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OPERABLE UNIT THREE, GROUNDWATER

INTRODUCTION
This Proposed Plan identifies the Preferred Remedial
Alternative for remediating contaminated Off-Site
Groundwater associated with the Iowa Army
Ammunition Plant (IAAAP), Middletown, Iowa. The
Off-Site Groundwater area is located southeast of the
IAAAP facility along a corridor generally parallel to
Brush Creek (Figure 1). This document is issued by the
U.S. Army, the owner of the IAAAP facility, and the
U.S. Environmental Protection Agency (USEPA), in
consultation with the Iowa Department of Natural
Resources (IDNR). The U.S. Army is the lead agency
and the USEPA is the primary regulatory support
agency.

FIGURE 1. IAAAP Facility and Off-Site Groundwater
Study Area Location Map.

The U.S. Army is issuing this Proposed Plan as part of
the public participation responsibilities under Section
300.430(f)(2) of the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP) and
Section 117(a) of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA).
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This Proposed Plan summarizes information that is
presented in detail in the Off-Site Groundwater
Remedial Investigation (URS 2003) and Off-Site
Groundwater Feasibility Study (URS 2004) reports,
included in the IAAAP Administrative Record File (see
below for file locations). The U.S. Army encourages
the public to review the administrative record
documents to gain a comprehensive understanding of
site investigation and remediation activities.

The Off-Site Groundwater area occupies the Brush
Creek watershed south of the IAAAP facility and
portions of the Skunk River floodplain where
groundwater is contaminated by RDX at levels
exceeding 2 parts per billion (ppb). Explosives
used at IAAAP have been transported in Brush
Creek surface water to the Off-Site area. The
contaminants have infiltrated into groundwater near
U.S. Highway 61 and created the Off-Site
Groundwater explosives plume that has impacted
and is threatening private drinking water wells.
DATES TO REMEMBER:
Public Comment Period: July 15 to August 14, 2004
Public Meeting:
7:00 PM, July 29, 2004
The U.S. Army will accept written comments on the
Proposed Plan during a 30-day public comment period.
The U.S. Army will hold a public meeting to explain the
Proposed Plan and all of the alternatives presented in the
Feasibility Study. Oral and written comments will also be
accepted at the meeting. The meeting will be held at the
Burlington Apartments in the Burlington Ballroom, 206 N.
3rd Street, Burlington, Iowa at 7:00 pm.
For more information, see the Administrative Record File
at one of the following locations:
Burlington Public Library
Danville City Hall
501 N. Fourth Street
105 Shepherd Street
Burlington, Iowa 52601
Danville, Iowa 52623
319-753-1647
319-392-4685
Lee County Health Department
2218 Avenue H
Fort Madison, Iowa 52627
319-372-5225
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As an interim action, the U.S. Army connected private
residences to a public water supply. To address the
groundwater contamination, remedial alternatives were
evaluated in the Feasibility Study.
The primary
objective of the evaluated alternatives was to prevent
human exposure to RDX in groundwater above 2 ppb.
Alternatives are not presented in this Proposed Plan to
address low levels of RDX in Brush Creek surface
water. Instead, Brush Creek will be addressed as a
separate project. In accordance with the February 2004
Federal Facilities Agreement (FFA) schedule, the U.S.
Army will start point source control actions for Brush
Creek in Fall 2004, and the Record of Decision (ROD)
is currently scheduled for Summer 2006.
The U.S. Army and the USEPA will select a cleanup
remedy for the Off-Site Groundwater after reviewing
and considering all information submitted during a 30day public comment period. The Preferred Remedial
Alternative presented in this Proposed Plan may be
modified or a new alternative may be selected based on
new information or public comments. The Proposed
Plan, and any modifications resulting from this process,
will then be written into an Interim Action Record of
Decision to remediate Off-Site Groundwater. The OffSite Groundwater ROD will be considered an interim
action until remedial actions can be undertaken to
address Brush Creek surface water contamination. A
separate Record of Decision will be prepared to address
the source(s) of RDX contamination in Brush Creek
surface water. Together, the two Record of Decision
documents will describe all remedies required to address
Off-Site Groundwater contamination.

IAAAP HISTORY
IAAAP occupies 19,015 acres adjacent to the town of
Middletown in Des Moines County, Iowa. IAAAP is a
government-owned, contractor-operated facility under
the command of the U.S. Army Joint Munitions
Command, Rock Island, Illinois.
Production of
munitions began in 1941, including loading, assembling,
and packing a variety of conventional munitions. The
facility remains in operation today.
IAAAP was placed on the CERCLA National Priorities
List (NPL) in 1990 and participates in the Department of
Defense’s Defense Environmental Restoration Program.
This specially funded program was established in 1978
to identify, investigate, and control migration of
hazardous contaminants at Department of Defense
facilities. A Federal Facilities Agreement between
USEPA and IAAAP, under which the U.S. Army
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conducts investigation and remediation activities at the
facility, was signed on September 20, 1990, pursuant to
CERCLA Section 120.
Wastewater generated at various plant facilities and
effluent from wastewater treatment plants are
discharged to surface streams under the provisions of a
National Pollutant Discharge Elimination System
(NPDES) permit. Explosives (including RDX) and
other constituents are discharged to Brush Creek and
other surface waters pursuant to requirements of the
IAAAP NPDES permit.

