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Executive Summary 

This Remedial Investigation (RI)/Resource Conservation and Recovery Act (RCRA) Facility Investigation (RFI) 
Report presents the results of RI/RFI activities for Compliance Cleanup (CC) site CC-06 at the Iowa Army 
Ammunition Plant (IAAAP), in Middletown, Iowa. CC-06 includes two areas: the Demolition Area (DA) and 
Deactivation Furnace (DF). The RI/RFI 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, 2017 and 2018b). This RI/RFI was completed under Delivery Order W912QR21F0421 of 
the U.S. Army Corps of Engineers, Louisville District Contract W912QR21D0019. 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. 

As a result of 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 
(FFA) was signed by the U.S. Environmental Protection Agency (EPA) Region 7 and the U.S. Army; it 
became effective in December 1990. Through the FFA, the U.S. Army works with EPA, with support 
provided by the Iowa Department of Natural Resources. In accordance with the FFA, “site” refers to the 
IAAAP and any areas contaminated by the migration of hazardous substances from the IAAAP. The term 
“site” is used to refer to the environmental solid waste management units and areas of concern at the 
IAAAP (such as IAAP-012); this is consistent with Section IX.B of the 2018 RCRA Permit for the IAAAP. 

The IAAAP was placed under the U.S. Department of Defense (DoD) Installation Restoration Program 
(IRP), which follows the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA) process, as amended by the Superfund Amendments and Reauthorization Act. In July 2002, 
several areas of the IAAAP previously used by the former U.S. Atomic Energy Commission were designated 
by the U.S. Army Corps of Engineers to be under the Formerly Used Sites Remedial Action Program and 
therefore were subsequently removed from the DoD IRP (U.S. Army, 2007). 

The February 19, 2004, Resolution of Dispute between the Army and EPA acknowledged that seven IRP 
sites at IAAAP were ineligible for Environmental Restoration, Army (ER,A) funding and instead would be 
managed as six sites under the RCRA CC program as follows (Tetra Tech, 2009): 

 CC-01 (IRP IAAP-019) Contaminated Clothing Laundry. 
 CC-02 (IRP IAAP-024) Contaminated Waste Processor (CWP). 
 CC-04 (IRP IAAP-026) Main Sewage Treatment Plant/Drying Beds (MSTP). 
 CC-03 (IRP IAAP-027) Fly Ash Landfill (FALF). 
 CC-05 (IRP IAAP-029) Line 3A Sewage Treatment Plant/Drying Beds (Line 3A STP). 
 CC-06 (IRP IAAP-021) DA and (IRP IAAP-023) DF. (The two IRP sites were combined to form one CC site.) 

The CC program was established to address releases or suspected releases for which the release dates are 
unknown (Tetra Tech, 2006a). Because the CC program is not supported by ER,A, these sites were often 
referred to as “non-ER,A-eligible” sites. As part of the RCRA/CERCLA integration plan, most of these sites 
are no longer funded under the CC program, and the Army has transferred them back to the IRP, where 
they will be addressed under CERCLA. However, the DA and DF continue to receive funding under the CC 
program. Because the DA/DF remain under the CC program, the Army requested that the DA/DF be kept 
separate from other operable units (e.g., OU-12) at IAAAP. 
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The overall objectives of this RI/RFI are to update the conceptual site model for the DA and DF, assess the 
potential for unacceptable human health risks and hazards and the potential for ecological impacts 
(including identification of chemicals of concern [COCs] or chemicals of ecological concern), and 
recommend a path forward consistent with Guidance for Conducting Remedial Investigations and 
Feasibility Studies under CERCLA (EPA, 1988). This report presents the results of investigation activities for 
the DA and DF. 

Background values were established for metals in soil and groundwater at the IAAAP; the same 
background data sets were used for both the human health and ecological risk evaluations. The soil 
background values were obtained from the Reevaluation of Background Concentrations of Metals in Soil 
(Jacobs, 2022). Groundwater background values were obtained from the Evaluation of Background 
Concentrations of Metals in Groundwater technical memorandum (CH2M, 2020a). 

This RI/RFI document reflects certain procedural departures from the standard EPA human health risk 
assessment (HHRA) process that the Army routinely applies at its installations (EPA, 1989a). 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. 

However, this background comparison method is consistent with Worksheet #14 of the UFP-QAPP (CH2M, 
2017 and 2018b). Although inconsistent with the process the Army uses for background in the HHRA for 
their installations, this method complies with the requests from EPA in a memorandum from the EPA 
Region 7 Remedial Project Manager to the IAAAP Project Manager (EPA, 2019). 

IAAAP Site-Specific Descriptions and Remedial Investigation Conclusions 

This report presents the results of RI/RFI activities for the following IAAAP site: CC-06_Demolition Area/
Deactivation Furnace (19105.1096). This CC site includes groundwater at two areas: the DA and the DF. 
Soil at the DA and DF is addressed under a different environmental site (IAAP-021; 19105.1027); this site 
falls under the OU-1 remedial action (Leidos, 2018) and is not part of this report. 

Demolition Area: The DA is an approximately 23-acre site in the southwest portion of the IAAAP. The DA 
is an active site used for emergency open burn and open detonation of rejected ammunition. The DA was 
included in the facility’s application for an emergency basis RCRA permit for open demolition and 
subsequently permitted for open burning operations and is included in the 2018 Hazardous Waste 
Management RCRA permit. 

The source of contamination at the DA is attributed to the historical open-burn and open-detonation 
activities. Based on historical site operations and a comparison of the most current concentration data to 
site characterization project action limits (PALs) and background threshold values (BTVs), RDX, 
4-nitrotoluene, manganese, and mercury were identified as site-related chemicals of interest in 
groundwater. Chemicals of interest used for nature and extent discussion differ from chemicals of 
potential concern identified in the risk assessment. There are two distinct RDX groundwater plumes at the 
DA (refer to Figure 5.1-5): a small northern plume and a larger southern plume. Both plumes are laterally 
and vertically delineated. 4-Nitrotoluene, mercury, and manganese were detected above their respective 
site characterization PALs and BTVs in only one location each, and therefore are limited in extent. The 
following risk assessment conclusions were derived during the RI/RFI: 
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 The HHRA identified potentially unacceptable noncarcinogenic hazards for a hypothetical future 
residential receptor exposed to RDX and manganese in groundwater. The maximum detected 
groundwater concentration for manganese was then compared with the Recommended Dietary 
Reference Intake (DRI)-based screening level (SL); the maximum detected concentration exceeded 
the DRI-based SL. As a result, manganese and RDX were identified as chemicals of concern (COCs) in 
groundwater. 

 No potentially unacceptable noncarcinogenic hazards or carcinogenic risks were identified for future 
site workers and construction/utility workers exposed to groundwater. 

 The Ecological Risk Assessment (ERA) concluded that there are no adverse effects to ecological 
receptors identified and no additional actions are required from an ecological perspective at the DA. 

Deactivation Furnace: The DF is an approximately 0.55-acre site in the southwest portion of the IAAAP. 
The DF, located southeast of the DA, is an inactive site. Former Building 900-199-2, which housed the DF, 
was closed under the RCRA permit in 1995. The DF was used to destroy small explosives-loaded 
components such as detonators, primers, and fuses. 

The source of contamination at the DF is attributed to releases of ash during the transfer of waste from 
the furnace into drums and tanks for RCRA storage or disposal. Based on historical site operations and a 
comparison of the most current concentration data to site characterization PALs and BTVs, iron and 
manganese were identified as potentially site-related chemicals of interest in groundwater. Both metals were 
detected in only one sample, and therefore have limited extent. However, as discussed in Section 5.2.2.2, the 
turbidity in this sample was very high (greater than 1,000 NTUs [nephelometric turbidity units]), and 
therefore the total metals concentrations were impacted by sediment particulate in the sample. In 
accordance with the final UFP-QAPP (CH2M, 2017 and 2018b), dissolved metals samples were not collected 
for comparison. Neither iron nor manganese was detected above its BTV in soil, and neither was documented 
as being associated with previous site operations. Ash collected from the cyclone and baghouse of the air 
pollution control system contained arsenic, cadmium, chromium, and lead. A data quality assessment was 
performed of the analytical data, which concluded that all data collected were usable for project objectives. 
No data associated with the CC-06 samples were rejected for project use.  

The following risk assessment conclusions were derived during the RI/RFI: 

 The HHRA identified potentially unacceptable noncarcinogenic hazards for a hypothetical future 
residential receptor exposed to iron and manganese in groundwater. The maximum detected 
groundwater concentrations for iron and manganese were then compared to the Recommended Daily 
Allowance (RDA)-based SL for iron and DRI-based SL for manganese; the maximum detected 
concentrations exceeded the RDA- and DRI-based SLs. As a result, iron and manganese were 
identified as potential COCs in groundwater. However, given that total metals concentrations in DF-
MW1 may be associated with sediment particulates in the sample, additional investigation is 
warranted before identifying these metals as final COCs.   

 No potentially unacceptable noncarcinogenic hazards or carcinogenic risks were identified for future 
site workers exposed to groundwater. 

 The ERA concluded that there are no adverse effects to ecological receptors identified and no 
additional actions are required from an ecological perspective at the DF. 

Recommendations 

Based on the results of the RI/RFI and risk assessments, additional action is warranted to mitigate 
potential unacceptable risks to future receptors from site-related COCs at CC-06. At the DA, the COCs 
warranting action are RDX and manganese in groundwater. Although manganese in groundwater is likely 
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naturally occurring because concentrations are similar in magnitude to the BTV, and manganese was not 
identified as a soil COC or part of site operations, it was carried forward as “site-related” because it exceeds 
the BTV at one well (DA-MW67B). 

At the DF, previous investigations have indicated that there is no basis for a release to groundwater. As 
such, monitoring well DF-MW1 was installed to refine the extent of the RDX plume associated with the DA 
and to assess potential impacts from buried trenches. However, no buried trenches were found at the DF. 
Therefore, although iron and manganese were identified in the HHRA as potential COCs, the elevated 
concentrations at that well may be associated with sediment particulates in the sample, as indicated by the 
high turbidity. As such, it is recommended that DF-MW1 be resampled via low-flow methods for total and 
dissolved iron and manganese. The DF HHRA will be re-evaluated once the supplemental groundwater 
sampling data are available to verify final groundwater COCs (if any).  

It is also recommended that a Feasibility Study (FS)/Correctives Measures Study (CMS) be completed to 
evaluate remedial alternatives to address final groundwater COCs at the combined CC-06 site. 
This FS/CMS will be conducted under the CC program. When developing remedial alternatives, the 
FS/CMS should consider ongoing site operations, the reasonably foreseeable future land use for this area, 
and the results of previous treatability studies. 
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1. Introduction 
This Remedial Investigation (RI)/Resource Conservation and Recovery Act (RCRA) Facility Investigation 
(RFI) report presents the results of environmental investigation activities for Compliance Cleanup (CC) site 
CC-06 (19105.1096), at the Iowa Army Ammunition Plant (IAAAP), in Middletown, Iowa. IAAAP is an 
active Joint Munitions Command facility currently operated by civilian contractor American Ordnance, LLC 
(AO). In accordance with the Federal Facility Agreement (FFA), “site” refers to the IAAAP and any areas 
contaminated by the migration of hazardous substances from the IAAAP. The term “site” is used to refer to 
the environmental solid waste management units (SWMUs) and areas of concern at the IAAAP (such as, 
CC-06); this is consistent with Section IX.B of the 2018 RCRA Permit for the IAAAP. The CC-06 site 
includes groundwater from two areas: the Demolition Area (DA) and Deactivation Furnace (DF), these 
areas are shown on Figure 1-1. Soil media at the DA and DF falls under the remedial action for OU-1, and 
therefore is not addressed in this report. The RI/RFI 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, 2017 and 2018b). This work was completed under U.S. Army Corps 
of Engineers (USACE), Louisville District Contract Number W912QR21D0019, Delivery Order 
W912QR21F0421. 

1.1 Investigation 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/RFI are to update the conceptual site 
model (CSM) for each site, assess the potential for unacceptable human health risk and hazard and 
ecological impacts, and recommend a path forward consistent with Guidance for Conducting Remedial 
Investigations and Feasibility Studies under CERCLA (EPA, 1988). 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 (HHRA) approach is discussed in 
Section 4.3.1, and supporting tables are included in Appendix A. The Ecological Risk Assessment (ERA) 
approach is discussed in Section 4.3.2. The results of the HHRA and ERA were used to identify whether a 
Feasibility Study (FS)/Correctives Measure Study (CMS) or No Further Action (NFA) is warranted at each 
site. 

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 DA, and a 
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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 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, before the Korean War. 
In 1950, in response to the Korean conflict, production increased dramatically. From 1947 through 
mid-1975, the former U.S. 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 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 (Figure 1-2). At that time, 
combined Royal Demolition Explosive (RDX) plus high melting explosive (HMX) discharge concentrations 
were as great as 1,410 micrograms per liter (µg/L), and 2,4,6-trinitrotoluene (TNT) discharge 
concentrations were as great 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. Five outfalls included on the updated permit do not include explosives. 

1.2.3 IAAAP Regulatory Setting 

As a result of explosives-contaminated surface water leaving the installation boundaries, the IAAAP was 
added to the National Priorities List in August 1990. In September 1990, an FFA was signed by U.S. 
Environmental Protection Agency (EPA) Region 7 and the U.S. Army; it became effective in December 
1990. The 1990 FFA identified 30 RCRA SWMUs at the facility. The 2018 RCRA Permit (EPA, 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 EPA, with support provided by Iowa Department of 
Natural Resources. The IAAAP was placed under the U.S. Department of Defense (DoD) Installation 
Restoration Program (IRP), which follows the CERCLA process, as amended by the Superfund 
Amendments and Reauthorization Act. 

The February 19, 2004, Resolution of Dispute between the Army and EPA acknowledged that seven IRP 
sites at IAAAP were ineligible for Environmental Restoration, Army (ER,A) funding and instead would be 
managed as six sites under the RCRA CC program, as follows (Tetra Tech, 2009): 

 CC-01 (IRP IAAP-019) Contaminated Clothing Laundry. 
 CC-02 (IRP IAAP-024) Contaminated Waste Processor (CWP). 
 CC-04 (IRP IAAP-026) Main Sewage Treatment Plant/Drying Beds (MSTP). 
 CC-03 (IRP IAAP-027) Fly Ash Landfill (FALF). 
 CC-05 (IRP IAAP-029) Line 3A Sewage Treatment Plant/Drying Beds (Line 3A STP). 
 CC-06 (IRP IAAP-021) DA and (IRP IAAP-023) DF (the two IRP sites were combined to form one CC site). 
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The CC program was established to address releases or suspected releases for which the release dates are 
unknown (Tetra Tech, 2006a). Because the CC program is not supported by ER,A, these sites were often 
referred to as “non-ER,A-eligible” sites. As part of the RCRA/CERCLA integration plan, the Army has closed 
and transferred most of these sites back to the IRP, where they will be addressed under CERCLA, as they 
are no longer funded under the CC program. However, CC-06 still receives funding under the CC program 
and groundwater at this site is evaluated in this RI/RFI Report. At the request of the Army, it does not fall 
under an operable unit (OU) at IAAAP. 

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 Central Test Area. 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. 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. 

The CC site included in this report is comprised of two areas, the DA and DF, which are summarized in 
Table 1.2-1. The table lists the CC site name and number, a brief site description, and the RI/RFI report 
section in which the IAAAP site is discussed in more detail. 

Table 1.2-1. IAAAP Sites Included in the CC-06 RI/RFI Report 
Iowa Army Ammunition Plant, Middletown, Iowa 

HQAES ID 

HQAES ID Name 
(and Army 

Environmental 
Database Site 

Numbera) 

Media 
Addressed 
in RI/RFI 
Reporta 

IAAAP Area 
(Abbreviation 

for RI/RFI 
Report) Brief Site Description 

RI 
Report 
Section 

19105.1096 CC-06_Demolition 
Area/ Deactivation 

Furnace 

Groundwater Demolition 
Area (DA) 

The DA is an approximately 
23-acre site in the southwest 
portion of the IAAAP. The DA is 
an active site used for emergency 
open burn and open detonation 
of rejected ammunition. 

5.1 

Deactivation 
Furnace (DF) 

The DF is an approximately 
0.55-acre inactive site in the 
southwest portion of the IAAAP. 
Former Building 900-199-2, 
which housed the DF, was closed 
under the RCRA permit in 1995. 
The DF was used to destroy small 
explosives-loaded components 
such as detonators, primers, 
and fuses. 

5.2 

a Soil is being addressed under OU-1 and is not included in this RI/RFI Report. 
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2. 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 (NWS, 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 greatest 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 a large volume of runoff and 
substantial erosion. In addition, severe thunderstorms in summer can also result in a large volume of 
precipitation over a short period and create high runoff volumes (H&S Environmental, 2016). 

2.2 Topography 
The 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 the 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 the IAAAP is generally flat in the uplands and 
slopes gently toward the south. Elevations at the 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 the IAAAP. A watershed includes all the surface water (i.e., 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, 2006a). 

 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, 2006a). 
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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, 2006a). 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, 2006a). 

 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, 2006a). 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, 2006a). 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 Section 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 
The 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. 
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Loess, identified as the Peoria Loess near the 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 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 the 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 the 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 DA and DF 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/RFI 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. 
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 less 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 (IDNR, 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 
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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 large amounts of total dissolved solids. 

Aquifer hydraulic conductivity (slug) testing has been performed at more than 150 wells at the IAAAP, as 
part of previous investigations conducted between 1981 and 2003; a total of 192 slug tests performed on 
150 wells were determined to have acceptable and representative data quality. 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 greater range of values is indicative of wells screened 
within sandier layers whereas the lesser 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 (Tetra Tech, 2012a). 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). In comparison, aquifer yields within alluvium aquifers may 
yield 25 to 100 gallons per minute. 

2.7 Ecology 
Wildlife found in available habitats at the 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 (United States 
Code Title 16, Sections 703-712), which is administered by the U.S. Fish and Wildlife Service (USFWS). 
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 USFWS 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) and the northern long-eared bat (Myotis septentrionalis). The northern 
long-eared bat (Myotis septentrionalis) is listed as threatened throughout the State of Iowa (USFWS, 2018a). 
The Indiana bat is listed as endangered in a number of counties in Iowa including Des Moines. Based on 
information presented by the USFWS, these species are fairly similar in ecology and life history (USFWS, 
2018b). For example, USFWS notes that “the northern long-eared bat and Indiana bat are both temperate, 
insectivorous, migratory bats that hibernate in mines and caves in the winter and spend summers in wooded 
areas” (USFWS, 2018b). Both species typically hibernate mid-fall through mid-spring each year. Suitable 
summer habitats for both species include a wide variety of forested/wooded habitats where they roost, 
forage, and travel. Some adjacent and interspersed nonforested habitats such as emergent wetlands and 
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adjacent edges of agricultural fields, old fields, and pastures could occur in the forested habitats. The main 
habitat difference between the two bats appears to be that northern long-eared bats are typically associated 
with upland forests with generally more canopy cover than Indiana bats. They prefer upland, mature forests 
(Caceres and Pybus, 1997) with occasional foraging over forest clearings, water, and along roads (Jong, 
1985). However, most foraging occurs on forested hillsides and ridges, rather than along riparian areas 
preferred by the Indiana bat (Brack and Whitaker, 2001; LaVal et al., 1977). 

In 1999, a National Wetlands Inventory was conducted on the installation by the USFWS. 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). 

2.8 Land and Resource Use 
The current mission of the IAAAP is to load, assemble, and pack ammunition items and the current land 
use is Industrial/Military. 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. Currently, portions 
of Mathes Lake are used for recreational purposes by employees and the public. 

Future Residential use is not anticipated for the IAAAP. The anticipated future land use at the IAAAP is 
Commercial, Industrial, Agricultural, and Recreational (USACE and Dawson Solutions, 2021). IAAAP has been 
divided into three planning districts by stakeholders in the IAAAP’s Vision Plan (Pond & Company, 2017): 
Industrial Core District, Logistics/Storage District, and Agricultural/Natural Resources District. The Industrial 
Core District encompasses the centrally located production and testing areas, along with production Line 3A, 
Burning Grounds, and the DA. The Logistics/Storage District is composed of nine separate sub-districts 
throughout the plant that house all inert storage, explosive storage, and shipping and receiving functions. 
The land area that remains, largely undeveloped or leased to outside agriculture companies, was designated 
as the Agriculture/Natural Resources District (Pond & Company, 2017). The 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. 

The land surrounding the IAAAP is characterized as rural and is expected to remain rural (USACE, 2016). 
The largest population centers are the towns of Burlington, West Burlington, Middletown, and Danville 
(USCB, 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 
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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, the 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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3. RI/RFI Field Investigation Activities 
This section describes the field investigation activities conducted as part of the current RI/RFI at the IAAAP 
for the areas included in the CC-06 site. Field activities were performed at the DA and DF from 2018 
through 2020 to address data gaps identified in the final UFP-QAPP. Previous investigations for the DA 
and DF are described in Section 5 along with the RI/RFI results. The field activities conducted during this 
RI/RFI consisted of the following activities: 

 Site preparation/mobilization. 
 Utility clearance. 
 Geophysical surveying. 
 Seep sampling. 
 Monitoring well installation, development, and sampling. 
 Surveying. 
 Decontamination. 
 Waste management. 
 Data management. 

Samples associated with the CC-06 RI/RFI field investigation were collected and submitted to TestAmerica 
Denver and TestAmerica St. Louis for the analysis of explosives by Method SW8330B and select metals by 
Methods SW6020/SW7470A. This section provides an overview of the RI/RFI field activities. Section 5 
provides specific investigation objectives and RI/RFI field investigations for the DA and DF. Appendix B 
contains laboratory reports and the data quality evaluation (DQE). Note the DQE contains additional 
samples that are not associated with the CC-06 RI/RFI. 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/RFI 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 HILL, Inc. (CH2M) team field personnel obtained construction identification badges from AO 
Security before conducting field activities. CH2M team personnel obtained camera passes from AO 
Security. Well keys were signed out and returned daily at AO Security. 

