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Operable Unit 6 Regrouping
An Operable Unit (OU) regrouping strategy is being proposed to facilitate progression of simpler sites to
closure, as warranted. Although a recommendation for each OU will be presented in the Remedial
Investigation report, the table below summarizes the potential future OU for each of the sites, including
those in this OU6 Packet 3. The overall approach was presented to the U.S. Environmental Protection
Agency at the Technical Project Planning Meeting #4 on 28 March 2017.
Site ID

Site Name

Potential Proposed
Operable Unit

Packet Number

IAAP-042G

Abandoned Coal Storage Area - Groundwater

6

1

IAAP-031G

Ammo Box Chipper Disposal Pit - Groundwater

6

1

IAAP-014G

Boxcar Unloading Area - Groundwater

6

1

IAAP-028G

Construction Debris Landfill (NW of Yard O) Groundwater

IAAP-001

Line 1 Ammo LAP (Missile/Former AEC) Groundwater

11

IAAP-016G

Line 1 Former Wastewater Impoundment Groundwater

11

IAAP-002G

Line 2 Ammo LAP (Artillery/Shaped) - Groundwater

11

1

IAAP-041G

Line 3A Pond - Groundwater

6 or 10

1

IAAP-008G

Line 7 Ammo LAP (Fuze/Blank) - Groundwater

6 or 11

1

IAAP-044G

Line 800 Pinkwater Lagoon - Groundwater

6 or 11

1

IAAP-010G

Line 9 Ammo LAP (Mine) - Groundwater

11

1

IAAP-017G

Pesticide Pit - Groundwater

6 or 11

1

IAAP-018G

Possible Demolition Site (South Yard G) Groundwater

6

IAAP-040G

Roundhouse Transformer Storage Area Groundwater

6

IAAP-038G

Building 600‐86 Septic System - Groundwater

6

2

IAAP-047G

Central Test Area - Groundwater

6 or 11

2

IAAP-012G

Explosive Disposal Area - East Burn Pads Groundwater

IAAP-039G

Fire Training Pit - Groundwater

6 or 12

2

IAAP-043G

Fly Ash Disposal Area - Groundwater

6 or 10

2

IAAP-013G

Incendiary Disposal Area (East Yard D) - Groundwater

6 or 12

2

IAAP-003G

Line 3 Ammo LAP (Artillery) - Groundwater

6

2

IAAP-004G

Line 3A Ammo LAP (Artillery) - Groundwater

10

2

IAAP-005G

Line 4A and 4B Ammo Assembly - Groundwater

6 or 11

2

IAAP-006G

Line 5A and 5B Ammo Assembly - Groundwater

11

2

6 or 10

12

1
1
1

1
1

2

ii

Site Name

Potential Proposed
Operable Unit

Packet Number

IAAP-007G

Line 6 Ammo Production (Detonator) - Groundwater

6

2

IAAP-009G

Line 8 Ammo LAP (Fuze/Rocket) - Groundwater

6

2

IAAP-036G

North Burn Pads (2) - Groundwater

12

2

IAAP-037G

North Burn Pads Landfill - Groundwater

12

2

IAAP-015G

Old Fly Ash Waste Pile - Groundwater

6 or 11

2

IAAP-032G

West Burn Pads Area - Groundwater

12

2

IAAP-030G

Firing Site Area - Groundwater

6 or 10

3

Site ID

iii
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Firing Sites Area Worksheet #10:
Conceptual Site Model
This worksheet describes the site‐specific background and environmental problem in relation to the
conceptual site model (CSM) for the Firing Sites Area (IAAP‐030) and Firing Sites Area Groundwater
(Site IAAP‐030G). The CSM integrates existing information and assumptions about the physical site
conditions, operational history, and characteristics of chemicals of potential concern (COPCs) based on
historical reports. The CSM is based on the current understanding of site history and conditions, and will
be updated in the future based on information from the supplemental remedial investigation (SRI)
activities being conducted under this Quality Assurance Project Plan (QAPP).

Background
This background section consists of the site description and operational history.

Site Description
The Firing Sites Area is a fenced site located in the western portion of the IAAAP. It encompasses
450 acres and is approximately 1 mile from the nearest IAAAP boundary. The majority of the Firing Sites
Area is heavily vegetated.
Fourteen (14) firing sites are located within the Firing Sites Area; see Figure FSA‐10‐1. These individual
firing sites are grouped by proximity into five subareas:


Firing Sites 1 and 2 (FS‐1 and FS‐2) are located at the southern end of the Firing Sites Area, near the
entrance to the Firing Sites Area.



Firing Sites 3, 4, and 5 (FS‐3, FS‐4, and FS‐5) are located northeast of FS‐1 and FS‐2, near Long Creek.



The Firing Site 6 Area includes Firing Sites 6, 7, 8, and 15 (FS‐6, FS‐7, FS‐8, and FS‐15). These firing
sites are centrally located.



The Firing Site 12 Area includes Firing Sites 9, 10, 11, and 12 (FS‐9, FS‐10, FS‐11, and FS‐12). These
firing sites are located in the northernmost portion of the Firing Sites Area.



Firing Site 14 (FS‐14) is located north of FS‐1 and FS‐2.

Operational History
The Firing Sites Area was developed by the Atomic Energy Commission to support test firing of
munitions for the IAAAP and was used by the Atomic Energy Commission between 1948 and 1974.
During this time, munitions containing depleted uranium (DU) were tested at the site. The Firing Sites
Area is currently an operational testing range being used by the U.S. Army to test military munitions.
However, munitions containing DU are no longer tested at the Firing Sites Area (USACE, 2008a).
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The operational histories of the individual firing sites located within the Firing Sites Area are specified as
follows:


FS‐1 and FS‐2 were constructed between 1948 and 1952, and were used as an administrative facility
and for x‐ray film processing (FS‐1) and as an inert storage facility (FS‐2). There is no evidence of
radiological materials, explosives, or solvents being handled at these sites. They are currently inactive.



FS‐3, FS‐4, and FS‐5 were constructed between 1948 and 1952 to use for the storage of munitions and
radiological materials. They are active sites currently used as general purpose storage magazines.



Firing Site 6 Area (FS‐6, FS‐7, FS‐8, and FS‐15): FS‐6 is believed to have been the primary testing area
until FS‐14 was built in 1972. FS‐7 and FS‐8 are assumed to be observation bunkers. FS‐15 was built
to support copperhead testing (T N & Associates, Inc., 2002). Copperhead rounds contain a mixture
of royal demolition explosive (RDX) and 2,4,6‐trinitrotoluene (TNT). Some tests at FS‐6 involved
explosive components, which contained a thin sheet of DU. The DU was expected to be pulverized
and dispersed by the wind during these tests (USACE, 2001). The quantity of these tests conducted
at FS‐6 is unknown. The Firing Site 6 Area is an active site used for the static test firing of warheads
(just a component of a completed assembly such as a missile) in which the warhead is completely
consumed and nothing is thrown/shot down range. Currently, all test fires are contained within the
FS‐6 Area.



Firing Site 12 Area (FS‐9, FS‐10, FS‐11, and FS‐12): Historic drawings indicate that FS‐9 was an
underground observation bunker used in support of testing at the FS‐10 test fire pad. FS‐11 was an
underground high explosive supply magazine. FS‐12 was constructed by the Atomic Energy Commission
to test hydroshots, which consisted of conventional munitions surrounded by a large ring of DU that
was broken, partially dissipated and scattered upon detonation. From 1975 to November 2000, the
Army used FS‐12 for testing conventional weapons that did not contain DU (i.e., artillery shells, mines,
and missiles). The Army halted all testing at FS‐12 upon the discovery of DU in November 2000.



FS‐14 was used as a test firing range. Based on the limited information available, tile shots and other
testing were performed. Tile shots conducted during Atomic Energy Commission operations
consisted of a relatively small amount of conventional explosives and boosters (USACE, 2008a).

In accordance with the 2006 Dispute Resolution Agreement, the Formerly Utilized Sites Remedial Action
Program (FUSRAP) has been responsible for addressing the presence of DU fragments and associated
soil contamination in soil and sediment at the Firing Sites Area resulting from past testing operations
conducted by the Atomic Energy Commission. The Firing Sites Area is an operational testing range
currently being used by the Army to test military munitions. Additional investigations to determine
extent of contamination within the boundary of the active range and response actions will be addressed
when the Firing Sites Area ceases to be operational, unless releases from the Firing Sites Area require an
immediate response to protect human health or the environment.

