 9.2 

Aluminum  2400  NA  0.1 

Barium  680  NA  0.2 

Chromium b  19  NA  0.4 

Cobalt  1  NA  0.2 

Iron  2200  NA  0.2 

Manganese  73  NA  0.2 

Total HI:  NA  1 

Adult/Child 
Aggregate  7.3 and 9.3 

Aluminum  2400  NA  NA 

Barium  680  NA  NA 

Chromium b  19  5E‐04  NA 

Cobalt  1  NA  NA 

Iron  2200  NA  NA 

Manganese  73  NA  NA 

Total ELCR:  5E‐04  NA 

Notes: 
a ELCRs were estimated for the adult/child aggregate receptor based on lifetime exposure and noncarcinogenic HIs were 
estimated separately for adult and child residents. 

b Evaluated as hexavalent chromium. 

µg/L = microgram per liter 

COPC = chemical of potential concern 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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Table 5.12‐8. Summary of Risk and Hazard Estimates for Naturally Occurring Chemicals—InDA 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor a 

ELCR/HI Tables 
(RME) in Appendix 
A‐11, Attachment 1  COPC/Chemical 

InDA 

EPC 
(µg/L)  ELCR  HI 

Groundwater (Tap 
Water) 

Adult  7.4 and 9.4 

Aluminum  2400  NA  0.07 

Chromium b  19  NA  0.3 

Iron  2200  NA  0.09 

Manganese  73  NA  0.1 

Total HI:  NA  0.5 

Child  7.5 and 9.5 

Aluminum  2400  NA  0.1 

Chromium b  19  NA  0.4 

Iron  2200  NA  0.2 

Manganese  73  NA  0.2 

Total HI:  NA  0.9 

Adult/Child 
Aggregate  7.6 and 9.6 

Aluminum  2400  NA  NA 

Chromium b  19  5E‐04  NA 

Iron  2200  NA  NA 

Manganese  73  NA  NA 

Total ELCR:  5E‐04  NA 

Notes: 
a ELCRs were estimated for the adult/child aggregate receptor based on lifetime exposure and noncarcinogenic HIs were 
estimated separately for adult and child residents. 

b Evaluated as hexavalent chromium. 

µg/L = microgram per liter 

COPC = chemical of potential concern 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 
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Table 5.12‐9. Summary of Risk and Hazard Estimates for Site‐Related COPCs—InDA 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium 
Residential 
Receptor 

ELCR/HI Tables 
(RME) in 

Appendix A‐11, 
Attachment 1  COPC/Chemical 

InDA 

EPC 
(µg/L)  ELCR  HI 

Groundwater (Tap 
Water) 

Adult  7.7 and 9.7 

Barium  2400  NA  0.1 

Cobalt  680  NA  0.1 

Total HI:  NA  0.2 

Child  7.8 and 9.8 

Barium  2400  NA  0.2 

Cobalt  680  NA  0.2 

Total HI:  NA  0.3 

Adult/Child 
Aggregate  7.9 and 9.9 

Barium  2400  NA  NA 

Cobalt  680  NA  NA 

Total ELCR:  NA  NA 

Notes: 

µg/L = microgram per liter 

COPC = chemical of potential concern 

EPC = exposure point concentration 

HI = hazard index 

NA = not applicable 

RME = reasonable maximum exposure 

 

 

 



!
!

!

!!!

!
!

!

!
!

!
!

!
!

!
!

!

!
!

!

!
!

!

! !
! ! ! !

!
!

!

!
!

!

!
!

!
!

!
!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

! ! !

!
!

!

!
!

!

!!!

!
!

!
!

!
!

!
!

!

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!
!

!
!

!

!
!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

! !
!

!

!
!

!

!
!

!

! ! !

!
!
!

!
!

!

!
!

!

!
!

!

!
!
!

!
!

!

!
!

!

!
!

!

!
!

!

!

!
!

!
!

!

!
!

!

!!
!

!
!

!

!
!

!

!
!

!

! ! !

!
!

!

!
!

!

!
!

!

!!!

!!!

!
!

!

!
!

!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!
!

!

!
!

!
!

!
!

!

!

!

!
! !

! ! ! ! !
!