SITE BACKGROUND
The Off-Site area is located southeast of the IAAAP
facility and approximately three miles south of
Burlington, Iowa on Highway 61. The area is primarily
agricultural/rural residential land, with some minor
commercial activity.
Explosives used during
production, assembly, burning, or demolitions at
IAAAP are a potential source for chemical release into
Off-Site Groundwater.
Reportedly, untreated
wastewater generated by these activities was discharged
directly to Brush Creek surface water during the early
stages of IAAAP operation. Until implementation of
the NPDES permits and construction of the industrial
water treatment plant in the 1970s, surface water
concentrations of explosives were reported to have
ranged from 18 to 36 parts per million (ppm) at the plant
boundary. The explosives compound RDX has a Health
Advisory Level (HAL) of 2 ppb for drinking water. A
HAL is an estimate of acceptable drinking water levels
for a chemical substance based on health effects
information (see the Glossary for a more complete
definition of HAL). RDX is currently being discharged
to Brush Creek at levels less than 100 ppb, pursuant to
the requirements of the IAAAP NPDES permit.
In 1993, the presence of RDX above 2 ppb in Off-Site
Groundwater was confirmed after an initial round of
private drinking water well sampling was completed by
the U.S. Army. IAAAP contracted to connect private
residences in the contaminated area to the public water
supply in 1994. This interim action was designed to
eliminate exposure to contaminated drinking water until
a remedial action could be completed. In 2001, IAAAP
provided connection to the public water supply for
several homeowners who declined in 1994.
During the period from 1999 to 2002, Off-Site
Groundwater investigations have included four initial
phases of field sampling activities, one RI, one FS, and
one groundwater monitoring event. Data from these
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events was used to develop the remedial alternatives
presented in this document. The Off-Site Groundwater
RDX plume (Spring 2002) is shown on Figure 2.

SITE CHARACTERISTICS
The Off-Site Groundwater study area extends southeast
of the IAAAP property along a corridor generally
parallel to Brush Creek, intersecting Highway 61 and
continuing to just south of the Skunk River, occupying
portions of the Skunk River and Mississippi River
floodplains. Brush Creek dissects the upland area and
empties into the Skunk River floodplain.
Figure 3 shows the general stratigraphy across the OffSite area in a north-to-south direction, based on data
from soil borings completed at the site. Geologic
materials underlying the Off-Site study area consist of
alluvium, loess, glacial tills, and interbedded limestones
and shales. The unconsolidated alluvial clay, silt, and
sands that rest on clay-rich glacial till or Pennsylvanian
bedrock comprise the principal (shallow) aquifer of the
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study area. A second, deeper aquifer is found in the
underlying deep glacial outwash sands. Groundwater
generally flows through the various profiles from north
to south across the study area.
The primary contaminant and medium of concern in the
Off-Site Groundwater area is the explosive compound
RDX in groundwater. The Spring 2002 interpreted
horizontal extent of RDX is shown on Figure 2. The
RDX contamination began as a release to surface water
at IAAAP (origin of Brush Creek), and then was
transported in Brush Creek, which flows through the
Off-Site area to the Skunk River. Contaminants
infiltrated into groundwater surrounding Brush Creek
near Highway 61. The Off-Site RDX groundwater
plume extends downgradient (south) about 7,800 feet
(1.5 miles). The average width of the plume is about
4,000 feet (0.75 mile).
In Spring 2002, the highest RDX concentrations [up to
120 parts per billion (ppb)], were detected at monitoring
well MW117 near Highway 61.
Concentrations

FIGURE 2. RDX Plume, Off-Site Groundwater Area. This figure shows the general extent of RDX contamination greater than 2 ppb
(Proposed Cleanup Level) in the shallow aquifer during the Spring 2002 sampling round. U.S. Highway 61 is located at the northern end
of the plume and the Skunk River is near the southern end of the plume.
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declined to the south and southeast.
RDX
concentrations decline below 2 ppb about 2,000 feet
south of Skunk River. Low levels (less than 20 ppb) of
explosives were detected throughout the vertical extent
of the aquifer underlying Brush Creek, in the area
between Highway 61 and the Skunk River. In the
lowland area between Brush Creek and the Skunk River,
the RDX plume was detected in the shallow aquifer at
depths of about 45 to 70 feet below the ground surface.
RDX was not detected in the deep glacial outwash sands
below the glacial till, as the glacial till appears to be a
natural barrier retarding the vertical migration of
explosives (Figure 3). RDX was also not detected in
the upland geologic units north of the Spring 2002
plume, indicating that the Off-Site Groundwater plume
did not migrate from the IAAAP facility in groundwater
through the glacial till, glacial outwash sands, or
bedrock units.

SCOPE AND ROLE OF THE REMEDIAL
ACTION
Explosives-contaminated groundwater has been
documented in monitoring wells and private residential
wells within the Off-Site Groundwater study area. RDX
is the only compound detected in Off-Site Groundwater
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above its health risk-based screening level, which is
equivalent to the Health Advisory Level (HAL) of 2 ppb
for lifetime exposure to RDX in drinking water. The
Off-Site groundwater has been evaluated and tested for
other potential contaminants (including other
explosives, radionuclides, and metals), but none were
detected above levels of concern.
IAAAP intends to reduce the RDX concentrations in the
Off-Site Groundwater to 2 ppb by implementing a
groundwater remedial action, and subsequently
addressing continuing RDX contamination in Brush
Creek. Alternatives are not presented in this Proposed
Plan to address Brush Creek surface water. Instead,
Brush Creek will be addressed as a separate project.
The Preferred Remedial Alternative for Off-Site
Groundwater will be considered an interim remedy until
surface water contamination in Brush Creek is
addressed. Institutional and engineering controls will be
implemented to prevent potential future residential
exposures to RDX-contaminated groundwater above
2 ppb.

SUMMARY OF SITE RISKS
A human health risk assessment for the Off-Site
Groundwater was completed as part of the Remedial

FIGURE 3. Geologic Cross-Section with RDX Plume. This cross-sectional view of the RDX plume shows the contamination traveling
away from U.S. Hwy 61 during the Spring 2002 sampling event. The deepest part of the explosives plume is about 70 feet below ground
surface.
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Investigation. RDX was evaluated as the Chemical of
Concern (COC) as it was the only compound detected in
Off-Site Groundwater above health risk-based screening
levels. The risk assessment evaluated the potential
adverse health affects, both current and future, resulting
from exposures to RDX-contaminated groundwater.
The receptor population most likely to be exposed using
the current and future residential land use scenario is
current/future off-site residents (adults and children).
The most likely exposure pathway for these receptors
was determined to be ingestion of RDX-contaminated
groundwater from wells screened in shallow to
intermediate depths (e.g., maximum depth about 70
feet).
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The non-carcinogenic HI value of 3.9 for groundwater
inside the 50 ppb isoconcentration line exceeded the
target value of 1. This indicates that adverse noncarcinogenic health effects could occur to residents
ingesting RDX-contaminated groundwater. An HI of 1
equates to 33 ppb.
It is the U.S. Army’s and USEPA’s current judgment
that the Preferred Remedial Alternative identified in this
Proposed Plan, or one of the other active measures
considered in the Proposed Plan, is necessary to protect
human health and the environment from actual or
threatened releases of a pollutant or contaminant into the
environment that may present an imminent and
substantial endangerment.