Conceptual Site Model
The Firing Sites Area was identified during a 2001 preliminary assessment (PA) as warranting further
investigation under the FUSRAP. As a result, the Firing Site Area proceeded through an RI, feasibility
study (FS), proposed plan (PP), and record of decision (ROD) under FUSRAP for potential radiological
contamination in soil. Results of the RI indicated that soil remediation was required to achieve the DU
remediation goal (RG) for industrial land use at FS‐1 and FS‐2; FS‐3, FS‐4, and FS‐5; the Firing Site 6 Area;
and the Firing Site 12 Area. FUSRAP is currently in the process of implementing soil remediation at
FS‐12. In accordance with the ROD, continued land use controls are required to maintain industrial land
use. Although groundwater and surface water were not addressed by the FUSRAP ROD, a groundwater

FIRING SITES AREA, REMEDIAL INVESTIGATION, IOWA ARMY AMMUNITION PLANT
REVISION: 2
REVISION DATE: JULY 2018
PAGE 3 OF 17

investigation was initiated as part of the Comprehensive (Brush Creek, Spring Creek, Long Creek and
Skunk River) Watersheds Evaluation and Supplemental Data Collection Work Plan (CWWP); however,
the extent of groundwater contamination due to DU at FS‐12 has not been fully delineated. To address
groundwater, an SRI will be conducted to delineate the vertical and horizontal extent of radiological
contamination in groundwater at FS‐12 and conduct the risk assessments. The CSM presented in this
section is based on the current understanding of the environmental conditions and regulatory program.
This section is organized as follows:







Environmental Site Setting
- Topography and Surface Water
- Land Use
- Geology and Hydrogeology
Previous Investigations
Current Nature and Extent Understanding
Upgradient and Downgradient Vicinity Groundwater Plumes
Previous Risk Assessment Evaluations

Environmental Site Setting
The following sections describe the physical site‐specific characteristics and those that differ from the
installation environmental setting presented in IAAAP Worksheet #10. In addition, a summary of the
previous environmental investigations is provided.
Topography and Surface Water
The Firing Sites Area lies within the Long Creek Watershed. The west and north branches of Long Creek
converge within the Firing Sites Area prior to flowing into Mathes Lake. In general, surface water runoff
from the Firing Sites Area flows east toward Long Creek or its two branches (USACE, 2008b). Long Creek
and the two branches meander through the Firing Sites Area before draining into Mathes Lake
approximately 1,000 feet from the northeast perimeter of the Firing Sites Area. The base of Long Creek is
primarily bedrock that may be covered by generally granular sediment (i.e., sand and/or gravel) in
depositional areas. Rock bluffs of varied heights flank Long Creek on both the southerly and northerly
sides at different segments of the creek. The surface elevations of the test firing pads in the Firing Sites
Area range from 650 feet to 675 feet above mean sea level (amsl) (JAYCOR, 1996). The Firing Sites Area
consists of cleared areas where grasses, shrubs, and isolated small trees are present, along with a densely
forested area surrounding the perimeter of the individual firing site areas.
Land Use
Land use at IAAAP is either agricultural use, forested, administrative, or industrial as described in IAAAP
Worksheet #10. Current land use is a combination of industrial and forested. The portion of the Firing
Sites Area northeast of the West Branch of Long Creek is located in a restricted zone and is closed to all
recreational use. The portion of the Firing Sites Area to the southwest of the West Branch of Long Creek
is open to recreational use by employees only.
Geology and Hydrogeology
The Firing Sites Area is underlain by deposits of clayey silt (loess) that are generally less than 15 feet
thick. Underlying the loess is a thick (typically greater than 30 feet) layer of glacial till (Kellersville Till)
composed of silty clay with some discontinuous sandy lenses. The underlying bedrock consists of the
cherty limestone or dolomite of the upper Warsaw Formation. The top of bedrock generally varies in
depth from approximately 15 to 44 feet belowground surface (bgs) at the Firing Sites Area
(Tetra Tech, 2012).
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The two main aquifers beneath the Firing Sites Area are the shallow aquifer (also known as the Drift
Aquifer) and the upper bedrock aquifer. Eight monitoring wells are present at the Firing Sites Area. Four
of these wells (JAW‐32, JAW‐34, JAW‐36, and JAW‐37) are completed in the shallow aquifer at depths
between 5 to 20 feet bgs. Two additional shallow wells (JAW‐33 and JAW‐35) are screened in the
overburden at the glacial till/bedrock interface. The remaining two wells (JAW‐618 and JAW‐619) are
deep wells that were screened in the upper bedrock aquifer.
The shallow aquifer consists of discontinuous sand, silt, and silty sand deposits generally encountered at
depths between 3 and 30 feet bgs, situated within clay‐rich glacial tills. The groundwater table in the
drift aquifer is generally encountered at depths ranging from less than 3 feet bgs to approximately
20 feet bgs, averaging approximately 5.5 to 16 feet bgs (Tetra Tech, 2012). Based on ground‐water level
data and stream gauging events, the direction of shallow groundwater flow at the Firing Sites Area is
generally convergent toward the western and northern branches of Long Creek (JAYCOR, 1996). At the
northern portion of the Firing Sites Area, north of Long Creek, shallow flow is semi‐radial, with flow
directions ranging from the southwest to the east. At the central and southern portions of the Firing
Sites Area south of Long Creek, shallow flow is to the northeast. Horizontal hydraulic conductivities have
not been calculated for the shallow aquifer at the Firing Sites Area.
No hydraulic conductivity values have been calculated for the wells at the Firing Sites Area. At the nearby
Inert Disposal Area (IDA), slug test‐based hydraulic conductivity values for the shallow groundwater unit
are relatively low, ranging from 0.051 to 1.96 feet/day. The hydraulic conductivities calculated from purge
records for shallow wells range from 0.26 to 2.6 feet/day (Tetra Tech, 2012). The vertical hydraulic
conductivity at the IDA was estimated to be on the order of 10‐9 cm/s for the shallow aquifer, which
suggests that downward movement of contamination through the till to the deep aquifer would be
limited.
Based on the basewide potentiometric contour map for the upper bedrock aquifer, groundwater in the
deep aquifer generally flows to the south or southeast beneath the Firing Sites Area, in the general
direction of Mathes Lake, Long Creek, and the Skunk River. The potentiometric surface in the deep
aquifer occurs at depths averaging approximately 38.5 to 47.5 feet bgs at the Firing Sites Area, and
reflects generally semi‐confined conditions. Hydraulic conductivity values based on slug tests in the
deep groundwater unit range from 0.15 to 51.02 feet/day (Tetra Tech, 2012).

Previous Investigations
Numerous investigations have been conducted at the Firing Sites Area, as summarized in Table FSA‐10‐1
and discussed as follows.
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Table FSA‐10‐1. Previous Investigations (IAAP‐030/030G)
UFP‐QAPP RI, IAAAP, Middletown, Iowa
Year of
Investigation/
Source
Media Sampled
Surface Soil

2006 CWWPe

2006‐2007
f
FUSRAP RI

2009
FUSRAP
SRI/FSg

1996‐2007
Groundwater
Periodic Monitoring

SW

Soil/SED

Soil

GW

19 samples

56 samples

35 samples

3 samples

14 samples

87 samples

1991
JAYCOR SIa

1992‐1995
JAYCOR RIb

2001
FUSRAP PAc

2002
SRId

Soil/Surface Water (SW)/
Sediment (SED)

Soil/SW/SED/
Groundwater (GW)

Soil

Soil

11 samples

7 samples

19 samples

Subsurface Soil

15 samples

Surface Water

2 samples

4 samples

Sediment

2 samples

6 samples

3 samples
8 samples

Shallow
Groundwater

h
JAW‐32 : 1 sample
h
JAW‐33 : 1 sample
h
JAW‐34 : 1 sample
JAW‐35i: 1 sample
JAW‐36h: 1 sample
JAW‐37h: 1 sample

JAW‐32 : 5 samples
h
JAW‐33 : 1 sample
h
JAW‐34 : 10 samples
JAW‐35i: 4 samples
JAW‐36h: 7 samples
JAW‐37h: 3 samples