!
!

!
!

!
!

!!
!

!
!

!

!
!

!

!
!

!
!

!
!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!
!

!
!

!
!

!

!

!
!

!!!

!
!

!

!
!

!

! ! !

!
!

!
!

!

!

! ! !

! ! !

!
!

!

!
!

!
!

!
!

!
!

!
!

!
!

!
!

!

!
!

!

! ! ! ! !
!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!!!

!

!

!

!!!

!
!

!

!
!

!

!

!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!

!

!
!
!

!
!

!

!
!

!

!
!
!

!
!

!

!
!

!
!

!

! ! !
! ! !

! ! !

! !
!

!
!

!

!
!

!

!
! !

! ! ! ! ! !
! ! !

! ! !

! ! !

!
!

!

!

!
!

!

!

!
!

!
!

!

!

!
!

!

!
!

!

! !
!

! ! ! ! ! !
! ! !

! ! !

! ! !

! ! !

!
! !

! ! !
!

!
!

!
!

!

!
!

!

! ! !

!
! !

!
!

!

!
!

!

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D

D
D

D
D

D
D

D

IAAP-006-R-01
Incendiary

Disposal Area

IAAP-013G
InDA 

Spring Creek

Pl
an

t R
oa

d 
"K

"

LEGEND

D

D D

DD 1941 Fenced/Cleared

D

D D

DD Barbed Wire Fence
Former Building
1945 InDA Area Boundary
Approximate Detonation Crater

! ! ! ! ! Intermittent Stream
Perennial Stream
Waterbody
Land Use Control Boundary Fence
Soil Removal Area

SCO \\DC1VS01\GISPROJ\U\USACE\IAAAP_679172\MAPFILES\INDA\INDA_SITELAYOUT.MXD  GTWIGG 9/21/2020 10:20:07 AM

Figure 5.12-1
Incendiary Disposal Area Site Layout 
Iowa Army Ammunition Plant 
Middletown, Iowa0 200
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Notes:
1. InDA - Incendiary Disposal Area
2. Detonation crater areas display some of the more prominent

craters surveyed in 2006 at the InDA (Tetra Tech 2009).
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Figure 5.12-2
Incendiary Disposal Area Lead Exceedances 
in Groundwater
Iowa Army Ammunition Plant
Middletown, Iowa0 200
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No tes:
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2. Sa m ples were c o llec ted in M a y 2000, Septem b er 2000, August 2004, O c to b er 2005, April 2006,
    a nd M a y 2020.
3. Co nc entratio n da ta  is sho wn in m ic ro gra m s per liter (μg/L).
4. Lo c a tio ns witho ut da ta  listed indic a te the c o m po unds were no t detected o r were detec ted b elo w
    the Pro jec t Ac tio n Level.
5. Gro undwa ter flo w direc tio n inferred fro m  2006 fa c ility-wide gro undwa ter elevatio ns (Tetra  Tec h).
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Primary Source
Primary Release 
Mechanism

Secondary 
Source

Secondary Release 
Mechanism

Tertiary 
Source

Exposure 
Media

Exposure 
Route

Site Worker
(Adult)

Construction/ 
Utility Worker

(Adult)

Hypothetical 
Resident
(Adult and 
Child)

Surface Soil Ingestion (2) (2) (2)
Dermal (2) (2) (2)

Ambient Air Inhalation (2) (2) (2)

Subsurface Soil Ingestion (2) (2) (2)
Dermal (2) (2) (2)

Ambient Air Inhalation (2) (2) (2)

Leaching Groundwater Groundwater (3) Ingestion X (4) O (5) X
Dermal X (4) O (5) X

Inhalation N/A O (5) O (6)

Soil Gas Indoor Air Inhalation O (6) O (5) O (6)

Legend

X Potentially complete exposure pathway; O Incomplete exposure pathway; N/A Not applicable

(1) There are no potentially complete exposure pathways identified under current site conditions. All buildings have been demolished and no wastewater is generated.  The site is open

      to recreational activities and hunting is permitted at InDA.

(2) Soil is being addressed under the Operable Unit 1 Remedial Action.