3.1.2 Biological/Ecological Survey 
Before intrusive activities and any vegetation removal, an Iowa Department of Natural Resources-approved 
biologist walked each of these sites to inspect and eliminate potential impacts to federally protected species, 
including the Indiana bat (Myotis sodalist). All intrusive work was coordinated with base Natural Resources 
manager and conducted within permitted months. 
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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 LLC or PARS using both 
mechanical and manual methods. The paths and work areas were maintained, as needed, for the duration 
of the investigation. 

3.1.4 Utility Survey 

Before the start of any intrusive work, CH2M identified and marked sampling locations and coordinated 
activities with the AO representatives. In addition, third-party utility location activities were conducted at 
offsite locations. AO completed third-party utility clearance before all intrusive activities at the IAAAP. 
In addition to the utility location activities, most proposed intrusive drilling locations were cleared to check 
for buried utilities using hand augers to a depth of at least 5 feet bgs. 

3.2 RI Investigation Methods 
Additional field work was conducted at the DA and DF below to resolve data gaps needed to complete the 
RI/RFI, in accordance with the final UFP-QAPP. The following field activities were conducted in 2018 
through 2020: 

 DA—seep sampling, monitoring well installation, well development, groundwater sampling, water 
level gauging, surveying, and waste management. 

 DF—monitoring well installation, well development, groundwater sampling, water level gauging, 
surveying, and waste management. 

3.2.1 Lithological Logging 

Soil and bedrock cored were logged in the field by a Jacobs geologist. Soils 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)” 
(ASTM International, 2017). Rock cores were logged for rock quality designation (RQD), a measurement of 
the quality of rock core in accordance with ASTM Test Procedure D6032, Standard Test Method for 
Determining RQD. Appendix C contains the boring logs. Soil samples were not collected for laboratory 
analysis during this RI. 

3.2.2 Permanent Monitoring Well Installation 

The permanent monitoring wells were installed in accordance with the final UFP-QAPP (CH2M, 2017 and 
2018b) using the rotosonic drilling method. 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 polyvinyl chloride 
(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/well screen to a depth of at least 0.5 feet 
above the top of the screen (sand filter pack extended above top of screen between 0.5 and 2 feet 
depending on well depth). A hydrated bentonite layer at least 1-foot-thick was placed at the top of the 
sand pack (bentonite layer thickness ranged from 1-to-5-feet thick depending on well depth). After the 
bentonite was allowed to hydrate, a cement-bentonite grout was placed in the remaining annular space to 
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the surface. The monitoring wells were completed with 4-foot by 4-inch steel protective casing with 
locking cover plus three protective bollards. The inner casing was capped with a watertight expansion 
plug. Appendix C contains the well construction diagrams. Section 5 provides details on permanent 
monitoring wells installed at the DA and DF. 

3.2.3 Monitoring Well Development 

New monitoring wells were developed at least 24 hours after installation was completed to remove 
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, 2017 and 2018b), 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. Section 5 provides details on well development activities at the DA 
and DF. 

3.2.4 Water Level Survey 

Manual groundwater elevation measurements were obtained on May 7, 2020, 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. 

3.2.5 Groundwater Sampling 

Groundwater samples were collected from DPT locations, temporary monitoring wells, or permanent 
monitoring wells. 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 (DO), temperature, salinity, and 
oxidation-reduction potential [ORP]) were collected using a water quality meter and were recorded on 
purge logs (Appendix C). Groundwater quality parameters were allowed to stabilize for three consecutive 
readings before each well was sampled, unless otherwise mentioned in Section 5. 

Groundwater samples were collected in laboratory-prepared sampling containers that were pre-preserved 
based on the analytical method and submitted to TestAmerica Denver and TestAmerica St. Louis. See 
Section 5 for details on monitoring well sampling at the DA and DF. 

3.2.6 Surveying 

New monitoring wells were surveyed by State of Iowa-licensed professional surveyors Bruner, Cooper & 
Zuck or Klingner and Associates. 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 83 and the vertical elevations were referenced to National Geodetic 
Vertical Datum 88 with ties to the Iowa State Plane Coordinate System. Appendix E contains the survey report. 
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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. 

3.2.7 Decontamination and Waste Management 
Decontamination and waste management activities were conducted in accordance with the final Basewide 
Environmental and Waste Management Plan (CH2M, 2018a). Investigation-derived waste (IDW) 
generated during the RI/RFI 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 the 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 is temporarily stored at the installation approved staging location and properly labeled. The soil 
drums were sampled for waste characterization. Based on the analytical results, IDW was classified as 
nonhazardous and will be 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, 2017 and 2018b). 
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 DQE report 
(Appendix B). 
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The results are usable for project objectives, taking into consideration validation flags applied as noted in 
Appendix B. No data associated with the CC-06 samples were rejected for project use. The analytical 
completeness goal of 90% was met for the site. 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, 2017 
and 2018b). Summary tables of the reported data, including both detections and nondetects, are included 
in Section 5. 

3.4 Deviations  
Three deviations were notable during the 2018-2020 RI field events at CC-06: 

 Monitoring well DF-MW1 had to be offset 30 feet to the east due to aggressive, steep terrain that 
inhibited the rotosonic drill rig from being able to set up properly at the originally proposed location. 
Because of the offset, observed geology during the boring advancement had to be used to determine 
final screen interval depth. The field geologist and senior geologist discussed observed geology and 
decided to set the well at 9.5 to 19.5 feet bgs, as opposed to the originally proposed 20 to 30 feet 
bgs, as defined in the UFP-QAPP site-specific worksheets (CH2M, 2018b). 

 18 total metals were analyzed in groundwater as opposed to just the RCRA metals (arsenic, barium, 
cadmium, chromium, lead, mercury, selenium, and silver) as defined in the QAPP Site-Specific 
Worksheet #11 (CH2M, 2018b). 

 Several TestAmerica Laboratories (located in Savannah, GA; St. Louis, MO; and Arvada, CO) and 
Eurofins Lancaster, located in Lancaster, PA, were used for sample analyses as opposed to just the 
TestAmerica Laboratory located in Arvada, Colorado, as defined in the QAPP site-specific worksheets 
(CH2M, 2018b). 

The deviations outlined above did not impact data quality. More low-flow groundwater sampling at DF-
MW1 is required before deciding on the usability of the monitoring well going forward. 
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4. Approach for RI/RFI Data Evaluation 
Because environmental investigations have been conducted at the IAAAP since the 1980s, newly collected 
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/RFI data evaluation for the DA and DF. 

4.1 Nature and Extent Approach 
4.1.1 Site Characterization Project Action Limits 

In accordance with the final UFP-QAPP (CH2M, 2017 and 2018b), 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 
(refer to Section 4.3). The final selected project action limit (PAL) objectives are summarized in 
Appendix F. 

For site characterization, chemical concentrations were compared with PALs listed in the final UFP-QAPP 
(CH2M, 2017 and 2018b). The groundwater PALs considered for the IAAAP sites included in this report 
are based on human health using the following hierarchy:  based on the following sources: 

 Federal maximum contaminant level (MCL), March 2018 (EPA, 2018c). 

 If no MCL is available, the greater of the Regional Screening Level (RSL) and Health Advisory Level 
(HAL) is used based on the following sources: 

– EPA RSL for tap water (HQ = 1) (EPA, 2023a). 

– HAL (lifetime), March 2018 (EPA, 2018c). 

4.1.2 Background Threshold Values 

EPA’s Role of Background in the CERCLA Cleanup Program (EPA, 2002a) 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 COCs from an identified CERCLA release 
should not be set below their corresponding background concentrations. Background concentrations for 
natural and anthropogenic chemicals 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 the IAAAP and documented in the final Evaluation of Background Concentrations of 
Metals in Groundwater (CH2M, 2020a). Background values were established for soil as part of the 
Reevaluation of Background Concentrations of Metals in Soil (Jacobs, 2022). BTVs were also developed 
for sediment and surface water specific to three of the watersheds at the IAAAP: Brush Creek, Long Creek, 
and Spring Creek. BTV calculations are documented in the final Evaluation of Background Concentrations 
of Metals in Sediment and Surface Water (CH2M, 2020b). BTVs are presented in the site-specific screening 
tables in Section 5 of this report. 
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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 overview 
of the fate and transport properties of chemicals previously identified as COPCs at the IAAAP. Site-specific 
discussions are included in Section 5. 

Based on previous investigations at the 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 chemical 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 (EPA, 2010). 
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 chemical 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. 

Physical and chemical properties for the primary COPCs identified at the IAAAP are summarized in 
Table 4.2-1. 
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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 (Pennington et al., 1999), in which it is reductively degraded 
to hexahydro-1-nitroso-3,5-dinitro-1,3,5-triazine, then hexahydro-1,3-dinitroso-5-nitro-1,3,5-triazine, and 
subsequently to hexahydro1,3,5-trinitroso-1,3,5-triazine. Other intermediates may also be formed, such as 
formaldehyde, methanol, hydrazine, 1,1-dimethylhydrazine, and 1,2-dimethylhydrazine (Battelle, 2015). RDX 
is also subject to abiotic degradation and can be transformed to methylene dinitramine. 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. 
Amino-dinitrotoluenes (DNTs) are intermediate transformation products of TNT reduction under oxic or 
anoxic conditions (Battelle, 2015). 4-Amino-2,6-DNT is also a daughter product of the abiotic 
transformation of TNT. 

HMX can be biodegraded under anaerobic conditions, most favorably under sulfate-reducing conditions. 
It will degrade to methane and chloroform under anaerobic conditions when a mixed microbial 
consortium is present (Battelle, 2015). 

Two (2),4-DNT and 2,6-DNT can be biodegraded under aerobic and anaerobic conditions. However, 
2,4-DNT can be resistant to aerobic biodegradation under certain conditions (ATSDR, 2013). The DNTs 
can be used as the sole energy source or degraded via cometabolism with ethanol, methanol, and acetic 
acid. Potential aerobic degradation products include amino-nitrotoluene isomers, carbon dioxide, nitrite, 
or nitrate. Nitrite can inhibit further 2,6-DNT degradation. Anaerobic degradation can also result in 
diaminotoluenes. 2,4-DNT and 2,6-DNT are subject to abiotic degradation via photolysis, ozonation 
and chlorination, or oxidation by strong oxidants. The presence of the amino-DNT isomers (e.g., 
4-amino-2,6-DNT) in groundwater may be byproducts of anaerobic biodegradation of 2,6-DNT. 
These amino-DNTs can be further degraded to nitrotoluenes (McFarlan, 1998). 4-nitrotoluene can be 
biodegraded, but this process can be limited. 

4.2.1.2 Metals 

Because of 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 (EPA, 
2010). 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). 

The solubilities of metals are also dependent on several factors. In general, solubility is highly dependent 
on the oxidation state of the metal (EPA, 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). 
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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 (e.g., chromium and arsenic) will also be released. Iron also becomes more 
soluble as pH drops to less than 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 greater in areas of organic 
contamination (i.e., explosives or VOC plumes) because of the reducing conditions that are created during 
biodegradation of these chemicals (EPA, 2017). 

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. 

Primary migration pathways for potential contaminants at the 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 the IAAAP are further discussed in this section in the 
context of their location (i.e., unsaturated zone, surface water, sediment, stormwater, and saturated zone 
migrations). 

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 greater clay 
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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. Chemicals 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 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 greater than 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. 

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 
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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.” Because of 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 because 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 chemical. The VOCs in groundwater 
may volatilize into soil gas overlying the water table. These chemicals 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 is groundwater. Soil at the DA and DF was addressed under the OU-1 Decision Documents. 

4.3.1 Human Health Risk 

This section provides the general method used in the HHRAs. Site-specific discussions for the DA and DF 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. 
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The approach and assumptions used in the HHRA are consistent with those provided in the final 
UFP-QAPP (CH2M, 2017 and 2018b), with the exception of some deviations that were agreed to during 
meetings or correspondence with USACE and EPA following approval of the final UFP-QAPP and are 
consistent with those provided in the interim deliverables for the HHRAs for Line 2, Line 6, and Building 
600-86 Septic System (CH2M, 2019, 2020c; Leidos, 2020a). The IAAAP project team has 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 CC-06 RI report. The purpose of these interim deliverables, as stated for 
Superfund Sites in EPA’s Risk Assessment Guidance for Superfund (RAGS), is to present the planning 
documents, specifically RAGS Part D tables. The interim deliverable for the 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. 

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 chemicals in groundwater at these 
IAAAP sites in the absence of any remedial action. The HHRAs were completed in accordance with the 
EPA’s RAGS, Volume I, Human Health Evaluation Manual, Parts A, D, E, and F (EPA, 1989a, 2001, 2004, 
and 2009); Human Health Evaluation Manual Supplemental Guidance (EPA, 2014a); and USACE’s Risk 
Assessment Handbook, Volume I: Human Health Evaluation (USACE, 1999). If there are inconsistencies 
between the methods presented in the USACE and EPA guidance documents, preference is given to EPA 
guidance in the risk assessment. 

As reflected in the original conceptual exposure model (CEM) in the site-specific UFP-QAPPs 
(CH2M, 2019), the current and expected future Land Use of IAAAP is Industrial with no plans for 
redevelopment for other uses. Therefore, initial recommendations from the QAPP included an HHRA that 
would only evaluate Industrial Land Use. However, based on subsequent meetings and decisions, these 
HHRAs evaluated exposures to several assumed receptors under current and reasonably anticipated future 
Commercial/Industrial Land Use scenarios, as well as under hypothetical future Residential Land Use 
scenarios in an effort to maximize information needed for future decision-making relative to a 
determination that further action is warranted or NFA is necessary. An evaluation of the Residential Land 
Use scenario is necessary to determine if chemicals initially identified as COPCs due to exceedances of 
risk-based SLs at the start of the HHRAs are retained as final COCs. A finding of COCs requires additional 
evaluations in an FS to determine if a remedial action(s) is warranted. 

In these HHRAs, a COC is determined to be a site-related contaminant in groundwater associated with a 
cumulative excess lifetime cancer risk (ELCR) or cumulative noncarcinogenic hazard index (HI) that 
exceeds the respective EPA target limits of ELCR of 1E-04 and an HI of 1 (i.e., “exposure medium of 
concern”). The target ELCR of 1E-04 represents the upper limit of the EPA’s National Oil and Hazardous 
Substances Contingency Plan target risk range of 1E-06 to 1E-04 (EPA, 1990). Individually, COCs are 
identified as those site-related contaminants in an exposure medium of concern contributing a total 
pathway ELCR or HI that exceeds a target limit of 1E-06 or 0.1, respectively, and that meet other criteria 
evaluated as weights of evidence during risk characterization. An ELCR of 1E-06 represents the probability 
of one additional cancer case resulting from potential exposure to a site that could occur within a 
population of one million people, over a lifetime. Similarly, an ELCR of 1E-04 represents the probability of 
one additional cancer case above baseline that could occur within a population of ten thousand people, 
over a lifetime. 

The HHRAs consist of a four-step evaluation process, as follows: 

1) Data evaluation and identification of COPCs. Identification of the appropriate HHRA dataset and 
selection of the COPCs, including concentration contributions from both site-related COPCs and 
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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 and hazard estimates. 

4) Risk characterization. Integration of the results of the exposure and toxicity assessments to develop 
numerical estimates of potential health risks and hazards, 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, as follows: 

– Presents estimates of potential risks and hazards that include contributions from site-related 
COPCs and naturally occurring chemicals. 

– Presents risks and hazards due to background and identifies naturally occurring chemicals. 

– Presents risks and hazards from site-related COPCs. 

– Through weight-of-evidence evaluations, identifies final COCs, if any, that warrant further 
evaluation in an FS. 

– The identification of no COCs indicates the conditions for NFA are met on an HHRA basis. Step 2 of 
the risk characterization is not applicable to organic COPCs because of the unavailability of IAAAP-
specific background data. 

4.3.1.1 Potential Receptors 

The following potential future human receptors were considered for the DA and DF, and the exposure 
scenarios applicable to each site are discussed in the HHRAs, as provided in Section 5. Soil is not evaluated 
in the HHRAs because soil has been addressed under OU-1. 

Potential Future Exposure Scenarios 

 Site Workers. 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 volatilized chemicals 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—potable use or vapor intrusion (VI)—exceeded acceptable risk 
levels and COCs were identified for a residential scenario. 

 Construction/Utility Workers. Future construction/utility workers could contact shallow groundwater 
(i.e., groundwater present at depths less than 10 feet bgs) while replacing a culvert. For 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 (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. Hypothetical future residents (young child ages 0 to 6 years and adult) 
may contact groundwater based on potential future use as a potable water source at the IAAAP sites. 



RI/RFI Report for Compliance Cleanup Program Site CC-06 

4-9 

Additionally, future residents could contact COPCs in indoor air (that may be impacted by volatilized 
chemicals 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 groundwater at the CC-06 areas as a means for 
determining if the conditions of the areas meet the conditions for NFA or unlimited use and unrestricted 
exposure. 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 EPA’s Office of Solid Waste and Emergency Response (OSWER) Directive 9355.7-04 entitled, 
“Land Use in the CERCLA Remedy Selection Process” (EPA, 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. If the ELCRs and HIs estimated for the residential 
scenarios are less than the respective target limits, then evaluations of the remaining nonresidential 
receptor scenarios are not performed. 

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 dataset of 
acceptable quality for the HHRAs. Groundwater samples from historical investigations in 2013 and from 
the recent investigations conducted between 2019 and 2020, as documented in the final UFP-QAPP 
(CH2M, 2017 and 2018b), 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 (RL) 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) (i.e., RL) was used. 

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. EPA guidance (EPA, 2014b) 
recommends that only “total” concentrations (unfiltered) 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. 

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 
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samples collected from the shallow zone were included in the HHRAs when evaluating the VI pathway. 
However, no volatile chemicals were detected in groundwater at either the DA or DF. 

The risk evaluation methods applied to the groundwater data groupings for the DA and DF are consistent 
with those described in the final UFP-QAPP (CH2M, 2017 and 2018b), the interim HHRA documents for 
Line 2 (CH2M, 2019), Line 6 (CH2M, 2020c) and Building 600-86 (Leidos, 2020a), the Final IAAAP OU-9 
RI Report Addendum (Leidos, 2020b) as well as the Final IAAAP OU-11 RI Report (Jacobs, 2021). 

Selection of Site-related COPCs and Naturally Occurring Chemicals 

The COPCs (i.e., inclusive of site-related COPCs or naturally occurring chemicals) are those chemicals that, 
based on data comparisons with toxicity or risk-based SLs, have the potential to cause adverse human health 
effects if receptors directly contact site media. 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 groundwater was included in the Uncertainty Analysis section in the HHRAs. 
DLs and RLs (if available) for chemicals that were 100 percent nondetected in groundwater 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 groundwater on an IAAAP facility-wide basis at a frequency greater than 5 percent (based on 
historical non-FUSRAP [Formerly Utilized Sites Remedial Action Program] 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 groundwater are described in this section. A detected chemical was retained 
as a COPC (site-related COPC or naturally occurring chemical) in groundwater if the maximum detected 
concentration (MDC) exceeded the corresponding SL for groundwater. 

 Groundwater (Potable Use). Maximum concentrations of chemicals detected in groundwater for a 
potable use scenario were compared to EPA’s tap water RSLs (EPA, 2023a) to determine COPCs. To 
determine if lead is a COPC, the maximum groundwater concentrations were compared with the EPA’s 
Action Level of 15 µg/L. 

 EPA’s MCLs (EPA, 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 (EPA, 2018c) was provided for comparison 
purposes. The MCLs are enforceable standards and are used as a line of evidence near the end of the 
risk characterization to determine final COCs in the HHRAs. 

The RSLs were based on a target ELCR of 1E-06 and a noncancer hazard quotient (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 MDC of a chemical exceeded its respective SL, it was retained as a COPC (site-related 
COPC or naturally occurring chemical) in the HHRA. 

Background Threshold Values 

The BTVs 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. The results of the 
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background comparisons are used in the risk characterization process to distinguish between naturally 
occurring chemicals and site-related COPCs. If the site MDC is less than the upper tolerance limit for the 
BTV, the metal is considered naturally occurring. If the site MDC is greater than the background upper 
tolerance limit, the metal 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 chemical 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 human exposure resulting in internal intake/absorption (such as ingestion). 

In the absence of any one of these components, an exposure pathway is considered incomplete, and, by 
definition, there is no risk or hazard. The potential exposure pathways quantified for each site are 
discussed in the HHRAs, as provided in Section 5. 

The HHRAs include evaluations of exposures to groundwater under hypothetical potable use scenarios. 
Groundwater is not currently being used as a potable water source and there are no plans to use 
groundwater for potable purposes; however, based on applicable CERCLA policy and guidance, 
groundwater at the IAAAP sites is classified as Class IIB, a potential source of drinking water (EPA, 1989a). 
Therefore, future residential exposures to groundwater were evaluated. It is assumed that hypothetical 
future residents and future site workers could use groundwater as a potable water source. Ingestion, 
dermal contact, and inhalation exposures to COPCs in groundwater were evaluated in the HHRAs based on 
a potable use scenario. For the site worker, ingestion and dermal contact exposures to COPCs in 
groundwater were assumed based on a potable use scenario. For the construction/utility worker, ingestion 
and dermal contact exposures to COPCs in groundwater were assumed based on groundwater contact 
during a culvert replacement/repair scenario. 

Exposure Point Concentrations 

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 EPA’s Determining Groundwater Exposure Point 
Concentrations, Supplemental Guidance (EPA, 2014b). A plume is interpreted as a three-dimensional, 
dynamic (i.e., may vary temporally), potentially irregular distribution of contaminants dissolved or 
suspended in groundwater (EPA, 2014b). When eight samples and at least four detected concentrations 
were available from the core of the plume, the EPC was calculated as the upper confidence limit (UCL) on 
the mean concentration; otherwise, the MDC was used as the EPC. If no plume was identified for a site, all 
samples in the groundwater dataset were used to calculate the EPCs for the COPCs in groundwater; EPCs 
were calculated as the UCL on the mean when eight samples and at least four detected concentrations 
were available for the site groundwater; otherwise, the MDC was used as the EPC. 
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The UCLs were estimated following the most recent parametric (distributional) and nonparametric EPA 
recommendations in ProUCL (Version 5.2) (EPA, 2022). 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. 
Where lead was identified as a COPC, the arithmetic mean concentration was used as the EPC. 