Deep
Groundwater

JAW‐618i: 1 sample
i
JAW‐619 : 1 sample

JAW‐618i: 7 samples
i
JAW‐619 : 4 samples

a

h

JAYCOR, 1993
JAYCOR, 1996
c
USACE, 2001
d
T N & Associates, Inc., 2002
e
Tetra Tech, 2006
f
USACE, 2008b
g
USACE, 2011
h
Overburden well
i
Bedrock well
See Acronyms and Abbreviations for abbreviations used in this table.
Well Screened Intervals: JAW‐32 (5 to 15 ft bgs), JAW‐33 (19 to 34 ft bgs), JAW‐34 (5 to 15 ft bgs), JAW‐35 (11 to 21 ft bgs), JAW‐36 (10 to 20 ft bgs), JAW‐37 (5 to 15 ft bgs),
JAW‐618 (52 to 57 ft bgs), JAW‐619 (43 to 53 ft bgs)
b
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In 1991, a PA was conducted at the Firing Sites Area. Results indicated elevated levels of radiation in the
range of five to ten times background. The sampling results were documented in the Preliminary
Assessments for the 43 Iowa Army Ammunition Plant Sites (JAYCOR, 1994). The PA recommended that
soil, surface water, and sediment sampling be conducted at the Firing Sites Area to determine the level
of contamination in the soil, and if radioactive materials were present.
During the site inspection (SI) conducted in 1991, soil, surface water, and sediment samples were
collected and analyzed for explosives, metals, and radionuclides to focus on soils at FS‐6, FS‐12 and
associated drainage pathways, and surface water and sediments in Long Creek. Arsenic was found to
exceed screening levels in the two surface water samples. Results of this investigation indicated the
presence of metals, explosives, and radionuclides in concentrations greater than investigation
evaluation criteria in site soil. The sampling results were documented in the Preliminary Site
Characterization Report for the Firing Sites Area (JAYCOR, 1993). Based on results of the SI, collection of
additional samples was recommended.
A phased RI was conducted in the Firing Sites Area between 1992 and 1995. Phase I RI activities at the
Firing Sites Area included 25 x‐ray fluorescence (XRF) screening samples for metals in soil and 25 field
screening samples for explosives. In addition, seven surface soil samples were collected for fixed
laboratory analysis (three for radionuclides, one for explosives, and three for metals). Twenty‐five (25)
locations were analyzed for radionuclides. Results indicated the presence of radionuclides at up to
50 picoCuries per gram (pCi/g) at the FS‐12 Area and up to 25 pCi/g at the FS‐6 Area and FS‐14 in the
surficial soils. Metal concentrations did not indicate significant metals contamination in either surface
soil or subsurface soil (JAYCOR, 1996). With the exception of one explosives screening sample, no
explosives contamination was evident at the Firing Sites Area. Four surface water and six sediment
samples were collected at six locations along Long Creek in the Firing Sites Area and analyzed for
explosives, metals, volatile organic compounds (VOCs), and semivolatile organic compounds (SVOCs).
The sampling results were documented in the Revised Draft Final Remedial Investigation/Risk
Assessment, Iowa Army Ammunition Plant, Middletown, Iowa (JAYCOR, 1996), which indicated only low
concentrations of metals in Long Creek surface water and sediment in the vicinity of and downstream of
the Firing Sites Area; no explosives were detected in the surface water or sediment samples.
Soil sampling, monitoring well installation, and groundwater sampling were performed between 1993 and
1995 for the Phase II RI. Subsurface soil samples were obtained from depths ranging from 5 to 32 feet bgs
during installation of six monitoring wells (JAW‐32 through JAW‐37) and five soil borings. Soil and
groundwater samples were analyzed for explosives, metals, and radionuclides. During the follow‐on
sampling phase of the RI, two bedrock wells (JAW‐618 and JAW‐619) were installed, and groundwater
samples were collected and analyzed for SVOCs, explosives, metals, and select radionuclides. The RI
concluded that low concentrations of explosives were present in surface soil at the Firing Sites Area. Most
of the radionuclide contamination at the Firing Sites Area was found at the surface, with the highest
activities at the FS‐12 area, ranging between 25 to 50 pCi/g. The sampling results were documented in the
Revised Draft Final Remedial Investigation/Risk Assessment, Iowa Army Ammunition Plant, Middletown,
Iowa (JAYCOR, 1996).
In 2001, the USACE completed a PA of several areas potentially impacted by Atomic Energy Commission
activities at the IAAAP, including the Firing Sites Area. The PA activities included a visual inspection and
review of the available historical documentation of the firing sites, and scoping radiological surveys of
FS‐6 and FS‐12. In addition, surface soil samples were collected at FS‐6 and FS‐12 and analyzed for
radionuclides. The soil sample analysis results indicated the elevated uranium contamination in surface
soil at FS‐6 and FS‐12 was associated with DU. Numerous chunks of DU had been discovered at FS‐12 in
2000 (USACE, 2001). Based on the historical document, the observation of DU at the Firing Sites Area,
and results of the PA, it was concluded that there was the presence of suspected DU in a berm at FS‐6
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and suspected DU on or near the surface of FS‐12. In addition, the PA found that chemical and
explosives contamination may be present at the Firing Sites Area. The PA report concluded that further
investigations were required.
In 2002, a SRI was conducted to further delineate the extent of chemical (non‐radiological) soil
contamination. During the SRI, soil samples from all firing sites were collected and analyzed for
explosives and/or metals. Sampling found no significant explosives or metals contamination in soils.
Results for the sampling were documented in the Draft Final Line 1 and Firing Site Supplemental
Remedial Investigation Report, Iowa Army Ammunition Plant, Middletown, Iowa (TN&A, 2002).
In 2002, the Firing Sites were covered by the aerial radiological survey of the entire IAAAP to identify
areas that had been affected by a release of man‐made radioactive isotopes and to help determine
areas that had not been impacted. Gross count data, reflective of gamma ray emissions, was collected
for the entire IAAAP facility using a sodium‐iodide detector system mounted on a helicopter. The
Firing Site 12 Area was identified as being impacted. The results of survey were reported in the Draft
Final IAAAP Aerial Radiological Survey (U.S. Army Joint Munitions Command, 2003).
In 2006, three surface water samples (one upstream, one mid‐stream, and one downstream) were
collected from locations within the West Branch of Long Creek and Long Creek, which run through the
Firing Sites Area, for analysis of explosives and total and dissolved metals (including uranium) during the
data collection efforts conducted per the Final CWWP. Arsenic and/or chromium were detected at
concentrations exceeding screening levels at these three surface water sampling locations. No explosives
were detected. Uranium was detected below the maximum contaminant level (MCL) of 30 micrograms per
liter (μg/L), which was defined as the surface water screening criteria in the Final CWWP.
From 2006 through 2009, the USACE investigated the soils in the Firing Sites Area for radiological, metal,
and explosive constituents. As part of the RI activities for the Firing Sites Area, gamma walkover surveys
were conducted over an approximately 24.5‐acre area, and 13 fixed‐point radiological readings and
swipes for buildings were obtained. Surface and subsurface soil samples were collected at all five firing
site subareas and analyzed for radiological, metal, and explosive analytes. In addition, eight sediment
samples were obtained from the surface from depositional areas along Long Creek and its tributaries in
order to assess the possibility of migration of potential contaminants within the Firing Sites Area. In
addition to analysis for metal and explosive analytes, sediment samples were analyzed for uranium‐235,
which was not detected in any of the sediment samples. The sampling results were documented in the
Iowa Army Ammunition Plant FUSRAP Remedial Investigation Report for Firing Sites Area, Yards C, E, F,
G, and L, Warehouse 3‐01 and Area West of Line 5B, Middletown, Iowa (USACE, 2008b). During an SRI
conducted in 2009, 42 surface and subsurface soil samples were collected and analyzed for chromium at
the Firing Site 6 Area; 40 surface and subsurface soil samples were collected and analyzed for
radionuclides at the Firing Site 6 Area; and 40 surface and subsurface soil samples were collected and
analyzed for radionuclides at the Firing Site 12 Area. These data were collected to provide data for use in
risk analysis, as well as for further evaluation of contaminant distribution. The sampling results were
documented in the Final FUSRAP Feasibility Study Report for the Iowa Ammunition Plant, Middletown,
Iowa (USACE, 2011).
Previous Response Actions
A removal action was conducted at the Firing Sites Area in 1974. Before turning the Firing Site over to the
Army, the Atomic Energy Commission contracted for soil excavation to remove radiologically contaminated
soil from around the firing point at FS‐12. The area of interest was approximately 50 by 50 feet located north
of FS‐12 and west of FS‐10. Soil was reportedly excavated to a depth of 15 feet at the firing point and to
1 to 2 inches from the surrounding area. The volume of soil and debris removed is reported as 112 cubic yards.
The drummed material was shipped offsite for disposal as radioactive waste (Tetra Tech, 2006).

FIRING SITES AREA, REMEDIAL INVESTIGATION, IOWA ARMY AMMUNITION PLANT
REVISION: 2
REVISION DATE: JULY 2018
PAGE 8 OF 17

A remedial action is ongoing at the Firing Sites Area in accordance with the FUSRAP ROD. The main
components of the Selected Remedy for DU‐contaminated soil at the Firing Site 12 Area included excavation
of DU‐contaminated soil to meet the industrial RG, physical treatment (soil sorting), off‐site disposal,
continued industrial land use supported by land‐use controls, and five‐year reviews. In addition, isolated DU
fragments will be removed from FS‐1 and FS‐2; FS‐3, FS‐4, and FS‐5; and the FS‐6 Area.
The FUSRAP response action at the Firing Sites Area is limited to the removal of DU chunks and
DU‐contaminated soil. There was no requirement to respond to explosive constituents and metals
contamination, because the Firing Sites Area is an operational testing range currently being used by the
Army to test military munitions (USACE, 2011). Any additional response actions for soil contamination at
the Firing Sites Area beyond those which are being addressed by the FUSRAP response action will be
addressed when the range ceases to be operational, unless releases from the Firing Sites Area require an
immediate response to protect human health or the environment.

Current Nature and Extent Understanding
This section presents specific information on the sites identified as potential sources of contamination to
the Firing Sites Area, as identified in the FUSRAP RI and FS reports.
Potential Sources of Contamination
The FUSRAP RI report identified locations at the IAAAP, and specifically at the Firing Sites Area, where
contaminants may have been released into the environment, and provided an assessment of possible
migration pathways (Table FSA‐10‐2). Results of the numerous investigations at the Firing Sites Area
indicate that explosives, uranium, and radionuclides were the contaminants generated by site
operations and detected in soil and groundwater. Based on historical documents and sampling data, DU
releases have occurred at FS‐1 and FS‐2; FS‐3, FS‐4, and FS‐5; FS‐6 Area; and FS‐12 Area at the Firing Sites
Area. During the historical investigations, most of the DU contamination at the Firing Sites Area was
found at the surface.
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Table FSA‐10‐2. Potential Sources of Contaminants (Site IAAP‐030/030G)
UFP‐QAPP IAAP RI, IAAAP, Middletown, Iowa
Location or
Location Type
Firing Sites

Potential Source
FS‐1 and FS‐2

Site ID
IAAP‐030

Rationale




FS‐3, FS‐4, and
FS‐5

IAAP‐030

Firing Site 6 Area

IAAP‐030







Firing Site 12
Area

IAAP‐030





FS‐14

IAAP‐030




Constructed between 1948 and 1952.
FS‐1 was used as an administrative facility and for x‐ray film
processing; FS‐2 was used as an inert storage facility (FS‐2).
No evidence of radiological materials, explosives, or solvents
being handled at these sites.
Constructed between 1948 and 1952.
Historically used for storage of munitions and radiological
materials.
Currently used as general purpose storage magazines.
Includes FS‐6, FS‐7, FS‐8, and FS‐15; FS‐6 is currently being used
for the static test firing of warheads.
FS‐6 involved testing explosive components, which contained a
thin sheet of DU that was expected to be pulverized and
dispersed by the wind during these tests. The quantity of these
tests conducted at FS‐6 is unknown.
Includes FS‐9, FS‐10, FS‐11, and FS‐12.
Used between 1948 and 1974 to support test firing of
munitions for the Atomic Energy Commission, including the
hydroshot testing that used DU at Firing Site 12.
Tests reportedly dispersed about 4,000 kg (about 8,870 lb) of
DU between December 1965 and December 1973.
Test firing range; Tile shots and other testing.
Tile shots conducted during Atomic Energy Commission
operations consisted of a relatively small amount of
conventional explosives and boosters.