REMEDIAL ACTION OBJECTIVE

PHOTOGRAPH 1. Brush Creek adjacent to Highway 61, near
the north end of the RDX plume.

A Remedial Action Objective (RAO) describes what the
proposed cleanup alternative is expected to accomplish
and serves as the basis for development and evaluation
of the selected remedial alternatives. The RAO for the
Off-Site Groundwater is to prevent residential human
exposure to RDX above 2 ppb in Off-Site Groundwater
(Table 1). The selection of 2 ppb as the cleanup level is
based on consideration of both applicable or relevant
and appropriate requirements (ARARs) and risk-based
concentrations (see Summary of Site Risks). Under
IDNR rules (567 Iowa Administrative Code 133), 2 ppb
for RDX is an action level for groundwater cleanup and
is a State ARAR. This action level is within the
generally accepted target risk range of 1x10–6 to 1x10–4.

The Off-Site Groundwater risk assessment evaluation
indicated:
•

•

Groundwater inside the 50 parts per billion (ppb)
isoconcentration line had an excess lifetime cancer
risk of 2.1x10-4, and a non-carcinogenic hazard
index (HI) of 3.9.
Groundwater outside the 50 ppb isoconcentration
line had an excess lifetime cancer risk of 3.1x10-5 to
6.1x10-5, and a non-carcinogenic HI of 0.6 to 1.1.
-4

The cancer risk of 2.1x10 for groundwater inside the
50 ppb isoconcentration line exceeded the acceptable
risk range of 1x10-6 to 1x10-4; which equates to 0.61
ppb, 6.1 ppb, and 61 ppb for the corresponding risk
levels of 1x10-6, 1x10-5, and 1x10-4, respectively.
Values within the target risk range of 1x10-6 to 1x10-4
are generally considered acceptable under the NCP. In
general, a site-specific response action should be
considered for sites with an excess cancer risk greater
than 1x10-4.
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Table 1
Proposed Cleanup Level
Chemical of
Concern
RDX

Maximum
Detection in
Groundwater
(ppb)
120

Proposed Cleanup
Level (ppb)
2

SUMMARY OF REMEDIAL
ALTERNATIVES
A summary of the five remedial alternatives considered
for Off-Site Groundwater is presented in this section.
The full screening and evaluation of process options to
remediate the Off-Site Groundwater is presented in the
Feasibility Study. The evaluation and effectiveness of
the alternatives assumed that surface water
contamination in Brush Creek would be remediated
during a separate phase of work. The alternatives,
presented in Table 2, are numbered to correspond with
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those used in the Feasibility Study. Costs associated
with each alternative are shown on Graph 1.
Table 2
Description of Remedial Alternatives
Remedial
Alternative
Alternative 1 –
No Action
Alternative 2 –
Monitored Natural
Attenuation (MNA)
Alternative 3 –
Focused
Extraction/Monitored
Natural Attenuation

Alternative 4 –
Enhanced
Degradation Barrier/
Monitored Natural
Attenuation

Alternative 5 –
Total Groundwater
Restoration

Description
Nothing is done at the site (required
by NCP for comparison).
Allow naturally occurring
subsurface attenuation mechanisms
(such as biodegradation, dilution,
and adsorption) to reduce the
contaminant mass in groundwater.
Clean up groundwater in the area
with RDX >50 ppb by extracting
the water, treating it, and
discharging back into surface water.
MNA would treat water not
extracted.
Installing a series of enhanced
degradation barriers used to inject
biodegradation substrates or
chemical oxidation agents in the
area with RDX >50 ppb. MNA
would treat water not affected by
the barriers.
Extract all groundwater with RDX
>2 ppb using series of wells, treat,
and discharge back to surface water.
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sampling for RDX to confirm systems effectiveness.
A program for monitoring and identifying new
groundwater users in the area will also be developed
during remedial design.
Potential governmental controls (such as zoning and
groundwater overlay ordinances) to prevent new water
supply wells from being installed in contaminated areas
for domestic use and deed notices will be further
investigated by the U.S. Army. The details of these
controls, if implemented, will be described in the
remedial design.
More information describing each type of control and
how they would be implemented will be presented in the
Record of Decision document published at a later date.
The U.S. Army will prepare a Land Use Control
Remedial Design that will identify the specific
institutional controls and will contain implementation
and maintenance actions, including periodic inspections.
None of the remedies rely solely on these controls to
protect against exposures.
The U.S. Army is
responsible for implementing, maintaining, reporting on,
and enforcing the land use/institutional controls selected
as part of the Preferred Alternative. The U.S. Army will
present the results of monitoring the controls in regular
reports. Although the U.S. Army may later transfer
some responsibilities to other parties by contract or
other means, the U.S. Army will retain ultimate
responsibility for remedy integrity.