Exposure Factors and Exposure Calculations 

A reasonable maximum exposure (RME) scenario was quantified for potential site workers and 
construction/utility workers under a future industrial land use scenario and residential receptors under a 
hypothetical future land use scenario (EPA, 1989a). EPA defines the RME as the greatest 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 EPA guidance such as the Human Health Evaluation Manual Supplemental Guidance (EPA, 
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 daily intakes for ingestion and dermal 
exposure routes. A daily intake occurs when a chemical is taken into the body via ingestion or dermal 
contact and is subsequently absorbed into the bloodstream. Depending on the exposure duration, 
exposures are characterized as chronic or subchronic. Daily intakes via all routes are calculated in 
accordance with the USACE’s Risk Assessment Handbook (USACE, 1999) and EPA’s RAGS Part A 
(EPA, 1989a). Additionally, dermally absorbed doses are calculated for dermal exposures in accordance 
with EPA’s RAGS Part E (EPA, 2004). 

Equations for calculating daily intakes are provided in the RAGS Part D Table 4 series for each site 
(Appendix A). Calculations of daily intakes, along with results, 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). 

4.3.1.4 Toxicity Assessment 

The toxicity assessment describes the relationship between the magnitude of exposure to a chemical 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 or severity of adverse 
effects associated with chemical exposure (EPA, 1989a). 

Chemical Toxicity Assessment 

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

 Tier 1 Source—Integrated Risk Information System (IRIS) (EPA, 2023b). 
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 Tier 2 Source—EPA Provisional Peer-Reviewed Toxicity Values (PPRTVs). 

 Tier 3 Sources—Other peer-reviewed federal and state toxicity values, as cited in the RSL table 
(EPA, 2023a). 

– Agency for Toxic Substances and Disease Registry (ATSDR, 2023). 

– California Environmental Protection Agency toxicity database (Cal EPA, 2023). 

– EPA’s Health Effects Assessment Summary Tables (EPA, 1997a). 

– The Tier 3 toxicity value sources used in the HHRAs were identified as appropriate by EPA and are 
consistent with EPA’s RSL User’s Guide (EPA, 2023a). Priority was given to toxicity value sources 
that are most current, peer-reviewed, transparent, and publicly available. 

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. The RfD is a 
health-based dose, expressed as a chemical intake rate in units of milligrams of chemical per kilogram 
body weight per day (mg/kg per day). The RfD is 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 is an estimate (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 (EPA, 1989a). 

Noncarcinogenic toxicity values are available for both chronic and subchronic exposures. As a guideline, 
chronic RfDs 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 are applied in the 
hazard calculations for the following IAAAP receptor scenarios: site worker and hypothetical residents 
(child and adult). Subchronic oral RfDs are specifically developed to be protective for short-term 
exposures. As a guideline, EPA 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 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. The CSF is defined as a plausible upper-bound 
estimate of the probability of developing cancer per unit intake of a chemical over a lifetime (EPA, 1989a). 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 per 
day/mg or [mg/kg per 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. 

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 
(EPA, 2004). Following EPA’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. 
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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: 

RfDd = Dermal reference dose (mg/kg per day) 
RfDo = Oral reference dose (mg/kg per day) 
ABSGI = Fraction of chemical 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 per day)-1 
CSFo = Oral cancer slope factor (mg/kg per day)-1 
ABSGI = Fraction of chemical absorbed in the gastrointestinal tract (unitless) 

Special Considerations 

The IRIS oral RfD for manganese (0.14 mg/kg per day) includes manganese from all sources, including diet 
(EPA, 2023b). 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 and the potential for adverse 
neurological effects. The resulting oral “nondiet” RfD for manganese is 0.024 mg/kg per day and was used 
to estimate potential noncarcinogenic HQs associated with exposures to manganese in groundwater. 
This approach is consistent with the recommendations provided in EPA’s IRIS Chemical Assessment 
Summary (2023b) for manganese and is also consistent with EPA’s RSL User’s Guide (2023a). 

The oral RfD for vanadium (0.005 mg/kg per day) was derived from the oral RfD for vanadium pentoxide 
(0.009 mg/kg per 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 per day). This calculated RfD was used to estimate potential 
noncarcinogenic HQs associated with exposures to vanadium in groundwater at the IAAAP sites. 

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 in this section. 

Estimation of Noncarcinogenic Hazards for Chemicals 

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 
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the following equation. This ratio is referred to as the HQ and is expressed using one significant figure. 
The HQ associated with ingestion or dermal contact of noncarcinogenic COPCs is calculated as follows: 

RfD
IntakeHQ =

   

where: 

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

Intake and RfD are expressed in the same units (mg/kg per 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. 

To assess the potential for noncarcinogenic health effects posed by exposure to multiple COPCs and 
exposure routes, an HI approach was used (EPA, 1989a). 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 are based. 

Estimation of Carcinogenic Risks for Chemicals 

The potential for carcinogenic effects due to exposure to groundwater was evaluated by estimating the 
ELCR. The ELCR is the incremental increase in the probability of developing cancer during one’s lifetime 
greater than 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 in groundwater. 

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: 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 × 𝐶𝐶𝐶𝐶𝐶𝐶 

where: 

ELCR  =  unitless excess lifetime cancer risk 
Intake  =  intake level (mg/kg per day) 
CSF  =  cancer slope factor (mg/kg per day)-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 the DA and DF 

These HHRAs reflect certain procedural departures from the standard EPA HHRA process that the Army 
routinely applies at its installations (EPA, 1989a). 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 
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risk assessments by eliminating chemicals that will have no bearing on risk and hazard outcomes, and 
according to 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 act. 

Groundwater background values were obtained from the technical memorandum Evaluation of 
Background Concentrations of Metals in Groundwater, Iowa Army Ammunition Plant, Middletown, Iowa 
(CH2M, 2020a). 

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 EPA via memorandum (EPA, 2019a). 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 (EPA, 1988) and RAGS Part A (EPA, 1989a), the risk 
characterization should be conducted to determine the potential risks and hazards associated with site-
related contamination. Some contaminants can be both naturally occurring and site-related. However, 
chemicals that are considered to be naturally occurring at a site, or consistent with background, will be 
treated as naturally occurring chemicals in the HHRAs. 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 metal 
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. 

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 Determination of COCs 

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 an FS); if no COCs 
are identified, the site qualifies for an NFA decision per the HHRA. 
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EPA guidance generally considers an acceptable site ELCR range to be within 1 in 1,000,000 to 1 in 
10,000 (1E-06 to 1E-04). Generally, remedial actions are not warranted for site media with an ELCR of 
1E-04 or less, or an HI of 1 or less. 

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 1E-04 was exceeded for a receptor group, the COPCs 
posing an individual ELCR greater than 1E-06 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 trenching scenarios that were detected 
at concentrations less than or equal to their respective MCLs were excluded as final COCs. COPCs detected 
above their respective MCL were included as COCs per OSWER Directive 9283.1-33, if applicable. 
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, as well as consideration of concentrations 
detected in groundwater at upgradient locations outside of site boundaries. 

In instances where known nutrients (e.g., iron and manganese) was identified as COCs, a comparison of the 
MDC was made with an SL based on the Recommended Dietary Allowance (RDA) or the Recommended 
Dietary Reference Intakes (DRIs) (developed by the Food and Nutrition Board at the National Academies 
of Sciences, Engineering, and Medicine). SLs calculated for an adult and child using the RDA or DRI values 
are provided in Appendix A-1, Attachment 1. If the nutrient concentrations were less than the RDI-based 
SL, it was eliminated as a COC. 

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 and hazards, 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 4.3-1. 
Site-specific uncertainties associated with each HHRA are provided in Section 5. 

Typically, the 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 that these chemicals will play an insignificant role. In 
these HHRAs, 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 metals). 
In these HHRAs, the background screen was not performed before the risk-based screening. EPA 
recommends a baseline risk assessment approach that retains chemicals that exceed risk-based screening 
concentrations. EPA’s approach described in Role of Background in the CERCLA Cleanup Program (EPA, 
2002a) “involves addressing site-specific background issues at the end of the risk assessment, in the risk 
characterization.” 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 the current EPA RSL table (EPA, 
2023a), 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.  
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Table 4.3-1. 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 Hazards 

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 risk 
and hazards 

Selection of COPCs 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 RLs 
exceeding SLs. Some SL exceedances occur because RLs are elevated 
due to available analytical methods. Other SL exceedances by RLs 
occur because chemical toxicities result in corresponding SL being 
below QAPP-specified RLs. 

May underestimate 
risks and hazards 

Exposure Assumptions 

Selection of 
exposure scenarios 
and exposure 
pathways 

Assumed that residents access site groundwater 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 MDC as 
the EPC 

When less than eight samples or four detects were available for a 
dataset, receptors are assumed to be exposed to the MDC for the 
entire exposure duration. 

Likely overestimates 
risks and hazards 

Use of the UCL on 
the arithmetic 
mean as the EPC 

When sufficient data is available (i.e., at least eight samples and four 
detects for a dataset) 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 an RME scenario. 

Likely overestimates 
risks and hazards 

Toxicity Assessment 

Carcinogenic slope 
factors 

Slope factors represent upper-bound estimates. Likely overestimates 
risk and hazards 

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 
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4.3.2 Ecological Risk 

This section provides the general methods used in the ERA for the CC-06 RI/RFI report. As summarized in 
Section 1.2.4, this RI/RFI addresses groundwater at the DA and DF. Surface water and sediment were 
evaluated as part of a Watershed ERA (CH2M, 2022). Soil is not evaluated at any of the areas, as this 
media was addressed under OU-1. 

A screening level ecological risk assessment (SLERA) was conducted for the DA and DF. 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 SLERA uses 
conservative assumptions to screen the initial list of detected chemicals to identify those requiring further 
evaluation. The results of the SLERA are provided in Section 5, by site. 

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 (EPA, 1997b). 

 Final Guidelines for Ecological Risk Assessment (EPA, 1998a). 

 Ecological Risk Assessment and Risk Management Principles for Superfund Sites (EPA, 1999). 

 The Role of Screening Level Risk Assessments and Refining Contaminants of Concern in Baseline 
Ecological Risk Assessments (EPA, 2001b). 

 Wildlife Exposure Factors Handbook (EPA, 1993). 

 Environmental Quality Risk Assessment Handbook, Volume II: Environmental (USACE, 2010). 

 Final UFP-QAPP and site-specific worksheets (CH2M, 2017 and 2018b). 

EPA provides a formal eight-step ERA process (EPA, 1997b and 1998a), which was followed to complete 
the SLERAs where applicable. This process is readily applied for CERCLA RIs 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. Additionally, the eight‐step ERA 
process does not account for the time since a chemical release, and any reductions in toxicity due to 
chemical degradation or sensitivity due to generational exposure. Therefore, results of the ERA may be 
considered to be conservative when calculations are based on older samples. 

The SLERA for the CC-06 RI/RFI followed the first two steps of the eight-step approach recommended by 
EPA (1997b), listed as follows: 

 Step 1 of the SLERA process is intended to answer two main questions, as follows: 

– Do complete exposure pathways exist? 

– Are conservative SLs available for the chemicals onsite to conduct the SLERA? 

– If one or more complete exposure pathways are likely to exist, the SLERA process continues to 
Step 2 for those pathways that have been determined to be critical. The available SLs are then 
evaluated to determine whether they are adequate to evaluate the data in the SLERA. If not, 
additional SLs are obtained from the scientific literature before the SLERA process continues, or 
the SLERA will be likely to move on to the refinement steps for chemicals or exposure routes 
lacking screening values. 
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 Step 2 of the SLERA process involves conducting a screening exposure assessment, an effects 
assessment, and a risk calculation (risk characterization). The results of the SLERA are used to evaluate 
the potential for ecological adverse effects based on very conservative assumptions. If the results of 
the SLERA suggest that further ecological evaluation or data collection is warranted, the SLERA 
process then proceeds to the Baseline Ecological Risk Assessment (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. 

 In general, the approach and assumptions used in the SLERA are consistent with those provided in the 
final UFP-QAPP (CH2M, 2017 and 2018b), with the exception of some deviations that were agreed to 
during meetings or correspondence with USACE and EPA following approval of the final UFP-QAPP 
(i.e., use of the more current Region 4 ecological screening values instead of the QAPP-approved 
Region 5 ecological SLs as the primary source of soil screening values). 

For each site in this RI/RFI, the SLERA concludes at Step 1, with a conclusion of “no adverse effects on 
ecological receptors identified;” no site proceeded to Step 2 or the BERA stage. The investigation then 
proceeds to risk characterization (Step 7) to document this conclusion, and the ERA process terminates. 

4.3.2.1 Screening Level Problem Formulation (Step 1) 

The SL problem formulation establishes the goals, scope, and focus of the SLERA. 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 on 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. Determining which aspects of the environment should be 
selected for evaluation includes consideration of diversity of species, ecological communities, ecological 
functions, and values to be protected and is represented by the selected assessment endpoints and 
measures of effects (EPA, 2003c). These endpoints and measures are only relevant for ecological 
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 DA and DF during RI/RFI 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, as follows: 

 A source of chemicals (stressors) that results in a release to the environment. 
 A pathway of chemical transport through an environmental medium. 
 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 further in 
this subsection. 
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Transport Pathways and Exposure Media 

A transport pathway describes the mechanisms whereby site-related chemicals, 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 chemicals from soil by infiltrating precipitation and transport to groundwater. 

 Transport of chemicals via groundwater to sediment and surface water. 

 Surface water runoff with the potential to transport particulate-bound chemical chemicals 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 chemical present in an environmental medium. 

Because soil at CC-06 is already addressed under the remedy for OU-1, terrestrial habitat was not evaluated. 
There are no perennial surface water features within the CC-06 boundary, and 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 at the DA and DF, the groundwater-to-surface-water exposure 
pathway is incomplete for CC-06. As a result of no complete exposure pathways for ecological receptors at 
CC-06, the ERA process terminates with a conclusion of negligible adverse effects to ecological receptors. 
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5. Site-Specific Remedial Investigation 
Groundwater at the DA and DF is collectively managed under site CC-06_Demolition Area/Deactivation 
Furnace (19105.1096); this site is shown on Figure 1-1. Soil for the DA and DF, which is collectively 
managed under site IAAP-021_Demolition Area/Deactivation Furnace (19105.1027), is addressed under 
the remedy for OU-1 (Leidos, 2018) and therefore, is not addressed by this RI/RFI report. There are 
no perennial surface water features within the DA or DF boundaries. 

This section summarizes site-specific background information and site physical characteristics for the DA 
and DF, RI/RFI groundwater activities, and investigation results. In accordance with the final UFP-QAPP 
(CH2M, 2017 and 2018b), screening values used for site characterization differ from those that are used in 
the risk assessments. The site characterization PALs assess the distribution, nature, and extent of 
chemicals whereas more conservative screening values (e.g. EPA’s tap water RSLs) are used for risk 
assessment. The site characterization PALs are discussed in Section 4.1.1. 

5.1 Demolition Area 
5.1.1 Background 

5.1.1.1 Site Description 

The DA is an approximately 23-acre RCRA-regulated unit in the southwest portion of the IAAAP 
(Figure 5.1-1). Before being combined with the DF and entered into the CC program, the site was 
identified solely as IAAP-021. The area is surrounded by a fence, restricting access to this site. The DA is 
an active site used for emergency open burn and open detonation of rejected ammunition. The open 
detonation area comprises an open field with six shallow detonation pits. The open-burn area consists 
of an access road to an open field where a burn pan can be placed. In addition, earth-covered, 
poured-concrete waste-storage bunkers are present at the site. The DA is located at the topographic 
high near the boundary of the Skunk River and Long Creek watersheds (Figure 5.1-1). The DA site is 
grouped with the DF because of the site proximity. 

The DA was included in the facility’s application for an emergency basis RCRA permit for open demolition 
and subsequently permitted for open burning operations (AO, 2006) and is included in the 2018 
Hazardous Waste Management RCRA permit (No. IA7213820445). The RCRA permit regulates operation 
of the open-burn area, open detonation area, and 40-millimeter grenade treatment units within the DA. 
These areas will be closed in accordance with the closure plan in Attachment III-6 of the RCRA permit. 
The closure plan indicates that risk-based clean closure of the open burn and open detonation will be 
attempted. Should contaminated soil or groundwater need to be addressed during closure, the technology 
needed for treatment will be determined at that time. Unexploded ordnance (UXO) will also be addressed 
upon RCRA closure. 
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5.1.1.2 Operational History 

The DA has been in use since the early 1940s for open detonation of ammunition and since 1997 for 
open-burn operations. An overview of site features is presented on Figure 5.1-2. The site was used 
extensively from 1966 to 1970, where approximately 4,700 canisters containing lead azide and RDX were 
destroyed. The documented open detonation practice consisted of constructing detonation pits to a depth 
of approximately 6 feet, placing and detonating ordnance, and maintaining the site. Debris and UXO were 
periodically cleared from detonation pits. Detonation pits were backfilled when they were no longer 
usable, or during breaks in scheduled demilitarization activities. Open burning is performed in open-top 
metal containers (pans) with solid or liquid propellants (Tetra Tech, 2005). 

Metals and residues that remain after a detonation or burning episode are collected as part of site 
maintenance. Between 1971 and 1995, if residual explosives were suspected, waste was thermally treated 
by burning onsite or at the adjacent DF to remove any remaining explosive chemicals. Since 1981, this 
area has been used on an emergency-only basis, requiring approval by the State of Iowa to open-burn 
propellants in pans that have faulty stabilizers or to open-detonate ammunition rounds that become 
armed during the assembly process (Tetra Tech, 2012b). Emergency burns have been conducted at the 
DA as recently as spring 2020. 

Munitions and explosives of concern (MEC) were investigated, removed, and destroyed at the DA previously; 
however, residual MEC and munitions constituents may be present at the site (Tetra Tech, 2008a). 

Earth-covered, poured-concrete bunker Buildings 900-194-8, 900-194-7, 900-189-1, and 900-198-1 
(Figure 5.1-1) were used for storage of the following (Terracon, 2000): 

 Munitions before demilitarization. 
 Explosive components used to initiate and control detonations. 
 Ash from waste incineration and open burning. 
 Reactive wastes. 
 Listed hazardous wastes from explosives operations. 

However, only control Building 900-189-1, and a small storage area Building 900-194-7, are still present 
at the DA (Figure 5.1-1). 

5.1.1.3 Previous Investigations and Remedial Actions 

Numerous investigations have been conducted at IAAAP since the 1980s. Table 5.1-1 summarizes the 
previous investigations and remedial actions conducted at the DA, including conclusions and 
recommendations. Previous surface water, seep, sediment, and groundwater sample locations are shown 
on Figure 5.1-3. There are no perennial surface water features at the DA; however, previous surface water 
and sediment samples from intermittent water features are also shown on Figure 5.1-3 to support the 
CSM. 

This report continues the RI/RFI for groundwater at the DA. Previous investigations pertinent to the RI/RFI 
for groundwater are listed in Table 5.1-2; additional details on these investigations (including a more 
detailed description of work completed, as well as work not pertinent to this RI/RFI) are included in 
Table 5.1-1.  
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Table 5.1-2. Excerpts from the Previous Investigations Table for Demolition Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Investigation Conclusion 

Environmental Contamination 
Survey (ERG, 1982) 

Three groundwater monitoring wells (G-09, G-10, and G-11) were installed at 
the DA and sampled for explosives and metals. It was concluded that 
groundwater contamination at the DA was not a problem. 

Groundwater Monitoring Network 
Enhancement (USACE Omaha 
District, as reported in JAYCOR, 
1996)  

Two additional bedrock monitoring wells (DA-01 and DA-02) were installed 
at the DA to supplement the existing well network.  

Midwest Site Confirmatory Survey 
(Dames & Moore, 1986) 

Groundwater samples were collected from four existing wells and analyzed 
for explosives, metals, VOCs, and SVOCs. Explosives, metals, and VOCs were 
detected in overburden and bedrock groundwater, although VOC 
contamination was not identified in subsequent sampling. 

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

Groundwater samples were collected from existing monitoring wells and 
analyzed for explosives, VOCs, and metals. Explosives were detected in 
bedrock groundwater. No chlorinated solvents were detected above their 
respective DLs. 

RCRA Hazardous Waste 
Management Permit (EPA, 
1989b)  

The DA was included in the compliance agreement for the open burning 
grounds and open detonation area.  

Facility‐wide Preliminary 
Assessment (JAYCOR, 1994) 

There may have been a potential release from the hazardous waste activities 
at the DA and surface water and groundwater are viable migration pathways 
at the site. Soil sampling was recommended at the DA.  

Facility‐wide Site Inspection 
(JAYCOR, 1992) 

Groundwater samples were collected from overburden monitoring well G-9 
and bedrock well DA-02 and analyzed for explosives, metals, and SVOCs. 
Explosives (RDX) and metals (arsenic, cobalt, iron, lead, magnesium, and 
manganese) were detected above the HAL (RDX) or assumed background 
levels (metals) in groundwater. Additional soil and groundwater monitoring 
were recommended at the DA during the RI. 

Facility-wide Remedial 
Investigation (JAYCOR, 1993) 

Monitoring wells G-9 and DA-02 were resampled during the facility-wide RI 
and analyzed for metals and explosives. RDX and six metals were detected in 
groundwater above SLs or background. Additional groundwater monitoring 
was recommended, and two new monitoring wells were proposed, one 
southwest of DA-01 and one between G-10 and G-11. 

Follow-on Remedial Investigation 
(JAYCOR, 1996) 

Two additional bedrock monitoring wells (JAW-01 and JAW-02) were 
installed at the DA. Groundwater samples were collected from overburden 
well G-9 and from bedrock wells DA-2, JAW-01, and JAW-02, and analyzed 
for explosives, VOCs, and SVOCs. Explosives (RDX, 2,4-DNT, 2,6-DNT, and 
HMX) and metals (lead and chromium) were observed in groundwater 
samples at the DA. While there were detections of VOCs (acetone) during 
initial sampling at JAW-01 and DA-02, there were no reported detectable 
levels of SVOCs or VOCs during follow-on sampling. Additional wells were not 
installed during the follow-on fieldwork because of additional UXO clearance 
that would have been required. 