See Acronyms and Abbreviations for abbreviations used in this table.

Soil
Soils in the area of FS‐1 and FS‐2 were investigated for metals constituents associated with previous use
of the area as an X‐ray film processing facility. In addition, soil sampling for radionuclides and structure
radiological surveys were also performed in the area of FS‐1 and FS‐2. There were no industrial
preliminary remediation goal (PRG) exceedances associated with metals in the area of FS‐1 and FS‐2.
DU was found in excess of the FUSRAP ROD RG (150 pCi/g) at one isolated area along the entrance
driveway that leads to the parking lot between the FS‐1 and FS‐2 buildings. This area, less than 1 cubic
yard, has been remediated in accordance with the FUSRAP ROD, and the results will be documented in
the remedial action completion report.
Soils in the area of FS‐3, FS‐4, and FS‐5 were investigated for potential contaminants that may have resulted
from the previous use of the area and associated buildings for munitions storage and other operations. These
potential contaminants included metals, explosives, and radionuclides. During the FUSRAP RI, there were no
industrial PRG exceedances for explosives or metals in the FS‐3, FS‐4, and FS‐5 area. An object containing DU
at levels exceeding the 150 pCi/g FUSRAP ROD RG was found at one isolated area immediately adjacent to
the FS‐5 loading dock. Additional sampling in the area of the DU object indicated that soil contamination
associated with the object is limited to the immediate area (approximately 2 square meters) of the object
itself. This area, less than 1 cubic yard, has been remediated in accordance with the FUSRAP ROD, and the
results will be documented in the remedial action completion report.
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Soils in the Firing Site 6 Area (FS‐6, FS‐7, FS‐8 and FS‐15) were investigated for potential contaminants
that may have resulted from the previous use of the area. These potential contaminants included
metals, explosives, and radionuclides. This area indicates the presence of metals, explosives, and
uranium isotopes in concentrations greater than the associated industrial PRGs. The DU related
contamination appeared to be limited to two very small areas: on the berm of FS‐6 and adjacent to the
FS‐7 concrete target structure at the junction of the roadways (FSA‐10‐1). These areas of DU related
contamination are slated for remediation as identified in the FUSRAP ROD. The explosive contamination
is limited to the area in and around the FS‐7 concrete target structure. The source of DU and explosives
contamination is believed to be test firing at the concrete structure (USACE, 2008b). The metals
contamination is limited to the area near FS‐6 firing pad and the FS‐7 concrete target structure. The
source of metals contamination is remnants of the projectiles fired at FS‐6 firing pad and the FS‐7
concrete target structure. As part of the FUSRAP RI, current and future site workers were evaluated for
exposures to RDX, 2,4,6‐TNT, aluminum, and chromium, which were identified as COPCs in surface soil
(0 to 1 feet bgs) at Firing Site 6; future construction workers were evaluated for exposures to the same
COPCs in soil (0 to 10 feet bgs). RDX, 2,4,6‐TNT, and chromium were identified as contaminants of
concern (COCs) in soil. The cumulative cancer risk was 1.8E‐05 and the noncancer hazard index was 4.1
for the current and future site worker. The cumulative cancer risk was 2.8E‐06 and the noncancer hazard
index was 16 for the future construction worker. Presently, FS‐6 is used for static test firing of warheads.
Soils in the Firing Site 12 Area (FS‐9, FS‐10, FS‐11, and FS‐12) were investigated for potential
contaminants that may have resulted from the previous use of the area. These potential contaminants
included metals, explosives, and radionuclides. There were no industrial PRG exceedances for
explosives, metals, or polychlorinated biphenyls (PCBs) (historical samples) in the FS‐12 Area. UXO
support during the investigation in 2000 identified the presence of explosive chunks on the surface of
FS‐12. However, at the time of the 2006‐07 sampling, no explosive chunks were identified. DU is present
on FS‐12, well above background values. The extent of DU related contamination at the FS‐12 Area
extends 575 feet (175 meters) in all directions from ground zero (Figure FSA‐10‐1). The presence of DU
was identified in the sludge of the bunker basement present at FS‐12. Presently, the Firing Site 12 Area
is undergoing remediation under FUSRAP.
Soils in the area of FS‐14 were investigated for potential contaminants that may have resulted from the
previous use of the area and associated buildings for munitions operations. These potential
contaminants included metals, explosives, and radionuclides. There were no industrial PRG exceedances
for metals, explosives, and radionuclides in the FS‐14 area.
Sediment
Sediment from depositional areas along streams downgradient from the active and formerly‐used areas
of the Firing Sites was sampled and analyzed for radionuclides, explosives, and metals. These data
indicated no results greater than industrial PRGs and indicate that surface migration or transport of
radionuclides, explosives, or metals from the Firing Sites was not occurring to any significant extent
(Figure FSA‐10‐1, Table FSA‐10‐3). FUSRAP has collected sediment samples and analyzed them for
uranium isotopes from 10 locations within the Firing Sites Area biannually as part of the remedial
efforts. These data indicated no results greater than the FUSRAP ROD RG (USACE, 2016).
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Table FSA‐10‐3. Summary of Historical Sample Exceedances in Surface Water, Sediment, and Groundwater by Analyte Group (IAAP‐030/030G)
UFP‐QAPP RI, IAAAP, Middletown, Iowa
Do constituents in analyte group exceed QAPP Screening Levels at Site IAAP‐030/030G?
Explosives
Radionuclides
VOCs
SVOCs
PAHs
PCBs
‐‐‐
‐‐‐
‐‐‐
‐‐‐
ND
No

Media Sampled/
Year

Metals

Surface Water/1991

< SWRSL, < ESL

Surface Water/1991

< SWRSL,
Pb > ESL

No

No

No
No

‐‐‐
‐‐‐

No
No

Surface Water/1992

< SWRSL
Al, Fe, V > ESL

ND

‐‐

Surface Water/1992

< SWRSL
Al, Fe, V > ESL

ND

‐‐

RBW‐SW79
(Northeast of FS 6,7,
8, and 15)

Surface Water/1992

< SWRSL
Al, V > ESL

ND

‐‐

RBW‐SW97
(Southwest of
FS 12)

Surface Water/1992

< SWRSL
Al, Fe, V > ESL

ND

‐‐

RBW‐SD77
RBW‐SD78
RBW‐SD79
RBW‐SD80
RBW‐SD96
RBW‐SD97

Sediment/1992
Sediment/1992
Sediment/1992
Sediment/1992
Sediment/1992
Sediment/1992

ND
ND
ND
ND
ND
ND

‐‐
‐‐
‐‐
‐‐
‐‐
‐‐

FS‐TTSW‐001
(FSA upgradient)

Surface Water/2006

ND

‐‐

FS‐TTSW‐002
(FSA midpoint,
North of FS 6,7, 8 & 15)

Surface Water/2006

<SWRSL
Al, Fe, Mg, U
>ESL

ND

‐‐

FS‐TTSW‐003
(FSA downgradient,
adjacent FS3,4 & 5)

Surface Water/2006

< SWRSL
Al, Fe, Mg >ESL

ND

‐‐

Sample ID/ Location
30SW0501
(South of FS 12)
30SW0601
(North of FS 6,7,
8 & 15)
30SD0501
30SD0601
RBW‐SW77
(Southeast of FSA)
RBW‐SW78
(Southeast of FSA)

Sediment/1991
Sediment/1991

No
No
No
‐‐‐
No
No
Cr > SWRSLr
Al, Fe, Mg, U>
ESL

Pesticides
‐‐‐

‐‐‐

‐‐‐

‐‐‐

‐‐‐

‐‐‐

‐‐‐
‐‐‐
ND

‐‐‐
‐‐‐
ND

‐‐‐
‐‐‐
ND

‐‐‐
‐‐‐
ND

‐‐‐
‐‐‐
ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

< SWRSL
BEHP > ESL

ND

ND

ND

No
No
ND
ND
ND
ND
‐‐

ND
ND
ND
ND
ND
ND
‐‐

ND
ND
ND
ND
ND
ND
‐‐

ND
ND
ND
ND
ND
ND
‐‐

ND
ND
ND
ND
ND
ND
‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐
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Table FSA‐10‐3. Summary of Historical Sample Exceedances in Surface Water, Sediment, and Groundwater by Analyte Group (IAAP‐030/030G)
UFP‐QAPP RI, IAAAP, Middletown, Iowa
Sample ID/ Location
IAAP100153
IAAP100154
IAAP100155
IAAP100164
IAAP100165
IAAP100178
IAAP100180
IAAP100187

Media Sampled/
Year
Sediment/2006
Sediment/2006
Sediment/2006
Sediment/2006
Sediment/2006
Sediment/2006
Sediment/2006
Sediment/2006
Groundwater/2006

JAW‐32

Groundwater/2007
Groundwater/2008
Groundwater/2004
Groundwater/2005

JAW‐34

Groundwater/2006
Groundwater/2007
Groundwater/2008
Groundwater/2000

JAW‐35

Metals
No
No
No
No
No
No
No
No
U > MCL,
U > RSL
U > MCL,
U > RSL
No
No
No
< MCL,
Ba, Cr > RSL
No
‐‐
As > MCL,
As > RSL