(3)  Groundwater is not currently being used as a potable water source and there are no plans to use groundwater for potable purposes in the future; however, based on applicable CERCLA 

       policy and guidance, groundwater at the InDA is classified as Class IIB, a potential source of drinking water. Therefore, the HHRA includes an evaluation of potential exposures to groundwater due to

       its potential future use as a drinking water source. This requires the evaluation of future residential exposures to groundwater.

(4)  Potential exposures to groundwater are only estimated for a site worker if the estimated risks for a hypothetical residential scenario exceed acceptable risk levels and COCs are identified for

        a residential scenario.

(5) There are no culverts located at the InDA; therefore, potential exposures to construction/utility workers are incomplete at the InDA.

(6) Volatile constituents were not detected in the groundwater samples; therefore, inhalation exposures to groundwater are incomplete.

Potential Human Receptors
Timeframe: Future (1)

FIGURE 5.12‐3
Human Health Conceptual Exposure Model ‐ 
Incendiary Disposal Area (InDA) East Yard D

Iowa Army Ammunition Plant, Middletown, Iowa
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Figure 5.12-4
Human Health Sample Locations -
Incendiary Disposal Area
Iowa Army Ammunition Plant 
Middletown, Iowa0 200
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Notes:
1. Samples used in the human health risk assessment are shown.
2. Samples were collected in April 2006 and May 2020.
3. Detonation crater areas display some of the more prominent craters

 surveyed in 2006 at the InDA (Tetra Tech 2009).
4. Groundwater flow direction inferred from 2006 facility-wide groundwater    

elevations (Tetra Tech).
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OU‐11 Recommendations Summary 
An RI was conducted for 20 environmental sites within 12 areas at the IAAAP to refine the nature and 
extent of contamination in applicable media from historical activities, assess for potentially 
unacceptable risk to human health and the environment, and recommend a path forward. Soil sites 
(IAAP‐047, IAAP‐005, IAAP‐007, IAAP‐009, IAAP‐018, and IAAP‐040) fall within these 12 areas but are 
addressed by the OU‐1 remedy and are therefore not included in this RI report. 

6.1 RI Conclusions 
Boxcar Unloading Area (IAAP‐014 and IAAP‐014G): The RI was conducted for soil at the BCU. No 
explosives or SVOCs were detected in soil above the site characterization PALs. Metals detected above 
their site characterization PALs were less than the USEPA residential screening levels. Contaminant 
leaching to subsurface soil and groundwater from surface soil was not evaluated as a potential exposure 
pathway at the BCU due to the absence of contamination in the surface soil. The HHRA did not identify 
any site‐related soil or groundwater COCs at the BCU. Based on the results of the SLERA, potential 
ecological hazards are not unacceptable. 

Central Test Area (IAAP‐047G and IAAP‐001‐R‐01): The RI was conducted for groundwater at the CTA. 
Soil is not addressed in this RI, as soil is addressed under OU‐1. MEC and MC are addressed under the 
remedy for OU‐5 and are not included in this RI. Nevertheless, although MC in groundwater was 
evaluated under OU‐5, it is considered in this RI report for completeness. Historically, TNT was detected 
in groundwater at one location (CTA‐TTTW‐001) in 2005; however, explosives were not detected during 
subsequent sampling events in 2006 and 2018. Total metals concentrations at the CTA were attributed 
to the turbidity of the groundwater samples, as dissolved metals concentrations were orders of 
magnitude lower than their total counterparts. The HHRA did not identify any site‐related groundwater 
COCs at the CTA. The ERA did not identify complete exposure pathways for ecological receptors; 
therefore the process was terminated with a conclusion of negligible (acceptable) adverse effects. 

Explosive Waste Incinerator (IAAP‐025 and IAAP‐025G): The RI was conducted for soil and groundwater 
at the EWI. In soil, explosives exceeded the site characterization PALs; however, subsequent sampling in 
the immediate vicinity did not replicate the detections. Metals, SVOCs, and VOCs detected above the 
site characterization PALs were less than the USEPA residential screening levels. In groundwater, no 
samples exceeded the PALs. The HHRA did not identify any site‐related soil or groundwater COCs at the 
EWI. Based on the results of the SLERA, potential ecological hazards are not unacceptable. 