Common Elements
The remedial alternatives have elements that are
common to more than one of the remedies. These
common elements include institutional and engineering
controls, which are designed to prevent residential
human exposures until the cleanup levels are met.
These controls will be maintained until RDX
concentrations in the Off-Site Groundwater are at or
below the cleanup level.
The proposed institutional and engineering controls are:
•
Locally issued advisories that provide notices to
private well owners/users of the potential health risk
from ingesting contaminated well water.
•
A health and safety program to protect workers
during remedial activities, including construction,
operation and maintenance (O&M) and monitoring.
•
Connecting residents of affected properties to a
public water supply or providing at-well treatment
systems, if they cannot be connected, to remove
RDX from drinking water by granular activated
carbon (GAC) adsorption, including periodic
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GRAPH 1. This graph shows the Capital Cost, O&M Cost,
Periodic Cost, Total Cost of Alternative, and Total Present
Value for each alternative.
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Alternative 1 – No Action
Estimated Capital Cost: $0
Total O&M Cost: $0
Total Periodic Cost: $0
Total Cost of Alternative: $0
Total Present Value of Alternative: $0
Estimated Time to Reduce RDX <2 ppb: 40 to 45 years
For this alternative, nothing would be done at the site to
prevent RDX exposures to human health or the
environment.
The National Oil and Hazardous
Substances Pollution Contingency Plan requires that a
No Action alternative be evaluated for comparison of
the other alternatives to a baseline condition. This
alternative reflects the current conditions at the site.
Groundwater modeling results, which provided an
estimate of the remediation time frame, indicated that
Alternative 1 would reduce RDX concentrations to
below 50 ppb in 5 to 8 years, and below 2 ppb in 40 to
45 years due to natural attenuation processes, assuming
Brush Creek surface water contamination is addressed.
Alternative 2 – Monitored Natural Attenuation
(MNA)
Estimated Capital Cost: $178,000
Total O&M Cost: $1,050,000
Total Periodic Cost: $367,000
Total Cost of Alternative: $1,595,000
Total Present Value of Alternative: $863,000
Estimated Time to Reduce RDX <2 ppb: 40 to 45 years
Alternative 2 consists of MNA to allow natural
destructive and nondestructive subsurface attenuation
mechanisms to reduce the mass of RDX contamination
in Off-Site Groundwater. MNA is a natural process by
which contaminants, such as RDX, are degraded,
diluted, or dispersed such that the mass and
concentration of the contaminant are decreased. MNA
includes groundwater sampling of numerous monitoring
wells for analysis of explosives and natural attenuation
parameters, reporting monitoring results, and
completing five-year reviews. Groundwater sampling
would be completed to identify contaminant migration
trends. Five-year reviews would include recalibration of
the fate and transport model using the latest site data.
New monitoring wells would be installed to better
define the horizontal extent and monitor future
migration of the explosives plume. A detailed plan for
conducting the required MNA groundwater monitoring
will be prepared as part of the Remedial Design.
Groundwater modeling results indicated that Alternative
2 would reduce RDX concentrations to below 50 ppb in
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5 to 8 years, and below 2 ppb in 40 to 45 years,
assuming Brush Creek surface water contamination is
addressed.
Alternative 3 – Focused Extraction/Monitored
Natural Attenuation
Estimated Capital Cost: $793,000
Total O&M Cost: $2,033,000
Total Periodic Cost: $400,000
Total Cost of Alternative: $3,226,000
Total Present Value of Alternative: $2,267,000
Estimated Time to Reduce RDX <2 ppb: 40 to 45 years
Alternative 3 includes installing three extraction wells in
the high level area (RDX >50 ppb) to remove RDXcontaminated groundwater above 50 ppb for treatment
and discharge to surface water (at levels <2 ppb).
Contaminated groundwater would be extracted at an
estimated rate of 150 gallons per minute (gpm) per well
(with a total flow rate of 450 gpm). The extracted
groundwater would be treated by granular activated
carbon (GAC) adsorption and discharged to a nearby
unnamed tributary to the Skunk River. A pre-design
investigation consisting of further delineation of the
high level area, aquifer pumping tests, and the GAC
treatability study would be completed to obtain the data
necessary for remedial design. The nearby unnamed
tributary of the Skunk River would be the effluent
discharge point. Alternative 3 also relies on MNA, as
described for Alternative 2, to reduce the contaminant
mass of the Off-Site Groundwater plume that is not
affected by focused extraction.
Groundwater modeling results indicated that Alternative
3 would reduce RDX concentrations to below 50 ppb in
less than 5 years. Modeling results also indicated MNA
would reduce the remaining RDX groundwater
contamination to below 2 ppb in 40 to 45 years,
assuming Brush Creek surface water contamination is
addressed.
Alternative 4 – Enhanced Degradation Barrier/
Monitored Natural Attenuation
Estimated Capital Cost: $1,233,000
Total O&M Cost: $1,050,000
Total Periodic Cost: $966,000
Total Cost of Alternative: $3,248,000
Total Present Value of Alternative: $2,441,000
Estimated Time to Reduce RDX <2 ppb: 40 to 45 years
Alternative 4 includes installing a series of permeable
Enhanced Degradation Barriers (EDBs) to create
passive treatment zones that intercept and either
anaerobically degrade or chemically oxidize RDX in

7

OFF-SITE GROUNDWATER
groundwater in the high level area (>50 ppb). The EDB
system consists of barriers placed perpendicular to the
groundwater flow, each positioned to intercept the
plume as it migrates south and west towards the Skunk
River. The EDBs are constructed by injecting, in a
series of subsurface borings, a soluble, nutrientenhanced, carbon source substrate (e.g., sodium lactate,
corn- and beet-based agricultural products, emulsified
vegetable oil, HRC), or a chemical oxidizing agent (e.g.,
Fenton’s reagent, ozone, permanganate), into the
groundwater. Food grade substrates are expected to
have less negative impacts on the groundwater quality
than chemical oxidizing agents. A field-scale test would
be completed before full-scale implementation to
determine the optimal substrate and barrier layout. The
substrate that proves most effective at inducing and
maintaining degrading conditions in the subsurface
would be selected for full-scale implementation.
Alternative 4 also relies on MNA, as described for
Alternative 2, to reduce the contaminant mass of the
Off-Site Groundwater plume that is not affected by the
EDB system.
Groundwater modeling results indicated that Alternative
4 would reduce RDX to concentrations below 50 ppb in
less than 5 years. After confirmation of permanent
reduction in RDX concentrations to below 50 ppb,
substrate reapplications would be discontinued.
Modeling results also indicated MNA would reduce the
remaining RDX groundwater contamination to below 2
ppb in 40 to 45 years, assuming Brush Creek surface
water contamination is addressed.
Alternative 5 – Total Groundwater Restoration
Estimated Capital Cost: $2,045,000
Total O&M Cost: $13,829,000
Total Periodic Cost: $441,000
Total Cost of Alternative: $16,315,000
Total Present Value of Alternative: $7,515,000
Estimated Time to Reduce RDX <2 ppb: 30 to 35 years
Alternative 5 includes installing 13 groundwater
extraction wells to remove all RDX-contaminated
groundwater at levels above the proposed groundwater
cleanup level of 2 ppb for treatment and discharge to
surface water (at levels <2 ppb).
Contaminated
groundwater would be extracted at a total pumping rate
of 2,100 gallons per minute (gpm) and then treated by
GAC adsorption utilizing two separate systems (north
and south). For the northern system, the nearby
unnamed tributary of the Skunk River would be the
effluent discharge point. For the southern system,
treated effluent would be discharged directly to the
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Skunk River. A pre-design investigation consisting of
aquifer pumping tests and a GAC treatability study
would be completed to obtain the data necessary for
remedial design.
Groundwater modeling results indicated that Alternative
5 would reduce RDX concentrations to below 50 ppb in
less than 5 years, and below 2 ppb in 30 to 35 years,
assuming Brush Creek surface water contamination is
addressed.