Do constituents in analyte group exceed QAPP Screening Levels at Site IAAP‐030/030G?
Explosives
Radionuclides
VOCs
SVOCs
PAHs
PCBs
ND
ND
‐‐
‐‐
‐‐
‐‐
ND
ND
‐‐
‐‐
‐‐
‐‐
ND
ND
‐‐
‐‐
‐‐
‐‐
ND
ND
‐‐
‐‐
‐‐
‐‐
ND
ND
‐‐
‐‐
‐‐
‐‐
No
ND
‐‐
‐‐
‐‐
‐‐
ND
ND
‐‐
‐‐
‐‐
‐‐
ND
ND
‐‐
‐‐
‐‐
‐‐
‐‐
‐‐
‐‐
‐‐
‐‐
Gross alpha > MCL
‐‐
‐‐
No

Gross alpha, gross
beta > MCL
Gross alpha > MCL
U‐234, U‐238 > PRG

‐‐

Gross alpha > MCL

‐‐

No

‐‐
‐‐

No
Gross beta > MCL

‐‐

No

Groundwater/2004

< MCL, As > RSL

ND

JAW‐36

Groundwater/2000
Groundwater/2004
Groundwater/2005
Groundwater/2006

< MCL, Cr > RSL
No
ND
No

‐‐
ND
‐‐
‐‐

JAW‐37

Groundwater/2004

No

No

Ra‐226, U‐234,
U‐238 > PRG
No
K‐40, U‐234 > PRG
ND
ND
Ra‐226, U‐234,
U‐238 > PRG

Pesticides
‐‐
‐‐
‐‐
‐‐
‐‐
‐‐
‐‐
‐‐
‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐
‐‐

‐‐
‐‐

‐‐
‐‐

‐‐
‐‐

‐‐
‐‐

‐‐
‐‐

‐‐
‐‐

‐‐
‐‐

‐‐
‐‐

‐‐
‐‐

‐‐
‐‐
‐‐

‐‐
‐‐
‐‐

‐‐
‐‐
‐‐

‐‐
‐‐
‐‐

‐‐
‐‐
‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐
‐‐
‐‐
‐‐
‐‐

‐‐
‐‐
‐‐
‐‐
‐‐

‐‐
‐‐
‐‐
‐‐
‐‐

‐‐
‐‐
‐‐
‐‐
‐‐

‐‐
‐‐
‐‐
‐‐
‐‐
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Table FSA‐10‐3. Summary of Historical Sample Exceedances in Surface Water, Sediment, and Groundwater by Analyte Group (IAAP‐030/030G)
UFP‐QAPP RI, IAAAP, Middletown, Iowa
Sample ID/ Location

Media Sampled/
Year
Groundwater/2000

JAW‐618

JAW‐619

Metals
< MCL,
As, Cr > RSL

Do constituents in analyte group exceed QAPP Screening Levels at Site IAAP‐030/030G?
Explosives
Radionuclides
VOCs
SVOCs
PAHs
PCBs
‐‐
‐‐
‐‐
‐‐
ND
No
ND

No

Groundwater/2002
Groundwater/2003
Groundwater/2004

< MCL,
As, Cr > RSL
No
No
No

ND
ND
ND

Groundwater/2004

No

ND

Groundwater/2001

Pesticides
‐‐

‐‐

‐‐

‐‐

‐‐

‐‐

No
U‐238 > PRG
U‐234, U‐238 > PRG

‐‐
‐‐
‐‐

‐‐
‐‐
‐‐

‐‐
‐‐
‐‐

‐‐
‐‐
‐‐

‐‐
‐‐
‐‐

Ra‐226, U‐234,
U‐238 > PRG

‐‐

‐‐

‐‐

‐‐

‐‐

‐‐ = Analyte group not analyzed
Al = Aluminum
As = Arsenic
Ba = Barium
Cr = Chromium
U = Uranium (total)
V = Vanadium
K‐40 = Potassium‐40
Ra‐226 = Radium‐226
ESL –Ecological screening level for surface water (Appendix B, Table B‐1)
ND = Not Detected
PRG = USEPA Preliminary Remediation Goal for Radionuclides (Nov. 2014) (USEPA, 2014)
RSL = USEPA tapwater regional screening level (Appendix B, Table B‐1)
SWRSL = Human health regional screening level (Appendix B, Table B‐1)
See Acronyms and Abbreviations for abbreviations used in this table.

Fe = Iron
U‐234 = Uranium‐234

Pb = Lead
U‐238 = Uranium‐238

Mg = Maganese
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Surface Water
Historically (during sampling events in the early 1990s), nitrobenzene and gross beta were detected in
surface water samples at concentrations less than their respective current human health surface water
RSL and current ecological screening levels (Appendix B). No explosives were detected in the other
surface water samples. Aluminum (262 to 1680 g/L), iron (415 to 1830 g/L), lead (7.76 g/L),
vanadium (12.2 to 17.3 g/L, and bis(2‐ethylhexyl)phahalate (7.2 g/L) were detected at concentrations
that exceed current ecological screening levels, but are below current human health surface water RSLs
(Appendix B). Results of the 2006 surface water sampling conducted at three locations (upgradient,
midpoint, and downgradient) along Long Creek indicated that metals were detected in surface water
samples upgradient to and within the Firing Sites Area, but are non‐detect or at more normal
concentrations downstream in the vicinity of well G‐8. In 2006, aluminum (208 to 1850 g/L), iron
(373 to 3120 g/L), manganese ( 180 to 3080 g/L, and uranium (1.03 to 2.35 g/L) were detected at
concentrations that exceed the most recent ecological screening levels, but are below the most recent
human health surface water RSLs. Uranium was detected in the upgradient and midpoint surface water
locations. FUSRAP has collected surface water samples and analyzed them for gross alpha/beta and
uranium isotopes from 10 locations within the Firing Sites Area biannually in order to monitor the
potential impacts of remedial efforts to the surface water. These data indicated no results greater than
the gross alpha MCL (15 picocuries per liter [pCi/L]), gross beta MCL (50 pCi/L) or the 10 Code of Federal
Regulations 20 limit for effluent water (300 pCi/L) for uranium 234, 235, and 238 (USACE, 2016).
Groundwater
Groundwater has been periodically sampled at the Firing Sites Area since 1992. Screening criteria for the
purposes of discussion are USEPA MCLs; where there are no MCLs, the USEPA tapwater regional
screening levels (RSLs) (USEPA, 2017) or the USEPA tapwater PRG for radionuclides (USEPA, 2014) were
used. Uranium (total) was used for comparison to concentration‐based screens (i.e. g/L) and the
isotopic uranium data (i.e., pCi/L) was used to evaluate the source of the uranium (against the natural
ratio of isotopes) and the contribution to risk due to the radioactivity. The chemical characteristics
indicate that RDX and uranium, especially in the oxidized uranium state, may be leached from/through
unsaturated soil into shallow groundwater; however, the physical characteristics of the subsurface soil
(clay to silty clay) at the Firing Sites Area would tend to retard downward movement in the unsaturated
zone. Therefore, contaminants would be retained primarily in the unsaturated zone pore spaces as soil
contamination and not migrate to groundwater at high concentrations. The chemical characteristics
indicate that 2,4,6‐TNT is more likely to sorb to soil and less likely to leach through the unsaturated zone
into groundwater at the Firing Sites Area. Once in shallow groundwater, dissolved contaminants at the
Firing Sites Area would move slowly toward Long Creek or the tributary due to the relatively low
horizontal hydraulic conductivities and horizontal gradients typical of the shallow fine‐grained (clayey
and silty) sediments. In the FS‐12 Area, the shallow and deep groundwater units are separated by
approximately 15 feet of till. The lower permeability typical of the till would be expected to result in
slower vertical movement than horizontal movement.
FS‐1, FS‐2, FS‐3, FS‐4, and FS‐5, located in the southern portion of the Firing Sites Area, indicated no
explosives or metals COPCs, including uranium, in soil and two isolated instances of DU fragments in soil;
thus there is no indication of the potential for groundwater contamination in these areas. These two
areas, each less than 1 cubic yard, have been remediated in accordance with the FUSRAP ROD, and the
results will be documented in the remedial action completion report.
At FS‐14, groundwater (JAW‐36) has been periodically sampled for explosives, metals, and
radiochemistry between 1992 and 2006, with the most recent sampling event being limited to uranium,
gross alpha, and gross beta (Figure FSA‐10‐2). No explosives have been detected in groundwater.
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Seventeen (17) metals have been detected in well JAW‐36, but the concentrations did not exceed the
current MCLs or USEPA tapwater RSLs. During the 2005 and 2006 sampling events, gross alpha and gross
beta were non‐detect, and uranium concentrations were 1.32 μg/L and 1.91 μg/L, respectively.
Groundwater does not appear to be a concern at FS‐14.
At the Firing Site 6 Area (FS‐6, FS‐7, FS‐8 and FS‐15), groundwater (JAW‐35 screened from 11 to 21 feet
bgs) has been periodically sampled for explosives, metals, and radiochemistry between 1993 and 2004
(Figure FSA‐10‐2). No explosives have been detected in groundwater. Five (5) metals have been
detected in well JAW‐35 between 2000 and 2004, but arsenic was the only constituent to exceed
current MCLs or USEPA tapwater RSLs. Arsenic was non‐detect during the 1990s sampling events, but
was detected at 16.1 μg/L and 10 μg/L in 2000 and 2004, respectively. During the five (5) sampling
events between 1993 and 2004 sampling event, gross alpha and gross beta were less than their MCLs of
15 μg/L and 50 μg/L, respectively. In 2004, uranium isotopes were analyzed and the estimated
concentrations of uranium‐234 (1.33J pCi/L) and uranium‐238 (0.87J pCi/L) exceeded their respective
USEPA PRGs for radionuclides (0.48 pCi/L and 0.53 pCi/L, respectively). There has been no sampling of
this shallow well screened across the soil/bedrock interface to verify the presence or absence of these
uranium isotopes.
At the Firing Site 12 Area (FS‐9, FS‐10, FS‐11, and FS‐12), groundwater (JAW‐32, JAW‐34, JAW‐37,
JAW 618, and JAW‐619) has been periodically sampled for explosives, metals, and radiochemistry
between 1992 and 2008, with the three most recent sampling events being limited to uranium, gross
alpha, and gross beta. In addition, the deep wells (JAW‐618 and JAW‐619) were analyzed for SVOCs,
polycyclic aromatic hydrocarbons (PAHs), pesticides, and PCBs in 1995; none of these constituents were
detected in the deep wells. RDX is the only explosives compound that has been detected in groundwater
in this area (Figure FSA‐10‐2). In 2004, RDX was estimated in JAW‐34 at 0.31J g/L and detected in
JAW‐37 at 0.86 μg/L, which was below the Health Advisory Level of 2 g/L. Seventeen (17) metals have
been detected in well in the five Firing Site 12 Area wells between 2000 to 2008, uranium was the only
metal to exceed the MCL in isolated samples and arsenic, chromium, and barium was above USEPA
tapwater RSLs and below MCLs in isolated samples. Uranium concentrations exceeded the
MCL (30 g/L) in shallow overburden well JAW‐32 in 2006 (302.9 μg/L) and 2007 (344.7 μg/L), but the
concentration was below the MCL in 2008 (20.6 μg/L). Uranium has not exceeded the MCL in the
bedrock monitoring wells (JAW‐618 and JAW‐619), where concentrations are at least two orders of
magnitude lower than levels reported in shallow wells.
Individual radiological isotopes were last analyzed in 2004; during this sampling event, uranium‐234 and
uranium‐238 activities exceeded the USEPA tapwater PRGs for radionuclides (0.48 pCi/L and 0.53 pCi/L,
respectively) in both shallow and deep wells (Figure FSA‐10‐2). In the 2004 to 2008 timeframe,
gross alpha activity consistently exceeded the MCL of 15 pCi/L in shallow wells JAW‐32 and JAW‐34, with
the most recent activity being 20.17 pCi/L and 14.72 pCi/L, respectively. The gross beta concentrations
during the same timeframe in these two wells tends to vary a bit more (Figure FSA‐10‐2), and individual
sampling events may exceed the gross beta screening value of 50 pCi/L. Gross alpha and gross beta did
not exceed their respective screening criteria in shallow well JAW‐37 or deep wells JAW‐618 and
JAW‐619 during this recent timeframe.
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CSM Summary and Data Gaps
Based on available information and the discussions presented above, the following conclusions are
made regarding the CSM at the Firing Sites Area:


Soil and sediment were addressed under the FUSRAP ROD in accordance with the FUSRAP Federal
Facility Agreement (FFA). Removal actions are being implemented to address the DU in soil. No
additional investigation to address chemical contamination in soil and sediment will be performed
because the Firing Sites Area is an operational testing range currently being used by the military to
test military munitions.



Surface water and groundwater sampling was not conducted as part of the FUSRAP RI and
investigation of these media has been deferred to the IRP in accordance with the FUSRAP FFA.



Groundwater contamination:
-

The Firing Sites Area is an operational testing range currently being used by the Army to test
military munitions. Therefore, consistent with Army‐wide operational ranges, sampling will be
conducted at the Firing Sites Area range boundary to verify if offsite migration of potential
contaminants is occurring. Due to the historical radiological and total uranium contamination
within the range, existing wells may be sampled where applicable to confirm current conditions
regarding historical contamination.

-

FS‐1, FS‐2, FS‐3, FS‐4, and FS‐5: No indication of the potential for groundwater contamination in
these areas; therefore investigation of these areas is not warranted.

-

Firing Site 6 Area (FS‐6, FS‐7, FS‐8 and FS‐15): Historical groundwater concentrations from a
sampling event in JAW‐35 indicate the presence of uranium‐234 and uranium‐238 activities
above USEPA PRGs; however, gross alpha (activity), gross beta (activity), total uranium
(i.e., concentration) were below MCLs. Therefore additional sampling of this well for
radionuclides is warranted to verify the absence/presence of the uranium isotopes results
observed in 2004.

-

Firing Site 12 Area (FS‐9, FS‐10, FS‐11, and FS‐12): Groundwater has been impacted by
radionuclides and total uranium. Sampling of the six existing wells (JAW‐32, JAW‐33, JAW‐34,
JAW‐37, JAW‐618, and JAW‐619) is warranted for radionuclides (i.e., gross alpha/beta and
uranium isotopes) and uranium (total) to evaluate the current groundwater conditions following
the soil removal action in the vicinity of these wells and evaluate if there has been a change in
conditions that would cause an imminent and substantial endangerment to the public health or
welfare or to the environment.

-

FS‐14: Groundwater concentrations in JAW‐36 do not appear to be a concern therefore
investigation of this area or sampling of this well is not warranted.

-

Firing Sites Area Operational Range Boundary: Shallow well G‐8 is located to the southeast
(i.e., downgradient) and outside the range boundary. Sampling of this well is warranted for
radionuclides (i.e., gross alpha/beta and uranium isotopes) and explosives (i.e., RDX and
2,4,6‐TNT) contamination to be verified to determine whether or not contamination is present
and migrating off the operational range. RDX and 2,4,6‐TNT are the primary explosives that
were identified as COPCs in soil during the FUSRAP RI and RDX has been detected at less
than 1 µg/L.
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Surface water contamination:
-

Long Creek is currently being sampled for radionuclides under FUSRAP as part of the ongoing
remedial action, to determine any potential impacts (USACE, 2017). There is no indication of
radiological surface water contamination from historical practices or FUSRAP remediation
activities at the Firing Sites Area.

-

Metals exceed the project screening criteria in surface water. Therefore, additional sampling of
surface water for TAL metals plus uranium is warranted to verify the absence/presence of the
metal results at the Firing Sites Area boundary.

Vicinity Groundwater Plumes
Two royal demolition explosive (RDX) plumes at Line 3A are less than 0.5 miles from the Firing Sites
Area. Groundwater flow direction for these plumes is to the northeast toward the Firing Sites Area and
Long Creek.

Conceptual Exposure Model
Based on the understanding of site conditions, Figure FSA‐10‐4 presents the conceptual exposure model
for human or ecological receptors, as appropriate. The Potential Exposure Scenarios summary table at
the bottom of Figure FSA‐10‐4 shows the exposure media and pathways; COPCs in the indicated media
and pathways will be evaluated in the human health and ecological risk assessments conducted as part
of the SRI.

Data Quality Objectives
The Firing Sites Area is an operational range being used by the Army to test military munitions and complete
investigation within the operational range boundary will be addressed when the range ceases to be
operational. The SRI will be performed to evaluate whether groundwater and/or surface water
contamination is migrating beyond the range boundary and if groundwater contamination within the range is
causing an imminent threat, estimate human health and ecological risk, and recommend a path forward
consistent with USEPA guidance (USEPA, 1988). DQOs are as summarized in Table FSA‐11‐1. The specific
tasks that will be performed during the SRI are described in Firing Site Area Worksheet #14. The rationale
behind the steps outlined in Table FSA‐11‐1 is presented in detail in Firing Site Area Worksheet #17.
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Figure FSA‐10‐4. IAAP‐030/030G ‐ Firing Sites Area Conceptual Exposure Model

Transport and
Migration

Media

Media

Exposure Routes

Site W

Soil and Sediment Addressed under the FUSRAP RI and ROD 1

Runoff

Explosive
Detonations
Active Firing
Site
(Metals,
Explosives,
Radionuclides)

Ecological
Receptors

Ingestion

○/○

○/○

○/○

●

Dermal Contact

○/○

○/○

○/●

●

Ingestion

○/○

○/●

○/○

○

Dermal Contact

○/○

○/●

○/○

○

Runoff
Surface Soil 1
Particulate
Emissions

Leaching/
Infiltration

FUSRAP/IRP Activities:
•Remedial Action for soil required under the FUSRAP
ROD and currently in progress

LEGEND
Flow Chart Continues
Potentially Complete Pathway
Incomplete Pathway

Groundwater 3

1

Media and potentially complete exposure pathways evaluated in the FUSRAP RI based on industrial screening criteria and will not be re‐evaluated under the IRP. Additionally,
the pathways will not be evaluated at this time since the Firing Sites Area is an active firing range.

2

No worker exposures to surface water in the tributaries or North/West Branches of Long Creek are expected. Hunter exposures to surface water occur during wading. Aquatic
biota exposures to surface water in Long Creek are unknown at this time due to inadequate data; therefore, pathways are considered to be potentially complete pending the
collection of additional data.

3

●
○

Long Creek
Surface Water 2

Human Receptors
(Current / Future)

Biota

Release
Mechanism

RECEPTORS

orker

Primary
Source

INTERACTION

Cons
truct
ion/
Utilit
y Wo
rker
Recre
ation
al
User

SOURCE

Depth to water averaged from approximately 5.5 ft to 16 ft bgs, depending on topography.