Yard L (Unassigned): The RI was conducted for groundwater at Yard L. Soil is not addressed in this RI, as 
soil is addressed under OU‐8. Based on the RI conducted under FUSRAP, there is no basis for a chemical 
contaminant release at Yard L. Therefore, no groundwater sampling was warranted at Yard L. Because 
there is no contaminated soil, and no surface water or sediment is present at Yard L, there are no 
potential sources to groundwater and no contaminants in groundwater. As a result of no complete 
exposure pathways for ecological receptors, the ERA process terminates with a conclusion of negligible 
(acceptable) adverse effects. 

Lines 4A and 4B Ammo Assembly Groundwater (IAAP‐005G): The RI was conducted for groundwater at 
Lines 4A/4B. Soil is not addressed in this RI, as soil is addressed under OU‐1. No explosives, VOCs, or 
metals were detected in groundwater above their site characterization PALs during the most recent 
sampling event (2003). Metals were also not detected above their BTVs during the 2003 sampling event. 
The HHRA did not identify any site‐related groundwater COCs at Lines 4A/4B. The ERA did not identify 
complete exposure pathways for ecological receptors; therefore the process was terminated with a 
conclusion of negligible (acceptable) adverse effects. 



SECTION 6 – OU‐11 RECOMMENDATIONS SUMMARY  

6‐2 

Line 6 Ammo Production (Detonator) Groundwater (IAAP‐007G, IAAP‐002‐R‐01, and IAAP‐002‐R‐02): 
The RI was conducted for groundwater at Line 6. Soil is not addressed in this RI, as soil is addressed 
under OU‐1. MEC and MC are addressed under the remedy for OU‐5 and are not included in this RI. 
Nevertheless, although MC in groundwater was evaluated under OU‐5, it is considered in this RI report 
for completeness. Only manganese was detected in groundwater above its site characterization PAL and 
BTV during the most recent sampling event (2005–2006); however, elevated concentrations are likely 
associated with temporary, localized geochemical conditions rather than a site release. The HHRA 
identified potentially unacceptable risks for future hypothetical residential receptors exposed to 
manganese in groundwater at Line 6. Nevertheless, there is uncertainty as to whether manganese may 
be naturally occurring in groundwater at Line 6. There are no records of manganese being used as part 
of line operations. In addition, the distribution of manganese concentrations at Line 6 is not indicative of 
a release at the site, as elevated concentrations were observed in an upgradient monitoring well. 
However, there is not recent data to verify that manganese is not site‐related. The ERA did not identify 
complete exposure pathways for ecological receptors; therefore, the process was terminated with a 
conclusion of negligible (acceptable) adverse effects. Further investigation is recommended to evaluate 
the elevated manganese concentrations at Line 6. 

Line 8 Ammo Load, Assemble, and Pack (LAP) (Fuse/Rocket) Groundwater (IAAP‐009G): The RI 
addresses groundwater media at Line 8. Soil is not addressed in this RI, as soil is addressed under OU‐1. 
Because the 2003 supplemental soil investigation did not identify any soil with concentrations above 
OU‐1 remedial goals (including those based on leachability), it was concluded that a soil removal action 
was not warranted (Shaw 2004a). Based on the environmental setting and the chemical properties of 
lead, there is no basis for a contaminant release to groundwater at Line 8. Therefore, risk assessments 
were not warranted at Line 8. 

Maneuver Area (IAAP‐006‐R‐02): The RI addresses groundwater media at the MA. MEC and MC are 
addressed under the remedy for OU‐5. Nevertheless, although MC in groundwater was evaluated under 
OU‐5, it is presented in this RI report to provide formal documentation under the CERCLA process that 
no groundwater action is warranted for the MA. There is no documented release of hazardous 
substances, pollutants, or contaminants to the environment at the MA (CB&I 2014). To confirm that the 
MA was not impacted by historical training activities, the site was investigated under OU‐5. The MMRP 
RI concluded that due to the lack of a release at the site, that groundwater would not have been 
impacted and investigation was not warranted. Therefore, risk assessments were not warranted at the 
MA. 