REMEDIAL ALTERNATIVE
EVALUATION
In accordance with CERCLA regulations, the U.S.
Army used the following nine criteria to determine the
best remedy for the site:
1. Overall Protection of Human Health and the
Environment: Does the alternative protect human
health and the environment from exposure to risks
above acceptable threshold levels?
2. Compliance with Applicable or Relevant and
Appropriate Requirements (ARARs): Does the
alternative comply with all required laws, statutes,
and regulations?
3. Long-Term Effectiveness and Permanence: Is
the alternative effective and permanent for the
contamination at the site?
4. Reduction of Toxicity, Mobility, or Volume of
Contaminants through Treatment: Does the
alternative reduce the toxicity, mobility, and volume
of the contaminants?
5. Short-Term Effectiveness: What is the short-term
effectiveness of the alternative?
6. Implementability: How difficult is it to implement
the alternative?
7. Cost: What are the relative costs associated with
the alternative?
8. State/Support Agency Acceptance:
Do the
government agencies involved accept the remedy?
The USEPA and IDNR support the selection of the
Preferred Alternative.
9. Community Acceptance: Does the community
accept the remedy as a viable option? Community
acceptance will be evaluated as part of the Proposed
Plan process.
A comparative assessment of the first seven criteria is
provided in Table 3 for all five remedial alternatives.
This assessment assumes Brush Creek surface water is
addressed at approximately the same time as remedial
actions for Off-Site Groundwater.
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Table 3
Comparison of Remedial Alternatives to Evaluation Criteria
Evaluation Criteria

Remedial
Alternatives
Alternative 1 No Action

Alternative 2 Monitored Natural
Attenuation

Overall Protection
of Human Health
and the
Compliance with
Environment
ARARs

No protection of Does not meet
human health or ARARs.
the environment in
the short term.
Protects human
health and the
environment.

Meets ARARs,
in combination
with measures to
address Brush
Creek.

Protects human
health and the

Meets ARARs,
in combination
with measures to
address Brush
Creek.

Protects human
health and the
environment.

Meets ARARs,
in combination
with measures to
address Brush
Creek.

Protects human
health and the

Meets ARARs,
in combination
with measures to
address Brush
Creek.

Alternative 3 environment.
Focused
Extraction/MNA

Alternative 4 EDB/MNA

Alternative 5 - environment.
Total Groundwater
Restoration

Long-Term Effectiveness
and Permanence

Reduction of Toxicity,
Mobility, or Volume
(TMV)

Upon reduction to the
Toxicity and volume
proposed cleanup level,
of RDX is reduced,
residual contamination
but not documented.
would pose no unacceptable
risk.
Upon reduction to the
Toxicity and volume
proposed cleanup level,
of RDX is reduced
residual contamination
over time.
would pose no unacceptable
risk. Controls are adequate
and reliable.
Upon reduction to the
Toxicity and volume
proposed cleanup level,
of RDX is reduced
residual contamination
through focused
would pose no unacceptable removal in the high
risk. Controls are adequate level area and natural
and reliable.
processes.
Upon reduction to the
Toxicity and volume
proposed cleanup level,
of RDX is reduced
residual contamination
through in-situ
would pose no unacceptable treatment in the high
risk. Although enhanced level area and natural
degradation is a developing processes.
technology for RDX, it is
expected to meet long-term
objectives.
Upon reduction to the
Toxicity and volume
proposed cleanup level,
of RDX is reduced
residual contamination
through removal and
would pose no unacceptable ex-situ treatment.
risk. Controls are adequate Actively remediates
and reliable.
entire plume.

Short-Term
Effectiveness

Implementability

Present Value

Objective would be
attained within 45 years
for the entire plume, and
8 years in the high level
area.
Objective would be
attained within 45 years
for the entire plume, and
8 years in the high level
area.

Not applicable.

$0

Objective would be
attained within 45 years
for the entire plume, and
5 years in the high level
area.

Technology is
$2.3 Million
reliable. Equipment
and materials are
available.

Objective would be
attained within 45 years
for the entire plume, and
5 years in the high level
area.

Field scale
treatability testing
required for
enhanced
biodegradation or
in-situ chemical
oxidation.

Objective would be
attained within 35 years
for the entire plume, and
5 years in the high level
area.

Technology is
$7.5 Million
reliable. Equipment
and materials are
available.

Technology is
$0.86 Million
reliable. Equipment
and materials are
available.

$2.4 Million

SUMMARY OF THE PREFERRED
REMEDIAL ALTERNATIVE

each barrier will be about 1,200 feet. Each barrier will
extend vertically from about 50 to 60 feet below ground
surface.