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

No data gaps were identified present at the DA/DF, and no further 
investigation was proposed. Groundwater at the DA was still being 
investigated under the Army’s CC Program, and data gaps will be addressed 
separately with the non-ERA sites. 
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Table 5.1-2. Excerpts from the Previous Investigations Table for Demolition Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Investigation Conclusion 

Phase I and II Soil, Groundwater, 
Surface Water and Sediment 
Sampling (Tetra Tech, 2006a; 
Department of the Army, 2008, 
2010) 

An additional nine bedrock monitoring wells were installed to better define 
the horizontal extent of the RDX groundwater plume. New monitoring wells 
and existing monitoring well G-10 were sampled during Phase I. Groundwater 
samples were analyzed for explosives and metals. 

It was determined by site reconnaissance that groundwater was seeping into 
the intermittent tributaries, and 18 surface water and 3 sediment samples 
were collected from the intermittent tributaries and analyzed for explosives 
during Phase II. 

Explosives were detected below SLs in intermittent surface water samples, 
and no detections were reported in intermittent sediment samples. In 
groundwater samples, RDX was detected above SLs at multiple locations. 

Phase III Groundwater Sampling 
(Department of the Army, 2010) 

Additional groundwater samples were collected to further define the RDX-
contaminated plume, and an additional monitoring well (DA-TTMW-059) was 
installed. Five of the 16 wells sampled exceeded RDX SLs at the DA, while 
northern, eastern, and southern wells sampled were either nondetect or below 
the RDX SL. The RDX plume extent had been delineated; however, the source 
of the RDX contamination at the DA is unknown and further investigation is 
recommended to evaluate potential point sources. 

Treatment Technology Screenings 
(Tetra Tech, 2010b, 2012b, 
unpublished data) 

Seven bedrock monitoring wells and six injection wells were installed and 
sampled for explosives, metals and treatability parameters (including 
chemical, geochemical and microbial parameters) to support implementation 
of a small-scale technology evaluation at the DA. Samples were collected to 
assess monitored natural attenuation, enhanced bioremediation, iron-
mediated abiotic degradation, and alkaline hydrolysis. Groundwater results 
indicated short-term reduction of RDX as a result of the treatability studies. 

Hazardous Waste Management 
Permit RCRA No. IA7213820445 
(EPA, 2018a) 

Part V (OPEN BURNING SUBPART X TREATMENT IN PANS) of the RCRA 
permit applies to the DA, which is used for emergency open burn and open 
detonation of rejected ammunition. 

As summarized in Table 5.1-1, the DA was not included in the SRI report for compliance-related cleanup 
sites (Tetra Tech, 2009) because of the presence of UXO at the DA. Supplemental RFI field activities for 
soil and groundwater were continued for the DA through 2014 (Department of the Army, 2010 and 
2014). 

Soil is addressed under the OU-1 remedial action. A summary of OU-1 remediation goal (RG) exceedances 
is presented in this RI/RFI to support the CSM. Historically, metals and explosive compounds were detected 
in shallow soil at concentrations exceeding OU-1 RGs (CH2M, 2017 and 2018b). RDX, 2,4,6-TNT, and 1-
nitrotoluene were detected above RGs in 9 of 245 samples analyzed for explosives. Arsenic, barium, 
cadmium, chromium, lead, mercury, and selenium were detected above RGs in numerous samples across 
the site; however, their distribution did not indicate a hot spot. Based on the results of previous 
investigations, soil excavation was not warranted at the DA, but soil removal actions were completed at the 
DF, which is also covered under IAAP-021 in the OU-1 Record of Decision (ROD) (refer to Section 5.2.1). 
IAAP-021 is subject to OU-1 LUCs, which are described in Table 5.1-1. If necessary, soil will be re-
evaluated upon RCRA closure of the DA. 

Removal of munitions has been performed historically at the DA under the 1996 RI and RCRA CC program; 
work has not been conducted at the DA under the Military Munitions Response Program (OU-5). Nevertheless, 
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surface and subsurface UXO hazards remain at the site because of identified targets left in place after the 
geophysical investigation and potentially as a result of ongoing detonation activities at the active site 
(Tetra Tech, 2008a and 2012a). As with soil, munitions will be re-evaluated upon RCRA closure of the DA. 

5.1.2 2018 to 2020 Remedial Investigation Activities 

Additional field work was conducted at the DA to resolve data gaps needed to complete the RI/RFI for 
groundwater. As documented in the final UFP-QAPP (CH2M, 2017 and 2018b), the additional 
investigation was warranted to delineate the downgradient extent of the RDX groundwater plumes and 
obtain current concentration data to quantify the amount of rebound that may have occurred following 
treatment technology screening evaluations that were conducted between 2011 and 2013 (refer to Table 
5.1-1) (Tetra Tech, 2012b). To address these data gaps, four new monitoring wells were installed, and six 
seep samples were collected. 

Fieldwork was originally scheduled for summer 2018, and some vegetation clearance was completed at 
the DA in 2018. However, due to UXO clearance requirements, fieldwork could not be conducted until 
December 2019. All fieldwork conducted at the DA was performed with UXO technician oversight. 
Pathways were precleared for surface anomalies, and subsurface clearance was conducted to 5 feet bgs for 
all intrusive activities at the DA. Fieldwork completed at the DA was conducted in accordance with the 
UFP-QAPP (CH2M, 2017 and 2018b). 

5.1.2.1 Seep Sampling 

Monitoring wells cannot be installed through most of the area downgradient of the DA site boundary due 
to UXO concerns, presence of Indian burial mounds, and steep topography. As noted during the 2008 
Phase II groundwater investigation (Table 5.1-1) and discussed in the final UFP-QAPP (CH2M, 2017 and 
2018b), groundwater migrating from the DA likely discharges, or seeps, into the intermittent tributaries 
west of the IAAAP site, due to the outcropping of geologic features. Therefore, seep sampling was used to 
refine the western extent of the RDX plume because monitoring well installation was not possible. 

Before sampling, field reconnaissance was conducted to evaluate whether seeps were present along the 
intermittent tributaries from the DA to the property boundary. Between December 2019 and March 2020, 
the first round of seep sampling was conducted at the DA tributaries, as shown on Figure 5.1-3. Five 
potential seeps were identified, and seep samples (DA-SW-01 and DA-SW-03 through DA-SW-06) were 
collected from the intermittent tributary on December 15, 2019. Potential seeps were identified in 
December by the intermittent presence of water within the tributary. If flowing water was observed 
downstream of dry sections of the tributary, it was assumed to be a seep, and samples were collected as 
such. Because of timing, the seep survey was not completed in December, and the remaining survey was 
completed on March 11, 2020. One additional seep (DA-SW-07) was identified in March, as water appeared 
to emerge from a bedrock outcrop along the tributary sidewall. Locations of seeps were recorded in the field 
using a handheld GPS unit. All seep samples were analyzed for explosives by Method SW8330B. 

To evaluate fluctuations in groundwater discharge as a result of seasonal fluctuations, another seep 
survey was conducted, on June 1, 2020. No seeps were identified during the June survey and no samples 
were collected. 
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5.1.2.2 Monitoring Well Installation and Groundwater Sampling 

From April 16 through April 21, 2020, three monitoring wells (DA-MW66, DA-MW67A, and DA-MW67B) 
were installed at the DA with the following data objectives: 

 A deep monitoring well (DA-MW66) was installed adjacent to DA-TTMW-054, and south of the DA 
boundary, to refine the vertical extent of the RDX plume and assess lithologic changes with depth. 

 Two monitoring wells (DA-MW67A and DA-MW67B) were installed as a nested well pair downgradient 
of DA-TTMW-051, and west of the DA boundary, for downgradient and vertical delineation of the 
RDX plume. 

A fourth monitoring well (DF-MW1), installed at the DF, provides lateral delineation of the RDX plume at 
the DA; the installation details for monitoring well DF-MW1 are described in Section 5.2. A contingency 
monitoring well was also proposed for consideration in the final UFP-QAPP (CH2M, 2017 and 2018b) to 
define the downgradient extent of the RDX plume at the IAAAP boundary. However, this contingency 
location was not warranted based on seep and groundwater sample results, as discussed further in 
Sections 5.1.4.1 and 5.1.4.2. 

Monitoring well locations were drilled with a rotosonic drill rig equipped with 6-inch-outer-diameter drill 
rods, in accordance with Section 3.2.2. Monitoring well DA-MW66 was drilled to 50 feet bgs, in accordance 
with the UFP-QAPP (CH2M, 2017 and 2018b). Limestone bedrock was encountered at DA-MW66 at 
approximately 5 feet bgs. Interbedded limestone and shale were observed between 5 and 50 feet bgs at 
DA-MW66. From approximately 20 to 35 feet bgs, bedrock was observed to be fractured and displayed 
poor to fair RQD. Above 20 feet bgs, bedrock was very fractured or weathered and very poor RQD was 
observed. Below 35 feet bgs, recovery was poor and RQD was not calculated. DA-MW66 was screened 
from 39.5 to 49.5 feet bgs, approximately 30 feet below the screened interval of adjacent monitoring well 
DA-TTMW-054 for vertical delineation. Boring logs are provided in Appendix C and include core recovery 
and RQD percentage values. 

To access the drilling location for the nested well pair, DA-MW67A and DA-MW67B, a culvert with a gravel 
cover was installed across the intermittent tributary west of DA-TTMW-051 on April 19, 2020, by Allworth 
Contracting LLC. At this monitoring well pair, only the deepest well location (DA-MW67B) was logged for 
lithology. Bedrock was encountered at approximately 5 feet bgs at DA-MW67B. Highly fractured limestone 
was observed from 5 to 15 feet bgs, and slightly fractured to competent interbedded limestone and shale 
was observed from 15 to 30 feet bgs. There was no recovery from 30 to 34 feet bgs and the boring was 
terminated at 34 feet bgs. DA-MW67B was screened from 23.5 to 33.5 feet bgs, and DA-MW67A, which was 
drilled and installed approximate 5 feet from DA-MW67B, was screened from 3 to 13 feet bgs. 

Each 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. Monitoring wells were screened with a machine-slotted, 
0.010-inch, 10-foot screen. Each monitoring well was constructed with a certified-clean silica sand filter 
pack from the base of the borehole to 1.5 feet above the top of the screen, except at DA-MW67A, where 
the filter pack was installed to 0.5 foot above the top of the screen. A 1-to-4-foot-thick 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 construction details are 
provided in Table 5.1-3. Well completion diagrams are included in Appendix C. 
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Newly installed monitoring wells were developed on April 21 and April 22, 2020, in accordance with 
Section 3.2.3. Additionally, five existing monitoring wells (G-11, DA-02, DA-TTMW-055, DA-TTMW-059, 
and DA-TTMW-061) were redeveloped to remove sediment build-up within the wells. Redevelopments 
were completed from April 15 through April 17, 2020. Well development was completed in accordance 
with Section 3.2.3. Several wells were unable to sustain prolonged purging because of slow recharge rates; 
these locations were surged and purged until the well ran dry at least once, in accordance with well 
development criteria defined in the 2017 QAPP (CH2M, 2017 and 2018b). Well development logs are 
provided in Appendix C. 

The three newly installed monitoring wells (DA-MW66, DA-MW67A, DA-MW67B) and 11 existing 
monitoring wells (G-10, G-11, DA-02, DA-TTMW-051, DA-TTMW-052, DA-TTMW-054, DA-TTMW-055, 
DA-TTMW-057, DA-TTMW-059, DA-TTMW-061, and DA-TTMW-063) were sampled via low-flow purging 
and sampling techniques from April 16 through May 5, 2020. Samples were collected and analyzed for 
metals by Method SW6020A and explosives by Method SW8330B. 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 3.2.7. Waste management documentation is provided in Appendix D. 

A depth to water survey was conducted on May 7, 2020 (Figure 5.1-4 and Table 5.1-6). Monitoring wells 
DA-MW66, DA-MW67A, and DA-MW67B were surveyed by Bruner, Cooper, and Zuck, Inc., licensed Iowa 
surveyors, on June 3, 2020, in accordance with Section 3.2.6. Survey information is included in 
Appendix E. 

5.1.3 Environmental Setting 

The topography at the DA is relatively flat with steeply incised intermittent tributaries to the southeast, 
south, and west. The DA facilities and the access road are located on the upper elevations, and the 
intermittent tributaries are present downgradient and cut between the DA and the adjacent DF site 
(Figure 5.1-4). Surface elevations within the DA range from 693 to 705 feet amsl. The tributary between the 
DA and DF slopes steeply to the southwest to elevations below 650 feel amsl. Intermittent tributaries to the 
west and south of the DA flow west and south, respectively, with slopes noted at up to 10 percent grades. 

Surface water is not present within the DA boundaries, but intermittent creeks are present directly 
downgradient of the site. Ephemeral drainages (sometimes referred to as tributaries or drainages), which 
have incised into the loess and glacial till, channel surface runoff for the DA and DF sites. All drainage 
flows to the Skunk River, which is located approximately 0.5 mile (2,500 feet) southwest of the site. 

The stratigraphy of the site includes a thin surface layer of loess (present only in the upper elevation areas) 
underlain by glacial till and limestone of the upper Warsaw Formation bedrock (JAYCOR, 1996). The loess 
and much of the till has been incised by surface drainages directly west and south of the DA. According to 
information from historical and recent soil boring logs, the overburden thickness is between 5 and 25 feet 
and composed of sand, silt, and clay (JAYCOR, 1996; Tetra Tech, 2005, 2012a). Geologic cross sections were 
included in the Final Field Technology Screening Work Plan for the Demolition Area (Tetra Tech, 2012b). 
The underlying limestone bedrock is composed predominantly of cherty carbonated interbedded with minor 
amounts of shale. During well installation activities in early 2020, bedrock (interbedded limestone and 
shale) was encountered around 5 feet bgs. Above 15 to 20 feet bgs, bedrock was very fractured or weathered 
and very poor RQD was observed. Below 15 to 20 feet bgs, slightly fractured to competent interbedded 
limestone and shale was observed, and poor to fair RQD was calculated. 
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Groundwater at the site is present primarily within the limestone bedrock and in the interface between 
bedrock and overburden. However, seasonal groundwater elevation fluctuations of up to 7 feet may 
saturate the overburden in the summer months (Tetra Tech, 2009). Depth to water is between 3 and 
31 feet bgs based on the sitewide water level gauging completed in May 2020. Small and large 
differences in water levels were observed between monitoring well pairs screened across the shallow 
bedrock or bedrock interface with wells screened deeper in the bedrock. There was little difference 
observed in DA-MW67A and DA-MW67B, with a relatively neutral to slightly downward vertical gradient 
(−0.004 foot/foot), respectively. A downward vertical gradient was also observed between DA-TTMW-054 
and DA-MW66 (-0.13 foot/foot). However, the depth to water in bedrock is likely controlled by several 
factors, including the number and size of fractures. Based on observed flow conditions and orientation of 
the RDX plumes, groundwater flows primarily toward the incised intermittent tributaries. Groundwater 
flow is directed toward topographic lows to the south and west and generally follows topography. 
Horizontal hydraulic gradients range from 0.01 to 0.04 foot/foot. Gradient values are smaller on the flat 
upper elevations and increase toward the drainages. Hydraulic conductivity values in this area are 
consistent with K values calculated in several other similar wells at the IAAAP screened in bedrock and 
bedrock combinations (K values ranged from 0.00015 to 51 feet/day, with an average K value of 2.3 
feet/day). DA monitoring well G-10 is a shallow bedrock well screened from 14 to 24 feet bgs and is 
located within the RDX plume at the DA. G-10 was included in the sitewide hydraulic conductivity 
evaluation, which calculated the K value to be 0.08 feet/day (Tetra Tech, 2012a), which is consistent with 
shallow bedrock hydraulic conductivities calculated at several other locations within IAAAP. The full 
Hydraulic Conductivity Evaluation from the OU-6 SRI (Tetra Tech, 2012a) can be referenced in Appendix I. 
Additional discussion of IAAAP sitewide hydrogeology properties is summarized in Section 2.6. 

There is a potential for discharge of groundwater to intermittent streams during periods when the 
groundwater table rises. This is based on historical depths to groundwater measurements at wells near the 
headwaters of the drainage between the DA and the DF and at the intermittent stream due west of the DA 
(Figure 5.1-4). The greatest potential for groundwater discharge is anticipated to occur during the months 
of highest rainfall, which typically occurs between May and August. However, the seep survey conducted 
on June 1, 2020, did not yield any observable seeps during this season. The May 2020 precipitation totals 
(month before seep survey) were similar to the precipitation totals observed in May 2017, 2018, 2022, 
and 2023; however, the precipitation totals in May 2020 were notably less than observed in May 2019 and 
May 2021 (NOAA, 2024). 

5.1.4 Nature and Extent of Contamination 

This section describes the nature and extent of contamination at the DA. The source of contamination at 
the DA is attributed to the historical open-burn and open-detonation activities at the IAAAP site. 

5.1.4.1 Groundwater 

Groundwater samples have been collected from monitoring wells at the DA as part of several investigations 
between 1981 and 2020. Approximately one overburden, 21 overburden/bedrock interface or shallow 
bedrock, and four deep bedrock permanent monitoring wells are present at the DA (Figure 5.1-1). Historical 
groundwater samples were analyzed for VOCs, SVOCs, explosives, and metals. Only explosives and metals 
were detected in groundwater samples and are considered chemicals of interest. These chemicals are 
consistent with historical site operations and COCs identified in soil. 

During the current RI, groundwater samples were collected at the DA from 14 permanent monitoring wells 
and analyzed for explosives and metals (Figure 5.1-5). Additionally, one monitoring well at the DF 
(DF-MW1) was sampled to evaluate the lateral extent of the RDX plumes at the DA. Table 5.1-4 presents 
the concentrations of chemicals detected in groundwater samples at the DA during the most recent 
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groundwater sampling events (2013 and 2020); Table 5.2-4 presents the groundwater results for DF-
MW1. Summary tables of all the analytical results (including nondetects) from the 2020 RI activities are 
provided in Appendix G. Summary tables of the more recent (2009–2013) historical analytical results 
from the DA are provided in Appendix H; the 2009 data are included because they provide baseline data 
before the 2012 treatability studies. 

Explosives 

In 2020, eight explosives were detected in groundwater at the DA (Table 5.1-4). Of these, only two 
explosives (RDX and 4-nitrotoluene) were detected above their site characterization PALs (Section 4.1.1). 
4-Nitrotoluene was detected above its PAL of 4.3 µg/L in only one location, DA-MW66 (6 µg/L). 
This bedrock monitoring well is located outside the southwestern corner of the DA site boundary 
(Figure 5.1-5). Groundwater is not present in overburden soil in this portion of the site. 4-Nitrotoluene was 
not detected in the adjacent shallow bedrock well (DA-TTMW-054) or downgradient seep samples (refer 
to Section 5.1.5.3); therefore, the lateral and vertical extent of contamination is limited. 

RDX exceeded its PAL of 2 µg/L in eight monitoring wells (DA-02, DA-TTMW-052, DA-TTMW-054, 
DA-TTMW-059, DA-TTMW-061, DA-TTMW-063, G-10, and G-11) during the 2020 sampling event. RDX 
was also detected at or above its PAL in five monitoring wells (DA-TTMW-056, DA-TTMW-062, DA-TTMW-
064, DA-TTMW-065, and JAW-01) in 2013 that were not sampled as part of the RI in 2020 (Table 5.1-4). 
Due to the multiple releases and the variable groundwater flow direction at the DA, there are two distinct 
RDX groundwater plumes at the DA, which are shown on Figure 5.1-5 and described as follows: 

 The northern RDX plume is present just north of the open detonation area. The highest RDX 
concentration detected in 2020 is present in this area at interface/shallow bedrock monitoring well 
DA-TTMW-059 (16 µg/L). This plume is limited in extent as RDX was not detected in downgradient 
shallow and deep bedrock monitoring wells (DA-TTMW-051, DA-MW67A, and DA-MW67B) during the 
2020 monitoring event. Concentrations of RDX at downgradient monitoring well DA-TTMW-051 
decreased from 16.7 µg/L in December 2013 to nondetect in April 2020 (Table 5.1-4). 

 The southern plume is more extensive than the northern plume, but has lower RDX concentrations, 
ranging between 3.8 and 8.4 µg/L. RDX was detected above its PAL only in shallow bedrock 
monitoring wells (G-10, G-11, DA-02, DA-TTMW-061 and DA-TTMW-063) in 2020. The highest RDX 
concentrations were observed at DA-TTMW-061 (8.4 µg/L). The RDX concentration in the bedrock 
well (DA-02), located adjacent to DA-TTMW-061, had lower concentrations than DA-TTMW-061, 
indicating that plume mass is primarily within the shallow portion of the aquifer. Groundwater is 
not present in the overburden soils along the leading edge of this plume. Along the downgradient, 
western edge, RDX was detected slightly above its PAL at shallow bedrock wells G-10 and DA-TTMW-
054 in 2020. No explosives were detected at downgradient shallow location DF-MW1 in the DF 
(located southeast of the DA in fractured shallow bedrock), providing downgradient lateral delineation 
to the southeast. Additionally, RDX was not detected in the downgradient, deep bedrock monitoring 
well (DA-MW66), thereby providing vertical delineation. 

Inorganics 

Nineteen metals were detected in groundwater during the most recent (2013 and 2020) monitoring 
events. Of these, only two metals (mercury and manganese) were detected above their respective site 
characterization PALs and BTVs (if available) in groundwater. 

Mercury was detected slightly above its PAL (2 µg/L) and BTV (1 µg/L) at one location, DA-TTMW-065, 
in 2013 with a concentration of 3.3 µg/L. This well is located in the south-central portion of the IAAAP 
site. While DA-TTMW-065 was not sampled in 2020, monitoring well DA-TTMW-063, downgradient of 
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DA-TTMW-065 was nondetect for mercury in April 2020. Mercury was not detected in groundwater at any 
other monitoring wells in 2013 or 2020 therefore, mercury is limited in extent. 