Receptor

Potential Exposure Activity

Site Worker (industrial)

Grounds maintenance, industrial activities

None

Construction/Utility Worker

Construction or utility activities in trenches

GW (Ing, Derm)

Recreational User

Walking through area for hunting activities (employees only); shallow water in creek, SW (Derm)
no ingestion

Aquatic/semi‐aquatic biota

Indigenous biota present within waterbodies and birds and mammals foraging

Exposure Media/Pathways

SW (Ing, Derm), Biota (Ing)

FIRING SITES AREA, REMEDIAL INVESTIGATION, IOWA ARMY AMMUNITION PLANT
REVISION: 2
REVISION DATE: JULY 2018
PAGE 1 OF 3

Firing Sites Area Worksheet #11:
Project/Data Quality Objectives
Project quality objectives (PQOs) define the type, quantity, and quality of data needed to answer specific
environmental questions and support proper environmental decisions. The PQOs were developed
during the work planning process.

Who Will Use the Data?
The USACE, IAAAP, Army Environmental Command (AEC), the CH2M Team, and other project
stakeholders will use the data to support the environmental decisions, as outlined in Firing Sites Area
Worksheets #10, #17, and #18.

What Are the Project Screening Levels?
Concentrations of radionuclides (gross alpha, gross beta, uranium‐234, uranium‐235, and uranium‐238),
metals (uranium), and explosives (RDX and 2,4,6‐TNT) in groundwater and metals (TAL metals and
uranium) in surface water will be compared with the project risk screening levels presented in Appendix B,
Table B‐1. Screening levels are based on human health and ecological project objectives, with the
hierarchy of the specific objectives selected defined in IAAAP Worksheet #15. The derivation of screening
levels is described in IAAAP Worksheet #15. Use of the screening levels to make decisions about the Firing
Sites Area is described in Table FSA‐11‐1.

What Will the Data Be Used for?
As indicated in Firing Sites Area Worksheet #14, groundwater samples will be collected and analyzed for
target analytes to achieve the SRI objective, which is to characterize the Firing Sites Area.

What Types of Data Are Needed and How “Good” Do the
Data Need to Be in Order to Support the Environmental
Decision?
The types of data needed for the SRI include definitive level data quality analyzed using a DoD‐certified
laboratory for the methods and analytes as described in IAAAP Worksheet #15. Definitive‐quality data
will be screened against the appropriate screening levels and used to support the decisions listed in
Table FSA‐11‐1. The use of these data is not restricted unless there is a quality problem, such as a
recurring quality control (QC) exceedance or a gross QC exceedance that would result in rejected data as
defined in IAAAP Worksheet #36. The sampling design and rationale are presented in Firing Sites Area
Worksheet #17.
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How Many Data Are Needed? Where, When, and How Should
They Be Collected and Generated?
Tables provided in IAAAP Worksheet #14 describe the planned field investigation activities and schedule.
The number and locations of samples needed, and the rationale for placement, are presented in Firing
Sites Area Worksheets #17 and #18.

Who Will Collect and Generate the Data?
The CH2M Team will collect the data on behalf of the USACE and IAAAP. Samples for analysis will be sent
under chain of custody to the TestAmerica Laboratory (Arvada, Colorado and St. Louis, Missouri), which
maintains required certifications to meet State of Iowa and DoD requirements, including National
Environmental Laboratory Accreditation Program (ELAP) certification.

How Will the Data Be Reported and Archived?
The data will be reported in the SRI report according to procedures outlined in this UFP‐QAPP. Hardcopy
and/or electronic (such as database management system) data will be stored by the CH2M Team for 5 years
after project completion. Project data and reports will be managed by the CH2M Team via a proprietary
database system, with final data deliverables submitted to the USACE via the Environmental Restoration
Information System (ERIS). The final SRI report will become part of the Administrative Record file.
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Table FSA‐11‐1. Data Quality Objectives
UFP‐QAPP RI, IAAAP, Middletown, Iowa
Step 1:
Problem Statement

Step 2:
Decisions to be Made

The FUSRAP RI, FUSRAP FS JAYCOR RI,
and OU6 SRI reports identified soil,
groundwater, surface water, and
sediment sampling, and/or radiological
surveys conducted at the Firing Sites
Area. Soil and sediment was addressed
under the FUSRAP ROD.

When evaluating the contamination in
groundwater, the following decisions
will need to be made:

At Firing Site 12, improved
understanding of current conditions to
evaluate nature of radionuclide and
uranium (metal) contamination in
shallow and deep groundwater.
At the Firing Site 6 Area, the presence
or absence of radionuclide
contamination in well JAW‐35 needs to
be verified.
At the Firing Sites Area range boundary,
the presence or absence of
radionuclides and explosives
contamination in well G‐8 and metal in
surface water needs to be verified to
determine whether or not
contamination is migrating off the
operational range.

1. What quantity and location of
samples are required to adequately
characterize overburden and
bedrock radionuclide groundwater
contamination?
2. Do radionuclides and explosives in
groundwater pose potential risk to
human health and the environment
at the Firing Sites Area Boundary?
3. Do uranium isotopes and uranium
(metal) pose an imminent and
substantial endangerment to the
public health or welfare or to the
environment within the operational
range of the Firing Sites Area?
4. Do metals in surface water pose
potential risk to human health and
the environment at the Firing Sites
Area Boundary?

Step 3:
Input to the Decision
Elements to be considered in the
decisions include the following:
1. Information and data contained in
the historical reports.
2. Existing historical records of Firing
Site Area use and releases.
3. The Firing Sites Area specific CSM,
such as topography, geology and
hydrogeology, nature and extent of
contamination, current and
historical surface water drainage
features, groundwater flow
direction, and outfalls.
4. Site improvements or development
history that has occurred after
releases or sampling.
5. Expected volume or mass of
potential release.
6. Field observations and
measurements from sampling
activities.
7. Depth to groundwater
measurements and groundwater
gradient.
8. SRI analytical data and project‐
specific screening level objectives as
defined in IAAAP Worksheet #15.

Step 4:
Study Area Boundaries
Spatial Boundaries: The existing
shallow and deep wells at the Firing
Site 12 Area will be sampled to verify
the uranium isotope and uranium
(metal) concentrations exceeding
screening levels in groundwater.
The existing shallow well at the Firing
Site 6 Area will be sampled to verify the
uranium isotope concentrations
exceeding screening levels in
groundwater.
The existing shallow well at the
southeast corner of the Firing Sites
Area range boundary will be sampled
to verify the presence or absence of
uranium isotope and explosive
concentrations exceeding screening
levels in groundwater.
Surface water at the southeast corner
of the Firing Sites Area range boundary
will be sampled to verify the presence
or absence of metal concentrations
exceeding screening levels in surface
water.

Step 5:
Decision Rules
Decision 1—Location of Samples
The SRI samples at the Firing Sites Area will be
biased to existing well locations.
Decision 2—Uranium Source Determination
Determine whether the uranium and associated
isotopes in groundwater is associated with
depleted uranium or from natural sources.
Decision 3—Evaluate Potential Risk
If contaminant concentrations in groundwater are
greater than applicable screening levels during this
investigation, then these chemicals will be
incorporated into a human health risk assessment
(HHRA) and a screening level ecological risk
assessment (SLERA) and a FS will be
recommended, if warranted.

Step 6:
Acceptable Limits on Decision Error
Decision errors will be minimized
through Firing Sites Area
understanding obtained from previous
site visits, development of the CSM,
and adherence to SOPs during well
installation and sampling.
Laboratory analyses will be conducted
in accordance with this UFP‐QAPP.
Analytical chemical data will meet
quality expectations for precision,
accuracy, representativeness,
completeness, comparability, and
sensitivity (PARCCS), as defined by this
UFP‐QAPP.
The analytical methods will provide the
lowest available detection limits
(DL/LOD/LOQ) that will allow for the
data to be compared to screening
levels summarized in Appendix B and
meet risk assessment objectives.
Collection and interpretation of field
measurements (e.g., groundwater
sample depth, groundwater quality
parameters, etc.) will be conducted in
accordance with standard industry
practice and as specified in this
UFP‐QAPP.

Step 7:
Optimize the Design
Sampling Design:
1. Using existing data as the basis six
existing monitoring wells (JAW 32,
JAW‐33, JAW‐34, JAW ‐37, JAW‐618,
and JAW‐619) at the Firing
Site 12 Area will be sampled for
radionuclides and uranium (metal)
using low‐flow techniques. Refer to
Firing Sites Area Worksheet #17 for
sample design and rationale.
2. Using existing data as the basis, one
existing well (JAW‐35) at the Firing
Site 6 Area will be sampled for
radionuclides using low‐flow
techniques. Refer to Firing Sites Area
Worksheet #17 for sample design and
rationale.
3. One existing shallow well (G‐8) at the
Firing Sites Area range boundary will
be sampled for radionuclides and
explosives to verify impacts to the
groundwater at the edge at the active
range.
4. During the groundwater sampling
events, water quality parameters will
be analyzed using field methods for
turbidity, dissolved oxygen,
oxidation‐reduction potential,
specific conductance, temperature,
and pH to assess subsurface
conditions.
5. One surface water sample at the
Firing Sites Area range boundary will
be sampled for metals to verify
impacts to the surface water at the
edge at the active range.

See Acronyms and Abbreviations for abbreviations used in this table.
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Firing Sites Area Worksheet #14:
Project Tasks
The SRI at the Firing Sites Area will consist of the following:










Mobilization
Utility clearance
Monitoring development and sampling
Decontamination
Demobilization
Waste management
Laboratory analysis and data management
Baseline risk assessment
Reporting and ERIS

Mobilization
See IAAAP Worksheet #14.