The Preferred Remedial Alternative for Off-Site
Groundwater is Alternative 4 – Enhanced Degradation
Barrier/Monitored Natural Attenuation (Figure 4). The
alternative will be considered an interim remedy until
surface water contamination in Brush Creek is
addressed. The following text provides a conceptual
design summary of the Preferred Remedial Alternative.
The actual design of the remedy will be further
developed and described in detail during the remedial
design phase.

Biodegradation substrates (e.g., lactate, molasses,
emulsified vegetable oil, Hydrogen Release Compound
[HRCTM]) or chemical oxidation agents (e.g., Fenton’s
reagent, ozone, permanganate) will be injected into the
subsurface within the high level area during an initial
field-scale pilot test, directly upgradient from existing
monitoring wells. The substrate that proves most
effective at inducing and maintaining degrading
conditions in the subsurface will be selected for fullscale implementation. For chemical oxidation agents,
special attention will be given to geochemical impacts
(e.g., change in pH, temperature) and how quickly the
aquifer recovers to its natural state.

The EDB system will consist of three permeable
subsurface barriers installed perpendicular to the
groundwater flow, each positioned to intercept about
one-third of the high level area of the plume (>50 ppb)
as it migrates south toward the Skunk River. Each
barrier is assumed to consist of two offset rows of
injection points with 10 feet between each row and 10
feet between each point within a row. The length of
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Following the full-scale EDB system installation,
groundwater samples will be collected from monitoring
wells to monitor the EDB system effectiveness. A
substrate reapplication is assumed to be required after
two years.
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The preferred remedial alternative also relies on
monitored natural attenuation to reduce RDX
concentrations to 2 ppb in the remainder of the Off-Site
Groundwater plume (i.e., the area not affected by the
EDB system).
The monitored natural attenuation
portion of the remedy will include periodic groundwater
sampling of monitoring wells for analysis of explosives
and natural attenuation geochemical parameters,
reporting monitoring results, and completing 5 year
reviews.
Additionally, institutional and engineering controls will
be implemented to help prevent drinking water
exposures to the Off-Site Groundwater RDX plume.
These controls include deed notices, locally issued
advisories, health and safety programs, and connection
of residents to public water supply (or at-well treatment
if connections are not feasible).
The U.S. Army, USEPA, and IDNR support the
Preferred Remedial Alternative, and believe it provides
the best remedial alternative with respect to the
evaluation criteria. Although Alternative 4 costs more
than some other alternatives and overall does not result
in less time to remediate the entire plume, it would

PROPOSED PLAN
aggressively attack the area of the plume above 10-4 risk,
reducing RDX concentrations to less than 50 µg/L
within an estimated time frame of five years (compared
to five to eight years for MNA). The U.S. Army,
USEPA, and IDNR expect the Preferred Remedial
Alternative to satisfy the following statutory
requirements of CERCLA Section 121(b): 1) be
protective of human health and the environment; 2)
comply with Applicable or Relevant and Appropriate
Requirements; 3) utilize permanent solutions and
alternative treatment technologies to the maximum
extent practicable; and 4) satisfy the preference for
treatment as a principal element.

COMMUNITY PARTICIPATION
The U.S. Army provides information to the public
through the Administrative Record File available at the
Danville City Hall, Burlington Public Library, and the
Lee County Health Department. Announcements to the
public regarding remediation of Off-Site Groundwater
are published in the Burlington Hawkeye newspaper.
The U.S. Army encourages the public to obtain an
understanding of the Superfund activities at the site
through these resources.

FIGURE 4. Site Plan of Preferred Remedial Alternative-Enhanced Degradation Barriers/Monitored Natural Attenuation.
This figure shows the proposed layout of the Enhanced Degradation Barriers (in green). The Enhanced Degradation Barriers are
located to intercept and treat RDX in groundwater in the high level area (RDX >50 ppb).
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Information regarding the public comment period,
public meeting, and locations of the Administrative
Record File is provided on the front page of this
Proposed Plan. A comment form has been included at
the end of this document to submit input on the
Proposed Plan.
For additional information, please contact:
Rodger Allison
Environmental Restoration Program Manager
Iowa Army Ammunition Plant
17571 Highway 79
Middletown, Iowa 52638-5000
319-753-7130
rallison@aollc.biz

PHOTOGRAPH 2. This is a 1998 aerial photograph of the Off-Site area including the general extent of RDX contamination greater
than 2 ppb in the shallow aquifer during the Spring 2002 sampling round.
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GLOSSARY OF TERMS
Administrative Record File – A compilation of
documents that record the U.S. Army's decision-making
process for selecting a response action to be taken at a
site.
Applicable or Relevant and Appropriate Requirements
(ARARs) – The federal and state environmental laws
that a selected remedy will meet. These requirements
may vary among sites and alternatives.
Capital Costs – Up-front costs associated with
remediation system construction and start-up,
administration, legal, engineering, and design.

PROPOSED PLAN
Hazard Index (HI)– A numerical ratio used in risk
assessments
to
describe
the
potential
for
noncarcinogenic adverse health effects to occur for a
specific chemical and exposure pathway. If the HI is
greater than 1.0, a hazard may exist and remedial action
is usually warranted.
Health Advisory Levels (HALs) – An estimate of
acceptable drinking water levels for a chemical
substance based on health effects information; a HAL is
not a legally enforceable Federal standard but serves as
technical guidance to assist Federal, State, and local
officials. In Iowa, the RDX HAL is considered by the
IDNR to be a State ARAR for site groundwater cleanup
actions due to IDNR rule 567 Iowa Administrative Code
133.

Carcinogens – Potential cancer-causing chemicals.
RDX is considered a "possible" carcinogen, meaning
there are data indicating carcinogenicity in animals but
no data for humans.

Loess – A fine-grained, unstratified accumulation of
clay and silt deposited by the wind.

Comprehensive
Environmental
Response
Compensation, and Liability Act (CERCLA) – The
federal law that addresses problems resulting from
releases of hazardous substances to the environment.

Maximum
Contaminant
Levels
(MCLs)
–
Concentrations established by the State and USEPA that
determine the highest level of a contaminant allowed in
drinking water. MCLs are enforceable standards.