Manganese was detected in one monitoring well above its PAL (430 µg/L) and BTV (580 µg/L) in 2020 at 
the DA. Concentrations of manganese at DA-MW67B (620 µg/L) were similar in magnitude to the BTV, and 
manganese was not identified as a soil COC or part of site operations. Therefore, manganese in groundwater 
at the DA is likely naturally occurring.  

Concentrations of some metals may be naturally elevated in the environment, and their reported presence 
may not indicate a CERCLA-regulated release. Several metals (such as aluminum, barium, beryllium, 
cadmium, calcium, chromium, copper, iron, lead, magnesium, nickel, potassium, selenium, and zinc) were 
detected at the DA below their BTVs and are therefore considered to be consistent with background and 
likely naturally occurring. Although the maximum concentration of vanadium (17 µg/L) exceeded its 
BTV (14.94 µg/L), the exceedance was observed in only one monitoring well (DA-MW67A). This is a 
downgradient monitoring well is in the northern portion of the site. Because vanadium was not detected 
above its BTV in any source area monitoring wells and it was not identified as a soil COC, this occurrence is 
considered to be naturally occurring. 

5.1.4.2 Sediment, Surface Water, and Seeps 

There are no perennial surface water features within or immediately downgradient of the DA. Sediment 
and surface water sample concentration data collected from intermittent tributaries during previous 
investigations (before 2009) indicate that these features have not been impacted (Table 5.1-1); therefore, 
they are not a contributing source of contamination to perennial streams downgradient. No additional 
sediment or surface water samples were collected during the recent RI. 

Due to the outcropping of bedrock at the ground surface, there is the potential that groundwater is 
migrating laterally to incised drainages and seeping out of the exposed bedrock at the DA. To assess this 
migration, two seep surveys were conducted along the downgradient tributaries (Figure 5.1-5) during 
winter 2019 to 2020 (December 2019 and March 2020) and summer 2020. No seeps were identified 
during the summer survey event. During the winter events, six potential seeps were identified and sampled 
for explosives (Table 5.1-5). RDX was detected in four seep locations (Figure 5.1-4); however, all 
concentrations were below the site characterization PAL for groundwater (2 µg/L). The highest 
concentrations were detected at the two most upgradient seep sampling locations, DA-SW-01 (1 µg/L) 
and DA-SW-06 (1.4 µg/L). DA-SW-01 is downgradient of monitoring well G-11. DA-SW-06 is 
downgradient of monitoring well G-10, which had an RDX concentration of 4.6 µg/L in 2020. 
These concentration trends suggest that although the groundwater plume does extend substantially 
beyond the IAAAP open detonation site boundary; the RDX plume is considered to be adequately 
delineated. As a result, a downgradient contingency monitoring well is not warranted for the site. 

5.1.5 Fate and Transport 
This section discusses the fate and transport of site-related chemicals of interest at the DA. This includes 
chemicals that were detected above both their site characterization PAL and BTV (if available). 
In groundwater, potential site-related chemicals of interest include explosives (RDX and 4-nitrotoluene) and 
mercury, based on the most recent 2020 monitoring data. Fate and transport characteristics for these 
chemicals are described in Section 4.2. 

The DA is a vegetated site, with open fields for burning activities and shallow detonation pits. Also present 
at the site are earth-covered, concrete waste-storage structures. The DA is located at the topographic 
high near the boundary of the Skunk River and Long Creek watersheds. Contaminants have entered 
groundwater at the DA primarily due to leaching through unsaturated zone soil. Bedrock is relatively 
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shallow at the DA and has been encountered between 5 and 25 feet bgs. Groundwater at the DA is 
predominantly within the shallow, highly fractured, and weathered limestone bedrock and within the 
interface between the bedrock and overburden. 

Contaminants in groundwater have been transported from the source release areas through advection and 
dispersion. At the DA, groundwater flow is directed toward topographic lows to the south and west and 
generally follows topography. Groundwater has the potential to seep out of the exposed bedrock along the 
incised drainages. The fine-grained (clay) geology at the site should retard chemical migration. Previous 
evaluation of the bedrock groundwater geochemistry indicated that deposits of calcium and magnesium in 
shallow, weathered bedrock are likely slowing and retarding downward (vertical) groundwater flow (Tetra 
Tech, 2009). Other natural attenuation processes (such as biodegradation) can also limit chemical migration. 
During the current RI, groundwater at the DA was predominantly under aerobic and oxidizing conditions. DO 
concentrations in groundwater were typically reported greater than 1 mg/L, and ORP values were typically 
reported greater than +80 millivolts (mV) (Table 5.1-6). However, water quality parameters at DA-TTMW-
051 suggest more anaerobic areas may be present in isolated areas, as the DO concentration was measured 
at 0.29 mg/L and the ORP value was measured at -65.9 mV at this well. 

As described in Section 4.2, explosives at the IAAAP are characterized by limited volatility, moderate 
solubility, and low sorption potential. Although RDX most favorably degrades under anaerobic conditions, 
changes in concentration data over time suggests that it has attenuated in groundwater at the DA. In 2013, 
RDX was detected above its PAL at the northern, downgradient well DA-TTMW-051; however, it was not 
detected at this location in April 2020. Concentrations of RDX have also decreased between 2013 and 
2020 at downgradient wells DA-TTMW-054 and G-10 and cross-gradient well DA-02, all located along the 
edge of the southern RDX plume. RDX concentrations continued to be nondetect at downgradient 
monitoring wells DA-TTMW-055 and DA-TTMW-057 and were also nondetect at newly installed 
monitoring well DA-MW66, indicating that natural attenuation processes are controlling the plume extents. 
Increased RDX concentrations were observed between 2013 and 2020 at DA-TTMW-059, DA-TTMW-061, 
and DA-TTMW-063. At monitoring well DA-TTMW-059, the April 2020 concentration (16 µg/L) was higher 
than the December 2013 concentration (10.2 µg/L) but similar to the July 2013 concentration (18 µg/L). 
The largest increase was observed at DA-TTMW-063, where concentrations went from nondetect in 2013 
to 5.2 µg/L in 2020. 

One of the objectives of the 2018-2020 RI/RFI field activities was to obtain current RDX concentration data 
to assess for potential rebound following the treatability technology screening studies. As summarized in 
Table 5.1-1, several studies were conducted at the DA to assess monitored natural attenuation, enhanced 
bioremediation, iron-mediated abiotic degradation, and alkaline hydrolysis. The concentration trends for 
monitoring wells selected for effectiveness monitoring (Tetra Tech, 2012b) are shown on Figure 5.1-6 and 
summarized as follows: 

 Monitored natural attenuation area: RDX concentrations have continued to decrease in monitoring 
well DA-TTMW-051. On the contrary, RDX increased in monitoring well DA-TTMW059 in 2018 
compared to the 2014 monitoring event; however, the 2018 concentration is consistent with 
concentrations measured during the study in 2013. Therefore, overall, RDX does not appear to have 
rebounded in this study area and the increase at DA-TTMW059 may be due to natural fluctuations. 

 Enhanced bioremediation area: RDX concentrations decreased in effectiveness monitoring well 
DA-TTMW063 following the injection. However, in 2018, concentrations increased to pre-injection 
levels. Therefore, rebound of RDX may have occurred in this area. 

 Abiotic degradation area: RDX concentrations decreased in effectiveness monitoring well 
DA-TTMW061 following the injection. However, in 2018, concentrations increased, although 
concentrations are still slightly lower than pre-injection levels. Therefore, some rebound of RDX may 
have occurred in this area. 
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 Alkaline hydrolysis area: Effectiveness monitoring wells in this study area were not included in the 
2020 RI sampling event (CH2M, 2017 and 2018b); no data were collected during this fieldwork to 
evaluate alkaline hydrolysis rebound in this area. 

In addition to RDX, 4-nitrotoluene was detected at one monitoring well, DA-MW66, above the site 
characterization PAL. 4-Nitrotoluene is expected to have high to moderate mobility. Studies have shown that 
4-nitrotoluene is not readily biodegradable in oxidizing conditions; however, separate studies have shown 
4-nitrotoluene may be biodegraded under certain conditions (U.S. National Library of Medicine 2015). 
4-Nitrotoluene has been observed to degrade to toluidine under anaerobic biodegradation conditions. 
Between 2013 and 2020, 4-nitrotoluene was detected in only three locations (DA-MW66, DA-MW67A, and 
DA-MW67B), and only one (DA-MW66) had concentrations exceeding the site characterization PAL. 
These detections were all downgradient of the current RDX plume extents. 

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 (EPA, 2010). Mercury is highly insoluble in 
reduced environments and moderately mobile in oxidizing environments, but it is strongly sorbed by iron 
and manganese oxides, clays, and organic matter (ERG 2005). Mercury can volatilize from soil and water, 
creating a cycle through the environment. Additionally, there was only one location that had mercury 
exceedances in groundwater. This suggests that leaching to groundwater is a limited transport pathway for 
mercury at the DA. 

5.1.6 Human Health Risk Assessment 

An HHRA was prepared for the DA to evaluate potential current and future health risks and hazards from 
exposure to chemicals in site groundwater. Soil medium 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 DA. 

The HHRA was conducted in accordance with the final UFP-QAPP (CH2M, 2017 and 2018b), with the 
exception of some deviations that were agreed to during meetings or correspondence with USACE and 
EPA 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 DA 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 whether further action is warranted for groundwater at 
the DA. 

5.1.6.1 Conceptual Exposure Model 

A description of the DA site, its operational history, previous investigations, and remedial actions are 
provided in Sections 5.1.1 and 5.1.2. 

The DA is completely fenced, closed to recreational activities, and hunting is not permitted within the 
site boundary. There is a culvert located at the DA; therefore, potential groundwater exposures by 
construction/utility workers, associated with culvert repairs and maintenance, are complete at the DA. 
The DA has been in use since the early 1940s for open detonation of ammunition and since 1997 for 
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open-burn operations. Since 1981, the DA has been used on an emergency-only basis requiring approval 
by the State of Iowa to open-burn propellants in pans that have faulty stabilizers or to open-detonate 
ammunition rounds that become armed during the assembly process (Tetra Tech, 2012b). Emergency 
burns have been conducted at the DA as recently as spring 2020. 

Potential exposures to soil at the DA are not addressed in this HHRA because soil is being addressed under 
the OU-1 remedial action, as discussed in Section 5.1.2. 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 the DA is classified as Class IIB, 
a potential source of drinking water (EPA, 1989a). Therefore, the HHRA for the DA evaluates potential 
exposures to groundwater due to its potential future use as a drinking water source. This consists of the 
evaluation of future residential exposures to groundwater. 

There are no potentially complete exposure pathways identified under current site conditions. 
The following potential future human receptors were assessed in the HHRA for the DA: 

 Future Site Workers. Future site workers could contact groundwater based on its potential future use 
as a drinking water source at the DA. Site workers could also contact groundwater seeps; it was 
assumed the seep data is representative of current groundwater conditions; therefore, seep data was 
included in the groundwater (domestic use) dataset. Potential exposures to VOCs in indoor air as a 
result of VI from groundwater are considered incomplete since VOCs were not detected in 
groundwater samples used in the HHRA dataset. 

 Future Construction/Utility Workers. Because of the shallow depth to groundwater at the site, future 
construction/utility workers could contact shallow groundwater if future work at the site requires 
excavation or shallow trench work. Because future construction/utility workers could also contact 
groundwater seeps, it was assumed the seep data are representative of current groundwater 
conditions. Therefore, seep data were included in the shallow groundwater (groundwater in trench) 
dataset. 

 Hypothetical Future Residents. Hypothetical future residents could contact groundwater based on 
potential future use as a drinking water source at the DA. Hypothetical future residents could also 
contact groundwater seeps; it was assumed the seep data is representative of current groundwater 
conditions; therefore, seep data was included in the groundwater (domestic use) dataset. Potential 
exposures to VOCs in indoor air as a result of VI from groundwater are considered incomplete since 
VOCs were not detected in groundwater samples used in the HHRA dataset. 

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 and hazard levels and COCs are identified for a 
residential scenario. The human health CEM presenting potential exposure media, exposure points, future 
receptors, and exposure routes is provided in Appendix A-2, Attachment 1, Table 1, and depicted 
graphically on Figure 5.1-7. 

5.1.6.2 Data Evaluation 

Data Used in the HHRA 

Groundwater data used in the DA HHRA were collected in March, April, July, and December 2013 for 
explosives, metals, and one SVOC (1,4-oxathiane), and in December of 2019 and March, April, and May of 
2020 for explosives and metals. 1,4-oxathiane analysis was not available for the 2019 and 2020 sample 
events; therefore, the analytical results for 1,4-oxathiane from 2013 were retained for the HHRA. 
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Explosives and metals data from the 2013 samples were not used because more recent data were 
available for these chemical groups. 

Two RDX plumes are present at the DA, a northwestern plume and a southeastern plume (Figure 5.1-5). 
Groundwater sample locations that were not within a defined plume as presented on Figure 5.1-5 were 
initially evaluated with the data grouping of the plume closest to the sample location. Fourteen 
groundwater samples are available for the northwestern plume area and 44 groundwater samples are 
available for the southeastern plume area. 

Monitoring wells cannot be installed through most of the area downgradient of the DA site boundary due 
to UXO concerns, presence of American Indian burial mounds, and steep topography. As noted during the 
2008 Phase II groundwater investigation (Table 5.1-1) and discussed in the final UFP-QAPP (CH2M, 2017 
and 2018b), groundwater migrating from the DA likely discharges, or seeps, into the intermittent 
tributaries to the west of the IAAAP site due to the outcropping of geologic features. Therefore, seep 
sampling was used to refine the western extent of the southeastern RDX plume, and the seep data were 
evaluated in the southeastern plume area data grouping in the HHRA. 

A summary of the number of chemicals analyzed and detected in groundwater at the DA is presented in 
Table 5.1-7. 

Table 5.1-7. Chemical Groups Analyzed in HHRA Data 
Iowa Army Ammunition Plant, Middletown, Iowa 

Chemical Group Number of Chemicals Analyzed Number of Chemicals Detected 

Groundwater 

Explosives 17 6 

Metals 18 13 

SVOCs 1 0 

Descriptions of the groundwater data groupings and the samples included in the HHRA are provided in 
Tables 5.1-8 and 5.1-9, respectively. The analytical dataset used in the HHRA is included in Attachment 2 
in Appendix A-2. The groundwater sampling locations included in the HHRA and the delineations of the 
RDX plumes are depicted on Figure 5.1-8. 

Screening Results for Site-Related COPCs 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 site worker and 
hypothetical future resident potentially exposed to groundwater in the northwest plume area and 
southeast plume area are presented in Appendix A-2, Attachment 1, Tables 2.1 and 2.2. The results of the 
COPC screening process for a future construction/utility worker potentially exposed to sitewide 
groundwater are presented in Appendix A-2, Attachment 1, Table 2.3. No VOCs were detected in site 
groundwater; therefore, no COPCs were identified for the VI pathway, and potential future exposures to 
indoor air associated with VI from groundwater are considered incomplete at the DA.  

The COPCs (site -related COPCs or naturally occurring chemicals) identified in site groundwater are 
summarized in Tables 5.1-10 and 5.1-11.   
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Table 5.1-10. Summary of COPCs for DA—Site-Related 
Iowa Army Ammunition Plant, Middletown, Iowa 

Receptor COPC 
Frequency of 

Detections 
Minimum 
Detectiona 

Maximum 
Detectiona 

Groundwater (Potable Use) – Northwest Plume 

Future Site Worker 
and Hypothetical 
Resident 

RDX 2 / 5 1.1 16 

Cobalt 2 / 5 1.5 J 3 

Manganese 5 / 5 19 620 

Vanadium 1 / 5 17 17 

Groundwater (Potable Use) – Southeast Plume 

Future Site Worker 
and Hypothetical 
Resident 

4-Nitrotoluene 1 / 15 6 6 

RDX 10 / 15 0.32 J 8.4 

Cobalt 3 / 9 1.4 J 2.9 

Groundwater (in a trench [less than 10 feet bgs]) – Sitewide 

Future Construction/
Utility Worker 

RDX 6 / 11 0.32 J 5.7 

Cobalt 2 / 5 1.5 J 3 

Manganese 5 / 5 8.6 620 

Vanadium 1 / 5 17 17 

a Detection Units: groundwater — µg/L. 

 

Table 5.1-11. Summary of COPCs for DA—Naturally Occurring Chemicals 
Iowa Army Ammunition Plant, Middletown, Iowa 

Receptor COPC 
Frequency of 

Detections 
Minimum 
Detectiona 

Maximum 
Detectiona 

Groundwater (Potable Use) – Northwest Plume 

Future Site Worker 
and Hypothetical 
Resident 

Aluminum 5 / 5 120 7500 

Iron 5 / 5 610 8500 

Groundwater (Potable Use) – Southeast Plume 

Future Site Worker 
and Hypothetical 
Resident 

Aluminum 9 / 9 140 3400 

Cadmium 1 / 9 0.2 J 0.2 J 

Iron 9/9 360 4800 

Manganese 9/9 8.6 360 

Vanadium 3/9 5.3 J 9.3 J 
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Table 5.1-11. Summary of COPCs for DA—Naturally Occurring Chemicals 
Iowa Army Ammunition Plant, Middletown, Iowa 

Receptor COPC 
Frequency of 

Detections 
Minimum 
Detectiona 

Maximum 
Detectiona 

Groundwater (in a trench [less than 10 feet bgs]) – Sitewide 

Future Construction/ 
Utility Worker 

Aluminum 5 / 5 120 7500 

Iron 5 / 5 730 8500 

a Detection Units: groundwater — µg/L. 

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). Manganese in groundwater is likely naturally occurring because concentrations are 
similar in magnitude to the BTV, and manganese was not identified as a soil COC or part of site operations. 
However, it has been carried forward as “site-related” in the HHRA since it does exceed the BTV at one well 
(DA-MW67B).  

5.1.6.3 Exposure Assessment 

The DA is currently active; no buildings are within the open-burn and open-detonation areas (Figure 5.1-1), 
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 groundwater 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 DA evaluated potential exposures to groundwater 
due to its potential future use as a drinking water source. This consists of the evaluation of future 
residential exposures to groundwater. Therefore, ingestion and dermal contact exposures to COPCs in 
groundwater were evaluated for site workers and hypothetical future residents. As noted previously, risks 
and hazards for site workers and construction/utility workers are estimated 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 as is the case for the DA. There are culverts present at the DA, thus 
contact by a construction/utility worker were evaluated. Inhalation exposures to site groundwater are 
incomplete because no VOCs were detected in groundwater at the DA. The potential exposure pathways 
quantified in the HHRA are included in Appendix A-2, Attachment 1, Table 1, and on Figure 5.1-7. 

The following receptor scenarios were quantified in the HHRA for the DA. 

 Future Site Workers: 

– Groundwater (tap water) COPCs—ingestion and dermal contact. 

 Hypothetical Future Residents (Adult and Child): 

– Groundwater (tap water) COPCs—ingestion and dermal contact. 

 Future Construction/Utility Workers: 

– Groundwater (in a culvert) COPCs—ingestion and dermal contact. 

In accordance with EPA guidance Determining Groundwater Exposure Point Concentrations, Supplemental 
Guidance (EPA, 2014b), groundwater EPCs are typically calculated based on the data collected in the core of 
a plume. Monitoring wells within the core of the northwest RDX plume groundwater dataset were limited to 
one well: DA-TTMW-059. Monitoring wells within the core of the southeast RDX plume groundwater dataset 
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consist of seven wells: DA-02, DA-MW66, DA-TTMW-054, DA-TTMW-061, DA-TTMW-063, G-10, and G-11. 
A sufficient quantity of data (at least four detected concentrations and eight samples available in the 
groundwater dataset) was not available for calculating UCLs using ProUCL software (EPA, 2022). Therefore, 
the MDC was selected as the EPC for the explosive COPCs. 

For the metals identified as COPCs at both plume areas, the maximum concentrations detected at the DA 
were not located within the subset of wells used to define the core of the RDX plumes; therefore, the MDCs 
outside the RDX plume boundaries were selected as the EPCs. Metals that had MDCs outside of the 
northwest RDX plume border in the northwestern area of the site included aluminum, cobalt, iron, and 
vanadium (detected at DA-MW67A) and manganese (detected at DA-MW67B). The MDCs for the metals 
identified as COPCs in the southeast area groundwater were detected at DA-MW66, with the exception of 
the cadmium MDC, which was detected at G-10.  

The EPCs for each COPC are provided in Appendix A-2, Attachment 1, Table 3.1 (northwest plume) and 
Table 3.2 (southeast plume). Since future receptors were assumed to have potential exposure to 
groundwater from both plumes, the highest EPC of the two plumes was selected as the final EPC for each 
COPC, as provided in Appendix A-2, Attachment 1, Table 3.2 Supplement. 

For groundwater in a culvert, where a sufficient number of samples and detected concentrations are 
available for COPCs, the UCL on the mean is selected as the EPC. For COPCs where fewer than eight samples 
or four detects were available (such as the metals), the MDCs were selected as the EPCs. The EPCs for the 
COPCs identified for a construction/utility worker are provided in Appendix A-2, Attachment 1, Table 3.3. 

The exposure factors used in the intake calculations for future site worker, construction/utility worker, and 
hypothetical future residential scenarios 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 Human Health Evaluation Manual Supplemental Guidance (EPA, 2014a). 

5.1.6.4 Toxicity Assessment 

The oral toxicity values (CSFs and RfDs) used in the HHRA were obtained from the EPA standard hierarchy 
of toxicity value sources (EPA, 2003b), as provided in Section 4.3.1. Noncancer toxicity values for the 
COPCs identified at the DA are provided in Appendix A-2, Attachment 1, Table 5.1. Cancer toxicity values 
for the COPCs are provided in Appendix A-2, Attachment 1, Table 6.1. 

5.1.6.5 Risk Characterization 

The risk characterization for the DA was completed using a four-step process as discussed in Section 4.3.1. 
The results of each step are discussed in this section. 