Utility Clearance
See IAAAP Worksheet #14.

Monitoring Development and Sampling
Eight existing wells (shallow wells G‐8, JAW‐32, JAW‐33, JAW‐34, JAW‐35, and JAW‐37; and deep wells
JAW‐618 and JAW‐619) will be redeveloped and sampled.
Well development will be conducted in accordance with SOP‐01. Well development will be continued
until a minimum of three well volumes is removed and the well water parameters have stabilized, as
specified in SOP‐01.
Groundwater sampling will be completed in accordance with SOP‐14 no sooner than 48 hours after
development. Monitoring well groundwater samples will be collected from the wells using low‐flow
sampling methods. Analytical parameters are listed on Firing Sites Area Worksheet #18. Sample handling
procedures will follow SOP‐09 and SOP‐10. Field work will be documented in accordance with SOP‐07. If
a groundwater sample cannot be collected following the SOP methods, the field team leader or
designee will discuss the path forward with the CH2M Team’s project manager.

Surface Water Sampling
Surface water sampling will be completed in accordance with SOP‐13. One surface water sample will be
collected by either direct grab method or sample transfer device method (Figure FSA‐10‐3). Sample
handling procedures will follow SOP‐09 and SOP‐10. Field work will be documented in accordance with
SOP‐07.
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Decontamination
See IAAAP Worksheet #14.

Demobilization
See IAAAP Worksheet #14.

Waste Management
See IAAAP Worksheet #14.

Laboratory Analysis and Data Management
Laboratory Analysis
TestAmerica in Arvada, Colorado, is the primary laboratory and will analyze the groundwater samples
for gross alpha/gross beta (Method EPA 9310), isotopic uranium (A01RU), uranium (Method SW6020),
explosives (Method SW833), and the surface water for metals (Method SW6020), as defined in IAAAP
Worksheet #15. TestAmerica holds a current DoD ELAP certification for the required methods and
analytes. The laboratory analyses will be performed in accordance with the analytical methods, this
UFP‐QAPP, and the laboratory SOPs as defined in IAAAP Worksheet #23 (Analytical SOPs).

Data Management
See IAAAP Worksheet #14.

Data Review
See IAAAP Worksheet #14.

Data Evaluation and Usability
See IAAAP Worksheet #14.

Baseline Risk Assessment
See IAAAP Worksheet #14. For groundwater, data from existing background wells will be used to calculate
background concentrations of metals, specifically uranium, as discussed in IAAAP Worksheet #14. FUSRAP
radiological surface water data results will be included in the evaluation in the human health risk
assessment.

Reporting and ERIS
See IAAAP Worksheet #14.
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Firing Sites Area Worksheet #17:
Sampling Design and Rationale
This worksheet describes the design and rationale for the SRI activities.

Investigation Design and Rationale
The following subsections describe the groundwater samples proposed to characterize the Firing Sites
Area. Soil and sediment associated with the Firing Sites Area was addressed under the FUSRAP RI and ROD.

Rationale for Numbers and Locations of Samples
The Firing Sites Area is an operational range that has existing monitoring wells within the range
boundary and one well outside the range boundary. The wells within the range boundary have historical
detections of uranium, gross alpha, gross beta, uranium‐234, uranium‐235, and uranium‐238 in
groundwater that have exceeded their respective screening criteria. In addition, uranium concentrations
have historically exceeded MCLs or USEPA tapwater RSLs during the periodic sampling events. Historical
surface water sample results from Long Creek exceed the current surface water RSLs and ecological
screening criteria (Appendix B). Therefore, biased surface water and groundwater samples will be
collected as follows:


No additional investigation to address chemical contamination in soil and sediment will be
performed because the Firing Sites Area is an operational testing range currently being used by the
military to test military munitions. The FUSRAP RI addressed chemical contamination to industrial
PRGs.



Surface Water – Historical surface water samples collected inside the Firing Sites Area range
boundary exceed the screening criteria (Appendix B). A surface water sample will be collected at the
eastern boundary (downgradient) of the Firing Sites Area in order to determine of any metal
contaminants in surface water are migrating beyond the Firing Sites Area range boundary.



No additional delineation of groundwater contamination within the Firing Site 12 Area will be
performed because this firing site is location within the boundary of the Firing Sites Area, which is an
operational testing range currently being used by the military to test military munitions.



Groundwater samples will be collected from seven existing wells (JAW 32, JAW‐33, JAW‐34, JAW‐35,
JAW ‐37, JAW‐618, and JAW‐619) in order to obtain a current understanding of the extent of
radiological contaminants in groundwater at FS‐12 and FS‐6 to determine if there is an imminent
and substantial endangerment to the public health or welfare or to the environment from
groundwater contamination within the boundary of the Firing Sites Area. Historically JAW‐33 has
been shown to be a dry well at times and will be sampled if possible.



Groundwater samples will be collected from the existing well (G‐8), outside of the Firing Sites Area
to the southeast and downgradient of the active ranges, in order to determine of any radiological
and explosive contaminants in groundwater are migrating beyond the Firing Sites Area range
boundary. RDX and 2,4,6‐TNT are the primary explosives that were identified as COPCs in soil during
the FUSRAP RI and RDX has been detected at less than 1 µg/L. Therefore, these two explosives
constituents will be included in the list of sampling analytes at the range boundary.

FIRING SITES AREA, REMEDIAL INVESTIGATION, IOWA ARMY AMMUNITION PLANT
REVISION: 2
REVISION DATE: JULY 2018
PAGE 2 OF 2



Analytical parameters for groundwater will include radionuclides [gross alpha/gross beta – Method
9310 and isotopic uranium – A01RU] at Firing Site 6 and 12 Areas. In addition, uranium (Method
SW6020) will be included in the analyte list for the wells at Firing Site 12 Area, and explosives [RDX
and 2‐4,6‐TNT] (Method SW8330) will be included in the analyte list for the well at the Firing Sites
Area boundary.

To assess seasonal variation, the wells will be sampled twice (semiannually). Figure FSA‐10‐3 shows the
existing wells.
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Firing Sites Area Worksheet #18:
Sampling Locations and Methods
Table FSA‐18‐1 summarizes the sampling matrix, number of samples to be collected, analytical
parameters, and the rationale for sampling location described in Firing Sites Area Worksheet #17
(Sampling Design and Rationale).
Table FSA‐18‐1. Sample Locations and Sampling SOP Requirements (Site IAAP‐030/030G)
UFP‐QAPP RI, IAAAP, Middletown, Iowa
Estimated Number
Sampling
of Samples
b
SOP Reference
(Identify FDs)a

Rationale for
Sampling
Location

Analytical
Group

Concentration
Level

Shallow
(~20 feet bgs)
Deep
(~60 feet bgs)

Radionuclidesc
Uraniumd

Low

Six samples

SOP‐01, SOP‐04,
SOP‐06, SOP‐07,
SOP‐08, SOP‐09,
SOP‐10, SOP‐11,
SOP‐14, SOP‐22

Biased locations
from existing
wells to evaluate
if there is an
imminent threat

Groundwater
Shallow
Firing Site 6 Area (~20 feet bgs)

Radionuclidesc

Low

One sample

SOP‐01, SOP‐04,
SOP‐06, SOP‐07,
SOP‐08, SOP‐09,
SOP‐10, SOP‐11,
SOP‐14, SOP‐22

Biased location
from existing
well to evaluate
if there is an
imminent threat

Groundwater
Firing Sites Area
Boundary

Shallow
(~20 feet bgs)

Radionuclidesc
Explosives
(RDX and
2,4‐6‐TNT)e

Low

One sample

SOP‐01, SOP‐04,
SOP‐06, SOP‐07,
SOP‐08, SOP‐09,
SOP‐10, SOP‐11,
SOP‐14, SOP‐22

Biased location
from existing
well to
determine if
migration
beyond the
range boundary
is occurring

Surface Water
Firing Sites Area
Boundary

Surface
(0 to 6 inches)

Metalsf
Uraniume

Low

One sample

SOP‐03, SOP‐04,
SOP‐07, SOP‐08,
SOP‐09, SOP‐10,
SOP‐13, SOP‐22

Biased location
to determine if
migration
beyond the
range boundary
is occurring

Matrix
Firing Site Area
Groundwater
Firing Site 12
Area

Depth

See Acronyms and Abbreviations for abbreviations used in this table.
a
At a minimum, one FD sample will be collected for every 10 samples per field event, one MS/MSD sample will be collected for
every 20 samples per field event, and one equipment blank will be collected for every 20 samples per field event.
b
SOP‐01, Monitoring Well Installation and Development
SOP‐09, Packing and Shipping of Environmental Samples
SOP‐03, Global Positioning Satellite System Surveying
SOP‐10, Sample Handling and Custody
SOP‐11, Water Level Measurements
SOP‐04, Equipment Decontamination Procedures
SOP‐06, Field Water Quality Measurements and Calibration
SOP‐13, Surface Water Sampling
SOP‐07, Note Taking and Field Log Books
SOP‐14, Groundwater Sampling
SOP‐08, Site Reconnaissance, Preparation, and Restoration
SOP‐22, Permits and Clearance
c
gross alpha/gross beta (Method EPA 9310) and isotopic uranium (A01RU)
d
uranium (Method SW6020)
e
explosives (Method SW8330), specifically RDX and 2,4,6‐TNT
f
TAL metals (Method SW6020)
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