Effluent – Process water leaving a treatment unit.

The National Oil and Hazardous Substances Pollution
Contingency Plan (NCP) – These CERCLA regulations
provide the federal government the authority to respond
to the problems of abandoned or uncontrolled hazardous
waste disposal sites as well as to certain incidents
involving hazardous waste (e.g., spills).

Feasibility Study (FS) – This CERCLA document
develops and evaluates options for remedial action. The
FS emphasizes data analysis and is generally performed
concurrently in an interactive fashion with the Remedial
Investigation (RI), using data gathered during the RI.
Floodplain – That portion of a river valley, adjacent to
the river channel, which is built of sediments and is
covered with water when the river overflows its bank
during flood events.
Glacial Till – Glacial-derived soils composed of an
unconsolidated, heterogeneous mixture of clay, sand,
pebbles, cobbles, and boulders.
Glacial Outwash – Any rock material, such as boulders,
gravel, sand, or clay transported and deposited by water
derived from melting glacial ice.
Granular Activated Carbon (GAC) – A water treatment
method that uses fine-grained carbon to adsorb organic
chemicals such as explosives from the water.
Groundwater Explosives Plume – The volume and area
of explosives (e.g., RDX) contamination in groundwater
based on explosives detections in the groundwater
monitoring wells.
Groundwater Extraction – The process in which
groundwater is pumped from an aquifer to the ground's
surface for treatment.
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National Pollutant Discharge Elimination System
(NPDES) – The federal Clean Water Act requires that
all point sources discharging pollutants into waters of
the United States must obtain a National Pollutant
Discharge Elimination System permit.
National Priorities List (NPL) – EPA's list of
uncontrolled or abandoned waste sites that present the
greatest potential threat to human health or the
environment.
Operable Unit – A portion of a site separately
considered for remedial or corrective action. For
example, Operable Unit 3 at IAAAP addresses facilitywide groundwater contamination.
Operations and Maintenance (O & M) – Measures
required to operate and maintain remedial systems to
ensure the effectiveness of the response action.
Part per Billion (ppb) - A unit of concentration equal to
one part in one billion (ppb) and one microgram per
Liter (µg/L).
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Part per Million (ppm) - A unit of concentration equal
to one part in one million (ppm) and one milligram per
Liter (mg/L).
Preferred Remedial Alternative – The remedial
alternative selected by the U.S. Army and USEPA,
based on a comparison of various remedial alternatives
using specific evaluation criteria.
Present Value – The amount of money that would need
to be invested in the current year, at a particular discount
rate, to sufficiently cover all the costs over time
associated with a project.
Proposed Cleanup Level – Recommended maximum
concentrations of chemicals for a specific combination
of media (e.g., groundwater) and land use (e.g.,
residential). Used to establish cleanup levels for a site,
after an evaluation is completed using the nine criteria
for remedy selection outlined in the NCP.
Proposed Plan – CERCLA document that summarizes
evidence to support the selection of a preferred remedial
alternative at a CERCLA site. The document is intended
for public distribution to solicit comments on the
proposed action(s).
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Remedial Action Objectives (RAOs) – Site-specific
goals to protect human health and the environment.
Remedial Investigation (RI) – A process under
CERCLA to determine the nature and extent of the
problem presented by a contaminant release. The RI
includes sampling, monitoring, and gathering of
sufficient information to determine the necessity for
remedial action.
Remediation – Clean up.
RDX (Royal Demolition Explosive) – Hexahydro1,3,5trinitro-1,3,5-triazine. A common military munitions
explosive; considered a possible human carcinogen.
Target Risk Range – USEPA-established acceptable
risk range for carcinogens of 1x10-4 to 1x10-6.
Estimated excess cancer risks within this range are
generally considered unlikely in the general population.
If calculated risks fall within the risk range, risk
managers must determine whether remedial action is
warranted to reduce the risk. If the risks are less than
1x10-6 (less than 1 in 1 million), no remedial action is
required. If the risks are greater than 1x10-4 (1 in 10
thousand), remedial action is generally required.

Record of Decision (ROD) – The CERCLA decision
document that presents the cleanup remedy selected by
the U.S. Army and USEPA.
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USE THIS SPACE TO WRITE YOUR COMMENTS
Your input to the Proposed Plan process for Off-Site Groundwater is important to the U.S. Army. The comments that
the U.S. Army receives are vital to select the cleanup remedy for the site. Changes to the Preferred Remedial
Alternative can be made based on comments made by the public.
Please use the space below to submit your comments on the Proposed Plan for the Off-Site Groundwater. If you need
more space for your comments, attach additional pages. After you have completed the form, mail to the following
address: Iowa Army Ammunition Plant, Attn: Rodger Allison, 17571 Highway 79, Middletown, Iowa, 52638-5000.
Comments must be postmarked by August 14, 2004.
If you have any questions about the comment period, please contact Rodger Allison at (319) 753-7130.

Name
Address
City
State

July 2004
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RESPONSE TO USEPA COMMENTS 28 JUNE 2004

US ARMY RESPONSE TO USEPA COMMENTS
DRAFT FINAL PROPOSED PLAN FOR OFF-SITE GROUNDWATER
IOWA ARMY AMMUNITION PLANT
Comments by Scott Marquess, IAAP EPA FFA Project Manager, dated June 28, 2004.
Comment 1.
Response:

Check text for “US” vs. “U.S”.
Agree. The text will be revised as suggested.