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 a hypothetical 
residential scenario are summarized in Table 5.1-12.  
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Table 5.1-12. Summary of Total Combined Risk Estimates for Site-Related COPCs and Naturally 
Occurring Chemicals—Demolition Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium 

Hypothetical 
Residential 
Receptor a 

ELCR/HI Tables (RME) in 
Appendix A-2, 
Attachment 1 COPC/Chemical 

Demolition Area 

EPC 
µg/L ELCR HI 

Groundwater 
(Tap water) 

Adult 7.1 and 9.1 

RDX 16 NA 0.2 

4-Nitrotoluene 6 NA 0.1 

Aluminum 7,500 NA 0.2 

Cadmium 0.2 NA 0.07 

Cobalt 3 NA 0.3 

Iron 8,500 NA 0.4 

Manganese 620 NA 0.9 

Vanadium 17 NA 0.1 

Total HI: NA 2 

Child 7.2 and 9.2 

RDX 16 NA 0.3 

4-Nitrotoluene 6 NA 0.2 

Aluminum 7,500 NA 0.4 

Cadmium 0.2 NA 0.1 

Cobalt 3 NA 0.5 

Iron 8,500 NA 0.6 

Manganese 620 NA 1 

Vanadium 17 NA 0.2 

Total HI: NA 4 

Adult/Child 
Aggregate 

7.3 and 9.3 

RDX 16 3E-05 NA 

4-Nitrotoluene 6 3E-06 NA 

Aluminum 7,500 NA NA 

Cadmium 0.2 NA NA 

Cobalt 3 NA NA 

Iron 8,500 NA NA 

Manganese 620 NA NA 

Vanadium 17 NA NA 

Total ELCR: 3E-05 NA 

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. 

NA = not applicable 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consists of calculation of receptor-specific ELCRs and HIs for naturally occurring chemicals. 
Groundwater data used in the DA HHRA includes monitoring wells located within and adjacent to the DA site 
boundary (Figure 5.1-8). For the northwest plume, the MDCs of aluminum and iron in groundwater were less 
than their respective BTVs. For the southeast plume, the MDCs of aluminum, cadmium, iron, manganese, and 
vanadium in groundwater were less than their respective BTVs. Three COPCs (aluminum, cadmium, and iron) 
were identified as naturally occurring chemicals in site groundwater at the DA (for potable use), as discussed 
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in Section 5.1.4. The estimated risks and hazards for the naturally occurring chemicals in groundwater for a 
hypothetical future residential scenario are provided in Table 5.1-13. The naturally occurring chemicals are 
not used to identify the final COCs for the DA and are not discussed further in the HHRA after this step. 

Table 5.1-13. Summary of Risk Estimates for Naturally Occurring Chemicals—Demolition Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium 

Hypothetical 
Residential Receptor a 

ELCR/HI Tables (RME) 
in Appendix A-2, 

Attachment 1 Chemical 

Demolition Area 

EPC 
µg/L ELCR HI 

Groundwater 

(Tap water) 

Adult 7.4 and 9.4 

Aluminum 7,500 NA 0.2 

Cadmium 0.2 NA 0.07 

Iron 8,500 NA 0.4 

Total HI: NA 0.7 

Child 7.5 and 9.5 

Aluminum 7,500 NA 0.4 

Cadmium 0.2 NA 0.1 

Iron 8,500 NA 0.6 

Total HI: NA 1 

Adult/Child Aggregate 7.6 and 9.6 

Aluminum 7,500 NA NA 

Cadmium 0.2 NA NA 

Iron 8,500 NA NA 

Total ELCR: NA NA 

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. 

Step 3: Risk Characterization of Site-Related COPCs 

Step 3 consists of calculating receptor-specific ELCRs and HIs associated with site-related COPCs. 
Five site-related COPCs (northeast plume – RDX, cobalt, manganese, and vanadium; southeast plume – 
RDX, 4-nitrotoluene and cobalt) were identified for groundwater (potable use) at the DA. For shallow 
groundwater (in a trench), four site-related COPCs (RDX, cobalt, manganese, and vanadium) were 
identified. Although there is no record of cobalt being used at the DA, 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 dataset, which ranged from 0.6 U to 25 U µg/L (CH2M 2020). 
The estimated risks and hazards for the site-related COPCs in groundwater for future site worker, 
construction/utility worker, and hypothetical future residential scenarios are provided in Table 5.1-14.  
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Table 5.1-14. Summary of Risk Estimates for Site-Related COPCs—Demolition Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure Medium Receptor a 

ELCR/HI Tables (RME) 
in Appendix A-2, 

Attachment 1 COPC 

Demolition Area 

EPC 
µg/L ELCR HI 

Groundwater 

(Tap water) 
Site Worker 7.7 and 9.7 

RDX 16 4E-06 0.04 

4-
Nitrotoluene 

6 4E-07 0.02 

Cobalt 3 NA 0.09 

Manganese 620 NA 0.2 

Vanadium 17 NA 0.03 

Total ELCR and HI: 5E-06 0.4 

Groundwater 
(Shallow 
Groundwater) 

Construction/
Utility Worker 

7.8 and 9.8 

RDX 2.3 7E-10 0.0002 

Cobalt 3 NA 0.0002 

Manganese 620 NA 0.02 

Vanadium 17 NA 0.002 

Total ELCR and HI: 7E-10 0.03 

Groundwater 
(Tap water) 

Hypothetical Resident 
(Adult) 

7.9 and 9.9 

RDX 16 NA 0.2 

4-
Nitrotoluene 

6 NA 0.1 

Cobalt 3 NA 0.3 

Manganese 620 NA 0.9 

Vanadium 17 NA 0.1 

Total HI: NA 2 

Hypothetical Resident 
(Child) 

7.10 and 9.10 

RDX 16 NA 0.3 

4-
Nitrotoluene 

6 NA 0.2 

Cobalt 3 NA 0.5 

Manganese 620 NA 1 

Vanadium 17 NA 0.2 

Total HI: NA 3b 

Hypothetical Resident 
(Adult/Child 
Aggregate) 

7.11 and 9.11 

RDX 16 3E-05 NA 

4-
Nitrotoluene 

6 3E-06 NA 

Cobalt 3 NA NA 

Manganese 620 NA NA 

Vanadium 17 NA NA 

Total ELCR: 3E-05 NA 
 

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 The HI for nervous system (due to RDX and manganese) exceeded 1 – Appendix A-2, Attachment 1 (refer to Table 
9.10). 
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Step 4: Final COC Determination 

The ELCRs estimated for the site-related COPCs based on a hypothetical future residential scenario (adult 
and child) were within the EPA’s acceptable ELCR of 1 × 10-4 to 1 × 10 -6. However, the HIs estimated for 
the site-related COPCs based on a hypothetical future residential scenario (child) exceeded the target HI 
of 1, due to RDX and manganese. 

The maximum detected manganese groundwater concentration was compared to the child DRI-based SL; 
however, the MDC exceeded the child SL. Therefore, manganese was retained as a COC in groundwater 
(Table 5.1-15). 

Table 5.1-15. Comparison of Manganese Concentration in Groundwater to DRI —Demolition Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Chemical 

Maximum 
Concentration 

(µg/L) 

Child Screening 
Level (DRI) 

(µg/L) 
Exceeds 

DRI? 
Groundwater 

COC? 

Manganese 620 451 Yes Yes 

Because RDX and manganese were retained as COCs in groundwater for future hypothetical residents, 
potential exposures and risks and hazards were also estimated for future site workers and 
construction/utility workers (summarized in Table 5.1-14). For potable use of groundwater by future site 
workers and groundwater in a culvert by future construction/utility workers, the cumulative ELCR and HIs 
were less than or within the EPA’s acceptable risk range of 1 × 10−6 to 1 × 10−4 and did not exceed the 
acceptable HI of 1 and no COCs were identified for these receptors. 

5.1.6.6 Uncertainty Analysis 

The assumptions used in the HHRAs have inherent uncertainty. The general uncertainties associated with 
the HHRAs for the CC-06 sites are provided in Section 4.3.1. This section provides additional site-specific 
uncertainties associated with the HHRA for the DA that are not included in Section 4.3.1. 

The MDC was used as the EPC for the site-related COPCs because there were fewer than eight samples for 
the explosive COPCs (RDX [potable use dataset] and 4-nitrotoluene) or the maximum detected metal 
concentration in groundwater (cobalt) was outside of the core of the plumes. The use of the MDC as the 
EPC likely overestimates the cancer risks and noncarcinogenic hazards associated with potential exposures 
to groundwater 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 biodegradation and natural attenuation. 

Chemicals that were 100 percent nondetected in groundwater were not included in the COPC 
identification process; however, they were evaluated in a separate screening to determine whether 
elevated nondetected results were present in groundwater. The detailed analysis of the nondetected 
chemicals at the DA is provided in Appendix A-2, Attachment 3. Four explosives (2,4-DNT, 2,6-DNT, 
2-nitrotoluene, and nitrobenzene) had RLs greater than SLs, and two of the explosives (2,6-DNT and 
nitrobenzene) also had DLs greater than SLs. One metal (thallium) had DLs and RLs exceeding its SL. 
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 (EPA, 2012): 
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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 
and did not exceed the MCL. As described in the conclusions of Appendix A-2, Attachment 3, further 
evaluation of the nondetected chemicals at the DA does not appear warranted based on the age of the 
data, laboratory limitations, and comparison to historically detected chemicals in groundwater at the 
IAAAP. 

5.1.6.7 Summary of Human Health Risk Assessment 

An HHRA was prepared for the DA to evaluate potential current and future health risks and hazards from 
exposure to chemicals in site groundwater. The DA is completely fenced, closed to recreational activities, 
and hunting is not permitted within the site boundary. There is a culvert located at the DA; therefore, 
potential groundwater exposures by construction/utility workers are complete at the DA. Emergency burns 
have been conducted at the DA as recently as spring 2020. There are no potential receptors or potentially 
complete exposure pathways identified under current site conditions. 

The following potential future human receptors were assessed in the HHRA for the DA: 

 Future Site Workers. Future site workers could contact groundwater, including seeps, based on 
potential future use as a drinking water source at the DA. Potential exposures to VOCs in indoor air 
because of VI from groundwater are incomplete because VOCs were not detected in groundwater. 

 Future Construction/Utility Workers. Future construction/utility workers could contact shallow 
groundwater, including seeps, while replacing a culvert located within the site. 

 Hypothetical Future Residents. Hypothetical future residents could contact groundwater, including 
seeps, based on potential future use as a drinking water source at the DA. Potential exposures to VOCs 
in indoor air because of VI from groundwater are incomplete because 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 because estimated risks and hazards for a hypothetical residential scenario exceed 
acceptable risk and hazard levels and COCs were identified for a residential scenario. 

The COPCs (site-related COPCs or naturally occurring chemicals) identified in site groundwater for a 
potable use and groundwater in a culvert scenarios are as follows: 

 Groundwater (potable) 

– Naturally Occurring: 

• Northwest Plume – aluminum and iron. 
• Southeast Plume – aluminum, cadmium, iron, manganese, and vanadium. 

– Site-related: 

• Northwest Plume – RDX, cobalt, manganese, and vanadium. 
• Southeast Plume – 4-nitrotoluene, RDX and cobalt. 

 Groundwater (in a culvert) 



RI/RFI Report for Compliance Cleanup Program Site CC-06 

 5-23 

• Naturally Occurring: aluminum and iron. 
• Site-related: RDX, cobalt, manganese, and vanadium. 

The risk characterization for the DA 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 5.1-12. Risks and hazards from naturally occurring chemicals are 
summarized in Table 5.1-13. Aluminum, cadmium, and iron were identified as naturally occurring 
chemicals. While manganese in groundwater is also likely naturally occurring, it was carried forward as 
“site-related” in the HHRA because it exceeds the BTV at one well (DA-MW67B). Risks and hazards from 
site-related COPCs are summarized in Table 5.1-14; 4-nitrotoluene, RDX, cobalt, manganese, and 
vanadium were identified as site-related COPCs. 

COCs were identified in groundwater for the hypothetical child resident. In summary, the following COCs 
were identified for groundwater (Table 5.1-16). 

Table 5.1-16. Final Chemicals of Concern for Demolition Area 
Iowa Army Ammunition Plant, Middletown, Iowa 

Future Site Worker Future Construction/Utility Worker Future Hypothetical Child Resident 

Groundwater (Potable Use) 

None NA RDX and Manganese 

Groundwater (in a trench [less than10 feet bgs]) 

NA None NA 

5.1.7 Ecological Risk Assessment 

5.1.7.1 Screening Level Problem Formulation (Step 1) 

Step 1 of the ERA process determines whether there are complete exposure pathways. Soil at the DA is 
already addressed under the remedy for OU-1. There are no perennial surface water features within the DA 
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 the potential to migrate 
to and discharge to surface water bodies. Given the lack of perennial surface water bodies at the DA, the 
groundwater-to-surface-water exposure pathway is incomplete.  

5.1.7.2 Risk Characterization (Step 7) 

As a result of no complete exposure pathways for ecological receptors, the ERA process terminates with a 
conclusion of negligible adverse effects to ecological receptors. 

5.1.8 Conclusions and Recommendations 

An RI/RFI was conducted for the DA 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. 
Analytical data available for groundwater at the DA include VOCs, SVOCs, explosives, and metals. Of these, 
only explosives and metals were identified as site-related chemicals of interest based on historical site 
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operations and a comparison of concentration data to site characterization PALs and BTVs. As noted in 
Section 4.1, the site characterization PALs are based on ecological and human health SLs. 

During the most recent groundwater monitoring event in 2020, only RDX, 4-nitrotoluene, and manganese 
exceeded their site characterization PALs and available BTVs. However, manganese in groundwater at the 
DA (northern plume; monitoring well MW67B) is considered to be naturally occurring given that 
concentrations are similar to the BTV, exceedances were observed in only one downgradient monitoring 
well, and manganese was not identified as a soil COC or part of site operations. During the previous 2013 
monitoring event, mercury was also detected above its PAL and BTV at one groundwater monitoring well; 
this well was not sampled during the 2020 monitoring event. Because DF-MW1 is within the DF site 
boundary, metals exceedances at this well are therefore discussed in Section 5.2; no explosives were 
detected in the groundwater at DF-MW1. There are two distinct RDX groundwater plumes at the DA: a 
small northern plume and a larger southern plume. Both plumes are laterally and vertically delineated. 
The highest RDX concentration detected in 2020 was 16 µg/L. 4-Nitrotoluene was detected above its PAL 
of 4.3 µg/L in only one location, DA-MW66 (6 µg/L), and therefore is limited in extent. 

An HHRA and an ERA were conducted to quantify potential risks to human health and the environment 
from exposure to contaminants at the DA. The following conclusions were made based on the risk 
assessments: 

 The HHRA concluded that there were potentially unacceptable noncarcinogenic hazards for a 
hypothetical future residential receptor exposed to RDX and manganese in groundwater. 
The maximum detected groundwater concentration for manganese was then compared with the DRI-
based SL; the MDC exceeded the DRI-based SL. As a result, manganese and RDX were identified as 
COCs in groundwater. 

 The ERA concluded that there are no adverse effects to ecological receptors identified, and no 
additional actions are required from an ecological perspective at the DA. 

Based on the results of the RI/RFI and risk assessments, additional action is warranted to mitigate 
potential unacceptable risks to future receptors from site-related COCs (RDX and manganese) 
in groundwater at the DA. Although manganese in groundwater is likely naturally occurring because 
concentrations are similar in magnitude to the BTV, and manganese was not identified as a soil COC or 
part of site operations, it was carried forward as “site-related” in the HHRA because it exceeds the BTV at 
one well (DA-MW67B). It is recommended that an FS/CMS be completed to evaluate remedial alternatives 
to address these compounds in groundwater. When developing remedial alternatives, the CMS should 
consider ongoing site operations, the reasonably foreseeable future land use for this area, and the results 
of previous treatability studies. 

Although the DA is used on an emergency basis only, it continues to remain operational as a 
RCRA-regulated unit. Under the 2018 RCRA Permit, it is referred to as the open-burn area, open 
detonation area, and 40-millimeter grenade treatment units, and not CC-06. Upon its closure, it will need 
to meet the requirements in Code of Federal Regulations Title 40, Part 264.178, Permit Condition III.L, and 
follow the closure procedures in Attachment III-6 of the RCRA permit, as discussed in Section 5.1.1.1. 
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5.2 Deactivation Furnace 
5.2.1 Background 

5.2.1.1 Site Description 

The DF is located in the southwest portion of the IAAAP, southeast of the DA, and lies within the Skunk 
River watershed (Figure 5.2-1). The DF, approximately 0.55 acre, is currently inactive (JAYCOR, 1994), and 
there are no structures present at the site. Former Building 900-199-2, which housed the DF, was closed 
under the RCRA permit in 1995 (PDC, 1995). Building 900-199-2 and Building 900-31, which housed the 
compressor, were demolished during Phase 4 of the ongoing demolition effort at the IAAAP. The DF is 
no longer an RCRA-regulated unit. 

5.2.1.2 Operational History 

Based on historical records searches and historical drawings, the DF was put into operation between 1941 
and 1952 (Tetra Tech, 2007, 2008b). The DF was built to replace two smaller furnaces that have since 
been removed and were within the same general footprint of Building 900-199-2. The DF facility was 
housed within former Buildings 900-199-2 and 900-31, which encompassed the feed area and the 
furnace retort system (Figure 5.2-1). DF operation was limited between 1971 and its closure in 1995, as it 
was used only when required and was shut down from late 1980 to May 1983 to allow for the installation 
of air pollution control equipment. The air pollution control system included a cyclone filter, baghouse, 
draft induction fan, and exhaust stack. A personnel shelter (former Building 900-148-1) was used to 
protect staff during furnace use. 

The DF was used to destroy small explosives-loaded components such as detonators, primers, and fuses. 
These items entered the furnace via a conveyor belt, after which spiral flights moved the items through the 
retort, where residual explosive or propellant compounds were flashed from the metal casings. 
The thermally treated steel casings were recovered and sold as scrap metal. The materials treated in the 
furnace were generated from various plant production lines and included excess and off-specification 
components. Unsalvageable metal and ash were containerized and stored as hazardous waste because of 
cadmium. Ash collected from the cyclone and baghouse of the air pollution control system contained 
arsenic, cadmium, chromium, and lead. The containers with the waste from the unsalvageable metals, 
burn ash, cyclone, and baghouse were stored in offsite permitted RCRA storage units and analyzed using 
the toxicity characteristic leaching procedure. Nonhazardous materials were disposed of onsite at the Inert 
Disposal Area (JAYCOR, 1994). Hazardous wastes were transported offsite for disposal at EPA-approved 
disposal facilities (JAYCOR, 1996). 

5.2.1.3 Previous Investigations and Remedial Actions 

Numerous investigations have been conducted at IAAAP since the 1980s. Table 5.2-1 summarizes the 
previous investigations conducted at the DF, including their conclusions and recommendations. Previous 
soil and groundwater locations are shown on Figure 5.2-1. As shown on the figure, several of the previous 
sample locations fall within the adjacent DA. There are no perennial surface water features within the 
site boundary. 

This report continues the RI/RFI for groundwater at the DF. Previous investigations pertinent to the RI/RFI 
for groundwater are listed in Table 5.2-2; additional details are included in Table 5.2-1. 
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Table 5.2-2. Excerpts from the Previous Investigations Table for Deactivation Furnace 
Iowa Army Ammunition Plant, Middletown, Iowa 

Investigation Conclusion 

RCRA Hazardous Waste 
Management Permit (EPA, 1989b)  

The DF was included in the compliance agreement as a RCRA-permitted 
SWMU. 

Facility‐wide Preliminary 
Assessment (JAYCOR, 1994) 

There may have been a potential release from the hazardous waste 
activities at the DF. Soil sampling was recommended at the DF.  

Facility‐wide Site Inspection 
(JAYCOR, 1992) 

No groundwater samples were collected during the facility-wide site 
inspection. It was recommended that additional soil sampling be included 
in the RI.  

Follow-On Remedial Investigation 
(JAYCOR, 1996) 

No groundwater samples were collected during the facility-wide RI. 
Remedial actions were recommended to prevent soil and ash from spilling 
onto the ground at the DF. 

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

Soil removal at the DF has minimized the potential for groundwater 
contamination at that site. No data gaps were identified present at the 
DA/DF, and no investigation of groundwater was proposed.  

Supplemental Remedial 
Investigation Report for 
Compliance-Related Cleanup Sites 
(Tetra Tech, 2009) 

No groundwater samples were collected during the RI/RFI for Compliance-
Related Cleanup sites. However, low concentrations of metals greater than 
2 feet bgs and groundwater deeper than 10 feet bgs at the DF would 
mitigate groundwater contamination from historical site activities at the DF. 

Corrective Measures Study 
(Tetra Tech, 2012c) 

The corrective measures study recommended NFA for the DF. 

Soil is addressed under the OU-1 remedial action. A summary of OU-1 RG exceedances is presented in this 
RI/RFI to support the CSM. Historically, metals were detected in shallow soil at concentrations exceeding 
OU-1 RGs (CH2M, 2017 and 2018b). Arsenic and lead were identified as soil COCs based on the risk 
assessment conducted for the final Supplemental Remedial Investigation (SRI) (Tetra Tech, 2009). 
However, the historical distribution of arsenic and lead indicates that soil contamination occurred in 
isolated areas to depths of only 2 feet bgs, above the water table. As summarized in Table 5.2-1, two soil 
removal actions were conducted at the DF; the excavation areas are shown on Figure 5.2-1. The initial 
removal action was performed to meet RCRA closure requirements (PDC, 1995). Soil remedial actions 
conducted under the RCRA closure cleanup were approved by EPA in a letter dated May 5, 1995 (PDC, 
1995). The second removal action was conducted in 2007 to meet the remedial action objectives in the 
OU-1 ROD for soil (Tetra Tech, 2008b). Soil was excavated at seven areas shown on Figure 5.2-1 to meet 
OU-1 RGs (Tetra Tech, 2009). There is no continuing source of soil contamination to groundwater. 