Possible Demolition Site (South Yard G) Groundwater (IAAP‐018G and IAAP‐004‐R‐01): The RI was 
conducted for groundwater at the PDS. Soil is not addressed in this RI, as soil is addressed under OU‐1 
and OU‐5. MEC and MC are addressed under the remedy for OU‐5 and are not included in this RI. 
Nevertheless, although MC in groundwater was evaluated under OU‐5, it is considered in this RI report 
for completeness. No explosives were detected in groundwater at the PDS above their site 
characterization PALs and during the most recent sampling event (2018), only four metals were 
detected below their respective PALs and BTVs. The HHRA did not identify any site‐related groundwater 
COCs at the PDS. The ERA did not identify complete exposure pathways for ecological receptors; 
therefore, the process was terminated with a conclusion of negligible (acceptable) adverse effects. 

Roundhouse Transformer Storage Area Groundwater (IAAP‐040G): The RI addresses groundwater 
media at Roundhouse. Soil is not addressed in this RI, as soil is addressed under OU‐1. Only two PCBs 
(Aroclor 1254 and Aroclor 1260) were detected in soil at the Roundhouse. Based on the environmental 
setting and the chemical properties of PCBs, there is no basis for a contaminant release to groundwater 
at the Roundhouse site. 

Unidentified Substance Waste Site (IAAP‐022 and IAAP‐022G): The RI was conducted for soil at the 
USWS. Two metals, one SVOC, and one VOC exceeded the site characterization PALs. No explosives, 
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PCBs, or pesticides were detected in the soil samples. Based on the environmental setting and the 
chemical properties of the metals, SVOC, and VOC, there is no basis for a contaminant release to 
groundwater at the USWS. The HHRA did not identify any site‐related soil or groundwater COCs at the 
USWS. As a result of there being no complete exposure pathways for ecological receptors, the ERA 
process terminates with a conclusion of negligible (acceptable) adverse effects. 

Incendiary Disposal Area (InDA)—East Yard D Groundwater (IAAP‐013G and IAAP‐006‐R‐01): The RI was 
conducted for groundwater at the InDA. Soil is not addressed in this RI, as soil is addressed under OU‐1 
and OU‐5. MEC and MC are addressed under the remedy for OU‐5 and are not included in this RI. 
Nevertheless, although MC in groundwater was evaluated under OU‐5, it is considered in this RI report 
for completeness. No metals were detected in groundwater at the PDS above their site characterization 
PALs and BTVs during the most recent sampling event (2020). The HHRA did not identify any site‐related 
groundwater COCs at the PDS. The ERA did not identify complete exposure pathways for ecological 
receptors; therefore, the process was terminated with a conclusion of negligible (acceptable) adverse 
effects. 

6.2 Recommendations 
Based on the conceptual site models and results of the HHRAs and SLERAs, there is either no evidence of 
a site release or if there was, site‐related chemicals do not pose potentially unacceptable 
noncarcinogenic hazards or carcinogenic risks at any of the 20 sites, with the exception of manganese at 
Line 6. Therefore, it is recommended that 13 of the 20 IAAAP sites (IAAP‐014/IAAP‐014G, IAAP‐047G, 
IAAP‐025/IAAP‐025G, Yard L, IAAP‐005G, IAAP‐009G, IAAP‐018G, IAAP‐040G, IAAP‐022/IAAP‐022G, and 
IAAP‐013G) be transferred to a new OU (OU‐11) and NFA be presented as the preferred remedy in a 
Proposed Plan. These IAAAP sites can be subsequently closed under an NFA ROD for OU‐11. Further 
investigation is recommended at one IAAAP site (IAAP‐007G) to verify that manganese in groundwater is 
naturally occurring, and not site‐related.. 