Comment 2.
Is the Army buying the property on which the degradation barriers will be
constructed, or are they leasing or getting an easement? If the latter, they will want to get a
restrictive covenant or negative easement to prevent interference with the effectiveness of the
remedy.
Response:
Agree. During the remedial design phase, the US Army will further
investigate the need for easements versus right-of-entry agreements for remediation
activities to be completed on private property.
Comment 3.
Page 3, Site Background - Understand that the HAL is defined in the glossary,
but it would be helpful to include the definition or a working description in the text. Also, see
Glossary for HAL definition, which says that the HAL is not “legally enforceable”. However, it
appears that the HAL may become a State ARAR, thus it would be “enforceable”. Suggest this
be clarified.
Response:
Agree. The USEPA definition of the lifetime HAL will be inserted in the
text. The following text will be added to the first paragraph in the Site Background
section after the first usage of the term “HAL”: “A HAL is an estimate of acceptable
drinking water levels for a chemical substance based on health effects information (see the
Glossary for a more complete definition of HAL).” Additionally, the following text will be

added to the end of the HAL definition listed in the Glossary of Terms: “In Iowa, the
RDX HAL is considered by the IDNR to be a State ARAR for site groundwater cleanup
actions due to IDNR rule 567 Iowa Administrative Code 133.”
Comment 4.

Summary of Site Risks:

Page 6, Top Left Paragraph - New text states that risks of 1E(-4) to 1E(-6) are acceptable. We
don’t believe that to be a completely accurate statement, and would accept a revision to the text
more consistent with the NCP language.
Response:
Agree. The word “generally” will be added to the following sentence as
follows: “Values within the target risk range of 1x10-4 to 1x10-6 are generally considered
acceptable under the NCP.”
Page 6, Bottom Left Paragraph - Need to indicate somewhere here that the release of pollutant(s)
or contaminant(s) poses an imminent and substantial endangerment.
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Response:
Agree. The following text will added to the last sentence in the last
paragraph of Summary of Site Risks: ‘ …that may present an imminent and substantial
endangerment.”
Page 6, Remedial Action Objective – Need to clarify the risk basis of RDX at 2 ppb to show that
it is protective. Discussion in the “Summary of Site Risks” illustrates RDX at 0.61 ppb = 1E(-6).
Should probably state that RDX at 2 ppb equates to approximately 3E(-6) risk for GW ingestion
just to be clear.
Response:
Agree. The following text will be added after the last sentence in the RAO
section: “This action level is within the generally accepted target risk range of 1x10-6 to
1x10-4.”
We should identify the 2 ppm HAL for RDX as a State ARAR.
Response:
Agree. The following text will be added to the current last sentence in the
RAO section: “…and is a State ARAR.“
Comment 5.

Page 7, Summary of Remedial Alternatives, Common Elements:

Top left column - Need to delete “...to the extent practical...” in the new text.
Response:

Agree. The text will be deleted as recommended.

Top right column, 1st text paragraph - Revise new text to address previous EPA comment #8 to
read “The Army will prepare a LUC RD that shall identify the specific institutional controls and
contain implementation and maintenance actions, including periodic inspections.”
Response:
Agree. The text will be revised as follows: “ A Land Use Control (LUC)
Remedial Design will be prepared to address the land use controls component during
design of the final remedy. The US Army will prepare a Land Use Control Remedial
Design that will identify the specific institutional controls and contain implementation
and maintenance actions, including periodic inspections.”
Top right column, 1st text paragraph - Revise the last sentence (starting with “The Record of
Decision document....”) to read: “The U.S. Army is responsible for implementing, maintaining,
reporting on, and enforcing the land use/institutional controls selected as part of the Preferred
Alternative. The Army will present the results of monitoring the controls in regular Operations
and Maintenance reports. Although the U.S. Army may later transfer the procedural
responsibilities to other parties by contract or other means, the U.S. Army shall retain ultimate
responsibility for remedy integrity”
Response:
Agree. The text will be revised as follows: “The Record of Decision
document will identify who is responsible for implementing, maintaining monitoring, and
enforcing the land use /institutional controls. The U.S. Army is responsible for
implementing, maintaining, reporting on, and enforcing the land use/institutional
controls selected as part of the Preferred Alternative. The U.S. Army will present the
results of monitoring the controls in regular reports. Although the U.S. Army may later
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transfer some responsibilities to other parties by contract or other means, the U.S. Army
will retain ultimate responsibility for remedy integrity.”
Comment 6.
Page 10, Table 3, Alternative 1 (See previous EPA comment #13) - The text
has been changed since the Draft P Plan. As indicated in the other Alternatives, the need for
“adequate and reliable controls” is an important element of each remedy. Since there are no ICs
included in Alternative 1, and since it will take approximately 45-50 years to reach the
groundwater cleanup criteria, we don’t believe that in the long-term, Alternative 1 could be
protective without such controls. Suggest we discuss.
Response:
Comment noted. Although Alternative 1-“No Action” (the alternative
required by the NCP for comparison) may not provide protection of human health and the
environment in the short term, Table 3 text correctly states “Upon reduction to the
proposed cleanup level, residual contamination would pose no acceptable risk.” No
changes are recommended.
Comment 7.
Page 12, right hand column, 2nd full paragraph - We do not necessarily agree
with the statement that “Sampling will continue until biodegradation and geochemical trends
have been determined”. This could be interpreted to mean that sampling could cease once
“trends have been determined”. Suggest revising the text to indicate that sampling to evaluate
performance of the system will be conducted pursuant to a Performance Monitoring / Operations
and Maintenance Plan that will be developed pursuant to the FFA.
Response:
Agree. The following sentence will be deleted from the text: “Sampling
will continue until biodegradation and geochemical trends have been determined.”
Comment 8.
Page 13, new text - We understood that the Preferred Alt would reduce the
RDX concentrations to < 50 ppb in less than five years.
Response:
Agree. However, no changes are recommended because the text correctly
states that Alternative 4 will “…aggressively attack the area of the plume above 10-4 risk,
reducing RDX concentrations to less than 50 ppb within an estimated time frame of 5
years…”
Comment 9.
Previous EPA Comment #6 - Need to illustrate that no contaminants other
than RDX pose a threat/require action to insure possible public concerns regarding rad
contamination are addressed up front.
Response:
Agree. The following text will be added to the end of the first paragraph
of the “Scope and Role of the Remedial Action” section: “The Off-Site groundwater has
been evaluated and tested for other potential contaminants (including other explosives,
radionuclides, and metals), but none were detected above levels of concern.”
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