Human health and ERAs were conducted as part of the 2009 SRI; the SRI served as the RFI for this site 
(Tetra Tech, 2009). The HHRA evaluated soil data against available background values, OU-1 RGs, or EPA 
Region 9 industrial preliminary RGs for chemicals without an OU-1 RG. The SRI indicated that groundwater 
contamination at the DF was unlikely, given the low concentrations of metals in subsurface soil and the 
depth to groundwater (approximately 10 feet bgs), and therefore it was not evaluated. The ERA was based 
on the 2004 BERA results and additional risk assessment for the Indiana bat (Tetra Tech, 2006b). Based on 
the risk assessments and pre-excavation sampling results, arsenic and lead were identified as soil COCs for 
human health at the DF. However, given that the 2007 soil excavations removed arsenic- and 
lead-contaminated soil at the site, the SRI concluded that NFA was warranted for soil at the DF. 
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Following the SRI, a CMS was completed and finalized for several CC sites, including the DF (Tetra Tech, 
2012c). A corrective action objective was established for soil to prevent unacceptable risk due to exposure to 
soil; the OU-1 RGs were proposed as the cleanup goals. Given that no ecological or human health risks were 
identified for the site, the only corrective measure alternative developed for the DF was NFA. This alternative 
was evaluated against the corrective measure evaluation criteria contained in the Federal Register (61 FR at 
19449, May 1, 1996) and the final RCRA Corrective Action Plan (EPA, 1994). The NFA recommendation was 
presented as the preferred corrective measure in a draft final Statement of Basis (Tetra Tech, 2012d); 
however, the document was neither finalized nor submitted for public comment. 

5.2.2 2018 to 2020 Remedial Investigation Activities 

Additional fieldwork was conducted at the DF to resolve data gaps needed to complete the RI. 
As documented in site-specific worksheets for the CC RCRA sites, UFP-QAPP (CH2M, 2017 and 2018b), a 
geophysical investigation was never completed at the DF to evaluate the presence or absence of potential 
historical burial trenches. Additionally, to support the RI/RFI at the DA and delineate the downgradient 
extent of the southern RDX-contaminated groundwater plumes at the DA, a new monitoring well (DF-
MW1) was installed at the DF. 

Fieldwork was originally scheduled for summer 2018, and some vegetation clearance was completed at 
the DF in 2018. However, due to UXO clearance requirements, fieldwork could not be conducted until 
2020. All fieldwork conducted at the DF was performed with UXO technician oversight. Pathways were 
precleared for surface anomalies, and subsurface clearance was conducted to 5 feet bgs for all intrusive 
activities at the DF. Fieldwork completed at the DF was conducted in accordance with the UFP-QAPP 
(CH2M, 2017 and 2018b). 

5.2.2.1 Geophysical Survey 

A geophysical survey was performed on March 10, 2020, by The Underground Detective to evaluate whether 
historical ash disposal trenches were located at the site (The Underground Detective, 2020). The geophysical 
survey was completed using ground-penetrating radar across the lateral extent of the DF, but nothing of 
significance (i.e., buried trenches) was detected. 

5.2.2.2 Monitoring Well Installation and Groundwater Sampling 

One monitoring well, DF-MW1, was installed within the DF site boundary (Figure 5.2-1); however, as 
presented in the final UFP-QAPP (CH2M, 2017 and 2018b), its primary purpose was to support the RI/RFI 
at the DA (refer to Section 5.1). 

Monitoring well DF-MW1 was installed on April 18, 2020. The monitoring well location was drilled with a 
rotosonic drill rig equipped with 6-inch-outer-diameter drill rods, in accordance with Section 3.2.2. 
Limestone bedrock was encountered starting at approximately 10 feet bgs. From approximately 10 to 20 
feet bgs, limestone was observed to be fractured or weathered and displayed poor to very poor RQD, a 
measurement of the quality of rock core. DF-MW1 was screened from 9.5 to 19.5 feet bgs. The boring log 
is provided in Appendix C and includes core recovery and RQD percentage values. 

Because of steep and aggressive terrain, the location of DF-MW1 had to be moved 30 feet east of the 
originally proposed location. DF-MW1 was drilled to 20 feet bgs and based on field observations of the 
highly weathered and fractured shallow bedrock encountered starting at 10 feet bgs, the field geologist 
discussed observed geologic conditions with the senior geologist. It was decided to set the well at 20 feet 
bgs at the offset location. The UFP-QAPP (CH2M, 2017 and 2018b) originally stated 20 to 30 feet bgs; 
however, moving the well 30 feet east of the originally proposed location required a deviation from the 
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scope; the original proposed location for DW-MW1 was not feasible or safe to drill because of aggressive 
terrain.  

DF-MW1 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 and 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 5-foot-thick 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 construction details are provided in Table 5.2-3. The well completion 
diagram is included in Appendix C. 

The newly installed monitoring well was developed on April 19 and April 20, 2020, in accordance with 
Section 3.2.3. On both dates, it ran dry within 5 minutes of purging. A total of three well casing volumes 
was purged during development. Well development was completed in accordance with Section 3.2.3. Well 
development logs are provided in Appendix C. 

An attempt was made to sample DF-MW1 via low-flow purging techniques on April 21, 2020; however, the 
well purged dry during the sampling attempt. While the well was sampled after it recharged (Table 5.2-4); 
the sample turbidity was elevated. The last turbidity reading before sampling was greater than 1,000 
nephelometric turbidity unit (NTUs) (Table 5.2-5). Samples were collected and analyzed for metals by 
Method SW6020A and explosives by Method SW8330B. 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 3.2.7. Waste management documentation is provided in 
Appendix D. 

Monitoring well DF-MW1 was surveyed by Bruner, Cooper, and Zuck, Inc., licensed Iowa surveyors, on 
June 3, 2020, in accordance with Section 3.2.6. Survey information is included in Appendix E. 

5.2.3 Environmental Setting 

The DF was constructed on a topographic high. The ground surface elevations range from approximately 
662 to 683 feet amsl at the site and drop off by 10 to 35 feet to the west and south. The low-lying areas 
contain intermittent streams (Figure 5.2-1). Surface drainage is to the west and south into intermittent 
tributaries incised into loess and glacial till (Figure 5.1-4). The intermittent streams run to Skunk River, 
approximately 0.5 mile to the southwest. 

The overburden stratigraphy of the site includes a thin surface layer of loess (present only in the upper 
elevation areas) underlain by glacial till (clay and sandy clay). The overburden is underlain by limestone 
bedrock of the upper Warsaw Formation (JAYCOR, 1996). Shallow limestone bedrock observed during 
well installation activities for DF-MW1 was weathered and highly fractured with poor to very poor RQD. 
The loess and much of the till have been incised by the surface drainages. According to information from 
soil borings at the adjacent DA (Section 5.1), soil boring for DF-MW1, and from DF soil excavations, the 
overburden thickness is between 8 and 25 feet and composed of clay, silt, and sand (JAYCOR, 1996; 
Tetra Tech, 2008b). 

Groundwater at the site is present primarily within the limestone bedrock. Depth to water was measured in 
April 2020 between 8 and 29 feet below top of casing at the DF and surrounding DA monitoring wells 
(Table 5.2-5 and Table 5.1-6). These values fall within the reported range of historical depths to 
groundwater at the adjacent DA. As shown on Figure 5.1-4, groundwater at the DF flows to the west and 
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southwest, following the slope of the topography toward the intermittent tributaries. There is a potential 
for discharge of groundwater to intermittent streams during periods when the groundwater table rises. 
This is based on historical depths to groundwater measurements at wells near the headwaters of the 
drainage between the DA and the DF (Figure 5.1-4). A seep investigation was conducted as part of the 
RI/RFI for the DA, which is detailed in Section 5.1. 

5.2.4 Nature and Extent of Contamination 

This section describes the nature and extent of contamination at the DF. The source of contamination at 
the DF is attributed to releases of ash during the transfer of waste from the furnace into drums and tanks 
for RCRA storage or disposal. 

5.2.4.1 Disposal Trenches 

A ground-penetrating radar survey was performed to evaluate whether historical ash disposal trenches 
were located at the site (The Underground Detective, 2020). A 24,000-square-foot area was investigated. 
No buried trenches or anomalies were identified. 

5.2.4.2 Groundwater 

Although there is no basis for a release to groundwater at the DF, this area is included in this RI/RFI report 
for groundwater because the DF has been combined with the DA under CC-06. As discussed in the final SRI 
(Tetra Tech, 2009) and CMS (Tetra Tech, 2012c), the soil data and site-specific geology suggest that 
groundwater is unlikely to have been impacted at the DF. Metals soil contamination was observed in 
isolated areas and only in shallow soil (less than 2 feet bgs and above the water table) during site 
investigations. Shallow soil was excavated at seven areas to remove soils with metals exceedances; 
confirmation soil sampling confirmed remaining soils were within OU-1 RGs. The site is underlain by a 
fine-grained (clay and sandy clay) geology to approximately 10 feet bgs, which restricts water flow due to 
its low permeability. Groundwater is estimated to be approximately 20 feet bgs but varies depending on 
steep surface terrain at the DF.  

As discussed in the final UFP-QAPP (CH2M, 2017 and 2018b), groundwater sampling at the DF is not 
warranted. However, because of the proximity of the DF to the DA, a new monitoring well was proposed 
within the DF boundary to refine the lateral extent of RDX contaminant plumes at the DA and to assess 
potential impacts from buried trenches (if found). No other monitoring wells were deemed warranted at 
the DF. As discussed in Section 5.2.4.1, no buried trenches were found.  

To delineate the RDX plume at the DA, one groundwater sample was collected at the DF from newly 
installed monitoring well DF-MW1 (Figure 5.2-2). Groundwater was also sampled at existing monitoring 
wells at the DA, including DA-TTMW-055, which is located adjacent and upgradient to the DF site 
boundary. Groundwater samples were collected for explosives and metals, which are the chemicals of 
interest for groundwater based on historical site use and COCs identified in soil. Table 5.2-4 presents the 
concentrations of chemicals detected in groundwater samples collected from the DF monitoring well (DF-
MW1); refer to Table 5.1-4 for concentrations of chemicals detected at adjacent DA monitoring well (DA-
TTMW-055) during the 2020 SRI sampling event. 

Explosives 

No explosives were detected in DF-MW1 or DA-TTMW-055 in 2020. Therefore, these wells meet their 
objective to refine the extent of the RDX groundwater plumes in the adjacent DA site (CH2M, 2018b).  
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Inorganics 

Fifteen metals were detected in groundwater during the most recent (2020) sampling event (refer to 
Tables 5.1-4 and 5.2-4). Of these, only two metals were detected above their respective SLs and BTVs in 
groundwater at DF-MW1, iron at 22,000 µg/L and manganese at 1,300 µg/L (Figure 5.2-2). However, as 
discussed in Section 5.2.2.2, the turbidity in this sample was very high (greater than 1,000 NTU), and 
therefore the total metals concentrations were impacted by sediment particulates in the sample and not 
only metals dissolved in groundwater. The elevated metals concentrations reported in the groundwater 
sample may not be attributed to release from site-related operations. As such, it may only provide 
screening level data for metals. In accordance with the final UFP-QAPP (CH2M, 2017 and 2018b), 
dissolved metals samples were not collected for comparison at DF-MW1. Neither iron nor manganese was 
detected above its BTV in soil, and neither was documented as being associated with previous site 
operations. There were no metals concentrations detected at upgradient monitoring well DA-TTMW-055, 
the closest well to DF-MW1, that exceeded site characterization PALs or BTVs; therefore, it is unlikely that 
site-related iron and manganese are migrating from the DA to the DF in groundwater. 

Concentrations of some metals may be naturally elevated in the environment, and their reported presence 
may not indicate a CERCLA-regulated release. For example, several metals (aluminum, arsenic, barium, 
beryllium, cadmium, lead, mercury, nickel, selenium, and zinc) were detected below their respective BTVs 
and are therefore considered to be consistent with background and are likely naturally occurring. Copper 
concentrations at DF-MW1 (17 µg/L) were similar in magnitude to the BTV (16 µg/L); therefore, this 
occurrence is considered to be naturally occurring. 

5.2.5 Fate and Transport 

This section discusses the fate and transport of site-related chemicals of interest at the DF. This included 
chemicals that were detected above both their site characterization PAL and BTV. In groundwater, 
chemicals of interest include metals (iron and manganese), based on the most recent 2020 monitoring 
data. Fate and transport characteristics for these chemicals are described in Section 4.2. 

The DF is a vegetated site with no existing structures. It is located on a topographically high area that 
drops off by 10 to 35 feet to the west and south toward intermittent streams that flow to the Skunk River. 
Although iron and manganese were detected at monitoring well DF-MW01 at concentrations above their 
BTVs, these elevated concentrations are considered to be associated with turbidity in the groundwater 
sample and are not indicative of a site release to groundwater. The overburden clay geology at the site 
extends to 10 feet bgs and should facilitate sorption and retard vertical migration (by limiting leaching). 
Groundwater at the DF was encountered at 18 feet bgs and is predominantly within this shallow, highly 
fractured, and weathered limestone bedrock and the interface between the bedrock and overburden. 
Historical metals concentrations were limited to shallow soil (less than 2 feet bgs), which was 
subsequently removed through excavation activities. This suggests that leaching to groundwater is not a 
significant transport pathway for metals at the DF.  

The solid forms of manganese (manganese oxides) and iron (iron hydroxides) are usually present in the 
natural soil matrix. If insufficient amounts of oxygen and nitrate are present in the subsurface, manganese 
oxides and iron hydroxides will be used as electron acceptors by metabolic activity and reductively 
dissolve into soluble forms. Iron also becomes more soluble as pH drops below 7 (ERG, 2005). 
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 (EPA, 2010). 
At monitoring well DF-MW01, the ORP value (121.7 mV) was indicative of more oxidizing conditions, 
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which would not support reductive dissolution. The pH value, 7.13, indicates neutral conditions (Table 5.2-
5). 

5.2.6 Human Health Risk Assessment 

An HHRA was prepared for the DF 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 DF. The HHRA was conducted in accordance 
with the final UFP-QAPP (CH2M, 2017 and 2018b), with the exception of some deviations that were agreed to 
during meetings or correspondence with USACE and EPA 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 DF and provides the results of the four-step evaluation process composed of the following: 

 Data evaluation. 
 Exposure assessment. 
 Toxicity assessment. 
 Risk characterization. 

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

5.2.6.1 Conceptual Exposure Model 

A description of the DF, its operational history, previous investigations, and remedial actions are provided 
in Section 5.2.1. Soil at the DF was remediated according to the OU- 1 soil Interim ROD (EPA, 1998b) and 
final ROD (Harza, 1998). Therefore, soil at the DF was not re-evaluated in this HHRA. The IAAAP site is 
currently inactive. There are no perennial surface water features within the DF boundary. The site is closed 
to recreational activities, and hunting is not permitted within the site boundary. Additionally, there are no 
culverts located at the DF; therefore, potential groundwater exposures by construction/utility workers are 
incomplete at the DF. 

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 DF is classified as Class IIB, a potential source of drinking water (EPA, 1989a). Therefore, 
the HHRA for the DF evaluates potential exposures to groundwater because of its potential future use as a 
drinking water source. This consists of the evaluation of future residential exposures to groundwater. 

The following potential future human receptors were assessed in the HHRA for the DF: 

 Future Site Workers. Future site workers could contact groundwater based on potential future use as a 
drinking water source at the DF. 

 Hypothetical Future Residents. It is assumed hypothetical future residents could contact groundwater 
based on potential future use as a drinking water source at the DF. 

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 and hazard levels and COCs are identified for a residential scenario. The human 
health CEM presenting potential exposure media, exposure points, receptors (future), and exposure routes 
is provided in Appendix A-3, Attachment 1, Table 1, and depicted graphically on Figure 5.2-3. 
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5.2.6.2 Data Evaluation 

Data Used in the HHRA 

Two groundwater samples from April 2020 were used in the HHRA for the DF. The samples were analyzed 
for explosives and metals. A summary of the number of chemicals analyzed and detected in groundwater 
at the DF is presented in Table 5.2-6. 

Table 5.2-6. Chemical Groups Analyzed in HHRA Data 
Iowa Army Ammunition Plant, Middletown, Iowa 

Chemical Group Number of Chemicals Analyzed Number of Chemicals Detected 

Groundwater (Potable Use) 

Explosives 17 0 

Metals 18 15 

 

The groundwater data grouping and the samples included in the HHRA are described in Tables 5.2-7 and 
5.2-8, respectively. The analytical dataset used in the HHRA is included in Excel format as Attachment 2 in 
Appendix A-3. The groundwater sampling locations included in the HHRA are depicted on Figure 5.2-4. 
Although monitoring well DA-TTMW-055 is located outside of the DF site boundary (Figure 5.2-4), 
groundwater data from this well was included in the HHRA data grouping because it is located cross-gradient 
of former Buildings 900-199-2 and 900-31. As documented in site-specific worksheets for the CC RCRA 
sites, UFP-QAPP (CH2M, 2017 and 2018b), data from DA-TTMW-055 are included in the RI/RFI for the DF. 

Screening Results for Site-related COPCs 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 hypothetical future resident 
potentially exposed to groundwater are presented in Appendix A-3, Attachment 1, Table 2.1. The COPCs 
(site-related COPCs or naturally occurring chemicals) identified in site groundwater are summarized in 
Tables 5.2-9 and 5.2-10. 

Table 5.2-9. Summary of COPCs for Deactivation Furnace—Site-Related 
Iowa Army Ammunition Plant, Middletown, Iowa 

Receptor COPC 
Frequency of 

Detections 
Minimum 
Detectiona 

Maximum 
Detectiona 

Groundwater (Potable Use) 

Future (Hypothetical 
Resident) 

Cobalt 2 / 2 1.6 J 4.7 

Iron 2 / 2 360 22,000 

Manganese 2 / 2 48 1,300 

Vanadium 1 / 2 29 29 

a Detection Units: groundwater (tap water)—µg/L. 
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Table 5.2-10. Summary of COPCs for Deactivation Furnace—Naturally Occurring Chemicals 
Iowa Army Ammunition Plant, Middletown, Iowa 

Receptor COPC 
Frequency of 

Detections 
Minimum 
Detectiona 

Maximum 
Detectiona 

Groundwater (Potable Use) 

Future (Hypothetical 
Resident) 

Aluminum 2 / 2 290 11,000 

Arsenic 1 / 2 5.8 J 5.8 J 

Cadmium 1 / 2 0.2 J 0.2 J 

a Detection Units: groundwater (tap water)—µg/L. 

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). 

5.2.6.3 Exposure Assessment 

The DF is currently inactive. The site is closed to recreational activities, and hunting is not permitted at the 
site. As previously discussed, groundwater is not currently being used as a potable water source; however, 
the HHRA for the DF evaluated potential exposures to groundwater because of its potential future use as a 
drinking water source. This consists of the evaluation of future residential exposures to groundwater. 
Therefore, ingestion and dermal contact exposures to COPCs in groundwater were evaluated for site 
workers and hypothetical future residents. As noted previously, risks and hazards for site workers and 
construction/utility workers are estimated 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. Inhalation exposures to site groundwater are incomplete because no VOCs were detected in 
groundwater at the DF. There are no culverts at the site, thus groundwater contact by a construction 
worker is an incomplete pathway. The potential exposure pathways quantified in the HHRA are included in 
Appendix A-3, Attachment 1, Table 1, and on Figure 5.2-3. The following receptor scenarios were 
quantified in the HHRA for the DF. 

 Future Site Workers: 

– Groundwater (tap water) COPCs—ingestion and dermal contact. 

 Hypothetical Future Residents (Adult and Child): 

– Groundwater (tap water) COPCs—ingestion and dermal contact. 

In accordance with EPA guidance Determining Groundwater Exposure Point Concentrations, Supplemental 
Guidance (EPA, 2014b), groundwater EPCs are typically calculated based on the data collected in the core 
of a plume. However, based on available site data, no plumes are present. Therefore, all results in the 
groundwater dataset were used to calculate the EPCs for the COPCs in groundwater. As discussed in 
Section 4.3.1, the 95 percent UCL on the mean (“UCL”) is selected as the EPC if at least eight samples and 
four detected concentrations were available. Because less than eight samples and four detected 
concentrations were available in the groundwater dataset for each COPC, and no reliable UCL could be 
estimated because of the limited number of samples and detected concentrations, the MDC was selected 
as the EPC for each COPC. 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. 
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The exposure factors used in the intake calculations for a future site worker and hypothetical future 
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 Human Health 
Evaluation Manual Supplemental Guidance (EPA, 2014a). 

5.2.6.4 Toxicity Assessment 

The oral toxicity values (CSFs and RfDs) used in the HHRA were obtained from the EPA standard hierarchy 
of toxicity value sources (EPA, 2003b), as provided in Section 4.3.1. Noncancer toxicity values for the 
COPCs identified at the DF 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. 

5.2.6.5 Risk Characterization 

The risk characterization for the DF was completed using a four-step process, as discussed in Section 4.3.1. 
The results of each step are discussed in this section. 

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 5.2-11. 

Table 5.2-11. Summary of Total Combined Risk Estimates for Site-Related COPCs and Naturally 
Occurring Chemicals – Deactivation Furnace 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium 

Hypothetical 
Residential 
Receptora 

ELCR/HI Tables (RME) 
in Appendix A-3, 

Attachment 1 COPC/Chemical 

Deactivation Furnace 

EPC 
(µg/L) ELCR HI 

Groundwater 

(Tap water) 

Adult 7.1 and 9.1 

Aluminum 11,000 NA 0.3 

Arsenic 5.8 NA 0.6 

Cadmium 0.2 NA 0.07 

Cobalt 4.7 NA 0.5 

Iron 22,000 NA 0.9 

Manganese 1,300 NA 2 

Vanadium 29 NA 0.2 

Total HI: NA 4 

Child 7.2 and 9.2 

Aluminum 11,000 NA 0.6 

Arsenic 5.8 NA 1 

Cadmium 0.2 NA 0.1 

Cobalt 4.7 NA 0.8 

Iron 22,000 NA 2 
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Table 5.2-11. Summary of Total Combined Risk Estimates for Site-Related COPCs and Naturally 
Occurring Chemicals – Deactivation Furnace 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium 

Hypothetical 
Residential 
Receptora 

ELCR/HI Tables (RME) 
in Appendix A-3, 

Attachment 1 COPC/Chemical 

Deactivation Furnace 

EPC 
(µg/L) ELCR HI 

Manganese 1,300 NA 3 

Vanadium 29 NA 0.3 

Total HI: NA 7  

Adult/Child 
Aggregate 

7.3 and 9.3 

Aluminum 11,000 NA NA 

Arsenic 5.8 1E-04 NA 

Cadmium 0.2 NA NA 

Cobalt 4.7 NA NA 

Iron 22,000 NA NA 

Manganese 1,300 NA NA 

Vanadium 29 NA NA 

Total ELCR: 1E-04 NA 

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. 