This RI report supports the previous conclusions for groundwater under OU‐5. It is recommended that 
four of the MMRP sites included in this RI report (IAAP‐001‐R‐01, IAAP‐002‐R‐01, IAAP‐004‐R‐01, and 
IAAP‐006‐R‐01) continue to be managed under OU‐5; the OU‐5 remedy does not need to be revised to 
address groundwater. Per the ROD for OU‐5 (CB&I 2014), LUCs have been established as the remedy for 
these MMRP areas. The LUCs for OU‐5 consist of access restrictions (such as fencing and signage). Two 
of the MMRP sites included in this RI report (IAAP‐002‐R‐02 [Line 6 Ammo Production (Outside Blast 
Radii)] and IAAP‐006‐R‐02 [MA] have already been closed as NFA under the OU‐5 ROD (CB&I 2014); 
therefore, no additional action is needed for these sites, and they can remain closed. These 
recommendations for the OU‐5 sites can be documented in the next five‐year review report for IAAAP, 
which includes the IRP OUs with remedies in place (OU‐1, OU‐3, OU‐4, and OU‐5). 

The RI recommendations are summarized in the table below. 

IAAAP Area 
Army Environmental 

Database Site Number 
Army Environmental 
Database Site Name RI Recommendation 

Boxcar Unloading Area IAAP‐014 Boxcar Unloading Area NFA for soil under OU‐11 

IAAP‐014G Boxcar Unloading Area—
Groundwater 

NFA for groundwater under 
OU‐11 

Central Test Areaa IAAP‐047G Central Test Area 
Groundwater 

NFA for groundwater under 
OU‐11 

IAAP‐001‐R‐01a Central Test Area Continue to manage MEC 
under OU‐5; NFA for 
groundwater 
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IAAAP Area 
Army Environmental 

Database Site Number 
Army Environmental 
Database Site Name RI Recommendation 

Explosive Waste Incinerator IAAP‐025 Explosive Waste Incinerator NFA for soil under OU‐11 

IAAP‐025G Explosive Waste Incinerator 
Groundwater 

NFA for groundwater under 
OU‐11 

Yard L Unassigned Yard L Groundwater NFA for groundwater under 
OU‐11 

Lines 4A and 4B Ammo 
Assemblya 

IAAP‐005G Line 4A/4B Ammo Assembly 
Groundwater 

NFA for groundwater under 
OU‐11 

Line 6 Ammo Productiona IAAP‐007G Line 6 Ammo Production 
(Detonator) Groundwater 

Further Investigation 
Recommended 

IAAP‐002‐R‐01 a  Line 6 Ammo Production 
(Inside Blast Radii) 

Continue to manage MEC 
under OU‐5; NFA for 
groundwater 

IAAP‐002‐R‐02 a Line 6 Ammo Production 
(Outside Blast Radii) 

NFA under OU‐5; NFA is 
already documented in the 
OU‐5 ROD 

Line 8 Ammo Load, 
Assemble, and Pack (LAP)a 

IAAP‐009G Line 8 Ammo LAP 
(Fuze/Rocket) Groundwater 

NFA for groundwater under 
OU‐11 

Maneuver Area IAAP‐006‐R‐02 a Maneuver Area NFA under OU‐5; NFA is 
already documented in the 
OU‐5 ROD 

Possible Demolition Sitea IAAP‐018G Possible Demolition Site 
(South Yard G) Groundwater 

NFA for groundwater under 
OU‐11 

IAAP‐004‐R‐01 a Possible Demolition Site Continue to manage MEC 
under OU‐5; NFA for 
groundwater 

Roundhouse Transformer 
Storage Areaa 

IAAP‐040G Roundhouse Transformer 
Storage Area Groundwater 

NFA for groundwater under 
OU‐11 

Unidentified Substance 
Waste Site 

IAAP‐022 Unidentified Substance 
Waste Site 

NFA for soil under OU‐11 

IAAP‐022G Unidentified Substance (Oil) 
Waste Site Groundwater 

NFA for groundwater under 
OU‐11 

Incendiary Disposal Area IAAP‐013G Incendiary Disposal Area 
East Yard D—Groundwater 

NFA for groundwater under 
OU‐11 

IAAP‐006‐R‐01 a Incendiary Disposal Area Continue to manage MEC 
under OU‐5; NFA for 
groundwater 

a MMRP sites IAAP‐001‐R‐01, IAAP‐002‐R‐01, IAAP‐002‐R‐02, IAAP‐004‐R‐01, IAAP‐006‐R‐02, and IAAP‐006‐R‐01 are included 
in this RI report to document the OU‐5 MMRP RI conclusions under the Installation Restoration Program.  
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