Step 2: Risk Characterization of Naturally Occurring Chemicals 

Step 2 consists of calculation of receptor-specific ELCRs and HIs for naturally occurring chemicals. The 
MDCs of aluminum, arsenic, and cadmium in groundwater were less than their BTV, thus they were 
identified as naturally occurring chemicals, as discussed in Section 5.2.4. The estimated risks and hazards 
for the naturally occurring chemicals in groundwater for a hypothetical future residential scenario are 
provided in Table 5.2-12. The naturally occurring chemicals are not used to identify the final COCs for the 
DF and are not discussed further in the HHRA after this step. 

Table 5.2-12. Summary of Risk Estimates for Naturally Occurring Chemicals – Deactivation Furnace 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium 

Hypothetical 
Residential Receptora 

ELCR/HI Tables (RME) in 
Appendix A-3, Attachment 1 Chemical 

Deactivation Furnace 

EPC 
(µg/L) ELCR HI 

Groundwater 

(Tap water) 

Adult 7.4 and 9.4 

Aluminum 11,000 NA 0.3 

Arsenic 5.8 NA 0.6 

Cadmium 0.2 NA 0.07 

Total HI: NA 1 

Child 7.5 and 9.5 Aluminum 11,000 NA 0.6 
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Table 5.2-12. Summary of Risk Estimates for Naturally Occurring Chemicals – Deactivation Furnace 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium 

Hypothetical 
Residential Receptora 

ELCR/HI Tables (RME) in 
Appendix A-3, Attachment 1 Chemical 

Deactivation Furnace 

EPC 
(µg/L) ELCR HI 

Arsenic 5.8 NA 1 

Cadmium 0.2 NA 0.1 

Total HI: NA 2 

Adult/Child Aggregate 7.6 and 9.6 

Aluminum 11,000 NA NA 

Arsenic 5.8 1E-04 NA 

Cadmium 0.2 NA NA 

Total ELCR: 1E-04 NA 

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. 

Step 3:  Risk Characterization of Site-related COPCs 

Step 3 consists of calculating receptor-specific ELCRs and HIs associated with site-related COPCs. Four 
site-related COPCs (cobalt, iron, manganese, and vanadium) were identified for groundwater at the DF. 
The estimated risks and hazards for COPCs in groundwater for a future site worker and hypothetical future 
residential scenario are provided in Table 5.2-13. An ELCR could not be estimated for site-related COPCs 
in groundwater because oral and dermal CSFs have not been established for them, based on the hierarchy 
of toxicity sources used in the HHRA (EPA, 2003b). 

Table 5.2-13. Summary of Risk Estimates for Site-related COPCs – Deactivation Furnace 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium Receptor a 

ELCR/HI Tables (RME) in 
Appendix A-3, Attachment 1 COPC 

Deactivation Furnace 

EPC 
(µg/L) ELCR HI 

Groundwater 

(Tap water) 

Site Worker 7.7 and 9.7 

Cobalt 4.7 NA 0.1 

Iron 22,000 NA 0.3 

Manganese 1,300 NA 0.5 

Vanadium 29 NA 0.05 

Total ELCR and HI: NA 0.9 

Hypothetical 
Resident 

(Adult) 
7.8 and 9.8 

Cobalt 4.7 NA 0.5 

Iron 22,000 NA 0.9 

Manganese 1,300 NA 2 

Vanadium 29 NA 0.2 
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Table 5.2-13. Summary of Risk Estimates for Site-related COPCs – Deactivation Furnace 
Iowa Army Ammunition Plant, Middletown, Iowa 

Exposure 
Medium Receptor a 

ELCR/HI Tables (RME) in 
Appendix A-3, Attachment 1 COPC 

Deactivation Furnace 

EPC 
(µg/L) ELCR HI 

Total HI: NA 3b 

Hypothetical 
Resident 

(Child) 
7.9 and 9.9 

Cobalt 4.7 NA 0.8 

Iron 22,000 NA 2 

Manganese 1,300 NA 3 

Vanadium 29 NA 0.3 

Total HI: NA 6b 

Hypothetical 
Resident 

(Adult/Child 
Aggregate) 

7.10 and 9.10 

Cobalt 4.7 NA NA 

Iron 22,000 NA NA 

Manganese 1,300 NA NA 

Vanadium 29 NA NA 

Total ELCR: NA NA 

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 The gastrointestinal system or nervous system-specific HIs exceed 1 because of iron and manganese, 
respectively—refer to Appendix A-3, Attachment 1 (Tables 9.8 and 9.9). 

Step 4: Final COC Determination 

For groundwater potable use by future hypothetical residents, the target organ-specific HIs exceeded 
EPA’s threshold of 1 because of iron and manganese. An ELCR could not be estimated for site-related 
COPCs in groundwater because oral and dermal CSFs have not been established for them, based on the 
hierarchy of toxicity sources used in the HHRA (EPA, 2003b). 

The maximum detected iron and manganese groundwater concentrations were compared to DRI-based 
SLs; however, the MDCs exceeded the adult or child SLs. Therefore, iron and manganese were retained as 
potential COCs in groundwater; however, given that total metals concentrations in DF-MW1 may be 
associated with sediment particulates in the sample, additional investigation is warranted before 
identifying these metals as final COCs (Table 5.2-14). 

Table 5.2-14. Comparison of Iron and Manganese Concentrations to Screening Levels Developed 
from the DRI – Deactivation Furnace 
Iowa Army Ammunition Plant, Middletown, Iowa 

Chemical 
Maximum 

Concentration (µg/L) 

Adult Screening 
Level  

(µg/L) 

Child Screening 
Level  

(µg/L) 
Exceeds 

SL? 
Groundwater 

COC? 

Iron 22,000 700,786 6,016 Yes Yes 
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Table 5.2-14. Comparison of Iron and Manganese Concentrations to Screening Levels Developed 
from the DRI – Deactivation Furnace 
Iowa Army Ammunition Plant, Middletown, Iowa 

Chemical 
Maximum 

Concentration (µg/L) 

Adult Screening 
Level  

(µg/L) 

Child Screening 
Level  

(µg/L) 
Exceeds 

SL? 
Groundwater 

COC? 

Manganese 1,300 751 451 Yes Yes 

Refer to Appendix A-1, Attachment 2 for development of the DRI-based SLs. 

Because iron and manganese were retained as potential COCs in groundwater for future hypothetical 
residents, potential exposures and risks and hazards were also estimated for future site workers 
(summarized in Table 5.2-13). For potable use of groundwater by future site workers, an ELCR could not 
be estimated for site-related COPCs in groundwater because oral and dermal CSFs have not been 
established for them based on the hierarchy of toxicity sources used in the HHRA (EPA, 2003b); the 
cumulative HIs did not exceed EPA’s threshold HI of 1, and no COCs were identified for this receptor. 

5.2.6.6 Uncertainty Analysis 

The assumptions used in the HHRAs have inherent uncertainty. The general uncertainties associated with 
the HHRAs for the sites in this RI/RFI report are provided in Section 4.3.1. This section provides additional 
DF-specific uncertainties associated with the HHRA that are not included in Section 4.3.1. 

Chemicals that were 100 percent nondetected in groundwater were not included in the COPC identification 
process; however, they were evaluated in a separate screening to determine whether elevated nondetected 
results were present in groundwater. The detailed analysis of the nondetected chemicals at the DF is 
provided in Appendix A-3, Attachment 3. In summary, two explosives (2,6-DNT and nitrobenzene) and one 
metal (thallium) had groundwater DLs and RLs exceeding the tap water SLs. Although the DLs or RLs of 
these three chemical parameters are greater than the SLs, based on the age of the data, the laboratory 
limitations, a comparison to historically detected chemicals in groundwater at IAAAP, and a comparison to 
MCLs, further consideration of nondetect chemicals does not appear warranted in the DF HHRA. 

5.2.6.7 Summary of Human Health Risk Assessment 

An HHRA was prepared for the DF to evaluate potential current and future health risks and hazards from 
exposure to chemicals in site groundwater. The DF is currently inactive. There are no perennial surface 
water features within the DF boundary. The site is closed to recreational activities and hunting is not 
permitted within the site boundary. Additionally, there are no culverts located at the DF; therefore, 
potential groundwater exposures by construction/utility workers are incomplete at the DF. There are no 
potential receptors or potentially complete exposure pathways identified under current site conditions. 

The following potential future human receptors were assessed in the HHRA for the DF: 

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

 Hypothetical Future Residents. Hypothetical future residents could contact groundwater based on 
potential future use as a drinking water source at the DF. Potential exposures to VOCs in indoor air 
because of VI from groundwater are incomplete because 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 because 
estimated risks and hazards for a hypothetical residential scenario exceed acceptable risk or hazard levels, 
and COCs were identified for a residential scenario. 

The COPCs (site-related COPCs or naturally occurring chemicals) identified in site groundwater for potable 
use and VI scenarios are as follows: 

 Groundwater (potable) 

– Naturally Occurring: aluminum, arsenic and cadmium. 
– Site-related: cobalt, iron, manganese, and vanadium. 

The risk characterization for the DF 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 5.2-11. Risks and hazards from naturally occurring chemicals are summarized in 
Table 5.2-12. Aluminum, arsenic, and cadmium were identified as naturally occurring chemicals, while 
cobalt, iron, manganese, and vanadium were identified as being site-related. Risks and hazards from 
site-related COPCs are summarized in Table 5.2-13. 

Potential COCs were identified in groundwater for the hypothetical resident. However, given that total 
metals concentrations in DF-MW1 may be associated with sediment particulates in the sample, additional 
investigation is warranted before identifying these metals as final COCs. In summary, the following 
potential COCs were identified for groundwater (Table 5.2-15): 

Table 5.2-15. Final Chemicals of Concern for Deactivation Furnace 
Iowa Army Ammunition Plant, Middletown, Iowa 

Future Site Worker Future Hypothetical Resident 

Groundwater 

None Iron and Manganese 

5.2.7 Ecological Risk Assessment 

5.2.7.1 Screening Level Problem Formulation (Step 1) 

Step 1 of the ERA process determines whether there are complete exposure pathways. Soil at the DF is 
already addressed under the remedy for OU-1. There are no perennial surface water features within the DF 
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 at the DF, the 
groundwater-to-surface-water exposure pathway is incomplete.  

5.2.7.2 Risk Characterization (Step 7) 

As a result of no complete exposure pathways for ecological receptors, the ERA process terminates with a 
conclusion of negligible adverse effects to ecological receptors. 
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5.2.8 Conclusions and Recommendations 

An RI/RFI was conducted for the DF 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. 
Analytical data available for groundwater at the DF include explosives and metals. Of these, only metals 
were identified as site-related chemicals of interest based on historical site operations and a comparison 
of concentration data to site characterization PALs and BTVs. As noted in Section 4.1, the site 
characterization PALs are based on ecological and human health SLs. 

Previous investigations have indicated that there is no basis for a release to groundwater at the DF. As a 
result, limited groundwater data have been collected at the DF because soil concentration data and 
site-specific geology suggest that groundwater is unlikely to have been impacted by historical operations 
at the DF. Metals soil contamination was observed only in shallow soil (less than 2 feet bgs) during site 
investigations, whereas groundwater is estimated to be approximately 20 feet bgs. The site is underlain by 
a fine-grained (clay and sandy clay) geology to approximately 10 feet bgs, which restricts water flow as a 
result of its low permeability. Based on this, only one onsite monitoring well (DF-MW1) has been installed 
at the DF; this well was installed with the intent to refine the RDX plume associated with the DA and assess 
potential impacts from buried trenches (which were shown not to be present). In accordance with the final 
UFP-QAPP, this well is located near the westernmost soil removal area and downgradient of both the DF 
and southern RDX plume of the adjacent DA. A second monitoring well, located approximately 100 feet 
northwest and cross-gradient of the DF (DA-TTMW-055) was also considered during this RI. During the 
most recent groundwater monitoring event in 2020, only two metals (iron and manganese) exceeded 
their site characterization PALs and available BTVs at the DF-MW1 monitoring well. However, the turbidity 
in this sample was very high (greater than 1,000 NTU), and therefore the total metals concentrations were 
impacted by sediment particulates in the sample. In accordance with the final UFP-QAPP (CH2M, 2017 
and 2018b), dissolved metals samples were not collected for comparison. Neither iron nor manganese was 
detected above its BTV in soil. 

An HHRA and an ERA were conducted to quantify potential risks and hazards to human health and the 
environment from exposure to contaminants at the DF. Although risk assessment had previously been 
completed at the site for soil and groundwater during the RI/RFI under RCRA, updated risk assessments 
were warranted due to changes in toxicity values because the previous risk assessments were completed 
and to facilitate the transition of the IAAAP site to CERCLA. The following conclusions were made based on 
the risk assessments: 

 The HHRA concluded that there were potentially unacceptable noncarcinogenic hazards for a 
hypothetical future residential receptor exposed to iron and manganese in groundwater. 
The maximum detected groundwater concentrations for iron and manganese were then compared to 
the RDI-based SLs; the MDCs exceeded the RDI-based SLs. As a result, iron and manganese were 
identified as potential COCs in groundwater. However, given that total metals concentrations in DF-
MW01 may be associated with sediment particulates in the sample, additional investigation is 
warranted before identifying these metals as final COCs.   

 The ERA concluded that there are no adverse effects to ecological receptors identified, and 
no additional actions are required from an ecological perspective at the DF. 

Based on the results of the RI/RFI and risk assessments, it is recommended that a supplemental low-flow 
groundwater sampling event be conducted at DF-MW1 for total and dissolved metals (manganese and 
iron only). Once the data are validated, the HHRA for DF will be re-evaluated to verify final groundwater 
COCs (if any).  
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6. CC-06 Conclusions and 
Recommendations Summary 

An RI/RFI was conducted for site CC-06 (19105.1096), which includes groundwater at the DA and DF, to 
refine the nature and extent of contamination in groundwater from historical activities, assess for 
potentially unacceptable risk to human health and the environment, and recommend a path forward. 

The source of contamination at the DA is attributed to the historical open-burn and open-detonation 
activities, and the source of contamination at the DF is attributed to releases of ash during the transfer of 
waste from the furnace into drums and tanks for RCRA storage or disposal. Based on historical site 
operations and a comparison of the most current concentration data to site characterization PALs and 
BTVs, RDX, 4-nitrotoluene, manganese, and mercury were identified as site-related chemicals of interest in 
groundwater at the DA, and iron and manganese were identified as site-related chemicals of interest in 
groundwater at the DF. 

There are two distinct RDX plumes groundwater at the DA, both of which are laterally and vertically 
delineated. 4-Nitrotoluene, mercury, and manganese were detected above their respective site 
characterization PALs and BTVs in only one location each, and therefore are limited in extent at the DA. 
Although high turbidity was observed at monitoring well DF-MW1, the explosives results are considered to 
be representative because the high turbidity should not affect the concentrations to be falsely low. With 
elevated turbidity levels on the sample, it is anticipated that the concentrations of explosives would 
appear falsely elevated; no explosive constituents were detected at DF-MW1. Therefore, the RDX plume is 
considered laterally delineated southeast of the DA. 

At the DF, both iron and manganese were detected in only one sample, and therefore have limited extent. 
In addition, the turbidity in this sample was very high (greater than 1,000 NTU), and therefore the total 
metals concentrations were impacted by sediment particulate in the sample. Dissolved metals samples 
were not collected for comparison; however, neither iron nor manganese was detected above its BTV in 
soil, and neither is known to be associated with previous site operations at the DF. Therefore, the elevated 
concentrations of iron and manganese at the DF are considered to be associated with turbidity in the 
groundwater sample and are not indicative of a site release to groundwater. 

6.1 RI/RFI Risk Conclusions 
 DA 

– The HHRA concluded that there were potentially unacceptable noncarcinogenic hazards for a 
hypothetical future residential receptor exposed to RDX and manganese in groundwater. 

– The ERA concluded that there are no adverse effects to ecological receptors identified and no 
additional actions are required from an ecological perspective at the DA. 

 DF 

– The HHRA concluded that there were potentially unacceptable noncarcinogenic hazards for a 
hypothetical future residential receptor exposed to iron and manganese in groundwater. However, 
given that total metals concentrations in DF-MW1 may be associated with sediment particulates in 
the sample, additional investigation is warranted before identifying these metals as final COCs.   

– The ERA concluded that there are no adverse effects to ecological receptors identified and no 
additional actions are required from an ecological perspective at the DF. 
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6.2 Recommendations 
Based on the results of the RI/RFI and results of human health and ERAs, additional action is warranted to 
mitigate potential unacceptable risks to future receptors from site-related COCs at CC-06. At the DA, the 
COCs warranting action are RDX and manganese in groundwater. Although manganese in groundwater is 
likely naturally occurring because concentrations are similar in magnitude to the BTV, and manganese was 
not identified as a soil COC or part of site operations, it was carried forward as “site-related” because it 
exceeds the BTV at one well (DA-MW67B). 

At the DF, previous investigations have indicated that there is no basis for a release to groundwater. As 
such, monitoring well DF-MW1 was installed to refine the extent of the RDX plume associated with the DA, 
and to assess potential impacts from buried trenches. However, no buried trenches were found at the DF. 
Therefore, although iron and manganese were identified in the HHRA as potential COCs, the elevated 
concentrations at that well may be associated with sediment particulates in the sample, as indicated by the 
high turbidity.  As such, it is recommended that DF-MW1 be resampled via low-flow methods for total and 
dissolved iron and manganese. The DF HHRA will be re-evaluated once the supplemental groundwater 
sampling data are available to verify final groundwater COCs (if any).  

It is also recommended that an FS/CMS be completed to evaluate remedial alternatives to address final 
COCs in groundwater at the combined CC-06 site. This FS/CMS will be conducted under the CC program 
because the DA continues to remain operational as a RCRA-regulated unit. When developing remedial 
alternatives, the CMS should consider ongoing site operations, site maintenance needs (such as, ash pile 
maintenance), the reasonably foreseeable future land use for the areas, and the results of previous 
treatability studies. 
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Figure 5.1-5
Demolition Area Contaminant
Exceedances in Groundwater
Iowa Army Ammunition Plant
Middletown, Iowa0 400

Feet$

Skunk River
Watershed

Long Creek
Watershed

Brush Creek
Watershed

Spring Creek
Watershed

Site
Location

Esri World Imagery Basemap

Notes:
1. Concentration data is shown in micrograms per liter (μg/L).
2. Only results of the most recent sampling event (April/May 2020)
    are shown. Well IDs in gray indicate well was not sampled during
    this event.
3. Only concentrations exceeding both the Project Action Level
    and Background Threshold Value are shown.

Project Action Levels
Iron (Fe) - 14,000 μg/L
Manganese (Mn) - 430  μg/L
Royal Demolition Explosive (RDX) - 2 μg/L
4-Nitrotoluene (4-NT) - 4.3 μg/L
Background Values
Fe - 9,736 μg/L
Mn - 580  μg/L

4. Locations without data listed indicate the compounds were not detected or
    were detected below the Project Action Level and/or Background Threshold
    Value.
5. *The Demolition Area and the Deactivation Furnace have often been combined
    into a single site based on their geographical proximity; however, these are
    distinct sites.
6. Deactivation Furnace monitoring well DF-MW1 is included to delineate
    the Demolition Area RDX plume only (no explosives detected at DF-MW1).
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Figure 5.1-8
Demolition Area Human Health Sample Locations
Iowa Army Ammunition Plant
Middletown, Iowa

0 400

Feet$

Skunk River
Watershed

Long Creek
Watershed

Brush Creek
Watershed

Spring Creek
Watershed

Site
Location

Esri World Imagery Basemap

Notes:
1. Samples used in the Human Health Risk Assessment are shown.
2. Sample dates include March 2013, April 2013, July 2013, December
    2013, December 2019, March 2020, April 2020, and May 2020.
3. *The Demolition Area and the Deactivation Furnace
    have often been combined into a single site based on
    their geographical proximity; however, these are distinct sites.
4. FD = Field Duplicate
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Figure 5.2-1
Deactivation Furnace Site Layout
and Sample Locations
Iowa Army Ammunition Plant
Middletown, Iowa0 25
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Note:
The locations of the first excavation, performed in 1995 by
PDC, have been estimated since they were not surveyed and their
exact locations are unknown.
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Figure 5.2-2
Deactivation Furnace Contaminant 
Exceedances in Groundwater 
Iowa Army Ammunition Plant 
Middletown, Iowa0 100

Feet$

Skunk River
Watershed

Long Creek
Watershed

Brush Creek
Watershed

Spring Creek
Watershed

Site
Location

Esri World Imagery Basemap

Notes:
1. Concentration data is shown in micrograms per liter (μg/L).
2. Only the most recent sampling event (April/May 2020) is shown.
3. Only concentrations exceeding both the Project Action Level

and Background Threshold Value are shown.
4. Locations without data listed indicate the compounds were not

detected or were detected below the Project Action Level
and/or Background Threshold Value.

Project Action Levels
Iron (Fe) - 14,000 μg/L
Manganese (Mn) - 430  μg/L

Background Values
Fe - 9,736 μg/L
Mn - 580  μg/L

5. Monitoring wells from the Demolition Area are shown to support
the nature and extent discussion.

6. *The Demolition Area and the Deactivation Furnace
have often been combined into a single site (CC-06) based on
their geographical proximity; however, these are distinct sites.
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